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Abstract —Wireless communications relying on Unmanned
Aerial Vehicles (UAVS) is a promising candidate in future
communication systems. Compared with conventional terrestrial
communications, UAV networks has some significant benefits
including cost-effectiveness, mobility, fast deployment, higher
probability of Line-of-Sight (LoS) links between UAV and
ground terminals. Based on ideal conditions of high Signal-to-
Noise Ratio (SNR), Non-Orthogonal Multiple Access (NOMA)
with fixed power allocation factor is adopted to indicate
performance of two users. These ground user from UAV is
independent of channel and trajectory parameters is further
evaluated under impact of imperfect channel state information
(CSI). We drive the closed-form formula of outage probability
for two ground users. Simulation results provide impacts of
system parameters on outage behavior.

Index Terms—Unmanned Aerial Vehicles (UAV) Non-
Orthogonal Multiple Access (NOMA) and outage probability

I.  INTRODUCTION

To develop wireless access technique for the coming
5G era, Non-Orthogonal Multiple Access (NOMA) is
introduced [1]-[8]. NOMA employs users’ information is
superposed in power domain along with non-orthogonal
transmission at the transmitter to exhibit higher spectrum
efficiency. In principle, NOMA can serve multiple users
over the same resource block which is different with
traditional Orthogonal Multiple Access (OMA). One of
advantage of NOMA, it can effectively increase sum rate.
To detect the wusers’ information at the receiver,
Successive Interference Cancellation (SIC) is required at
receivers. Specifically, the user with the best channel
condition is decoded its signal by considering other signal
as interference. The authors in [8] presented analysis of
NOMA and compared OMA and NOMA. One of benefits
of NOMA, massive connections are provided by NOMA
to implement 5G communication systems. non-
orthogonal transmission and SIC lead to improvement of
Spectrum Efficiency (SE). Rabie et al. [9] analyzed dual
hop cooperative relaying by evaluating the average sum
capacity performance of NOMA adopting relaying
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protocol to achieve a superior capacity performance. By
implementing NOMA at both source and relay, a
cooperative NOMA scheme was proposed in [10].

Recently, the cost of UAV is continuous decreasing to
satisfy rapid development of wireless communication
technology, innovation of UAV-based networks are
attracted architecture. Therefore, the civilian market
benefits from many new UAV applications. To setup
temporary communication relay link, UAVs can rapidly
be deployed for the communication infrastructure
destroyed area or temporary hotspot area [11]. The fixed
wing UAVs can be implemented as a relay for these
scenarios by achieving the higher payload capacity and
longer endurance [12]. The authors in [13], [14]
introduced methods to improve the performance of UAV-
enabled relay, such as time allocation, path planning.
Recently, to enhance the system performance of NOMA
has been applied in UAV communication system [18]-
[20]. For example, multi-antenna UAV together with
multiple input multiple output (MIMO) NOMA is studied
in [19] by exploring outage performance and the sum rate.

In [21], the authors considered to apply NOMA
technique in uplink communication from a UAV to
cellular base stations relying spectrum sharing paradigm.
By exploiting the existing backhaul links among base
stations, a cooperative NOMA system was studied to
mitigate the UAV's uplink interference and to
significantly compromising its achievable rate. In the
considered system, before sending the decoded signals to
their backhaul-connected bases stations, some base
stations with better channel conditions are decided to
decode the UAV's signals first. In [22], a device-to-
device (D2D)-enhanced UAV-NOMA network system
was explored. The main goal is D2D is introduced to
increase the file dispatching efficiency. In such D2D-
enhanced UAV-NOMA system, the ground users (GUES)
are permitted to reuse the time-frequency resources
assigned to NOMA links. The authors in [23] proposed a
subslot allocation and UAV trajectory planning. They
found uplink maximal sum rate of loT terminals by
synergistically planning UAV trajectory and subslot
duration. In [24], the optimization of transmit power of
the UAV was studied to obtain the minimum achievable
rate requirements in NOMA-UAYV system.



Journal of Communications Vol. 17, No. 1, January 2022

Motivated by recent work [21]-[24], this paper
evaluates outage performance of two user in UAV-
assisted NOMA system.

Il. SysTEM MODEL

Consider a UAV-aided NOMA downlink system as
Fig. 1. Numerous users can be operated in a circular area
with radius r. In particular, a UAV (denoted as S) is
required to send information to ground users User 1 (U;)
and User 2 (Up) relying on the NOMA transmission
principle.
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Fig. 1. System model of NOMA-assisted UAV network.

In this paper, we consider three-dimensional cartesian
coordinates (x,y,z). First, the location of UAV(S) at
(0,0,h). Then, we assume U1, U2 (User 1, User 2) are
located at (0,L1,0) and (L2,0,0) respectively. Moreover,
we can obtain the euclidean distance form S to U1 and
U2 respectively as

d =

=4+l @

We denote the channel between S and ground station
Ui, (€{1,2}) as h =g, //d;, g, ~CN(z,20") and =
is exponential pathloss factor. It is noted that the
probability distribution function (PDF) of the unordered
squared channel gain |gi|2 using non-central chi-square
distribution with two degrees of freedom as

14K e o K (1+ K

where I,(x) is the zeroth-order modified Bessel function
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of the first kind and K; =—— is the Rician factor. The
(o}

corresponding cumulative distribution function (CDF) is
formulated as
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where Q(a,b) denotes the Marcum Q-function of first

order [25].

In here, we consider the imperfect CSI especially as
small scale fading between hovering UAVs and users is
considered. The channel coefficients for the UAV to the
user is shown as [26]

h=h+h )

where h is the estimated small-scale fading channel
coefficient and h, is the channel estimated error with a
complex Gaussian distribution that has zero-mean and
variance 67 .

Following the NOMA principle, the low channel gain
user requires to be allocated more power i.e.,
a, >a,,a +a, =1. Given the location of the channels are
sorted e.g., |,|° >|h|*. With the assumption that UAV

has access to the flight control and location data, the
order of the distances di and d, can be known at S. The
received signal at each ground user can be expressed by

®)

effective noise

where P; is the transmit power at S. Then, it can be
expressed SNR at user U, to detect signal x; as
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where p, =— is transmit SNR at the source S.
o)

Similarly, SNR at user U, is given by
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Using SIC, SNR is computed at user U; as
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III. OUTAGE PROBABILITY ANALYSIS

First, the achievable data rates at Ui and U, with
NOMA can be expressed respectively as

T = Iog(1+ min(7’uﬁxl17uﬁx1 )) 9

T, =log(1+7y, ., ) (10)
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For target rate R; the outage probability (OP) at U1 can
be computed by

OR, =1-Pr(yy, ., > 1)Pr (7, > 1) (11)
where 7, =2% —1 is the threshold SNR. Then, the first
term of outage probability of U; is expressed by

S dlr71(ps512 +1)J (12)
(a1 —}/13.2)/05
With the help (2) and [Eq. 8.447.1, 27] we have
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Based on [Eq. 3.351.2, 27], E, can be obtained as
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Similarly, the second term of (14)
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Hence, OP™ is obtained by putting (17) and (18) into

(14)
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otherwises

The outage probability at U, can be written as

|
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Similarly, we can obtain as
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IV. NUMERICAL RESULTS
For numerical analysis, we set the system parameters
as 6°=67=6,=005, Q =0, =1, K=K, =K, =10,
R=R =1, L =2, L,=1, the path loss factor 7 =2
and the normalized distances as h=1

10°
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Fig. 2. Outage probability of U; and U, for different R;=R, and compare
NOMA, OMA.
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Fig. 3.

In Fig. 2, outage performance of two users versus
transmit SNR at UAV can be seen. The outage
probability reduces significantly at high SNR regime. It is
meaningful as analytical and simulation results are
matched very tightly. In addition, outage performance
would be better at lower target rates required. The User
I’s outage probability exhibits better performance
compared with another user. Especially, two NOMA
users provide their superiority in term of outage
probability compared with traditional OMA scheme.

We can see clearly the impact of pathloss factor on
outage performance of two users in Fig. 3. It is worth
noting that the outage probability keeps unchanged as
SNR at the UAV is greater than 35 dB. There is the
existence of performance gap among two users. It can be
explained that different allocation power factors for two
users lead to different SINR, and then there is difference
in their outage probabilities.

Similarly Fig. 3, Fig. 4 plots outage performance of
two users with varying level of noise terms. The reason is
that, SINR will be changed under impact of parameter
therein. It is worth noting that outage probability depends
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mainly on SINR, but in this figure noise term still
contributes to the outage performance significantly.
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Fig. 4. Outage probability of U; and U, in NOMA for different o,
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Fig. 5. Outage probability of U; and U, in NOMA varying @, for
different pg .

Fig. 5 plots the trends of outage probabilities of two
users versus power allocation factor a, . It can be

explained that as increasing a, SINR in (6) will increase,

then the outage probability would be better. It is noted
higher a, results in lower a, and hence SINR in (8)

changes. Therefore, outage performance of two users
exhibit two different trends. It is noted that the transmit
SNR at source always plays an important role to
guarantee outage performance, regardless of any value of
power allocation factor.

V. CONCLUSION

This paper investigated a UAV-enabled NOMA
downlink wireless system to indicate different
performance of two ground users. It is shown that in the
center of a macro-cell the UAV flies in a circular
trajectory with fixed height to provide ubiquitous
coverage to the NOMA users which are located outside
servicing area of the base station . The outage probability
expressions are computed for both ground users under
NOMA using model of Rician air-to-ground channels.
Based on the OP expressions at high SNR, it is confirmed
performance of considered system is better at high SNR.
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We observed that system performance can be controlled
by varying other parameters such as placement of UAV
and channel gain error.
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