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Abstract—Deployment of unmanned aerial vehicles (UAVs)
as flying base stations (FlyBSs) is considered as an efficient
tool to enhance capacity of mobile networks and to facilitate
communication in emergency cases. The improvement provided
by such network requires a dynamic positioning of the FlyBSs
with respect to the mobile users. In this paper, we focus on an
optimization of transmission power of the FlyBS in networks with
non-orthogonal multiple access (NOMA). We propose a solution
jointly positioning the FlyBS and selecting the optimal grouping
of users for NOMA in order to minimize the FlyBS’s transmission
power under the constraint on guaranteeing a minimum required
capacity for the mobile users. Moreover, we derive the grouping
of users corresponding to the optimal transmission power in a
low-degree polynomial time, which makes it suitable for realtime applications. According to the simulations, the proposed
method brings up to 31% of FlyBS’s transmission power saving
compared to existing solutions.
Index Terms—Flying base station, Non-orthogonal multiple
access, user grouping, transmission power, mobile users, mobile
networks, 6G.

I. I NTRODUCTION
Unmanned aerial vehicles (UAVs) acting as flying base
stations (FlyBSs) provide a promising way to address various
concerns in mobile networks. Due to their high mobility,
the FlyBSs present exclusive features, such as adaptability to
the network topology and to the actual users’ requirements,
in comparison to conventional static base stations. These
advantages make the FlyBSs an efficient solution for multiple
practical applications including surveillance and monitoring
[1], data traffic management [2], emergency missions [3],
network coverage enhancement [4], data gathering of IoT
devices [5], or improvement in users’ quality of service [6].
In our previous works ([7], [8]), we study the problem of
power optimization for the FlyBS serving moving users and
we provide a joint power control and FlyBS’s positioning for
orthogonal multiple access (OMA) in the mobile networks.
In this paper, we focus on the FlyBS’s positioning and
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transmission power consumption for non-orthogonal multiple
access (NOMA).
Non-orthogonal multiple access (NOMA) is considered as a
promising and suitable technique for future mobile networks.
NOMA provides a high spectral efficiency by including superposition coding at the transmitter and successive interference
cancellation (SIC) decoding at the receivers [9]. Thus, unlike
OMA, NOMA enables to group multiple users into clusters
and serve the users in the same cluster at the same timefrequency resources with a separation in a power domain ([10],
[11], [12]). Consequently, NOMA increases throughput and
spectral efficiency with respect to OMA [6].
Key challenges related to NOMA include fairness control
[13], throughput improvement [14], resource allocation [11],
network coverage [15], and user pairing or grouping [11],
[12]. These key challenges are even emphasized and extended
when NOMA is integrated to the networks with FlyBSs. For
example, the grouping schemes provided for the networks with
static base stations consider instantaneous gains of the users’
channels as a criteria to find the user grouping [11], [12].
However, these methods are not suitable for the networks with
FlyBS, as the next position of FlyBS is determined based on
the current pairing/grouping, while the selected grouping is
based on the current position of the FlyBS.
A full exploitation of NOMA together with the FlyBSs’
characteristics requires a precise positioning of the FlyBSs,
advanced resource allocation, interference control, and grouping of the users for NOMA and SIC in order to efficiently
deal with the challenges mentioned above.
In [16], the authors study the coverage in the network with
two static ground users served by the FlyBS. Adopting a
fading channel model, the authors provide a combination of
NOMA and OMA transmission modes to reduce an outage
probability of the ground users. However, the positioning
of the FlyBS (trajectory) is not optimized. Then, in [15],
the authors determine an altitude of the FlyBS serving also
only two static ground users in the network with NOMA to
maximize Jain’s fairness index. The paper [15] is extended in
[14] by a power allocation and a determination of the FlyBS’s

altitude to maximize the sum capacity of two static ground
users. Nevertheless, the x and y coordinates of the FlyBS are
fixed. Thus, the flexibility in a spatial deployment offered by
the FlyBSs is not fully exploited. Furthermore, in [17], the
authors provide a resource allocation algorithm for NOMA
with one FlyBS acting as a relay to maximize the throughput
in a scenario with, again, only two static ground users. We
note that, since there is only one pair of users in the system
model, the problem of user pairing/grouping is not inclusively
studied by any of the works in [14]-[17], and none of these
works provide a concrete paring/grouping for multiple users.
In [10], a heuristic solution for a joint user grouping and
positioning of the FlyBS is proposed to improve the sum
capacity. The grouping of users for NOMA is limited to only
two users (i.e., pairing of users) and its generalization to
the grouping of more than two users is not straightforward.
Moreover, the provided solution is sub-optimal and loses
performance as the number of users increases.
To the best of our knowledge, a study of the transmission
power consumption and an analysis of the user grouping
for NOMA in networks with FlyBSs is not investigated in
the literature. However, the transmission power consumption
affects the coverage and, hence, should not be ignored. This is
supported by many works focused on the transmission power
consumption of the FlyBSs for a variety of OMA scenarios
([6]-[8]). Moreover, due to limitations on a maximum transmission power of the FlyBSs, the FlyBS might fail to satisfy
the minimum required capacity for the users. Thus, a solution
reducing the transmission power is necessary to enhance the
users’ coverage reliability. In NOMA, the transmission power
becomes even more critical aspect, as adopting an inefficient
grouping scheme can lead to a very high transmission powers
beyond the limit of the FlyBS.
In this paper, we focus on the problem of the FlyBS’s
transmission power optimization in NOMA networks. We
formulate the problem of the transmission power minimization
with a constraint on a minimum guaranteed capacity for all
mobile users. We analytically provide an optimum strategy for
the grouping of users for NOMA and we determine related
optimum position of the FlyBS to minimize the transmission
power. The proposed solution is of a very low complexity
(low degree polynomial) and, thus, can be applied in real
networks. We show that our proposed solution reduces the
transmission power consumption by up to 31% compared to
existing solutions
The rest of the paper is organized as follow. In Section II,
we present the system model and formulate the problem of
transmission power optimization via the grouping of users for
NOMA and FlyBS’s positioning. The proposed solution for the
transmission power optimization is introduced and thoroughly
described in Section III. The performance of the proposed
solution and comparison with the performance of existing
solutions is discussed in Section IV. Last section concludes
the paper and outlines future research directions.

Fig. 1: System model with multiple mobile users (blue dots)
deployed within coverage area of the FlyBS and grouped into
clusters (red circles) for NOMA purposes.

II. S YSTEM MODEL AND PROBLEM FORMULATION
In this section we first define the system model by explaining users grouping in non-orthogonal transmission model,
and SIC decoding in the network with FlyBS, and we also
provide details about the transmission power modeling. Then,
we formulate the transmission power optimization problem.
A. System Model
We consider one FlyBS serving Nu mobile users U =
{u1 , u2 , . . . , uNu } in an area as shown in Fig. 1. The users
are moving along the same direction similar to, e.g., vehicles
on a road or a highway. Without a loss of generality, we
assume the movements are aligned with the x-axis to simplify
notations and explanation of the idea. All Nu users in the area
communicate directly with the FlyBS.
Let {X(t), Y (t), H(t)} denote the location of the FlyBS at
the time t. We assume that the altitude of the FlyBS is fixed
at H(t) = H as in many previous related works (e.g., [8],
G
[10], [17], [18]). Furthermore, let {xG
i,j (t), yi,j (t)} denote the
coordinates of the i-th user at the time t. Note that we consider
mobile users, and so the coordinates of the users as well as
of the FlyBS change over time. As commonly expected in
related works, we also assume that the current positions of
the users are known to the FlyBS (see, e.g., [14], [18]). Also,
the FlyBS can determine its own position as the knowledge
of the FlyBS’s position is needed for a common flying and
navigation of the FlyBSs ([17]).
In non-orthogonal transmission, the users are grouped into
clusters such that all users in each cluster share the same
bandwidth at the same time. Thus, the data transmission to the
users in the same cluster imposes an interference (referred to
as intra-cluster interference). However, there is no interference
among different clusters.
Let
denote the space of all possible functions that group
the users into Ncl clusters with Ncu users in each cluster,
(hence, Nu = Ncl × Ncu ). Each function G ∈ is defined as
a bijective mapping G: h1, N i → h1, Ncl i × h1, Ncu i. More

G

G

specifically, the function G assigns the user un as the ncu th user in the ncl -th cluster if G(n) = (ncl , ncu ) for the
given n. We refer to ncu and ncl as the index of the user
in the cluster and the index of the cluster, respectively. Let
G
G
uG
1,j , u2,j , . . . , uNcu ,j denote the clustered users in the j-th
cluster (1 ≤ j ≤ Ncl ) that is determined by the grouping
function G.
For SIC in non-orthogonal transmission, canceling the
strong interferences in each cluster is a more efficient approach
than canceling the weak interferences, in the sense that the
total transmission power to satisfy the minimum required
capacity of all users is lower in the first approach [12]. In
the following we define model for the SIC regardless of
the different signals’ strengths, and only based on the users’
indices within each cluster. This assumption helps to solve the
problem in a simpler way and without loss of generality, as
we find the minimum transmission power among all possible
grouping options.
Suppose that, by applying SIC, the user uG
i,j in the j-th
cluster (1 ≤ i ≤ Ncu − 1) cancels the interfering signals from
0
the user i0 in the same cluster (i.e., uG
i0 ,j ) for i + 1 ≤ i ≤ Ncu
to extract its own signal. As a result of this, the achievable
G
SINR γi,j
, (1 ≤ i ≤ Ncu ) for the user uG
i,j is expressed as:
pG,R
1,j
= 2 ,
σ
pG,R
1,j
=
,
Pi−1
σ 2 + l=1 pj,R
i,l,j
G
γ1,j

G
γ1,j

(1)

where
denotes the received signal power of the user
j
G
ul,G , and σ denotes the noise’s power. Now let Ci,j
denote
G
the channel capacity of the user ui,j . According to the ShanG
non–Hartley theorem, the channel capacity Ci,j
is defined as:
G
G
Ci,j
= Blog2 (1 + γi,j
),

(2)

where B is the bandwidth assigned to each user and each
cluster. Following [11], the channel’s bandwidth as well as
the noise’s power are assumed to be equal for all clusters.
The total transmission power of the FlyBS at the time tk is
expressed as:
pj,T
i,G ,

(3)

j=1 i=1

where pj,T
i,G is the transmission power of the FlyBS to the
uG
.
According
to the Friis’ transmission equation, pG,T
is
i,j
i,j
determined as:
pj,T
i,G =

(4πf )2
pj,R d2 ,
j,T j,R 2 i,G i,j,G
Di,G Di,G c

1 ≤ i ≤ Ncu , 1 ≤ j ≤ Ncl ,

(4πf )2
j,T
j,R 2
Di,G
Di,G
c

is substituted by Q in the rest of the paper for clarity and
simplicity of the discussions. Using (4), the total transmission
power of the FlyBS is rewritten as:
PT X (X, Y, H, tk , G) =

Ncl X
Ncu
X

2
Qpj,R
i,G di,j,G ,

(5)

j=1 i=1

By expanding (5) with the coordinates of the users and the
FlyBS, we get:
PT X (X, Y, H, tk , G) =
Ncl X
Ncu
X

(6)

G
2
G
2
2
Qpj,R
i,G ((X(tk ) − xi,j (tk )) + (Y (tk ) − yi,j (tk )) + H(tk ) ).

j=1 i=1

B. Problem Formulation
Our goal is to find the position of the FlyBS jointly with
the clustering of the users for NOMA purposes to minimize
the transmission power of the FlyBS while guaranteeing a
minimum capacity for the users. We formulate the joint
problem of the transmission power minimization and users’
clustering as:
argmin

PT X , ∀k

(7)

[G,[X(tk ),Y (tk )]]

pj,R
i,l,G
2

Ncl X
Ncu
X

3 × 108 m/s is the speed of light. The coefficient

[Gopt , [Xopt (tk ), Yopt (tk )]] =

(1 ≤ i ≤ Ncu )

PT X (X, Y, H, tk , G) =

user’s antenna, di,j,G is the distance between the FlyBS and
the user uG
i,j , f is the communication frequency, and c =

(4)

j,T
G
where pj,R
i,G is the received signal power by the user ui,j , Di,G
j,R
is the gain of the FlyBS’s antenna, Di,G is the gain of the

s.t.

G
Ci,j
(tk ) ≥ Cmin , ∀j ∈ h1, Ncl i , ∀j ∈ h1, Ncu i , ∀k,

where the constraint guarantees that every user receives at least
the minimum required capacity Cmin all the time. In line with
[11], the minimum capacity is assumed to be the same for all
the users. We note that, similar to many works (e.g., [14][17]) we do not consider the power consumption due to the
FlyBS’s movement (known as propulsion power). The problem
of power optimization including the propulsion power is left
for future work due to page limit of this paper.
III. P ROPOSED OPTIMAL GROUPING OF USERS FOR NOMA
AND POSITIONING OF F LY BS
In this section, we provide a novel method to solve (7) by
finding the optimal grouping function Gopt as well as the optimal FlyBS’s positions [Xopt (tk ), Yopt (tk )] over time. From
Nu !
the definition of grouping, there are N
different grouping
cl !
options (grouping options that are obtained by switching the
label (index) of clusters are considered the same). Thus, the
number of options becomes extremely large for realistic values
of Nu (it is about 17.2 million options even for only 14 users).
This motivates us to find an analytical solution to grouping.
We start by deriving the conditions that yield the minimum
transmission power, and then we find the position of FlyBS
corresponding to the minimum transmission power. From the
constraint in (7) and using (2), it is inferred that:
G
γi,j
≥ γmin ,

(8)

where γmin = (2Cmin /B − 1) is a positive constant. Then,
from (1), we rewrite (8) as:
pG,R
pG,R
1,j
i,j
≥ γmin ,
≥
γ
,
P
min
i−1
σ2
σ 2 + l=1 pG,R
i,l,j

(9)

(2 ≤ i ≤ Ncu , 1 ≤ j ≤ Ncl ).
Using (9), we find the conditions to reach the minimum
transmission power as follows. Equation (9) is rewritten using
(4) as:
pG,T
1,j
Qd21,j,G

σ2

pG,T
i,j
Qd2i,j,G
Pi−1

≥ γmin ,

σ2 +

G,T
l=1 pl,j
Qd2i,j,G

≥ γmin

(10)

G
G
Knowing the coordinates Xopt
and Yopt
and considering
the definition of the total transmission power in (14), the
corresponding minimum transmission power is determined by
plugging (15) into (14). After a few simple math operations,
the minimum transmission power corresponding to the grouping function G is rewritten as:
G
G
2
2
PTmin
X (G) = PT X (Xopt , Yopt , H, tk , G) = γmin Qσ Nu H +

γmin Qσ 2 (δxG + δyG ),

(16)

where
δxG = −

(

PNcl PNcu

Ncu −i
2
)xG
i,j )
i=1 ((1 + γmin )
j=1
+
PNcl PNcu
Ncu −i )
i=1 ((1 + γmin )
j=1

Ncl Ncu
X
X

(2 ≤ i ≤ Ncu , 1 ≤ j ≤ Ncl ).

G

((1 + γmin )Ncu −i x2 i,j ),

j=1 i=1

After several
P0 simple math operations, (10) is transformed to
(assuming 1 is equal to 0):
γmin

i−1
X

G,T
2
2
pG,T
l,j + γmin Qdi,j,G σ ≤ pi,j ,

(11)

(1 ≤ i ≤ Ncu , 1 ≤ j ≤ Ncl ).
Therefore, by writing down (11) for every j ∈ h1, Ncl i and
for all i ∈ h1, Ncu i, we get
2
pj,T
i,G ≤ γmin Qσ

Ncl X
Ncu
X
((1 + γmin )Ncu −i )d2i,j,G .
j=1 i=1

j=1 i=1

(12)
The minimum in (12) is achieved when the equality in (11)
holds for 1 ≤ i ≤ Ncu , and 1 ≤ j ≤ Ncl , that is, if:
γmin

i−1
X

G,T
2
2
pG,T
l,j + γmin Qdi,j,G σ = pi,j ,

(13)

l=1

(1 ≤ i ≤ Ncu , 1 ≤ j ≤ Ncl ).
Hence, from (13), we derive PT X (X, Y, H, tk , G) as:
PT X (X, Y, H, tk , G) = γmin Qσ 2

Ncl Ncu
X
X

((1 + γmin )Ncu −i )d2i,j,G =

j=1 i=1
Ncl Ncu
X
X

PNcl PNcu

Ncu −i G 2
)yi,j )
i=1 ((1 + γmin )
j=1
+
PNcl PNcu
N
−i
cu
)
i=1 ((1 + γmin )
j=1

Ncl Ncu
X
X

G

((1 + γmin )Ncu −i y 2 i,j ).

(17)

j=1 i=1

l=1

Ncl X
Ncu
X

δyG = −

(

2
((1 + γmin )Ncu −i )((X(tk ) − xG
i,j (tk )) +

j=1 i=1
G
(Y (tk ) − yi,j
(tk ))2 + H(tk )2 ).

(14)

From (14), the FlyBS’s position to achieve the minimum
transmission power is derived for each grouping function G
by evaluating the transmission power at its critical point(s).
TX
= 0 and ∂P∂YT X = 0 with
Thus, by solving equations ∂P
∂X
PT X defined in (14), we get the following critical point:
PNcl PNcu
Ncu −i G
xi,j )
j=1
i=1 ((1 + γmin )
G
Xopt = PNcl PNcu
,
(15)
N
−i
cu
)
j=1
i=1 ((1 + γmin )
PNcl PNcu
Ncu −i G
yi,j )
j=1
i=1 ((1 + γmin )
G
Yopt = PNcl PNcu
.
Ncu −i )
i=1 ((1 + γmin )
j=1

We note that for the movement in line with the system model,
i.e., a crowd of users (e.g., vehicles) moving along the street
in the direction of x-axis, the value of δxG is significantly
larger than δyG in a system of vehicles at a road or a highway.
This is mainly because δxG and δyG can be interpreted as a
weighted sample variance of the x and y coordinates of the
users’ locations, respectively, and the range of x-coordinates
corresponding to the vehicles is much larger than the range
of y-coordinates (we do not show further details due to page
limit). Therefore, we find the optimal grouping function by
minimizing δxG .
To minimize δxG , we first derive an optimal grouping function Gopt via Theorem 1, that provides a necessary condition
for Gopt .
Theorem 1. Suppose that before grouping of users into
clusters, the x-coordinates of the users are sorted as Xsorted =
{xl1 , . . . , xlNu }, such that xl1 < ... < xlNu . Then, for
the grouping function that minimizes δxG (i.e., the optimal
grouping), the first users in each cluster (i.e., the users
G
G
Gopt
x1,1opt , x1,2opt , . . . , x1,N
should be Ncl consecutive users in
cl
G
G
Gopt
the sorted sequence Xsorted , i.e., {x1,1opt , x1,2opt , . . . , x1,N
}=
cl
{xlr , xlr+1 , ..., xlr+Ncl −1 } for some r ∈ h1, Nu − Ncl + 1i.
Furthermore, the second users of each cluster (i.e.,
G
G
Gopt
x2,1opt , x2,2opt , . . . , x2,N
should be Ncl consecutive users in
cl
G
G
Gopt
the sorted sequence Xsorted \{x1,1opt , x1,2opt , . . . , x1,N
}, and
cl
so on and so forth for the rest of the users of all groups.
Proof. We prove Theorem 1 using mathematical contradicG
G
Gopt
tion as follow: Suppose that {x1,1opt , x1,2opt , . . . , x1,N
} =
cl
{xi1 , ..., xiNcl } with xi1 < ... < xiNcl . Then, by contradiction,
we assume that the users in {xi1 , ..., xiNcl } are not consecutive
in Xsorted and there exists xj such that xi1 < xj < xiNcl and
xj ∈
/ {xi1 , ..., xiNcl } Also, we assume that, for Gopt , xj is
the s-th user in some cluster (s > 1).

Let G1 denote the grouping function that is obtained by
swapping xi1 and xj in Gopt . Similarly, G2 denotes the
grouping obtained by swapping xiNcl and xj in Gopt . From
the optimality of Gopt it is inferred that:
δxGopt − δxG1 < 0,
δxGopt

−

δxG2

(18)

< 0.

Now, we rewrite the left-hand side terms in (18) in terms
of the system parameters as follow:
G

δx opt − δxG1 = (xi1 − xj )((1 + γmin )Ncu −1 xi1 + (1 + γmin )Ncu −1 xj
−(1 + γmin )Ncu −s ) − αβ,
α=

β=2

N
cu
Y

((1 + γmin )Ncu −1 − (1 + γmin )Ncu −s )
,
PNcl PNcu
Ncu −i
j=1
i=1 ((1 + γmin )

Ncl Ncu
X
X

Ncu −1
((1 + γmin )Ncu −i xG
xi1 −
i,j − (1 + γmin )

j=1 i=1

Using the first inequality in (18) and using the fact that
xi1 < xj , it follows from (19) that:
(

(1 + γmin )Ncu −i )((1 + γmin )Ncu −1 xi1 +

(20)

j=1 i=1

(1 + γmin )Ncu −1 xj − (1 + γmin )Ncu −s )−
((1 + γmin )Ncu −s )β > 0.

(22)

The search space is polynomial with Nu and Ncl and its
size is significantly reduced with respect to search space of
Nu !
.
the exhaustive search, which is N
cl !
IV. S IMULATIONS AND RESULTS
In this section, we provide details of models and simulations
adopted for evaluation of the performance of the proposed optimization of the transmission power consumed by the FlyBS
serving mobile users. We also demonstrate the advantages of
the proposed scheme over existing state of the art schemes.
A. Simulation scenario and models

A similar inequality to (20) can be derived from the second
inequality in (18) (details omitted due to page limit). Then, by
summing the respective sides in (20) and in the other derived
inequality, it is concluded that:
Ncl X
Ncu
X
(
((1 + γmin )Ncu −i )(1 + γmin )Ncu −1 )+

(Nu − kNcl + 1).

k=1

(1 + γmin )Ncu −1 xj − (1 + γmin )Ncu −s xi1 − (1 + γmin )Ncu −s xj .
(19)

Ncl Ncu
X
X

all of the Nu users are assigned to groups. Therefore, for
each of the sequences in the first step, we list all sequences
of Ncl consecutive users in the remaining set of users in
Xsorted . Again, according to theorem 1, the set of second
users of all clusters in the optimal grouping is one of these
sequences. We repeat the procedure until there is no users
left, that is, all the groups are completed. Next, we use (14)
to evaluate the transmission power corresponding to every
grouping completed in the procedure, and then choose the one
that yields the minimum transmission power.
The size of the search space in the provided method is

(21)

j=1 i=1

((1 + γmin )Ncu −1 − (1 + γmin )Ncu −s )2 < 0.
which is not correct, since the summands on the left-hand
side in (21) are both positive, so this contradicts the initial
assumption that the users in {xi1 , ..., xiNcl } are not consecutive. Therefore, {xi1 , ..., xiNcl } consists of consecutive users
in Xsorted . By a similar procedure as above, we verify that
the second users of all clusters should be consecutive values
G
G
Gopt
in Xsorted \{x1,1opt , x1,2opt , . . . , x1,N
}, and so on for the next
cl
users of all clusters. This completes the proof to Theorem 1.
Theorem 1 provides a solution to choosing the optimal
grouping function as follows: First, we sort the x-coordinates
of users as xl1 < ... < xlNu , and list all possible sequences of length Ncl that consist of consecutive values in
Xsorted = {xl1 , . . . , xlNu }. There are (Nu − Ncl + 1) of such
sequences. According to Theorem 1, the set of first users of
all clusters in the optimal grouping is one of those sequences

Nu
in the list. Therefore, instead of considering all N
of such
cl
possible subsets, we only have (Nu − Ncl + 1) candidates.
Of course, the optimal sequence cannot be determined until

We consider a scenario where the FlyBS serves users
represented by vehicles and/or users in vehicles during a busy
traffic or a traffic jam at a road or a highway in a rural area.
In such situation, the FlyBS is a suitable solution to improve
the performance, since the conventional network is usually
overloaded as plenty of active users are located in a small
area with a limited network coverage (see, e.g., [20]).
The users are assumed to move on a 3-lane highway in the
positive direction of x-axis. The users are distributed uniformly
among all three lanes. Within one lane, the velocities of all
users are the same so that the minimum regulated distance
between the vehicles is kept all the time. More specifically, we
set the two-second rule, that is, the minimum distance between
two vehicles is equal to the distance moved by the vehicles
within two seconds. The velocities are selected uniformly over
interval {19-24} m/s, {17-19} m/s, and {14-16} m/s for the
first, second, and third lanes, respectively. A common rotarywing UAVs is considered to serve the users. Such UAV can fly
typically with a maximum speed of about 25m/s [21], thus,
the typical FlyBS is not efficient for higher speeds than 25
m/s as the FlyBS cannot follow the vehicles’ movement.
We assume free space path loss (FSPL) model for the
wireless channel, as the communication link between the
FlyBS and the vehicles on the road is typically without any
obstacles and the FSPL is a commonly adopted model in such
cases ([8], [10], [18]). Omni-directional antennas with gains
of 7 dBi and 0 dBi for the FlyBS and the users are considered,
respectively, in line with [22]. The radio frequency f = 2.6
GHz and a bandwidth of 100 MHz are selected. Spectral

Numerical value
{30,60,90}
7 dBi
0 dBi
–174 dBm/Hz
15 Mbps
2.6 GHz
100 MHz
100 meters
600 s
100

density of noise is set to –174 dBm/Hz. Following [18], the
FlyBS’s altitude is fixed at H = 100 m. The simulations are
performed for the capacity required by each user Cmin = 15
Mbps. Each simulation is of 600 seconds duration with the
optimal grouping and transmission power calculated every
second. The results are averaged out over 100 simulation
drops. The system parameters are summarized in Table I.
Our proposal, which minimizes the FlyBS’s transmission
power consumption together with the FlyBS’s positioning and
determination of the optimal grouping of users for NOMA
purposes (as elaborated in Section III) is compared with
four most-related state of the art schemes: i) the algorithm
introduced in [10] that provides a joint NOMA pairing and
FlyBS’s positioning for sum rate maximization (referred to as
SRM in the later discussions in this paper), ii) an enhanced
version of SRM in [10] (referred to as ESRM) that adopts
the pairing scheme as in [10], but the position of FlyBS
is enhanced by our proposed positioning according to (15)
in order to achieve the minimum transmission power, as the
solution in [10] targets a maximization of sum rate, iii) the
algorithm developed in [12] that adopts the optimal grouping
corresponding to the minimum transmission power in NOMA
with static base station (referred to as SBS), and hence, does
not provide any solution to the FlyBS’s positioning, iv) an
enhanced version of SBS (referred to as ESBS) that adopts the
grouping scheme according to [12], but the positioning of the
FlyBS is enhanced by our proposed positioning according to
(15) to achieve the minimum transmission power consumption.
B. Simulation results
In this subsection, we present and discuss simulation results.
First, we focus on an evolution of the transmission power
consumption of the FlyBS over time to demonstrate the
advantage of our proposed method over the existing solutions
in terms of an efficient power management and consequent
enhancement of coverage. Then, we compare the performance
of the proposed scheme with existing solutions in terms of
complexity and average power consumption.
Fig. 2 illustrates the transmission power of the FlyBS over
time for Cmin = 15 Mbps guaranteed to each user and for
Nu = 90 (top subplot) and Nu = 30 (bottom subplot). In
this figure, we assume NOMA is set so that users are paired

Transmission Power (W)
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Number of users in the coverage area, Nu
j,T
FlyBS’s antenna gain, Di,G
j,R
User’s antenna gain, Di,G
Noise power spectral density, Ni
Minimum guaranteed capacity to each user Cmin
RF frequency, f
System bandwidth
Altitude of FlyBS, H
Simulation Duration
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Fig. 2: Transmission power vs. operation time of the FlyBS
for Nu = 90 (top subplot) and Nu = 30 (bottom subplot).

(Ncu = 2), thus, two users share the same time-frequency
resources. The transmission power consumption is increasing
in general over time, for all solutions. This is due to a general
increase in the relative distance between the first and the last
vehicles in the scenario over time caused by diverse velocities
of vehicles on different lanes causing a gradual expansion of
the area demarcated by users covered by the FlyBS.
Fig. 2 further shows that the transmission powers corresponding to SRM, ESRM, and ESBS grow notably faster than
for our proposed solution and the power is reduced roughly
by 33%, 50%, and 66% with respect to SRM, ESRM, and
ESBS, respectively for Nu = 90. We depict also the optimum
power consumption determined via the exhaustive search. As
the complexity of the exhaustive search does not allow to
determine results for Nu = 90, we show it only for Nu = 30.
The results confirm that the proposed solution reaches almost
the optimum performance with totally negligible difference.
The efficiency of the proposed method is explained also in
terms of the coverage as, in practice, the transmission power
of the FlyBS is limited. Thus, the FlyBS may fail to guarantee
Cmin to all the users if the power limit is reached. In such case,
a higher number of FlyBSs is required and the users should be
associated to other FlyBSs to ensure a continuous coverage. In
this sense, our proposed solution provides a higher coverage
radius and less FlyBSs are needed to cover a specific area.
For example, if the transmission power of the FlyBS is
limited to 1 Watt, Fig. 2 shows that the FlyBS is not be able
to guarantee Cmin to all users after 10 s, 380 s, 400 s, 450
s, and 600 s, for SBS, ESBS, SRM, ESRM, and the proposal,
respectively. More specifically, compared with SBS, ESBS,
SRM, and ESRM, the maximum covered area provided by
the proposal is 155%, 36%, 26%, and 17% larger, respectively.
Note that the transmission power reached by SBS (scheme iii,
see previous subsection) is in the order of hundreds of watts,
since the relative distance between the base station and the
users increases notably due to immobility of the base station.
Hence, the results of SBS are ommited in the rest of the paper.

TABLE II: Complexity of power optimization represented as
the number of math operations required to obtain results.

Average TX Power (W)
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Fig. 3: Average transmission power achieved by individual
schemes for various numbers of users Nu .

Next, we investigate an impact of the number of users on the
transmission power in Fig. 3 (with Ncu = 2 for all schemes). It
is observed that the average transmission power increases with
the number of users, as a larger Nu results in less bandwidth
available for each cluster of users, and so a higher transmission
power is required to satisfy Cmin = 15 Mbps. Our proposed
solution reaches the lowest transmission power of the FlyBS
disregarding the number of served users Nu . For Nu = 90,
the transmission power is reduced by 48%, 38%, and 31%
comparing to SRM, ESRM, and ESBS, respectively.
We also show the complexity of the proposed and state
of the art solutions for joint users’ pairing and the FlyBS’s
positions in Table II for Nu = 90. The complexity is defined
as the number of calculations (math operations) performed by
each solution. The results are shown for Ncu = 2, since ESRM
is designed for Ncu = 2 and its extension to Ncu > 2 is not
straightforward. Note that we do not include the complexity
of SRM and ESBS, as the complexity of these is not easy to
calculate, because the SRM and ESBS solutions are based on
bisection search [10] and convex optimization, respectively.
Table II confirms that the proposed optimization reduces the
complexity significantly with respect to exhaustive search
(2.7×1080 times) as well as with respect to ESRM (twice).
V. C ONCLUSIONS
In this paper, we have studied the problem of joint FlyBS’s
positioning and transmission power minimization in future
mobile networks based on NOMA. We formulate the transmission power minimization problem in terms of the grouping of users for NOMA purposes and determination of the
FlyBS’s positions over time as the users move. Then, we
provided a solution to find the optimum grouping and the
FlyBS’s positions that yield the minimum transmission power
while guaranteeing a minimum required capacity for all users.
Furthermore, we show that the proposed solution reduces the
transmission power consumed by the FlyBS by tens of percent
while the required capacity of the moving users is always
satisfied. Due to the efficient transmission power consumption

in the proposed method, the coverage area of the FlyBS is
significantly expanded.
In the future work, a scenario with multiple FlyBS should
be studied. This scenario implies another dimension of the
problem related to the user association to individual FlyBSs.
Furthermore, the problem of power optimization with inclusion of propulsion power consumption should be considered.
R EFERENCES
[1] A. Chriki, , et al, “UAV-GCS Centralized Data-Oriented Communication
Architecture for Crowd Surveillance Applications,” IWCMC, 2019.
[2] X. Hu,et al, “Joint Optimization of Traffic and Computation Offloading
in UAV-Assisted Wireless Networks,” IEEE MASS, 2018,.
[3] X. Cheng et al., “Architecture Design of Communication and Backhaul
for UAVs in Power Emergency Communication,” ICCCBDA, 2019.
[4] X. Li, et al,, “A Near-Optimal UAV-Aided Radio Coverage Strategy for
Dense Urban Areas,” IEEE Trans. Veh. Technol., vol. 68, no. 9, 2019.
[5] M. Samir, et al, “UAV Trajectory Planning for Data Collection from
Time-Constrained IoT Devices,” IEEE Trans. Wireless Commun., 2020.
[6] B. Li, Z. Fei and Y. Zhang, “UAV Communications for 5G and Beyond:
Recent Advances and Future Trends,” IEEE Internet Things J., 2019.
[7] M. Nikooroo, and Z. Becvar, “Joint Positioning of UAV and Power
Control for Flying Base Stations in Mobile Networks,” IEEE WiMOB,
2019.
[8] M. Nikooroo, and Z. Becvar, “Optimizing Transmission and Propulsion
Powers for Flying Base Stations”, IEEE WCNC, 2020.
[9] L. Dai, et al, “Non-orthogonal multiple access for 5G: solutions, challenges, opportunities, and future research trends,” IEEE Communications
Magazine, vol. 53, no. 9, 2015.
[10] M. T. Nguyen and L. B. Le, “NOMA User Pairing and UAV Placement
in UAV-Based Wireless Networks,” IEEE ICC 2019.
[11] J. Kang and I. Kim, “Optimal User Grouping for Downlink NOMA,”
IEEE Commun. Lett., vol. 7, no. 5, 2018.
[12] L. Lei, et al, ”On Power Minimization for Non-orthogonal Multiple
Access (NOMA),” IEEE Commun. Lett., vol. 20, no. 12, 2016.
[13] B. Kim, J. Heo and D. Hong, “Partial Non-Orthogonal Multiple Access
(P-NOMA) with Respect to User Fairness,” IEEE VTC, 2019.
[14] M. F. Sohail, et al, “Non-Orthogonal Multiple Access for Unmanned
Aerial Vehicle Assisted Communication,” IEEE Access, vol. 6, 2018.
[15] M. F. Sohail, C. Y. Leow, “Maximized fairness for NOMA based drone
communication system,” MICC, 2017.
[16] P. K. Sharma and D. I. Kim, “UAV-Enabled Downlink Wireless System
with Non-Orthogonal Multiple Access,” GC Wkshps 2017.
[17] J. Baek, S. I. Han and Y. Han, “Optimal Resource Allocation for NonOrthogonal Transmission in UAV Relay Systems,” IEEE Commun. Lett.,
vol. 7, no. 3, 2018.
[18] Y. Zeng, and R. Zhang, “Energy-Efficient UAV Communication With
Trajectory Optimization,” IEEE Trans. Wireless Commun., 2017.
[19] L.Zhu, et al, “Optimal User Pairing for Downlink Non-Orthogonal
Multiple Access (NOMA)” IEEE Commun. Lett., Vol. 8, No. 2, 2019.
[20] P. Yang, et al, “Proactive Drone-Cell Deployment: Overload Relief for
a Cellular Network Under Flash Crowd Traffic,” IEEE Trans. Intell.
Transp. Syst., 2017.
[21] A. Fotouhi, et al, “Survey on UAV Cellular Communications: Practical Aspects, Standardization Advancements, Regulation, and Security
Challenges,” IEEE Commun. Surveys Tuts., 2019.
[22] M. Bekhti,et al, “Path Planning of Unmanned Aerial Vehicles With
Terrestrial Wireless Network Tracking,” Wireless days, March 2016.

