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Abstract: In the unmanned aerial vehicle (UAV) assisted non-orthogonal multiple access (NOMA)
networks, the practical hardware impairments (HIs) and resource allocation is still a challenging
problem. Most existing research on resource allocation algorithms for UAV communication is consid-
ered with the ideal hardware condition. However, the impact of HIs on system performance cannot
be ignored, especially in the case of high bit rates. Considering the HIs, most studies are from the
perspective of performance analysis. The resource allocation of UAV relay-assisted NOMA systems is
investigated in this paper with HIs. We aim to maximize the sum rate by jointly optimizing the deploy-
ment of UAV and transmit power. To address this problem, we first transformed the mixed integer
programming problem (MIPP) into a standard convex optimization problem based on successive con-
vex approximation (SCA) technology. Then, we introduced the Lagrangian dual transformation and
quadratic transform methods to solve the power allocation problem. Finally, we propose an effective
iterative algorithm to achieve an approximate optimal solution. Numerical results demonstrate that
the proposed algorithm achieved better performance in terms of the sum rate compared with other
benchmark schemes.

Keywords: UAV; NOMA; resource allocation; hardware impairments; quadratic transform

1. Introduction
1.1. Background

Future sixth-generation (6G) communication requires a higher performance index,
such as hyper-scale connectivity and ultra-high message transmission rates [1]. To meet
the performance requirements, non-orthogonal multiple access (NOMA) as a promising
candidate technology has aroused wide attention due to its characteristics for improving
spectrum efficiency and system capacity [2,3]. The dominant advantage of NOMA is to
allow the multi-user sharing of the same time, frequency, and code domain resources by
overlapping power domains at transmitters. At the receivers, and according to the receipt,
power signals can decode the superimposed information with successive interference
cancellation (SIC) technology [4].

Meanwhile, unmanned aerial vehicle (UAV) communication is a new developing
technology that can help NOMA obtain a preferable performance because of its high
maneuverability and low overhead. UAVs provide a wider coverage range and larger
throughput as flying relays for wireless communications [5,6]. The authors in [7] studied
the optimum altitude of UAV by considering the total power loss, outage probability, and
bit error rate. Ref. [8] proposed an iterative method to obtain the locally optimal throughput
and analyzed the algorithm’s complexity by considering a moving relay system assisted
by a UAV with a finite buffer. The authors first derived the closed-form expression of
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transmitted power and then proposed a fractional programming-based suboptimal algo-
rithm in [9]. The authors in [10] used a weighted K-means approach for drone deployment
and proposed a Q-learning algorithm to optimize content placement. Ref. [11] focused on
a multi-UAV-assisted wireless network, solving cache placement, trajectory, and power
allocation problems in an iterative method to maximize the minimum throughput for UAV
service users. The authors optimized the location of the optimal UAV base station under
the coverage probability constraint by using the Gray Wolf optimization algorithm in [12].

1.2. Related Works and Motivation

The joint NOMA and UAV technology was investigated in [13–20] to improve the
system’s performance further. The study in [13] provided a closed-form expression of
outage probability and ergodic capacities in UAV-aided relay NOMA networks. In [14],
the sum rate of downlink users was maximized by jointly optimizing the position and
power of the UAV. Ref. [15] investigated a multi-user NOMA system with a flying base
station (BS). The authors obtained globally optimal solutions to both problems for the
placement of UAV and its power allocation. In [16], the authors proposed a path-following
method to solve the max-min rate optimization problem in UAV-enabled BS networks.
In [17], BS and UAV cooperated to serve ground users simultaneously and employed the
method of an iterative algorithm to complete the sum rate maximization problem. Ref. [18]
showed an iterative method that could achieve an approximate optimal solution of joint
optimization maximization throughput problem in multiple user group NOMA networks
with a UAV relay. In [19], a block coordinate descent method was used to solve a minimum
energy consumption problem in the uplink NOMA communication for a UAV-assisted base
station system. The authors proposed a method combining NOMA and spatial modulation
to improve the energy efficiency of UAV in [20]. The aforementioned work in [13–20]
presumed that the hardware condition in the system was ideal.

In practical UAV-aided NOMA systems, The communication node takes the form of
suffering hardware impairments (HIs), which consist of an in-phase/quadrature-phase im-
balance (IQI), radio frequency circuit noise, and non-linear amplifiers equivalent noise [21,22].
The performance analysis was conducted for the UAV communication network under HIs
in [23–25]. In [23], the average sum rate was asymptotically analyzed for UAV-assisted
NOMA multi-way relaying networks with hardware impairments in the Nakagami-m
fading channel. In [24], the outage probability was derived for the satellite-unmanned
aerial vehicle (UAV)-terrestrial networks with a reconfigurable intelligent surface under
hardware impairments. In [25], the asymptotic outage behavior was investigated for a
hybrid satellite-terrestrial network aided by UAV relays under hardware impairments.

Although NOMA and UAV have been studied in previous works [23–25] for perfor-
mance analysis, very little attention has been paid to the resource allocation problems of
the UAV-assisted NOMA communication network. In [26]’s study on the fair allocation of
resources for cooperative and cognitive NOMA networks with hardware impairment, the
authors derived the closed-form optimal power and time slots allocation. The difference
between this paper and [26] is that the UAV relay adopts the decode-and-forward protocol,
and the system max-min fair fitness is studied under the assumption that the user channel
gain is sorted in advance in [26]. However, in this paper, under the condition of hardware
impairments, the UAV adopts the amplify-and-forward protocol and considers the variable
order of the user channel gain to study the system sum rate. Our research considers more
complex network scenarios and is more in line with the actual situation. A comparison of
the related UAV’s works is summarized in Table 1.
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Table 1. Comparison of the related UAV’s works.

Objective HIs Model UAV Relay Article

Sum Rate × Los × [9]
Performance Analysis × Rician X [13]

Sum Rate × Los × [14]
Achievable Rate × LoS × [15]

Table 1. Cont.

Objective HIs Model UAV Relay Article

Max-min Rate × Rician × [16]
Sum Rate × LoS × [17]

Total Transmit Energy × Los X [19]
Energy Efficiency × LoS&NLoS × [20]

Performance Analysis X Nakagami-m X [23]
Performance Analysis X Nakagami-m X [25]

Max-min Rate X LoS&NLoS X [26]
Average Request Delay × LoS&NLoS × [10]

Max-min Rate × LoS X [11]
Coverage probability × LoS&NLoS × [12]

Sum rate X LoS X This Work

1.3. Contributions and Organization

Motivated by previous work, the UAV’s deployment location and resource allocation
were considered in a NOMA communication network with imperfect hardware conditions.
Particularly, we focused on a system’s sum rate optimization problem subject to multiple
ground users’ minimum rate threshold and power constraints. Furthermore, UAVs can
present flexible deployment and the SIC decoding order changes with the position of
the drone. A binary decoding decision variable, which represents channel coefficient
relationships between the UAV and ground multi-users, was introduced to this problem.
On the other hand, the proposed optimization problem was a mixed integer programming
problem that was hard to handle directly. Therefore, we proposed an effective iterative
algorithm based on variable substitution, successive convex approximation (SCA) method,
and quadratic transform algorithm to handle this problem. Numbers of the simulation
results show that the proposed scheme can always achieve the optimal system’s sum
rate performance in the presence of hardware impairments when compared with other
comparison schemes. Finally, the feasibility and effectiveness of the proposed algorithm
were proved.

2. System Model and Problem Formulation

The NOMA-based UAV communication model with HIs is shown in Figure 1. We con-
sider a UAV half-duplex relaying NOMA networks consisting of a BS and a rotor-wing
UAV work in the amplify-and-forward (AF) mode, which assists data transmission from
BS to downlink users. All communication nodes are equipped with a single antenna.
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Figure 1. NOMA-based UAV communication model with HIs.

The ground users Un, n ∈ {1, 2, . . . , N} are located at In =
[
wn

T , 0
]T , where the

horizontal coordinates are represented by wn = [xn, yn]
T . The coordination of BS is

IBS =
[
ws

T , 0
]T ; similarly, ws = [xs, ys]

T . The UAV flies on the horizontal plane at a fixed

height H. Ir =
[
wr

T , H
]T denotes the horizontal coordinate of UAV, where wr = [x, y]T .

According to the 3GPP report, the LoS probability is nearly 100% when the drone is above
100m height from the ground in the urban macro scenario [27,28]. Thus, a free-space
path loss model is considered between the UAV and ground users due to channels being
dominated by line-of-sight (LoS) links. Note that this model has been adopted in recent
literature such as [29,30]. Hence, the channel gain can be modeled as:

hsr =
√

β0d−2
sr =

√
β0

H2 + (x− xs)
2 + (y− ys)

2 , (1)

hrn =
√

β0d−2
rn =

√
β0

H2 + (x− xn)
2 + (y− yn)

2 , (2)

where hsr and hrn are the channel coefficients between BS to UAV and UAV to the user
n respectively; β0 denotes the channel gain at the reference distance, dsr and drn is the
distance from BS to UAV and UAV to the user n respectively.

The direct link between the base station and ground users is not considered to be due
to a severe shadow effect or building block. The communication process is divided into
a two-time slots. In the first slot, the BS sends a superimposed signal y = ∑N

n=1
√

pnθn to
UAV. The received signal in the UAV can be expressed as:

yr = hsr(
N

∑
n=1

√
pnθn + ηsr) + nr, (3)

where pn represents the transmitted power of the user n, θn is the information symbol of
the user n, nr ∼ CN (0, σ2

R) is the additive white Gaussian noise (AWGN) at UAV, the HIs
at both BS and UAV are characterized as independent distortion noise ηsr ∼ CN

(
0, κ2

srPs
)
,

where Ps represents the total power transmitted by BS, κ2
sr

∆
=
√

κ2
s + κ2

r represents the total
distortion level from BS to the UAV relay, κs and κr characterize the distortion noise at BS
and UAV respectively.

In the second slot, UAV amplifies and forwards the received signal yr to ground users
with amplification gain G as:

G =

√
Pr

Ps(1 + κ2
sr)hsr

2 + σ2
R

, (4)

where Pr denotes the UAV transmitted power.
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The received signal at user n can be expressed as:

yUn = hsrhrnG

(
n−1
∑

i=1

√
piθi +

√
pnθn +

N
∑

j=n+1

√pjθj

)
+hsrhrnGηsr + hrnGnr + hrnηrn + nUn ,

(5)

where nUn ∼ CN
(

0, σ2
Un

)
is the AWGN at the user n, the HIs at both the UAV and user n is

characterized as independent distortion noise ηrn ∼ CN
(
0, κ2

rnPr
)
, where κ2

rn
∆
=
√

κ2
r + κ2

n
represents the total distortion level from UAV to the user n in which κr and κn characterize
the distortion noise at the UAV and user n respectively.

According to the NOMA protocol, the signal receiver of weak users adopts SIC
technology. Firstly, the weak users perform successive interference cancellations from the
received signal, and the strong user’s signal is regarded as interference to the weak users.
Therefore, we introduced the binary variable αk,n ∈ {0, 1}, ∀k, n to denote the SIC decoding
order. When αk,n = 1, the user k with a stronger channel gain is treated as interference to
decode the user n. αk,n = 0 to present other situations. Thereby, αk,n is defined as:

αk,n =


1, dk < dn
0, dk > dn

0 or 1, dk = dn

, ∀k, n. (6)

Nevertheless, αk,n is an integral binary variable. For ease of explosion, we can
rewrite (6) as follows:

αk,n ∈ {0, 1}, ∀k 6= n, (7a)

αn,n = 0, ∀n, (7b)

αk,n + αn,k = 1, ∀k 6= n, (7c)

αk,nd2
rk ≤ d2

rn, ∀k 6= n. (7d)

Note that (7b) means that the user n decoding its signal should not regard itself as
interference. (7c) means that two different users must be able to be divided into a strong
user and a poor user. (7a), (7c), and (7d) indicate that when αk,n = 1, the distance from the
user n to the drone is greater than the distance from the user k. Finally, the rate of the user
n is defined as:

Rn=
1
2

log2

1 +
pn An

′

An
′ N

∑
k 6=n

αk,n pk + AnBn + Cn

, (8)

where

An = PsPrh2
srh2

rn,

An
′ = Prh2

srh2
rn,

Bn = κ2
sr + κ2

rn + κ2
rnκ2

sr,

Cn = Psh2
sr

(
1 + κ2

sr

)
σ2

Un
+ Prh2

rn

(
1 + κ2

rn

)
σ2

R + σ2
Rσ2

Un
.

Problem Formulation

As stated above, the system’s sum rate optimization problem can be modeled as:
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P1 :

max
Ps ,Pr ,x,y,A,P

N

∑
n=1

1
2

log2

1 +
pn An

′

An
′ N

∑
k 6=n

αk,n pk + AnBn + Cn


s.t. 0 ≤ pn, ∀n, (9a)

N

∑
n=1

pn ≤Ps, (9b)

0 ≤ Pr ≤ Pmax
r , (9c)

0 ≤ Ps ≤ Pmax
s , (9d)

pn −
N

∑
k 6=n

αk,n pk ≥ 0, ∀n, (9e)

Rmin
n ≤ Rn, ∀n, (9f)

(7a)–(7d).

where (9a) indicates the non-negative power constraint, (9b) indicates the constraint of the
total transmitted power, (9c) and (9d) represent the maximum transmitted power constraint
for UAV and BS, respectively, (9e) indicates the user fairness as [31], and (9f) shows the
minimum rate constraint for each user.

Since the objective optimization problem P1 increases monotonically with respect to
Ps and Pr, we can solve the sum rate maximization problem at Pmax

s and Pmax
r .

3. Optimization of UAV Position and Power Allocation

In this section, an iterative algorithm is proposed to solve P1. Firstly, we optimized
the position of the UAV by transforming the non-convex optimization problem with a
fixed power allocation into a convex problem by employing SCA and variable substitution.
Secondly, we obtained the power allocation with a quadratic transform method effectively.
Finally, we continuously updated the variable block A, (x, y) and P alternatively to obtain
the solution of P1.

3.1. Uav Position Optimization

For the non-convex constraint (7a) which is equivalent to:

0 ≤ αk,n ≤ 1, ∀k, n, (10a)

αk,n − α2
k,n ≤ 0, ∀k, n. (10b)

the inequality (10a) is affine, but the constraint (10b) is still non-convex, which can be
transformed into a convex one through the use of SCA. Constraint (10b) can be rewritten as:

αk,n ≤ ᾱ2
k,n + 2ᾱk,n(αk,n − ᾱk,n), ∀k, n. (11)

The objective function in P1 with a fixed power allocation is still hard to handle
because it does not have a strictly concave-convex form that can be directly handled by
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fractional programming. Thus we introduced non-negatively auxiliary variables R, T, ∀n.
It can be rewritten as:

P2 : (12a)

max
x,y,A,T,R

N

∑
n=1

Rn

s.t.
1
2

log2

(
1 +

pn

tn

)
≥ Rn, ∀n, (12b)

tn ≥
N

∑
k 6=n

αk,n pk +
AnBn + Cn

An
′ , ∀n, (12c)

(7b)–(7d), (9f), (10a), (11).

P2 is hard to solve due to the non-convex constraints (9f), (12b), and (12c). By perform-
ing mathematical operations to (12b) and applying a first-order Taylor expansion, (12b) can
be given as follows:

log2(tn + pn)− log2(t̄n)−
log2e

t̄n
(tn − t̄n) ≥ 2Rn, ∀n. (13)

With some simple mathematical transformations and the SCA technique at the first
term on the right side of (12c), we obtained:

N

∑
k 6=n

αk,n pk ≤
1
4

N

∑
k 6=n

Πk,n, (14)

where

Πk,n = (αk,n + pk)
2 − (ᾱk,n − pk)

2 − 2(ᾱk,n − pk)(αk,n − ᾱk,n).

By substituting An, An
′, Bn, Cn into the second term on the right side of (12c), it could

be formulated through the following:

AnBn + Cn

An
′ =

Ps
(
1 + κ2

sr
)
σ2

Un

Prβ0
d2

rn +

(
1 + κ2

rn
)
σ2

R
β0

d2
sr + Λ(V − DrnDsr) + PsBn, (15)

where

V = H4 + H2Drn + H2Dsr,

Λ=
σ2

Rσ2
Un

Prβ0
2 ,

d2
rn = H2 + Drn,

d2
sr = H2 + Dsr,

Dsr = (x− xs)
2 + (y− ys)

2,

Drn = (x− xn)
2 + (y− yn)

2.

Since the second term appeared to be the convex multiplied by the convex, we em-
ployed the scaling method to solve this problem. The non-convex term DrnDsr can be
scaled as:

DrnDsr ≤ e fn(x,y), (16)
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where

fn(x, y) = (x− x)
2(x− xs)

Ψ
+ (y− y)

2(y− ys)

Ψ

+ (x− x)
2(x− xn)

Θn
+ (y− y)

2(y− yn)

Θn
+ ln(Ψ) + ln(Θn),

Ψ = (x− xs)
2 + (y− ys)

2, Θn = (x− xn)
2 + (y− yn)

2.

From the above discussion, constraint (12c) can be rewritten as:

tn ≥ Φ(x, y, A), ∀n, (17)

where

Φ(x, y, A) =
1
4

N

∑
k 6=n

Πk,n + PsBn + Λ
(
V + e fn(x,y)

)
+

Ps
(
1 + κ2

sr
)
σ2

Un

Prβ0
d2

rn +

(
1 + κ2

rn
)
σ2

R
β0

d2
sr.

Similarly, constraint (9f) can be rewritten as:(
2Rmin

n − 1
)

Φ(x, y, A) ≤ pn, ∀n. (18)

Problem P2 can then be rewritten as:

P3 :

max
x,y,A,T,R

N

∑
n=1

Rn

s.t. (7b)–(7d), (10a), (11), (13), (17), (18).

(19)

P3 can be handled by the interior-point method or the standard convex optimization
solver, including the CVX toolbox.

3.2. Power Allocation Optimization

The sum rate maximization problem can be rewritten as follows when the UAV’s
position is fixed.

P4 :

max
P

1
2

N

∑
n=1

log2

1 +
pn An

′

An
′ N

∑
k 6=n

αk,n pk + AnBn + Cn


s.t. (9a)–(9b), (9e)–(9f).

(20)

P4 is hard to handle due to its objective function and is not strictly concave-convex
according to the Lagrangian dual transform technique proposed in [24]. The optimization
problem in P4 can be expressed as:

max
Υ,P

1
2

g(P, Υ). (21)



Appl. Sci. 2023, 13, 2971 9 of 17

where Υ refers to (Υ1, . . . , ΥN) and Υn is introduced as the auxiliary variable and was
introduced for each ratio term in the objective function in P4, and

g(P, Υ) =
N

∑
n=1

log2(1 + Υn)−
N

∑
n=1

Υn +
N

∑
n=1

(1 + Υn)pn An
′

pn An
′ + An

′ N
∑

k 6=n
αk,n pk + AnBn + Cn︸ ︷︷ ︸

sum−o f−ratioterm

.

(22)

By setting ∂g
/

∂Υn = 0, we can obtain:

Υn
∗ =

log2e
(

pn An
′)+ b

(
An
′ N

∑
k 6=n

αk,n pk + AnBn + Cn

)

An
′ N

∑
k 6=n

αk,n pk + AnBn + Cn

. (23)

where b = log2e− 1.
By substituting (23) into (22) and adopting a quadratic transform algorithm in [32],

the sum-of-ratio term can be solved in (22). Finally, the objective function in P4 can be
transformed into:

g(P, Υ∗,Z) =
N

∑
n=1

log2(1 + Υn
∗)−

N

∑
n=1

Υn
∗

+
N

∑
n=1

(
2Zn

√
(1 + Υn

∗)pn An
′ −Zn

2Ξ(P)
)

,

(24)

where Ξ(P) = pn An
′ + An

′ N
∑

k 6=n
αk,n pk + AnBn + Cn.

We can obtain the following closed-form solution for variable Z

Zn
∗=

√
(1 + Υn

∗)pn An
′(

pn An
′ + An

′ N
∑

k 6=n
αk,n pk + AnBn + Cn

) . (25)

Finally, by substituting (25) into (24), P3 can be rewritten as the standard convex
optimization problem.

P5 : max
P

1
2

g(P, Υ∗,Z∗)

s.t. (9a)–(9b), (9e)–(9f).
(26)

It can be handled by the interior-point method. In the following, we propose an
algorithm with which to solve the sum rate optimization problem effectively.

4. Proposed Algorithm and Complexity Analysis

We analyzed the complexity of our proposed algorithm. We assumed that the num-
ber of iterations was K and the number of users in the communication system was N.
In each iteration, the sum rate optimization problem was handled by solving P3 and P5 alter-
natively. Due to the fact that they are coupled, the complexity of P3 was
O
(((

x2y + x3)y1/2) log
(

1
ε

))
, where x = N2 + 2N + 2 variables and y = 7

2 N2 + 5
2 N con-

straints. ε is the tolerance error value in the interior-point method [33]. Thereby, the
complexity of our proposed algorithm was O

(
KN7 log

(
1
ε

))
. The details of Algorithm 1

are shown as follows:
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Algorithm 1 Iterative Algorithm for P1

1: Initialize P0,
(

x0, y0), (xs, ys), (xn, yn) and generate A0.
2: Let iterative index l = 0 and tolerance δ > 0.
3: Repeat

STEP1: Solve convex problem P3 through the interior-point method by giving Pl and
obtaining the solution Al+1,

(
xl+1, yl+1

)
.

STEP2: Update Υl+1
n and Z l+1

n by (23) and (25) respectively.
STEP3: Update Pl+1 by solving convex problem P5.
STEP4: Update the iterative index l = l + 1.

4: Until Rl+1
sum − Rl

sum < δ.
5: Output: P, A, (x, y).

5. Simulation Results

In this part, we measure the system performance of our proposed placement and
power allocation iterative algorithm by numerical results. We consider a NOMA-based
downlink UAV relaying networks scene where the coordinate of BS is set as IBS = [0, 0]T ,
and the users are randomly distributed over a 300 m × 300 m geometric region with
the geometric center [150 m, 150 m]. We set the power of AWGN σ2

R = σ2
Un

= 10−11 W,
Rmin

n = 0.5 bps/Hz, β0 = 10−3, and assumed that UAV and users both suffered the same
grade HIs. Figure 2 illustrates the different UAV deployment locations when the system
PS = 2 W, PUAV = 0.03 W, H = 100 m and 8 downlink users exist in the system. The key
parameter settings are summarized in Table 2.

Figure 3 shows the convergence performance of iterations with a fixed UAV height
100 m and PUAV = 0.03 W, BS with maximum power Ps = 2 W and 3 randomly deployed
users. It can be concluded from the simulation figure that the proposed algorithm could
converge to the optimal value within three times in the worst case, which verifies the
effectiveness and rapid convergence of the proposed iterative algorithm. When the HIs
increase at equal intervals, the system performance worsens.
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Figure 2. System user’s distribution versus the different scheme of UAV deployment.
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Table 2. Simulation parameters.

Base station transmit maximum power PS 2 W

UAV transmit maximum power PUAV 0.1 W

AWGN σ2
R, σ2

Un
10−11 W

The flight height H 100–120 m

QoS Rmin
n 0.5 bps/Hz

Channel power gain β0 at a distance of 1 m −30 dB

Coverage area of UAV 300 m × 300 m
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Figure 3. System downlink sum rate versus the number of iterations.

Figure 4 shows the system downlink sum rate versus PUAV with a UAV height of 100 m,
BS with maximum power Ps = 2 W and three randomly deployed users. We compared the
proposed scheme with a scheme that deploys the UAV to optimize the power allocation at
the user’s geometric center location and an average power allocation scheme that optimizes
the UAV deployment location. As we expected, the sum rate of the different schemes
suffering from different degrees of HIs increased with the increment transmitted power
of UAV, and The proposed scheme always achieves the maximum sum rate performance
with the same degree of hardware impairments. It is noteworthy that the impact of the
UAV’s deployment location on the system’s sum rate was more significant than that of the
fixed deployment location optimized power scheme with fewer hardware impairments.
This impact was diminished as the hardware impairments level increased.

Figure 5 shows the system downlink sum rate versus PS with a UAV height of
100 m, UAV with maximum power PUAV = 0.03 W, and three randomly deployed users.
The simulation results indicate that the proposed scheme exhibited a trend of initial rapid
increase followed by gradual growth with respect to the base station power. It can also
be observed that the extent of the hardware impairments was exacerbated, and the sum
rate performance of the system decreased. A lower maximum base station transmission
power led to a greater impact on the system’s sum rate when considering the constant
maximum transmission power of the UAV. On the other hand, increasing the transmission
power of the UAV with a constant maximum base station transmission power resulted in
an enhanced system’s sum rate. Nevertheless, it should be noted that an intensification of
hardware impairments led to a reduction in differentials.
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Figure 4. System downlink sum rate versus the maximum power of UAV.
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Figure 5. System downlink sum rate versus the maximum power of BS with different HIs.

Figure 6 indicates the system downlink sum rate versus a different number of users
with Ps = 2 W, PUAV = 0.05 W; the height of the drone was 100 m. We compared the
optimization power allocation NOMA scheme for drone deployment at the user’s geometric
center and the OMA scheme for optimal location optimization power allocation. In the
scheme where the drone was deployed at the user’s geometric center with optimized power
under ideal hardware conditions, the performance obtained by the system was only slightly
higher than that obtained by the proposed scheme when HIs = 0.02, demonstrating the
effectiveness of the proposed algorithm. In the case of NOMA, the sum rate increased when
the power allocation meet the QoS requirements of all the admitted users. The sum rate
decreased with the number of users increased. This is because the transmitted power was
not large enough to satisfy the demand of each user. In the case of OMA, the system’s sum
rate deteriorated as the number of users increased. The performance of the power-optimized
OMA scheme at the optimal location degraded by about 45% compared to the system’s sum
rate that was obtained with the proposed NOMA scheme with ideal hardware.
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Figure 6. System downlink sum rate versus the number of users.

Figure 7 shows the total system downlink rate versus the deployed UAV at different
altitudes for different schemes with Ps = 2 W, PUAV = 0.03 W, three downlink users, and
HIs of 0.02. We compared the NOMA scenario, which included the UAV deployed at the
geometric center of the user with optimized power and average power, and the OMA
scenario, which included the UAV deployed at the optimal location of the UAV using
optimized power and average power. It can be seen from the results that the performance
of all schemes tended to decrease as the UAV altitude increased, which was because the
corresponding channel gain became worse as the distance between the UAV and the ground
user increased. Still, the proposed scheme always achieved optimal performance.
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Figure 7. System downlink sum rate versus the altitude of UAV.
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Figure 8 shows the system downlink sum rate versus PS under different schemes,
where the UAV height was 100 m, HIs = 0.02, UAV with maximum power PUAV = 0.03 W,
and three randomly deployed users. With the same level of hardware impairments, the
system’s sum rate obtained for all schemes increased as the base station transmit power
increased. Because base stations transmit more power, the system can allocate more power
to each user. In addition, the optimal performance was always obtained for our proposed
scheme because it optimized both the UAV deployment location and the user power
allocation while considering the hardware impairments.
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6.5

7
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NOMA, HIs=0.02
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Figure 8. System downlink sum rate versus the maximum power of BS with same HIs.

Figure 9 shows the system downlink sum rate versus PUAV with a UAV height of
100 m, BS with maximum power PS = 2 W, HIs = 0.02, and three randomly deployed
users. We compared the proposed scheme with the NOMA scheme and optimized average
power at the UAV deployment location and the NOMA scheme with an optimized power
allocation to deploy the UAV at the user center, and the OMA scheme with optimized power
allocation at the optimal deployment location and the OMA scheme with optimized power
allocation to deploy the UAV at the user center, respectively. This scheme jointly considered
UAV deployment with system power allocation and always obtained the highest sum rate
for the same hardware impairments. Unlike Figure 8, increasing the transmitting power of
the UAV achieved a higher and more significant system performance with constant base
station power.
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Figure 9. System downlink sum rate versus the maximum power of UAV with the same HIs.

6. Conclusions

This paper has investigated the downlink NOMA networks with an UAV relay. To max-
imize the sum rate of ground users, we decomposed the optimization problem into UAV
location optimization with binary variable constraints and power allocation problems.
We first converted the MIPP into a standard convex optimization problem with the SCA
method. Then the quadratic transform method and Lagrangian dual transformation were
used to obtain the power allocation. Simulation results reveal that our proposed algorithm
outperforms other benchmark algorithms. As energy efficiency [34–36] is another crucial
index for the future wireless network, we will investigate the energy efficient resource
allocation for the UAV-assisted NOMA system in the future. In addition, as the channel
between the UAV and users can be with both LoS and NLoS propagation [37,38], we will
jointly investigate optimizing the height of the UAV in our future work.
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