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Abstract  In this paper, an unmanned aerial vehicle (UAV)
using hybrid orthogonal multiple access (OMA) and non-
orthogonal multiple access (NOMA) solutions aided by multiple
input multiple output (MIMO) technology is proposed to provide
wireless communication for ground users (GUs). The proposed
OMA-NOMA-MIMO system aims to improve throughput and
spectrum efficiency. Additionally, it also strives to maximize
the sum rate while achieving good user fairness. UAVs are con-
sidered as base stations (BSs) that provide services to users in
multiple real-life scenarios, e.g. during natural disasters. They
also enable aerial surveillance and help establish BSs during
mass events. A pairing algorithm is proposed for far-near NO-
MA users with an optimized power allocation (PA) mechanism to
improve the performance of NOMA-UAV-BS. Channels between
UAV-BS and GU are established as being of the line-of-sight
(LoS) and non-line-of-sight (NLoS) varieties, taking into consid-
eration the angle of departure (AoD) and the angle of arrival
(AoA). The results obtained demonstrate that NOMA performs
best in specific scenarios, while OMA overcomes NOMA in oth-
ers. The outcomes of the project may be utilized to control the
transmission performed by the UAV-BS by serving the GUs
depending on the required quality of service.

Keywords  non-orthogonal multiple access, pairing algorithms,
successive interference cancellation, unmanned aerial vehicle

1. Introduction

Unmanned aerial vehicles (UAVs) may be useful in providing
access to wireless networks by acting as base stations (BS)
to expand coverage at a location where a fixed radio BS
is not available [1]– [3]. Commonly, in wireless cellular
communication, such as 2G, 3G, and 4G systems that rely
on orthogonal multiple access (OMA) techniques in the
air interface, each user is assigned a single resource block,
enjoys limited throughput, and suffers from insufficient user
fairness [4], [5]. The problem becomes more acute when the
number of users increases in congested areas.
The non-orthogonal multiple access (NOMA) technique is
designed for 5G and beyond radio access cellular networks.
This multiple access solution is capable of simultaneously
utilizing a single resource block, i.e. the same frequency
band, for several users. This mechanism leads to a significant
improvement in throughput and spectrum efficiency, with
satisfactory user fairness levels. Therefore, in this article, the

focus will be on using NOMA for UAV-BS to overcome the
challenges faced by OMA radio access technologies [3], [6].
Serving multiple users in NOMA can be achieved by assigning
a different power level to each user. On the contrary, serving
users in OMA is implemented by assigning a fixed power
level for each user. This primary difference leads to OMA
outperforming NOMA in terms of spectral efficiency and
throughput [7], [8]. To further enhance NOMA’s performance,
multiple input multiple output (MIMO) technology may be
merged with NOMA, as suggested in [8], [9].
In this paper, a pairing algorithm is proposed for the NOMA
technology which divides the multiple users into groups, i.e.,
clusters, with each group consisting of two users. In other
words, the mechanism pairs a user with a good channel gain
(stronger user) with another user with poor channel gain (weak
user) [10]. The channel proposed between UAV-BS and the
ground user (GU) is, in some cases, of the line of sight (LoS)
and in other cases of the non-LoS (NLoS) variety, taking
into consideration the probability of LoS and NLoS [11]. We
assume that the superimposed NOMA signal from UAV-BS
reaches GU over a Rician fading channel.
Some key parameters play an important role in determining
the quality of the channel. These include the following: Rician
factor, path loss exponent, distance between UAV-BS and
GU, angle of departure (AoD), angle of arrival (AoA) and
carrier wavelength [12].
The authors contribution to previous works is summarized as
follows:
• In this work, we investigate unmanned aerial vehicles

(UAV) relying on hybrid orthogonal multiple access (OMA)
and nonorthogonal multiple access (NOMA) mechanisms,
aided by the multiple input multiple output (MIMO) tech-
nology. Several metrics have been measured at different
GUs using two channel types (LoS and NLoS) to esti-
mate the sum rate GU with the overall rate of NOMA and
OMA and determine the probability of Pout outage, with
a comparison between NOMA and OMA.
• To enhance the overall performance of the system, UAV-

BSs are equipped with the MIMO technology.
• The pairing algorithm is employed to significantly improve

spectral efficiency and achieve better user fairness. All
users who are underserved by the UAV-BS are divided
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into multiple groups according to such parameters as user
channel gain (weak or strong), user data rate, and distance
of the user from the UAV-BS.
• To account for all potential channels that may be established

between the UAV-BS and GU, we consider LoS and NLoS
channels. To make the channel calculations more accurate,
we consider the elevation and azimuth of AoD and AoA
along with Rician fading and Rayleigh fading.
• In [13], non-linear energy harvesting in NOMA systems

with a fixed base station has been proposed and investigated,
while in this work, we propose a hybrid OMA-NOMA
scheme intended specifically for UAV-based BSs equipped
with MIMO antennas to serve multiple users in no coverage
areas.
• In [14], the SIC error on near and far users in the NOMA

technology is studied by estimating the near- and far-user
BER. The outcomes prove the superiority of NOMA over
OMA. Here, we estimated Pout and sum rate for each user
in NOMA and OMA and we used SIC without the error
effect on near and far users in NOMA.
• In [15], different antenna techniques are developed to im-

prove the performance of wireless mobile communication
using the MIMO technology. Our study models UAV-BS
MIMO communication with explicit AoD and AoA consid-
erations under Rician fading, thus ensuring more accurate
channel estimation for aerial systems.

The rest of the paper is arranged as follows. A model of the
system is presented in Section 2, and the pairing of users is
described in Section 3. Section 4 outlines the detection process
performed by the receiver. Simulation results and discussions
are presented in Section 5, with conclusions contained in
Section 6.

2. System Model

As illustrated in Fig. 1, we propose that several users, i.e.
U1, U2, U3, . . . , UN present at a particular location take ad-
vantage of the services provided by a UAV-BS by applying
either the NOMA or OMA technology. It is assumed that the
users are located at different distances, i.e. d1, d2, d3, . . . , dN ,
from the UAV. According to these distances, U1 is the weak-
est user due to being located at the furthest distance from the
base station (UAV) (this user has a poor channel gain). U4
is the strongest user due to being located the closest (strong
channel gain) to the UAV.

According to the principles of NOMA, the power allocation
coefficients for each user are denoted by a1, a2, a3, . . . , aN .
The larger portion of the power is assigned to the weakest
users (farthest), while a lower power level is assigned to
the strongest users (nearest) to ensure user fairness [3]. The
combined power allocation coefficients provided by the UAV-
BS should equal 1, in accordance with the NOMA theory [16].

The UAV-BS is equipped with multiple antennas Nt, while
each GU is equipped with antennaNr. Such a MIMO structure
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Fig. 1. Model of a UAV-BS communication system.

is intended to enhance the performance of the proposed
NOMA system [16].
Three NOMA power allocation schemes may be used for
UAV-based wireless communication: fixed power allocation
(FPA), equal power allocation (EPA) and fractional transmit
power allocation (FTPA) [3], [17].
• In FPA: the distance between the user and the UAV-BS is

taken into consideration; low power is allocated to a given
user if it is located close to the UAV base station, and vice
versa.
• In EPA: constant power is allocated to all users and the

distance between the user and the UAV-BS is also taken
into consideration (a distinction is made whether the user
is close to or far away from the UAV base station).
• In FTPA: the power is allocated dynamically, meaning that

the distance between the user and the UAV-BS is taken into
consideration. In other words, FTPA allocates low power to
users who enjoy good channel conditions and high power to
users with poor channel conditions. This approach ensures
fairness between users in terms of power allocation [3].

Several scenarios are considered to evaluate the GUs rates,
the UAV-BS’s sum rate, error probability (bit error rate –
BER), and spectral efficiency (SE) for the proposed system
by relying on orthogonal multiple access (OMA) and NOMA
techniques under different channels conditions.
In the first scenario, we assume that U1 is the user located
the farthest from the UAV-BS. The highest power allocation
coefficient is assigned to this user, considering a2, a3, . . . , aN
as interference. The achievable rate at the n-th user is [3]:

R1 = B log2

(
1 +

a1 pt g1
a2 pt g1 + a3 pt g1 + a4 pt g1 + w1

)
, (1)

where pt is the transmit power of the UAV-BS, and for any
n-th user, power allocation factor (PAF), noise power and
channel gain are denoted by an, wn, and gn, respectively.
At the second user, U2, PAF is lower than the one assigned to
U1, as the user has better channel gain, i.e. (a1 > a2), and this
mechanism is applied to the rest of the users depending on
their channel gain, i.e. (a1 > a2 > a3 > a4). Furthermore,
all users, except the farthest one, require the application of
SIC to subtract the superposed signals of higher order users.
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Therefore, the achievable rate at U2 after removing the signal
of U1 is given as:

R2 = B log2

(
1 +

a2 pt g2
a3 pt g2 + a4 pt g2 + w2

)
. (2)

For the third user, the achievable rate at U3, after removing
interference caused by the signals of U1 and U2, is given as:

R3 = B log2

(
1 +

a3 pt g3
a4 pt g3 + w3

)
. (3)

The same procedure is applied to the fourth user, in which
case the achievable rate at U4, after applying SIC to remove
all interfering signals caused by other users with higher PAFs,
is expressed as:

R4 = B log2

(
1 +
a4 pt g4
w4

)
. (4)

On the other hand, when the OMA technique is used, instead
of NOMA, to serve the same four users, the achievable rates
for any user can be given as:

ROMAn = 0.5B log2

(
1 +
pt gn
wn

)
. (5)

The average rate for a particular user served by NOMA, i.e.
the n-th user, is:

Rn = E{Rn} , (6)

where E{.} refers to the expectation process.
Similarly, the average rate achievable by any user served by
OMA can be expressed as [18]:

R
OMA
n = E{ROMAn } . (7)

The sum rate SR of the NOMA system, i.e., the overall rate
provided by the UAV, can be found by adding the individual
rates of all users:

SRNOMA =
N∑
n=1

Rn . (8)

The sum rate of the OMA system can be determined by adding
up the individual rates of users:

SROMA =
N∑
n=1

ROMAn . (9)

Furthermore, spectral efficiency SE, in bits/sec/Hz, regard-
less of the technique used, is:

SE =
SR

BW
. (10)

2.1. Channel Model

As shown in Fig. 2, the channels between the GUs and UAV-
BS are of the LoS and NLoS variety [19]. These channels
are impacted by environmental factors prevailing within the
coverage area, represented by the density and altitude of the
buildings as well as the distance between the ground and the
UAV-BS [11].
The total path loss, as shown in Fig. 2, of both GUs in cluster 1,
i.e. U1 and U2, is computed either directly, based on the free-
space path loss, or based on the excessive losses that occurred
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Fig. 2. Channel model with LoS and NLoS links, where
{X1, X2, X3, X4} represent the actual physical distances between
the GUs and the UAV-BS.

Tab. 1. Path loss exponent for different environments [20].

Type of environment η

Free space 2
Urban area cellular radio 2.7 to 3.5

Shadowed urban cellular radio 3 to 5
In building line-of-sight 1.6 to 1.8
Obstructed by buildings 4 to 6
Obstructed by factories 2 to 3

along the NLoS paths due to reflections of the transmitted
signals from obstacles within the coverage area.
The power received by j-th user is determined as in [11]:

Prxj(dB) = Ptx (dB)− Lj (dB) . (11)

where Ptx indicates the power transmitted by the UAV-BS
and Lj Indicates the path loss of the air-to-ground (A2G)
channel between the UAV-BS and any GU. The path loss for
the A2G channel for the j-th link is represented by distance
Xj and is evaluated similarly to [11] for LoS and NLoS links,
as:

Lj = 10 η log10(Xj) +XLoS , (12)

Lj = 10 η log10(Xj) +XNLoS , (13)

respectively, where η represents the path loss exponent, which
is considered one of the important parameters in wireless
communication. The value of the loss-pass exponent is affect-
ed by environmental factors, such as interference, reflection,
and diffraction. The value of the path loss exponent for differ-
ent environments is presented in Tab. 1. In addition, XLoS
andXNLoS represent the excessive path losses of both LoS
and NLoS links, respectively.
The probability that a GU has a LoS link with a UAV-BS is
given by [11]:

PrLoS(j) =
1

1 + α e−β(θj−α)
, (14)
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Tab. 2. α and β values of various environment types [3].

Environment α β

Suburban 0.1 750
Urban 0.3 500

Dense urban 0.5 300
Urban high-rise 0.5 300

where α and β are constant values linked to a given environ-
mental profile, such as urban area, dense urban area, etc. The
range of α and β varies from 0.1 to 0.8 and 100 to 750, re-
spectively. In practical terms, α is the ratio of the ground area
covered by buildings to the total ground area (dimensionless)
and β is the number of buildings per square kilometer [3].
In Tab. 2, some examples of α and β values for various
environment types are presented.
The probability of a ground user having an NLoS link with
a UAV-BS is given by [11]:

Prj(NLoS) = 1− Prj(LoS) . (15)

In general, the UAV is not aware of the type of terrain in its
vicinity to specify the type of link (LoS or NLoS). Therefore,
Eq. (12) is reworked as [11]:

Prx, j (dB) = Ptx (dB)− Lj(Rc,H) . (16)

where Lj(Rc,H) determines the mean path loss including
probabilities for a LoS and NLoS link between the UAV-BS
and ground user. It is calculated as follows [11]:

Lj(Rc,H) = Prj(LoS)Lj(LoS) + Prj(NLoS)Lj(NLoS) .
(17)

As mentioned above, the signal from the UAV-BS reaches the
GU directly by LoS and not directly by NLoS over the Rician
fading channel. In this paper, we considered both AoD and
AoA cases.
The channel between the UAV-BS and the ground user with
LoS and NLoS is expressed as follows [12]:

H =

√
ξ
K

K + 1
b(θx, θy)AoA a(θx, θy)AoD

+

√
ξ

K + 1
H .

(18)

where H is the NLoS component, ξ = d−η represents large-
scale fading, K is the Rician factor, while a and b are the
steering vectors of the UAV-BS and the ground user, respec-
tively.
The Rician factorK represents the ratio between the power
of the LoS component and the power of the scattered (NLoS)
[21], i.e., it is the parameter representing the strength of the
LoS component:

K =
PLoS
PNLoS

. (19)

This factor measures fading severity, for example K = 0
represents NLoS (Rayleigh channel), andK =∞ represents
LoS (absent fading case). In other words, when K ≫ 1,
strong LoS dominance is present. The different values of the
Rician factor for various environments are shown in Tab. 3.

Tab. 3. Rician factorK for different environments [18].

Environment RicianK factor [dB]

Lake 13.10
Hilly 13.61
Rural 9.28

Suburban 6.93

On the UAV-BS side, the elevation and azimuth (AoD) along
x and y axes are as follows [12]:

θxAoD = −
2πdBS
λ
cos θBS cosφBS , (20)

θyAoD = −
2πdBS
λ
cos θBS sinφBS . (21)

On the GU side, the elevation and azimuth (AoA) along x
and y axes are [12]:

θxAoA =
2πdGU
λ
cos θGU cosφGU , (22)

θyAoA =
2πdGU
λ
cos θGU sinφGU . (23)

Channel gain is:
gn = |Hn ∗ wn|2 , (24)

whereHn andwn are the channel matrix and the beamforming
vector for the n-th user, respectively.
Beamforming techniques can be employed in wireless com-
munications systems to eliminate inter-user interference. One
of the most powerful and efficient approaches is the zero-force
(ZF) beamforming method. It is considered a linear beam-
forming precoder that applies weight to users’ signals at the
UAV-BS in the downlink phase of the transmission. The ZF
precoding vector for the n-th user that passes through channel
Hn can be expressed as:

wn = ρH
H
n (HkH

H
n )
−1 , (25)

with
ρ =

1√
Tr(HHH)−1

, (26)

where ρ is a normalization value that satisfies transmitting
signals within the available transmitted power of the UAV-BS.
Furthermore, (A)−1, Tr(A), andAH are used to denote the
operations of matrix inversion, a trace of a matrix, and the
Hermitian transport of matrixA, respectively.

3. Pairing Users

The pairing algorithm is used to improve spectral efficiency
and achieve better user fairness for systems utilizing the
NOMA technique with many users. By using the pairing
technique, the system obtains the required information about
the users’ circumstances, i.e. the channel gain, and utilizes
this information for dividing the coverage area into clusters,
with each of them comprising a specific number of users. The
pairing algorithm plays a significant role in selecting users
with different channel gains to be served by the UAV-BS. In
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each cluster, a high power level is allocated to the user who
has a weak channel gain, i.e., the far user (FU), while a lower
power level is allocated to a user who has a strong channel
gain, i.e., the near user (NU) [13]. Figure 3 shows the paired
users within clusters and the SIC operation associated with
NOMA, relied upon to detect the signal for each user from
the superposed NOMA signal.
In this paper, we consider all users within the coverage area of
the UAV-BS, divided into groups based on a pairing algorithm.
Each groupM is to serve 2M users, meaning each cluster
contains two paired users. The pairing algorithms perform
tests to arrange channel gains gn of all users in a descending
order, i.e., g1 ­ g2 ­ . . . ­ g2M . The UAV-BS establishes
the first group by pairing the nearest user characterized by
channel gain g1 with the farthest user having channel gain
g2M . Then, the second user in the list g2 is paired with users
g2M−1. This operation is continued in the same manner until
all users are paired within their clusters.
It is worth noting that this way of pairing is called near-
far pairing (NF) [10]. Algorithm 1 shows the NF pairing
algorithm for NOMA technology users [21], [22].

Algorithm 1 Near-far (NF) pairing algorithm.
Input: Channel gain for users gn = [g1 + g2 + . . . g2M ],
number of groups, number of users 2M

1: Arrange channel gain of all users in downward order:
g1 ­ g2 ­ . . . g2M

2: Determine the group of channel gains:
Q = {g1, g2, . . . , g2M}

3: for P = 1 toM do
4: gn = { }
5: gmax = max{Q}, gmin = min{Q}
6: gn = gmax ∪ gmin
7: Q = Q(p+ 1 : end− 1)
8: end for

Output: Group of pairs

It is noteworthy that their other pairing strategies, such as
near-near (NN) pairing and far-far (FF) pairing, which can be
used for this purpose, are available as well.

4. Detection Operation

In the receiver, the superimposed NOMA signal from the
UAV-BS is received by multiple users. In accordance with the
NOMA principle, two users (near and far) are grouped within
one cluster with the use of a pairing technique. As mentioned
above, a lower PAF is provided to the NU, i.e. the user with
strong channel gain, and a high PAF is given to the FU, the
one with weak channel gain.
Furthermore, the NU needs the SIC to be implemented to
eliminate interference caused by the power of the far user,
which is considered significantly high. The SIC process is
implemented at the NU terminal by detecting the strong
signal of the FU, which is subtracted afterward from the

UAV-BS

Detection operation 
at near user (NU)-SIC

Detection operation 
at far user (FU)

Subtract far user (FU) 
signal from superimposed 

NOMA signal

Detect far user 
signal (high PFA)

Detect far user 
signal 

Received superimposed 
NOMA signal

Received superimposed 
NOMA signal

Detect near user 
(NU) signal

Ground level

Cluster N
Cluster 2

Cluster 1

NU

FU

Fig. 3. Detecting the NOMA signal in the NU and FU receivers after
the pairing operation.

superimposed NOMA signal to obtain an interference-free
signal of the NU [20], [21].
Meanwhile, on the FU side, the detection of the FU signal is
realized directly without applying SIC, by considering the
interference caused by the NU, which is considered, due to
low PAF, to be additive noise. This process for the two users
is illustrated in Fig. 3.

5. Simulation Results and Discussions

The simulations described in this paper were conducted using
the Matlab programming suite, with the aim of evaluating such
performance metrics as the achievable rate and the Pout. The
performance of the proposed system relying on the NOMA
technique is compared with the traditional OMA approach
over different scenarios.
In the first scenario, the MIMO-NOMA technology is consid-
ered, in which the UAV-BS is equipped withNt and each user
hasNr. We assume that the UAV-BS provides services to users
in suburban areas with obstructions in the form of buildings.
Therefore, the Rician fading channel between the UAV-BS
and GUs is considered with a Rician factor ofK = 6.93 dB,
and the path loss exponent is assumed to be η = 4. All the
parameters used in the simulation are listed in Tab. 4.
In MIMO-NOMA, the pairing algorithm has been applied
to choose every two users in one ground. On the GU side,
two scenarios need to be considered for detection of the
MIMO receiver: in the first case, the NU has a low PAF
and it is necessary to apply the SIC operation to remove
the interference. The second case, the FU has a high PAF,
meaning that no SIC is required. The distances between the
UAV-BS and the FU and NU as GUs are dF = 300 and
dN = 150, respectively. The power allocation coefficients
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Tab. 4. Simulation parameters.

Notation Parameter Value

K RicianK factor 6.93 dB

dF
Distance between
UAV-BS and FU 300 m

dN
Distance between
UAV-BS and NU 150 m

aF
Power allocation
coefficient for FU 0.88

aN
Power allocation

coefficient for NU 0.12

η Path loss exponent 4
dλ Antenna spacing 0.5λ

Nt ×Nr MIMO antenna 2 × 2, 8 × 2

Ns
Number of transmitted

symbols 105

(ϕ, θ)
UAV-BS

Azimuth and elevation
angles for FU and NU

(30◦, 45◦) and
(90◦, 45◦)

(ϕ, θ)
GU

Azimuth and elevation
angles for FU and NU

(60◦, 30◦) and
(60◦, 30◦)

fo Operation frequency 410 MHz to
7.125 GHz

BW Bandwidth 20 MHz

Pt
Transmitted power by

UAV-BS 0 – 40 dBm

Rn The target rate for NU 4 bit/sec/Hz
RF The target rate for FU 3 bit/sec/Hz

assigned by the UAV-BS to the FU and NU are aF = 0.88
and aN = 0.12, respectively. In addition, the azimuth and
elevation angles equal {30◦, 45◦} and {90◦, 45◦} for the
FU and NU, respectively. On the GU side, the azimuth and
elevation angles are {60◦, 30◦} and {60◦, 30◦} towards the
FU and NU, respectively. The bandwidth is 20 MHz.

The individual data rates for the FU and NU, with MIMO-
NOMA and MIMO-OMA deployed at the UAV-BS, are shown
in Fig. 4. The two techniques are assumed to provide services
to all users under the same conditions, with changes to the
number of antennas used by the UAV-BS and the two users.
Two scenarios for the MIMO approach for Nt ×Nr as 2 × 2
and 8 × 2 are presented. One may notice from this figure that
NOMA offers better performance for users with weak channel
gains, while OMA is a better choice for users with strong
channel gains. Moreover, depending on the data rate required
for a specific user within the cluster, the UAV-BS may switch
from NOMA to OMA, may rely on a hybrid NOMA-OMA
approach or make the required changes on the PAFs of the
NOMA system to improve the rate of a particular user. It can
also be noticed that increasing the number of antennas at the
UAV-BS may significantly improve the rate for all users.

0
0

2

4

6

8

10

12

14

16

18

5 10 15 20 25 30 35 40

Transmit power [dBm]

A
ch

ev
ab

le
 r

at
es

 [
bp

s/
H

z]

2×2 MIMO-NOMA NU
2×2 MIMO-NOMA FU
2×2 MIMO-OMA FU
2×2 MIMO-OMA NU
8×2 MIMO-NOMA FU
8×2 MIMO-OMA NU
8×2 MIMO-OMA FU
8×2 MIMO-NOMA NU
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Fig. 5. Sum rates of NOMA and OMA technologies with different
numbers of Nt and Nr .

Figure 5 shows the sum rates for the proposed system under the
same conditions mentioned above and for different numbers of
Nt andNr. The transmitted power of the UAV-BS is 40 dBm.
NOMA outperforms OMA with approximately 3 bps/Hz and
0.7 bps/Hz for Nt being equal to 8 and 2, respectively, and
for a fixed Nr = 2.
Figure 6 shows the Pout for the proposed NOMA and OMA
systems. The Pout represents the probability that a user ob-
tains a data rate R that is below the target rate required for
an acceptable quality of service (QoS). For this simulation,
the required rate for the NU was Rn = 4 bps and the FU was
Rf = 3 bps.
One may notice that a lower Pout may be obtained in the
FU’s receiver in the case of 8 × 2 MIMO-NOMA, since this
user has been allocated a higher PAF to overcome its weak
channel gain. The second and third best Pout occurred for the
cases of 8 × 2 MIMO-OMA in the NU and FU, respectively,
due to the entire available power being served to these users
by OMA.
On the other hand, the worst Pout is obtained for the cases
of 2 × 2 MIMO-NOMA and 8 × 2 MIMO-NOMA at the NU
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Tab. 5. Comparison of results obtained with outcomes of related works, for 35 dBm.

Ref. BS type
No.
of

users

Path-loss
exponent

MIMO
(Nt×Nr)

Sum data rate
users [bps/Hz]

Data rate
NOMA [bps/Hz]

Data rate
OMA [bps/Hz]

Pout NOMA
×10-6

Pout OMA
×10-6

NOMA OMA FU NU FU NU FU NU FU NU

[18] Fixed ground
BS 4 4

SISO 15.8 NA NA NA NA NA NA NA NA NA
2 × 2 18 NA 8.2 9.5 NA NA 7943 1584 NA NA

[24] Fixed ground
BS 2 4 2 × 1 NA NA 0.5 2.6 0.4 2.2 31 50 158 251

[25] UAV-RIS 2 3 NA NA NA NA NA NA NA 1 1 1 1

[26] Fixed ground
BS

2
NA 3 × 3

5.9 3.9 NA NA NA NA NA NA NA NA
3 3.7 3 NA NA NA NA NA NA NA NA

[27] Fixed ground
BS 2 Not

specified
Not

specified NA NA 2.2 13.8 NA NA 1584 125 NA NA

[22] Fixed ground
BS 2 Not

specified 2 × 2 6.1 NA 1.7 10.4 NA NA 1000 1259 NA NA

2 × 10 NA NA NA NA NA NA 200 251 NA NA
This
work

UAV-BS 2 4 2 × 2 14.152 13.36 12.9 3 7 7.9 39 6309 125 0
2 × 8 18.163 15.47 16.9 3 7 9.9 0 2000 0 0

terminal, due to the lower PAF applied to these two scenarios.
Additionally, increasing the number of antennas in the UAV-
BS can significantly reduce the Pout.
As shown in Tab. 5, the proposed UAV-BS system demon-
strates superior performance compared to solutions described
in previous works, both in fixed ground BSs and UAV-RIS
configurations. At 35 dBm, it achieves significantly higher
sum data rates and lower outage probabilities. In the case
of a 2 × 8 MIMO configuration, the system reaches a NO-
MA sum data rate of 18.163 bps/Hz and an OMA sum data
rate of 15.47 bps/Hz, outperforming traditional setups. Indi-
vidual user data rates are also enhanced, particularly in the
case of NOMA, where the UAV-BS achieves a result of up to
16.9 bps/Hz for the far user. Furthermore, the proposed sys-
tem shows a notable reduction in outage probability, reaching
zero for both NOMA FU and FU-NU OMA, highlighting
improved reliability of the link. These results confirm that
UAV-BS systems with large MIMO arrays and beamform-
ing are capable of greatly enhancing network capacity and
reliability levels for future wireless communication solutions.

0 5 10 15 20 25 30 35 40

Transmit power [dBm]

8×2 MIMO-NOMA NU

2×2 MIMO-NOMA NU

–110

010

–210

–310

–410

–510

–610

O
ut

ag
e 

pr
ob

ab
il

it
y

2×2 MIMO-NOMA FU

8×2 MIMO-OMA FU

2×2 MIMO-OMA FU

2×2 
MIMO-OMA NU

8×2
MIMO-NOMA FU

8×2 
MIMO-OMA NU

Fig. 6. Outage probabilities for FU and NU after applying NOMA
and OMA techniques and utilizing different numbers of antennas.

6. Conclusions

In this paper, a UAV-BS equipped with multiple antennas
has been proposed to serve multiple users. The hybrid OMA-
NOMA technique is assumed to provide services to all users
in the UAV-BS coverage area. Users with strong and weak
channel gains are assigned to the same clusters by near-far
pairing algorithms.

The UAV-BS provides services by applying the OMA tech-
nique between clusters, while the NOMA approach has been
applied to users in each cluster by superimposing their sig-
nal after allocating each one of them with a suitable PAF.
Different scenarios involving channels between the UAV-BS
and the GUs have been considered, depending on whether
LoS component of the wave existed or not. AoD and AoA
angles for all terminals within this system have been given
consideration as well.

The results showed that NOMA outperformed OMA in the
cluster under some conditions, depending on the choice of
suitable PAF levels for the paired users. In addition, OMA
demonstrated good performance in terms ofPout and through-
put when compared with NOMA for strong channel gain
users. because of lower PAF levels assigned to these users.
Furthermore, the UAV-BS can apply a hybrid mechanism
by switching from OMA to NOMA, or the other way round,
depending on specific situations and circumstances (i.e. de-
pending on the target throughput and Pout).

For future work, several promising projects are envisaged,
such as tracking users by the UAV-BS to enhance the per-
formance of the entire system or optimizing the power level
by automatically selecting PAF for each user depending on
their status. The use of the mmWave technology may be con-
sidered as well to boost the overall capacity of the system.
Additionally, mechanisms switching between NOMA and
OMA may be developed to avoid service interruptions when
one of the techniques remains unavailable.
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