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Unmanned aerial vehicles have been applied and play a critical role in 

radio surveillance because of their flexibility, mobility, and likely line-of-

sight to ground destinations. Here, UAVs provide LoS links to users in the 

communication shadow of obstructive buildings. This paper investigates a 

cognitive radio network system model between unmanned aerial vehicles 

to transfer information from a licensed primary device to unlicensed users 

in a secondary network. In which PN users rely on non-orthogonal multiple 

access to prevent interference with each other. The primary objective of 

this study is to examine the outage probability of the secondary users with 

perfect and imperfect successive interference cancellation applications. 

Finally, we derive the users’ exact closed-form expressions and use Monte 

Carlo simulations to validate the analytical results. 
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1. INTRODUCTION 

Unmanned aerial vehicles (UAVs) have acquired 

enormous popularity in numerous areas of society 

ranging from food delivery to wireless 

communication (Hayat et al., 2016). In wireless 

communication, they find UAVs the best use as 

aerial base stations to provide short-range line-of-

sight (LoS) linkage between base stations and 

obstructed ground users. UAVs present a potential 

opportunity to implement flying base stations (BSs) 

mounted on UAVs that have the ability to 

autonomously adjust their positions to enhance 

coverage, spectral efficiency, and user quality of 

experience (Fotouhi et al., 2019).  Ways in which 

drones can enhance the operation of the wireless 

network include enhancing capacity as needed, 

extending coverage range, and enhancing reliability 

and agility as an aerial node. In (Bor-Yaliniz et al., 

2019), the authors investigated two cases of mobile-

enabled drones (MEDs) and wireless infrastructure 

drones (WIDs). There have been many good survey 

papers and tutorials written on the subject of UAV 

cellular communications such as Zhang et al. 

(2019), Shi et al. (2018), Mozaffari et al. (2019), and 

Zeng et al. (2016). 

The UAVs operate as an aerial base station, 

connecting two ground users in a secondary network 

(SN). This SN network is part of a cooperative 

cognitive radio network (CRN). The CRN aims to 

provide spectrum access to as various users as 

possible, regardless of whether they are licensed or 

unlicensed. According to Letaief et al. (2009), 

Yucek et al. (2009), and Liang et al. (2011), 

cognitive radio (CR) is seen as a promising solution 

to tackle the issue of limited spectrum in upcoming 

wireless networks. Standardization organizations 

have made considerable efforts to achieve CR 

technology (Liang et al., 2011); Sharma et al., 2015, 

part I and II, pp. 3388–3391). Moreover, the CRN 

needs to guarantee that interference levels are kept 

below a specific threshold to prevent any disruption 

to either the primary network (PN) or the cognitive 

radio network itself (Do et al., 2020). We further 
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integrate the CRN with non-orthogonal multiple 

access (NOMA). 

NOMA technology is a promising option for 

improving spectral efficiency (SE) as it can cater to 

multiple wireless users at the same time by 

combining them in either power or code domains 

(Arzykulov et al., 2021). Integrating NOMA with 

CRs shows great promise for UAV cellular 

networks. In collaborative CR-supported NOMA, a 

UAV relay station that has a clear LoS capability 

decodes and relays messages meant for users with 

weaker signals affected by shadowing in order to 

maintain the quality-of-service (QoS) standards of 

the network (Nguyen et al., 2022). Therefore, the 

combination of CR-NOMA and UAV promises to 

provide greater service coverage compared to 

traditional fixed relays. 

To satisfy the capacity of UAV-assisted wireless 

networks and the demands of the highest data rate, 

the downlink and uplink of the cooperative CR-

NOMA assisted by UAVs must be carefully 

designed. In the development of cooperative CR-

NOMA solutions, it is essential to consider power 

allocation, hardware capabilities for successive 

interference cancellation (SIC), user 

clustering/pairing, and primary network 

interference (Do et al., 2022). In Tang et al. (2020), 

Arzykulov et al. (2021), and Zhang et al. (2021), the 

authors explore aspects related to clustering, 

primary network interference, and resource 

allocation. Moreover, the researchers develop an 

equitable optimization framework for power control 

and phase-time allocation in cooperative CR-

NOMA with the assistance of UAVs. However, in 

the studies of Arzykulov et al. (2018), Tang et al. 

(2020), and Luo et al. (2020), the outage 

performances of the system are not considered. 

Inspired by the need for optimal research with the 

system model, our primary contributions are the 

following: 

− First, the precise expressions for the outage 

probability (OP) of the secondary network users are 

obtained. 

− Second, we examine the impact of SIC and the 

altitude of the UAV on the OP from these 

expressions.   

All statements are confirmed through Monte Carlo 

simulations. 

The structure of the paper is as follows. Section 2 

presents the system parameters. Following that, 

Section 3 provides closed-form expressions for OP. 

Section 4 discusses the results and includes a 

summary in Section 5. 

2. COOPERATIVE CR-NOMA ASSISTED 

UAV WIRELESS NETWORK MODEL 

We consider a UAV cooperative NOMA-CR 

network which comprises a secondary network (SN) 

and a primary network (PN). We assume a UAV 

( )U , two secondary devices 1D , 2D , and a primary 

device (PD) as in Figure 1. Moreover, 1g , 2g  and 

UPg  define the Nakagami-m  channel fading 

between U and 1D , U  and 2D and U  and PD, 

respectively. 

 
Figure 1. UAV-aided NOMA network system 

model 

In Figure 1, we consider three-dimensional cartesian 

coordinates ( , , )x y z . First, we present the location 

of the UAV ( )U  at (0,0, )U h . Then, we present the 

ground users 1D  and 2D  which are at 1 1( ,0,0)D d  

and 2 2( ,0,0)D d . Further, we assume the location 

of the primary destination at ( ,0,0)DPD d− . 

2 2

iUD id d h= +
                            (1) 

Moreover, the distance between U  and PD is given 

as 

2 2
UP Dd d h= +

                           (2) 

The power at U  is limited as [21] 

max

2
min ,

| |

m
p UP

U U

UP

P d
P P

g

 
 =
 
                   (3) 
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where pP  is the interference constraint, m  is the 

path-loss exponent and 
max
UP  is the maximum 

transmit power at U . Moreover, U  transmit the 

message 1 1 2 2Us s s = +  to iD  with {1,2}i , 

where is  is the message of iD , i  is the power 

allocation coefficient and 1 2  . The received 

signal at iD  is given by 

1 1 2 2( )
i

i

U
D i im

UD

P
s g s s n

d
 = + +

         (4) 

where 
2~ (0, )i in   denotes the AWGN with zero 

mean and variance 
2
i . The signal-to-interference-

plus-noise ratio (SINR) to enable 2D  to detect 2s  

and reject 1s  as interference is given by 

2 2

2 2

2 2 2 2
2 2 2 2

2 2 2 2 2
2 1 2 2 1

| | | |

| | | |

U U
D s m m

U UD U UD

P g g
SINR

P g d g d

  

   
→ = =

+ +

(5) 

where 2

U
U

i

P



= . First, 1D  detects the signal 2s  and 

the SINR is given by 

1 2

1

2 2
1 2

2 2
1 1

| |

| |

U
D s m

U UD

g
SINR

g d

 

 
→ =

+
        (6) 

Next, successive interference cancellation 

(SIC) is implemented (Do et al., 2019) to 

detect the  signal 1s  of 1D  and the SINR is 

given by 

1 1

1

2 2
1 1

2

| |

| |

ipSIC U
D s m

U I UD

g
SINR

g d

 

 
→

=
+

           (7) 

where 0 =  denotes the pSIC and 1 =  denotes 

the ipSIC. Moreover, 
2
Ig  is the rayleigh fading 

channel with (0, )ICN   (Kader et al., 2017). 

Here, the channel pg  where {1,2, }p UP  can be 

modeled by (Ji et al., 2019) 

2

1

| |
( )

( )

p P

p

p

m m
xp

g
p

x
f x e

m


−

−
=


            (8) 

where
p

p
p

m



= , p  is the average power, pm  is the 

fading severity and (.)  is the gamma function. 

3. OUTAGE PERFORMANCE 

3.1. Outage probability of 2D  

The outage events of 2D  occur when 2D  cannot 

successfully detect the signal 2x . Therefore, the OP 

of 2D  is expressed as. 

2 2 2 21 Pr( )D D sP SINR →= − 
           (9) 

Where are the threshold and 2  the target rate of iD

. 

Proposition 1: The closed-form OP of 2D  is given 

by 

( ) ( )

2

2

2 2
2

2

1
2 2

2 20

2 2

, ,

1
( ) ( )

! ( )( )

, .

UP

UP

m
UP I UP

UP
U U

D
UP

m amm
UP I UP

m am
UP UP I UPa

m
UP I UP

UP
U

d
m m

P
m m

d

a m d

d
m a

  


 

   

   

   



−

+
=

  
    

  
= −

−
+

 +
 +  

 





 





(10) 

Proof: 

With help (3) and (5), 
2

OP
DP  can be rewrite as follow 

2

2

1

2

2

2 2
22 2 1

22 2
2 1

2 2
2 22

2 1
2

2 2
2 12

| |
1 Pr ,| |

| |

| |
| |

Pr ,| |

| |
| |

m
U UP

D UPm
UU UD

A

m
I UP

m
UP UP

UPm
UmI UP

UD

UP

A

g d
P g

g d

d
g

g d
g

d
g d

g

  


 










 
 = −  
 + 

 
 
 

+  
 
 +
 
 

(11) 

where 
2

p

I

P



=  and 

2

max
U

U

P



= . Then, the term 1A  

of (11) is calculated as 
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2 2
2

2

2 22
1 2

| | | |

0

Pr | | ,| |

( ) ( )

m
I UP

U

UP

U

m
I UP

UP
U U

d

g g

d
A g g

f x f y dxdy











 



 
=    

 

=  

    (12) 

where 22

2 2 2
2 1

m
UD

S

d


  
=

−
. Base on (8) and 

[Gradshteyn et al., 2014, 3.351] 1A  can be obtained 

by 

2

2 2

2

112
1

2 0

2 2
2

2

( ) ( )

1
, , .

( ) ( )

m
I UP

U
UP

UP UP

U

d

mm
m ym xUP

UP

m
UP I UP

UP
UP U U

A x e y e dxdy
m m

d
m m

m m











 

  


 

 


 



− −− −
=

  
=     

   

 

(13) 

where (.,.) and (.,.)  are the incomplete gamma 

function (Gradshteyn et al., 2014)[25] 2A  of (11) is 

rewritten as.  

( ) ( )2 2

2

2

2
22 2

2 2Pr ,

UP
m

I UP
m

I UPU

m
UP I UP

UPm
UI UP

gg
xd

d

g d
A g g

d

f x f y dydx





 



 

 
 =  
 
 
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(14) 

Putting (8) into (14) and using [Gradshteyn et al., 

2014, 3.351.2], we have 

( ) ( )

( )

2

2 2

2

2 2
2

1 12
2

2

1
12 2

0
!

UP

UP UP

m
I UP

m
I UPU

UP UP m
UP I UP

m
I UP

U

mm
m x m yUP

UP xd

d

am m x x
m a dUP

m
UP I UPa d

A x e y e dydx
m m

x e dx
a m d

 





 








 
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

 



 

− − − −

− − −
+ −

=

=

 
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 

 

 

(15) 

Moreover, 2A  can be obtained by 

( ) ( )

( )( )

2 1
2 2

2

0 2 2

2 2

!

,

UP

UP

m amm
UP I UP

m a
m

a UP UP I UP

m
UP I UP

UP
U

d
A

a m d

d
m a

   

   

   







−

+
=

=

+

 +
 +  

 



(16) 

Substituting (13) and (16) into (11), (10) is obtain 

and the proof is complete. 

3.2. Outage probability 1D   

The outage events of 1D  occur when the signal 2x  

cannot be detected by and cannot detect 1x . So, the 

outage probability of 1D  is given by. 

1 2 1 21
2 11 Pr( , )

ipSIC
D s D sD

P SINR SINR → →= −  

(17) 

Proposition 2: The closed-form outage probability 

of 1D  is given by 

( ) ( )

( )

1

1 1

1

1 max
1

1 max
1

1

1 max
1

1 max

0

, ,

1 ,

1 ,
!

m
UD

I U

UP

d
m

UP I UP
UP

U UipSIC

D m
UP U

n

m nm m m
UP I UP UP I UP

UPm
UP UP I UPn

d
m e m

P m
m m

d d
m n

n m d

     


  

 

 

     

 

− −−

=

 
    
           = − − 

  
 
 
 

 
     

− + +  
 






 




( )

1 1
1

1

1 max

1

1 max

1 max 1 max0

1 max

1
!

, .

UPUP
UP

U

m nm mm mm m
UDUP I UP

m
UP IUP I UPn

mm
UDUP I UP

UP
U I U U

dd

n m d

dd
m n

 



   

     

   

   

− −
− − −

=

 +
  
 

  
 + + −    

   

  
   + − +

  
  






(18) 

Proof: 

Putting (6) and (7) into (17), 
1

OP
DP  is rewrite by 

1

11

1

1 1

2

2 2
2 1 1 1 22max

1

2 22
1 1 22 2max

1
1

1 Pr , ,

Pr , ,

m m
U UDipSIC I UP

D I UPD
U U U

B

m m
D U UDUP I UP

I UPm
U UI UP

B

g d d
P g g g

g dg d
g g g

d

   

  

   

 

 −
 = −   
 
 

 −
 −   
 
 
 

(19) 
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where 12

1 2 2
2 2 1

m
UDd


  

=
−

, 11

3 2
1

m
UDd




=  and 

( )max 1 3max ,  = . Then, we can calculate 1B  as 

( ) ( ) ( )
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2
1 1

1

2 2 2

1

max

1

2
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(20) 

Similar in proposition 1, 1B  can be obtained by 
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where 
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Putting (8) into (22), 2,1B  is given by 
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Similarly, the term 2,2B  can be expressed as follows 
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Finally, with help (21), (23) and (24). The closed-

form outage probability of 
1

OP
DP  is obtained. 

The proof of proposition 2 is completed. 

4. NUMERICAL RESULTS 

4.1. Simulation main parameters 

Here, we set the simulation main parameters as 

2
1 0.2 = , 

2
2 0.8 = , 2m = , 1 2 1UP  = = =

, 

1 2 2UPm m m= = =
, 

10[ ]I dB =
, 

0.01I =
, 

1 5Dd d m= =
, 1 5Dd d m= =

, 2 10d h m= =
 and 

1 2 0.5R R= =
 and 2 1R =

bit per channel use. 

4.2. Figures 

Figure 2 illustrates the correlation between the OP 

and the UAV transmit SNR under various fading 

conditions 1 2 UPm m m= = . Eqs. (10) and (12) are 

utilized to create the analytical curves. By observing 

Figure 2, it is evident that the outage characteristics 
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vary for secondary network users under different 

Nakagami-m fading scenarios. We also observe that 

at 35U dB = , OP of 2D  better than 1D . Moreover, 

the UAV transmit SNR stops impacting the OP. The 

analytical curves align closely with the Monte-Carlo 

simulations. 

 

Figure 2. Outage probability versus [ ]U dB  

varying m  

 

Figure 3. Outage probability of 1D  versus 

[ ]U dB  varying I  

Figure 3 illustrates the correlation between OP and 

UAV transmit SNR for various values.   . From 

Figure 3, it is evident that the outage performance 

varies according to the value  . We also observe a 

significant performance gap between pSIC and 

ipSIC, where the curve shows pSIC performing 

significantly better than ipSIC of 1D  at 35U dB = . 

Finally, Figure 4 illustrates the correlation between 

OP and the altitude of the UAV, with different 

values of U . From Figure 4, it is evident that the 

height of the UAV has a notable impact on the OP. 

OP deteriorates as the UAV moves away from the 

users.. 

 

Figure 4. Outage probability versus  h m  

varying U  

5. CONCLUSION 

This article analyzed the outage probability in a 

UAV-assisted network employing NOMA protocol. 

We have obtained formulations for the outage 

probability for various users. Our focus lies on the 

performance of the distant user who requires the 

support of the UAV. The altitude and positioning of 

the UAV play a critical role in the outage 

performance of the distant user. The comparison is 

presented to highlight the contrast between the two 

users, which is determined by the power allocation 

factors they are assigned. In our future research, we 

will explore the system involving several UAVs. 
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