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ABSTRACT

This paper studies the two-hop transmission relying unmanned aerial vehicle (UAV)
relays which is suitable to implement in the internet of things (IoT) systems. To en-
hance system performance in order to overcome the large scale fading between the base
station (BS) and destination as well as achieve the higher spectrum efficiency, where
non-orthogonal multiple access (NOMA) strategies were typically applied for UAV
relays to implement massive connections transmission. In particular, outage proba-
bility is evaluated via signal to noise ratio (SNR) criterion so that the terminal node
can obtain reasonable performance. The derivations and analysis results showed that
the considered fixed power allocation scheme provides performance gap among two
signals at destination.The numerical simulation confirmed the exactness of derived
expressions in the UAV assisted system.

This is an open access article under the CC BY-SA license.

Corresponding Author:

Dinh-Thuan Do,
Wireless Communications Research Group,
Faculty of Electrical and Electronics Engineering,
Ton Duc Thang University, Ho Chi Minh City, Vietnam.
Email: dodinhthuan@tdtu.edu.vn

1. INTRODUCTION
Wireless communication technology has pace to adapt demand with rapid development of new tech-

niques. The decreasing cost of unmanned aerial vehicle (UAV) network together with the dramatical innovation
of UAV-based manufacturing technology provides connections as some difficulties happen. Therefore, some
applications such as weather monitoring systems, forest fire prevention technology, man-v-machine are pro-
vided by many new UAV applications appeared in the civilian market. In order to implement the UAV relay
based IoT networks, wide range of applications of UAV-based network attracts more attentions from community
of researchers [1]. Recently, to achieve throughput transmission above 10Gbps, ultra density device connection
and millisecond transmission delay, implement of 5G/B5G networks needs UAV assisted communications as
reported in [2, 3]. The network coverage expands to 3D interconnection as crucial demand for development
of the future communications and it releases the large scale fading regarding very high speed transmission.
Moreover, higher cost and difficulty in the construction of cellular stations happen and such situation leads
to solutions of the IoT network by employing the UAV relays assisted Communication. UAV-based network
benefits to infrastructure development by providing itss convenient implement and lower cost, high-altitude
assisted transmission [4, 5]. The main advantages of the UAV relay assisted communications are reducing the
obstruction from buildings, mountains and archieving the higher line of sight (LoS) transmission effect [6, 7].
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Due to ability of massive connections and higher spectrum efficiency, NOMA has attracted great
research interest from both academia and industry [8–24]. Since users aware on imperfect channel state infor-
mation (CSI), the author studied the impact of imperfect CSI on the performance of NOMA in [15]. In [16],
the throughput aspects of the cognitive radio as applying NOMA techniques were discussed and compared.

2. SYSTEM MODEL
Figure 1 shows system model containing the two-hop transmission using UAV relay communication

model. Two UAV relays operate in half duplex and DF mode to signal forwarding, while separated signal is
detected at destination. The terminal IoT node receives signal from two links as shown in Figure 1. Typically,
the obstacles or blockage of urban buildings and mountains limit quality of the communication between the
base stationBS and terminal nodeD, then the UAV relays are implemented to realize assisted communication.
The destination user needs two phases to perform its the transmission process. In the first phase, the BS
transmits mixture signal to the two UAV relay nodes R1, R2. The channels hi between the BS and the UAV
relays follow Nakagami-m distribution.
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Figure 1. System model of UAV-assisted NOMA.

The received signal at UAV relays are given as

yi = hi
(√
ϕ1PSx1 +

√
ϕ2PSx2

)
, i ∈ {1, 2}. (1)

The signal to noise ratio (SNR) is used to dectect x2 as

ΓR1,x2
=

ϕ2ρ |h1|
ϕ1ρ |h1|+ 1

, (2)

where ρ = PS
N0

= PR
N0

is the transmit signal to noise radio (SNR).
After SIC happens, SNR is given to detect signal x1 as

ΓR1,x1 = ϕ1ρ |h1| . (3)

Similarly, SNR at R2 to detect x2 is given as

ΓR2,x2 =
ϕ2ρ |h2|

ϕ1ρ |h2|+ 1
. (4)

Next, we will introduce the channel model ofRi → D link. In general, the UAV coverage is a circular
cell and the UAV is located at the vertical center. Thus, the channel vector of Ri → D link can be expressed as
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gi = Liḡi , i ∈ {1, 2}, (5)

where the free space loss of the path Li is given by

Li =
λu

4π
√
d2Ri + d2h

, (6)

where dh and dRi denote the height of UAV relay and the distance from the center of two UAV relay’s
to D, respectively, λu represents the wavelength.

Then, in the second phase of communication, each UAV relay forwards detected symbols to the des-
tination (uplink-NOMA) and the received signal at user is given as

yD =
√
PR (
√
ϕ1x̂1L1ḡ1 +

√
ϕ2x̂2L2ḡ2) . (7)

where PR is the normalized transmission powers at two relay’s
It can be computed SNR at user D to detect signal x2 is

ΓD,x2
=

ρϕ2L
−2
2 |g2|

2

ρϕ1L
−2
1 |g1|

2
+ 1

. (8)

Then, SNR at user D is calculated to detect signal x1 is

ΓD,x1
= ρϕ1L

−2
1 |g1|

2
. (9)

3. PERFORMANCE ANALYSIS
3.1. Outage probability of x1

At destination, user D needs detect its signals. However, these signals are evaluated via outage proba-
bility. Such outage is defined as probability to SNR less than the pre-defined threshold SNR. We first consider
outage performance of x1 as below:

Px1 = Pr (ΓR1,x2 < ε2 ∪ ΓR1,x1 < ε1 ∪ ΓD,x2 < ε2 ∪ ΓD,x1 < ε1)

=1− Pr (ΓR1,x2 ≥ ε2 ∪ ΓR1,x1 ≥ ε1 ∪ ΓD,x2 ≥ ε2 ∪ ΓD,x1 ≥ ε1)

=1− Pr (|h1| ≥ χ)︸ ︷︷ ︸
A1

Pr
(
|g2|2 ≥ δ|g1|2 +$2, |g1|2 ≥ $1

)
︸ ︷︷ ︸

A2

,
(10)

where ε1 = 22R1 − 1 with R1 being the target rate at D to detect x1, ε2 = 22R2 − 1 with R2 being
the target rate at D to detect x2, χ = max

(
ε2

ρ(ϕ2−ε2ϕ1)
, ε1
ϕ1ρ

)
, δ =

ε2ϕ1L
−2
1

ϕ2L
−2
2

, $1 = ε1
ρϕ1L

−2
1

and $2 = ε2
ρϕ2L

−2
2

Let Zi =
{
|hi|2, |gi|2

}
, i ∈ {1, 2} and we set, The CDFs and PDFs of Z

FZi (x) = 1− e−µzix
mzi−1∑
s=0

µszix
s

s!
, (11)

and

fZi (x) =
µ
mZi
Zi

xmZi−1e−µZix

Γ (mZi)
, (12)
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where µzi =
mzi
λzi

A1 = Pr (|h1| ≥ χ)

=1− F|h1| (χ)

=e−µh1χ
mh1−1∑
a=0

µah1
χa

a!
.

(13)

Then, A2 is given by

A2 = Pr
(
|g2|2 ≥ δ|g1|2 +$2, |g1|2 ≥ $1

)
=

∞∫
$1

f|g1|2 (x)
[
1− F|g2|2 (δx+$2)

]
dx

=

mg2−1∑
d=0

µdg2µ
mg1
g1 e−µg2$2

d!Γ (mg1)

∞∫
$1

xmg1−1e−x(µg1+µg2δ)(δx+$2)
d
dx

=

mg2−1∑
d=0

d∑
t=0

(
d
t

)
µdg2µ

mg1
g1 $d−t

2 δte−µg2$2

d!Γ (mg1)

∞∫
$1

xmg1+t−1e−x(µg1+µg2δ)dx.

(14)

Applying [[23], (3.351.2)], A2 is given by

A2 =

mg2−1∑
d=0

d∑
t=0

mg1+t−1∑
k=0

(
d
t

)
µdg2µ

mg1
g1 $d−t

2 δtΓ (mg1 + t)$k
1e
−µg2$2−$1(µg1+µg2δ)

d!k!Γ (mg1) (µg1 + µg2δ)
mg1+t−k

(15)

where Γ (x) = (x− 1)! is the gamma function. Next, substituting (15) and (13) into (10), Px1 is
expressed by

Px1
=1− e−µh1χ

mh1−1∑
a=0

mg2−1∑
d=0

d∑
t=0

mg1+t−1∑
k=0

(
d
t

)
µdg2µ

mg1
g1 µah1

χa$d−t
2 δtΓ (mg1 + t)$k

1

a!d!k!Γ (mg1)

× e−µg2$2−$1(µg1+µg2δ)

(µg1 + µg2δ)
mg1+t−k

.

(16)

When ρ→∞, by using e−x ≈ 1− x so the asymptotic of P∞x1
is formulated by

P∞x1
=1− (1− µh1

χ)

mh1−1∑
a=0

mg2−1∑
d=0

d∑
t=0

mg1+t−1∑
k=0

(
d
t

)
µdg2µ

mg1
g1 µah1

χa$d−t
2 δtΓ (mg1 + t)$k

1

a!d!k!Γ (mg1)

× [1− µg2$2 −$1 (µg1 + µg2δ)]

(µg1 + µg2δ)
mg1+t−k

.

(17)

According to (8), we have lim
ρ→∞

ΓD,x2
=

ϕ2L
−2
2 |g2|

2

ϕ1L
−2
1 |g1|

2 the approximate of Papp.x1
and Papp.x2

are given by

Papp.x1
= Papp.x2

=

mg2−1∑
d=0

µdg2µ
mg1
g1 δdΓ (mg1 + d)

d!Γ (mg1) (µg1 + µg2δ)
mg1+d

. (18)

Bulletin of Electr Eng & Inf, Vol. 10, No. 1, February 2021 : 241 – 248



Bulletin of Electr Eng & Inf ISSN: 2302-9285 r 245

3.2. Outage probability of x2
Similarly, outage performance of x2 can be formulated by

Px2
= Pr (ΓR2,x2

< ε2 ∪ ΓD,x2
< ε2)

=1− Pr (ΓR2,x2
≥ ε2,ΓD,x2

≥ ε2)

=1− Pr (|h2| ≥ ν)︸ ︷︷ ︸
B1

Pr
(
|g2|2 ≥ δ|g1|2 +$2

)
︸ ︷︷ ︸

B2

,
(19)

where ν = ε2
ρ(ϕ2−ε2ϕ1)

We need compute each outage component as

B1 = Pr (|h2| ≥ ν)

=1− F|h2| (ν)

=e−µh2ν
mh2−1∑
b=0

µbh2
νb

b!
.

(20)

Then, we continue to compute the second term as

B2 = Pr
(
|g2|2 ≥ δ|g1|2 +$2

)
=

∞∫
0

f|g1|2 (x)
[
1− F|g2|2 (δx+$2)

]
dx

=

mg2−1∑
d=0

d∑
t=0

(
d
t

)
µdg2µ

mg1
g1 δt$d−t

2 e−µg2$2

d!Γ (mg1)

∞∫
0

xmg1+t−1e−x(µg1+µg2δ)dx.

(21)

Based on [[17], (3.351.3)], B2 is given by

B2 =

mg2−1∑
d=0

d∑
t=0

(
d
t

)
µdg2µ

mg1
g1 δt$d−t

2 Γ (mg1 + t) e−µg2$2

d!Γ (mg1) (µg1 + µg2δ)
mg1+t

. (22)

Substituting (22) and (20) into (19), Px2
is given by

Px2
= 1− e−µh2ν

mh2−1∑
b=0

mg2−1∑
d=0

d∑
t=0

(
d
t

)
µbh2

νbµdg2µ
mg1
g1 δt$d−t

2 Γ (mg1 + t) e−µg2$2

b!d!Γ (mg1) (µg1 + µg2δ)
mg1+t

. (23)

Corresponding to formula (17) the asymptotic of P∞x2
is given by

P∞x2
= 1− (1− µh2ν)

mh2−1∑
b=0

mg2−1∑
d=0

d∑
t=0

(
d
t

)
µbh2

νbµdg2µ
mg1
g1 δt$d−t

2 Γ (mg1 + t) (1− µg2$2)

b!d!Γ (mg1) (µg1 + µg2δ)
mg1+t

. (24)

4. NUMERICAL RESULTS
We set fading parameter m = mh1

= mh2
= mg1 = mg2 = 2 and channel gains as λ = λh1

=
λh2 = λg1 = λg2 = 1. The power allocation coefficients of NOMA’s users are ϕ1 = 0.1 and ϕ1 = 0.9.
The target rates are R1 and R2 and they are set to be R1 = R2 = 0.5. The times of Monte Carlo simulation
107. The height of UAV dh = 300 m. The distance between R1 → D and R2 → D are dR1D = 200 m and
dR1D = 100 m, respectively.
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Figure 2 shows outage performance versus transmit SNR. We consider four cases of m. As can be
seen from such outage performance, asymptotic curves are very matched with exact curves. Signal x2 exhibits
better outage probability compared with x1 since different power allocated to each signal. The simulation
results are also very tight with the analytical results. m = 4 is considered as the best case among these curves.

Figure 3 confirms that NOMA benefits to outage performance of signal x2 as it is better than OMA
method. Figure 4 indicates the optimal outage for signal x1 and it happens at ϕ1 = 0.25. Higher threshold
SNR results in worse outage performance of two signals as observation from Figure 5.
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Figure 2. Outage performance of x1 and x2
versus transmit SNR
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Figure 3. Comparison between OMA and
NOMA
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Figure 4. Outage performance versus ϕ1, with
ρ = 10dB
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Figure 5. Outage performance versus threshold
rates, with ϕ1 = 0.05, ϕ2 = 1.95 and ρ = 20dB

5. CONCLUSION
The paper proposed IoT system relying UAV relay to enhance performance of destination. This tech-

nique effectively overcomes the large scale fading between the BS and far user. Moreover, the proposed NOMA
strategy was typically applied for UAV relays and achieved acceptable outage performance. Meanwhile, the
outage probability and throughput closed-form expressions were derived. The derivations and analysis results
showed that the proposed multiple parameters joint consideration can effectively improve the system through-
put and reduce the system outage probability.
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APENDIX
By invoking (15) into (19), it can be expressed the outage probability as

OPDFU1
= Pr

(
|hSR|2 <

γth1

(
|hRU1 |2+1

)
(a1−γth1a2)ρ|hRU1 |2

)
(25)

Based on probability density function (PDF) of |hi|2 is given as f|hi|2 (x) = λRU1
e−λRU1

x, it can be
rewritten as

OPDFU1
=
∞∫
0

f|hRU1 |2 (x)
∞∫

γth1(x+1)

(a1−γth1a2)ρx

f|hRU1 |2 (y)dxdy

=
∞∫
0

(
1− e

− γth1(x+1)

(a1−γth1a2)ρx

)
λRU1

e−λRU1
xdx

(26)

Thus, based on [25, 3.324.1] OPDFU1
can be obtained as

OPDFU1
=
∞∫
0

(
1− e

− γth1(x+1)

(a1−γth1a2)ρx

)
λRU1e

−λRU1
xdx

= 1− 2e
− λSRγth1

(a1−γth1a2)ρ
√

γth1λSRλRU1

(a1−γth1a2)ρK1

(
2
√

γth1λRU1
λSR

(a1−γth1a2)ρ

) (27)

It is end of the proof.
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