
TELKOMNIKA, Vol.17, No.5, October 2019, pp.2147~2154 
ISSN: 1693-6930, accredited First Grade by Kemenristekdikti, Decree No: 21/E/KPT/2018 
DOI: 10.12928/TELKOMNIKA.v17i5.12451 ◼  2147 

  

Received January 28, 2019; Revised March 19, 2019; Accepted April 9, 2019 

Cooperative underlay cognitive radio assisted NOMA: 
secondary network improvement  

and outage performance 

 
 

Dinh-Thuan Do*1, Chi-Bao Le2, Anh-Tu Le3 

1Wireless Communications Research Group, Faculty of Electrical and Electronics Engineering,  
Ton Duc Thang University, Ho Chi Minh City, Vietnam 

2,3Faculty of Electronics Technology, Industrial University of Ho Chi Minh City (IUH),  
Ho Chi Minh City, Vietnam 

*Corresponding author, e-mail: dodinhthuan@tdtu.edu.vn. 

 
 

Abstract 
 In this paper, a downlink scenario of a non-orthogonal multiple access (NOMA) scheme with 

power constraint via spectrum sensing is considered. Such network provides improved outage 
performance and new scheme of NOMA-based cognitive radio (CR-NOMA) network are introduced.  
The different power allocation factors are examined subject to performance gap among these secondary 
NOMA users. To evaluate system performance, the exact outage probability expressions of secondary 
users are derived. Finally, the dissimilar performance problem in term of secondary users is illustrated via 
simulation, in which a power allocation scheme and the threshold rates are considered as main impacts of 
varying system performance. The simulation results show that the performance of CR-NOMA network can 
be improved significantly. 
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1. Introduction 

Recently, as widely consideration on candidates for the fifth generation (5G) wireless 
communication, a novel multiple access (MA) technique, named non-orthogonal multiple access 
(NOMA), has been introduced. Main advantages of NOMA can be seen as massive 
connections, its superior spectral efficiency, balanced user fairness, and low access  
latency [1, 2]. In contrast to conventional orthogonal multiple access (OMA) relaying networks 
such as time-division multiple access (TDMA) and frequency-division multiple access  
(FDMA) [3-6], the non-orthogonal resource allocation is employed in NOMA. The authors  
in [7-9] developed system model which combines relay scheme in NOMA to introduce novel 
scheme, namely cooperative NOMA. In principle, the power domain for realizing MA and such 
key idea of NOMA need to explored to highlight different performance of NOMA users as 
different power levels allocated [10–12], while the receivers perform the successive interference 
cancellation (SIC) to eliminate the multiuser interference [13, 14], respectively. Next, the related 
works in conventional multiuser cognitive radio are explored. The authors in [15–17] studied  
the multi-antenna problems with single/multiple secondary receivers (SRs) and single/multiple 
primary receivers (PUs). The authors in [16] studied the multicast multiple antenna cognitive 
radio network where single data stream is transmitted from secondary transmitter to group of 
secondary receivers in the presence of multiple single-antenna primary users.  

The advantages of cooperative communications have also been deployed to CR-NOMA 
networks [18, 19]. In [18], the authors studied the NOMA application to transmit unicast and 
multicast information respectively to primary and secondary users (SUs). In such network,  
the secondary network (SN) provides the cooperation for the compensation of accessing to  
the primary spectrum [18]. Furthermore, a two-stage cooperative strategy was studied to 
enhance the SU fairness and such novel cooperative multicast CR-NOMA scheme was 
proposed in [19]. Other applications can be seen in [20-25]. Motivated by these works and novel 
result from [20], this paper studies outage performance of CR NOMA. 
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2. System Description 
A network consists of a secondary source (S), a relay (R) and two destination users 

(D1, D2) is considered. We only examine a downlink cooperative underlay CR-NOMA network 
and existence of a primary destination (P) as shown in Figure 1. The corresponding distances 
between nodes S-P, R-P, S-R, R-D1, R-D2 are given as 𝑑𝑆𝑃, 𝑑𝑅𝑃, 𝑑𝑆𝑅, 𝑑1 and 𝑑2.  

Thus, the secondary transmit node 𝑘 is restricted as 𝑃𝑘 ≤ 𝑚𝑖𝑛 (
𝐼𝑑𝑘𝑃
𝑚

|ℎ𝑘𝑃|
2 , �̂�𝑘), ∀𝑘 ∈ {𝑆, 𝑅}. In this 

case, �̂�𝑘 denotes the maximum average allowed transmit power at node 𝑘 while 𝐼 indicates the 
interference temperature constraint (ITC) at P. 
 
 

S

D1

D2

h1

h2hSR

P

hSP hRP

Relay

 
 

Figure 1. System model for CR NOMA network 
 

 

In the first time period, S sends its superimposed signal ∑ √𝑃𝑆𝛼𝑗𝑥𝑗 + 𝑛𝑅
2
𝑗=1  to user D1 

through the assistance 𝑅. In NOMA, 𝛼𝑗 is the power allocation factors with ∑ √𝛼𝑗 = 1
2
𝑗=1 . Then, 

the signal received the relay can be express as: 
 

𝑦𝑅 = ℎ𝑆𝑅√𝑃𝑆𝑑𝑆𝑅
−𝑚∑√𝛼𝑗𝑥𝑗 + 𝑛𝑅

2

𝑗=1

 (1) 

 

the signal-to-interference-plus-noise ratio (SINR) and signal-to-noise ratio (SNR) of 𝑥1 is 

decoded and removed from the received signal at R and it can be given as: 
 

𝛾𝑅 =
|ℎ𝑆𝑅|

2𝛼1𝜌𝑆𝑑𝑆𝑅
−𝑚

|ℎ𝑆𝑅|
2𝛼2𝜌𝑆𝑑𝑆𝑅

−𝑚 + 1
 (2) 

 

then the SINR of 𝑥2 when it is decoded from the received signal  
 

𝛾𝑅 = |ℎ𝑆𝑅|
2𝛼2𝜌𝑆𝑑𝑆𝑅

−𝑚 (3) 
 

where 𝜌𝑆 =
𝑃𝑆

𝜎2
. In the second time period, 𝑅 forwards the detected superimposed signal 

∑ √𝑃𝑟𝑑𝑗
−𝑚𝛽𝑗�̃�𝑗

2
𝑗=1  to both users D1 and D2. Therefore, the signal received by the two destination 

can be given by: 
 

𝑦𝐷𝑖 = ℎ𝑖∑√𝑃𝑟𝑑𝑗
−𝑚𝛽𝑗�̃�𝑗

2

𝑗=1

+ 𝑛𝐷𝑖 (4) 

 

where 𝑖 = 𝑗 ∈ {1,2}, 𝛽𝑗 is the power allocation, with ∑ √𝛽𝑗 = 1
2
𝑗=1  treating 𝑥2 as interference in 

𝑦𝐷1, the instantaneous SINR at D2 when treating �̃�2 as interference can be obtained as: 
 

𝛾𝐷2,1 =
|ℎ2|

2𝛽1𝜌𝑅𝑑2
−𝑚

|ℎ2|
2𝛽2𝜌𝑅𝑑2

−𝑚 + 1
 (5) 
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Based on NOMA scheme, D2 first decodes the message designated for D1 and removes it 
using SIC, then it decodes its own message without interference. Therefore, the instantaneous 
SNR at D2 can be expressed as:  

  
𝛾𝐷2 = |ℎ2|

2𝛽2𝜌𝑅𝑑2
−𝑚 (6) 

 

next, D1 can detect �̃�1 by treating �̃�2 as a noise with the following SINR 
 

𝛾𝐷1 =
|ℎ1|

2𝛽1𝜌𝑅𝑑1
−𝑚

|ℎ1|
2𝛽2𝜌𝑅𝑑1

−𝑚 + 1
 (7) 

 
 

3.    Outage Analysis 
3.1. Outage Probability at D1 

Consider metric to evaluate system performance, the NOMA users’performance will be 
examined in term of outage probability. The transmission strategy in CR NOMA is performed 
related to how success each node in such network can support transmission, which significantly 
improve quality of the communication for multiple services provided. In this paper, main 
evaluation metric, namely outage probability is used to characterize the system performance. 
The outage event for D1 can be expressed by: 

 

( )( )

( ) ( )( ) ( ) ( ) ( ) ( )( )
21 21 1 R1 1 1

1 R1 21 1 1

1 1 1 1 1 1

1 Pr min , ,

1 .
D D D D R

D DOP

F F F F F F     

   

     

= − 

= + − + −
 (8) 

 

Considering 𝑥, 𝑦 as integration variable, by employing exponential distribution for |ℎ𝑗|
2
 

and |ℎ𝑆𝑅|
2; the Cumulative Distribution Function (CDF) of |ℎ𝑆𝑅|

2 is 𝐹|ℎ𝑆𝑅|2(𝑦) = 𝑃𝑟(|ℎ𝑆𝑅|
2 < 𝑦) =

1 − 𝑒−𝑦. So, with help of (2) 𝐹𝛾𝑅1(𝛾1) can be write as: 
 

𝐹𝛾𝑅1(𝛾1) = 𝑃𝑟 (
|ℎ𝑆𝑅|

2𝛼1𝜌𝑆
|ℎ𝑆𝑅|

2𝛼2𝜌𝑆 + 𝑑𝑆𝑅
𝑚 < 𝛾1, 𝜌�̄� < Δ) + 𝑃𝑟 (

|ℎ𝑆𝑅|
2𝛼1Δ

|ℎ𝑆𝑅|
2𝛼2Δ+ 𝑑𝑆𝑅

𝑚 < 𝛾1, 𝜌�̄� > Δ) 
(9) 

 
 

where: Δ =
Ω𝑆𝑃

|ℎ𝑆𝑃|
2, Ω𝑆𝑃 = 𝜌𝐼𝑑𝑆𝑃

𝑚 , 𝜌�̄� =
𝑃�̄�

𝜎2
, 𝜌𝐼 =

𝐼

𝜎2
. Now, we can transfer as: 

 

𝐹𝛾𝑅1(𝛾1) = 𝑃𝑟 (|ℎ𝑆𝑅|
2 <

𝛾1𝑑𝑆𝑅
𝑚

𝜌�̄�(𝛼1 − 𝛾1𝛼2)
, |ℎ𝑆𝑃|

2 <
Ω𝑆𝑃

𝜌�̄�
)

⏟                            
𝐴

+ 𝑃𝑟 (|ℎ𝑆𝑅|
2 <

𝛾1𝑑𝑆𝑅
𝑚 |ℎ𝑆𝑃|

2

(𝛼1 − 𝛾1𝛼2)Ω𝑆𝑃
, |ℎ𝑆𝑃|

2 >
Ω𝑆𝑃

𝜌�̄�
)

⏟                            
𝐵

 

(10) 

 

in this case, we define the first term and the second term of (10) denote A and B respectively. 

Based on the exponential distribution of |ℎ𝑆𝑅|
2, 𝐴  can be written as: 

 

𝐴 = (1 − 𝑒
−

𝛾1𝑑𝑆𝑅
𝑚

𝜌�̄�(𝛼1−𝛾1𝛼2))(1 − 𝑒
−
Ω𝑆𝑃
𝜌�̄� ) (11) 

 

next, the second term denoted by B can be obtained as: 
 

𝐵 =

(

 𝑒
−
Ω𝑆𝑃
𝜌�̄� −

(𝛼1 − 𝛾1𝛼2)Ω𝑆𝑃𝑒
−(
𝛾1𝑑𝑆𝑅

𝑚 +Ω𝑆𝑃(𝛼1−𝛾1𝛼2)
(𝛼1−𝛾1𝛼2)𝜌�̄�

)

𝛾1𝑑𝑆𝑅
𝑚 + (𝛼1 − 𝛾1𝛼2)Ω𝑆𝑃

)

  

 

therefore, replacing (11) and (12) into (10) 𝐹𝛾𝑅1(𝛾1) can be express as: 
 

(12) 
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𝐹𝛾𝑅1(𝛾1) = {1 − 𝑒
−

𝛾1𝑑𝑆𝑅
𝑚

𝜌�̄�(𝛼1−𝛾1𝛼2) +
𝛾1𝑑𝑆𝑅

𝑚 𝑒
−(
𝛾1𝑑𝑆𝑅

𝑚 +Ω𝑆𝑃(𝛼1−𝛾1𝛼2)

(𝛼1−𝛾1𝛼2)𝜌�̄�
)

𝛾1𝑑𝑆𝑅
𝑚 + (𝛼1 − 𝛾1𝛼2)Ω𝑆𝑃

1

, 𝛾1 <
𝛼1
𝛼2

, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (13) 

 

similar, with help (5) we can wirte 𝐹𝛾𝐷21(𝛾1) as: 
 

𝐹𝛾𝐷21(𝛾1) = 𝑃𝑟 (
|ℎ2|

2𝛽1𝜌�̄�
|ℎ2|

2𝛽2𝜌�̄� + 𝑑2
𝑚 < 𝛾1, 𝜌�̄� < Δ) + 𝑃𝑟 (

|ℎ2|
2𝛽1Δ

|ℎ2|
2𝛽2Δ+ 𝑑2

𝑚 < 𝛾1, 𝜌�̄� > Δ) (14) 

 

next, 𝐹𝛾𝐷21(𝛾1) can be transfer as: 
 

 

𝐹𝛾𝐷21(𝛾1) = 𝑃𝑟 (|ℎ2|
2 <

𝛾1𝑑2
𝑚

(𝛽1 − 𝛾1𝛽2)𝜌�̄�
, |ℎ𝑆𝑃|

2 <
Ω𝑆𝑃

𝜌�̄�
)

+ 𝑃𝑟 (|ℎ2|
2 <

𝛾1𝑑2
𝑚|ℎ𝑆𝑃|

2

(𝛽1 − 𝛾1𝛽2)Ω𝑆𝑃

, |ℎ𝑆𝑃|
2 >

Ω𝑆𝑃

𝜌�̄�
) 

(15) 

 

then, following the same steps as in (10)-(12), Based on the exponential distribution of 
|ℎ𝑖|

2, 𝐹𝛾𝐷1(𝛾1)and 𝐹𝛾𝐷21(𝛾1)  can be written respectively as: 
 

 

𝐹𝛾𝐷21(𝛾1) =

{
 

 
1 − 𝑒

−
𝛾1𝑑2

𝑚

(𝛽1−𝛾1𝛽2)𝜌�̄� +
𝛾1𝑑2

𝑚𝑒
−(
𝛾1𝑑2

𝑚+Ω𝑆𝑃(𝛽1−𝛾1𝛽2)
(𝛽1−𝛾1𝛽2)𝜌�̄�

)

𝛾1𝑑2
𝑚 + (𝛽1 − 𝛾1𝛽2)Ω𝑆𝑃

, 𝛾1 <
𝛼1
𝛼2

1, otherwise
  

(16) 

and 
 

 

𝐹𝛾𝐷1(𝛾1) =

{
 

 
1 − 𝑒

−
𝛾1𝑑1

𝜏

(𝛽1−𝛾1𝛽2)𝜌�̄� +
𝛾1𝑑1

𝜏𝑒
−(
𝛾1𝑑1

𝜏+Ω𝑆𝑃(𝛽1−𝛾1𝛽2)
(𝛽1−𝛾1𝛽2)𝜌�̄�

)

𝛾1𝑑1
𝜏 + (𝛽1 − 𝛾1𝛽2)Ω𝑆𝑃

, 𝛾1 <
𝛼1
𝛼2

1, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (17) 

 

therefore, 𝑂𝑃1 can be obtained by replacing (13), (16) and (17) into (8) 
 

𝑂𝑃1 =

{
 
 

 
 
1 −

(

 𝑒
−

𝛾1𝑑𝑆𝑅
𝑚

𝜌�̄�(𝛼1−𝛾1𝛼2) −
𝛾1𝑑𝑆𝑅

𝑚 𝑒
−(
𝛾1𝑑𝑆𝑅

𝑚 +Ω𝑆𝑃(𝛼1−𝛾1𝛼2)

(𝛼1−𝛾1𝛼2)𝜌�̄�
)

𝛾1𝑑𝑆𝑅
𝑚 + (𝛼1 − 𝛾1𝛼2)Ω𝑆𝑃

)

 ×
 

∏

(

 𝑒
−

𝛾1𝑑𝑖
𝑚

(𝛽1−𝛾1𝛽2)𝜌�̄� −
𝛾1𝑑𝑖

𝑚𝑒
−(
𝛾1𝑑𝑖

𝑚+Ω𝑆𝑃(𝛽1−𝛾1𝛽2)

(𝛽1−𝛾1𝛽2)𝜌�̄�
)

𝛾1𝑑𝑖
𝑚 + (𝛽1 − 𝛾1𝛽2)Ω𝑆𝑃

)

 , 𝛾1 <
𝛼1
𝛼2
, 𝛾1 <

𝛽1
𝛽2

 
𝑖=1,2

   

1, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

(18) 

 

3.2. Outage Probability at D2 
Similarly, the outage event for D2 can be formulated by: 

 

( )( )

( ) ( ) ( ) ( )
2 2 2 2

2 R 2 2 2

2 2 2 2

1 Pr min ,

.
D R D R

DOP

F F F F   

  

   

= − 

= + −
 (19) 

 
with help (3) then we can write 𝐹𝑅2(𝛾2) as: 
 

𝐹𝑅2(𝛾2) = 𝑃𝑟 (
|ℎ𝑆𝑅|

2𝛼2𝜌�̄�
𝑑𝑆𝑅
𝑚 < 𝛾2, 𝜌�̄� < Δ) + 𝑃𝑟 (

|ℎ𝑆𝑅|
2𝛼2Δ

𝑑𝑆𝑅
𝑚 < 𝛾2, 𝜌�̄� > Δ)

  

(20) 
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similarly, based on the exponential distribution of |ℎ𝑖|
2. So 𝐹𝛾𝑅2(𝛾2) can be express as: 

 

𝐹𝛾𝑅2(𝛾2) = 1 − 𝑒
−
𝛾2Ω𝑆𝑅
2𝛼2𝜌�̄� +

𝛾2𝑑𝑆𝑅
𝑚 𝑒

−(
𝛾2𝑑𝑆𝑅

𝑚 +𝛼2Ω𝑆𝑃
𝛼2𝜌�̄�

)

𝛾2𝑑𝑆𝑅
𝑚 + 𝛼2Ω𝑆𝑃  

 

(21) 

with the help of (6), we can write 𝐹𝛾𝐷2(𝛾2) as: 
 

𝐹𝛾𝐷2(𝛾2) = 𝑃𝑟 (
|ℎ2|

2𝛽2𝜌𝑅
𝑑2
𝑚 < 𝛾2, 𝜌�̄� < Δ) + 𝑃𝑟 (

|ℎ2|
2𝛽2Δ

𝑑2
𝑚 < 𝛾2, 𝜌�̄� > Δ) (22) 

 

applying similar techniques as before, we simplify 𝐹𝛾𝐷2(𝛾2) as: 

 

𝐹𝛾𝐷2(𝛾2) = 1 − 𝑒
−
𝛾2𝑑2

𝑚

𝛽2𝜌�̄� +
𝛾2𝑑2

𝑚𝑒
−(
𝛾2𝑑2

𝑚+𝛽2Ω𝑆𝑃
𝛽2𝜌�̄�

)

𝛾2𝑑2
𝑚 + 𝛽2Ω𝑆𝑃  

 

(23) 

replacing (21) and (23) into (19) 𝑂𝑃2 can be obtain as: 
 

𝑂𝑃2 = 1 − (𝑒
−
𝛾2𝑑2

𝑚

𝛽2𝜌�̄� −
𝛾2𝑑2

𝑚𝑒
−(
𝛾2𝑑2

𝑚+𝛽2Ω𝑆𝑃
𝛽2𝜌�̄�

)

𝛾2𝑑2
𝑚 + 𝛽2Ω𝑆𝑃

)

(

 𝑒
−
𝛾2Ω𝑆𝑅
2𝛼2𝜌�̄� −

𝛾2𝑑𝑆𝑅
𝑚 𝑒

−(
𝛾2𝑑𝑆𝑅

𝑚 +𝛼2Ω𝑆𝑃
𝛼2𝜌�̄�

)

𝛾2𝑑𝑆𝑅
𝑚 + 𝛼2Ω𝑆𝑃

)

  

(24) 

 
 
4. Performance Evaluation 

In this section, we evaluate the performance of resource allocation for NOMA-based 
cognitive radio network. Consider a geographical area covered by a primary wireless network 

and a cognitive wireless network. We assume equality noise terms as 𝜎𝑃
2 = 𝜎𝑅

2 = 𝜎1
2 = 𝜎2

2 = 𝜎2  
and regarding distances we set 𝑑𝑆𝑃 = 𝑑𝑅𝑃 = 𝑑𝑆𝑅 = 𝑑2 = 2, 𝑑1 = 2𝑑2. The path loss factor is 3, 
power allocation fractions are 𝛼1 = 𝛽1 = 0.8, 𝛼2 = 𝛽2 = 0.2, 𝐼 = 25𝑑𝐵 and 𝜎 = 0.001  

We evaluate the impact of the transmit SNR on the outage performance for  
NOMA-based cognitive radio network in Figure 2 and Figure 3. At higher SNR, outage 
performance can be enhanced significantly. With the case data rate R1 increases, the outage 
performance will be worse. In addition, there is strict agreement between analytical result and  
Monte-Carlo result.  
 
 

 
 

Figure 2. Outage probability of D1 versus SNR as varying R1 
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Figure 3. Outage probability of D2 versus SNR as varying R2 

 
 

From Figure 4 and Figure 5, it can be concluded that the proposed system not only 
guarantees the minimum transmission rate, but also improves the outage performance 
significantly. Although NOMA scheme improves the performance of cognitive radio network, it is 
at the cost of increasing the complexity of secondary user receiver. At high Consequently, 
designing a proper value for the parameter threshold SNR can achieve the values of  
the threshold SNRs 𝛾1 and 𝛾2, the system meets outage event. The tradeoff between  
the performance gain and the required transmit SNR of secondary users. This is due to the fact 
that there is more power for transmitter to improve the outage behavior at the receiver. 
 
 

 
 

Figure 4. Outage probability of D1 versus 𝛾1 as varying SNR 
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Figure 5. Outage probability of D2 versus 𝛾2 as varying SNR 

 
 
5. Conclusion 

In this work, we studied the downlink NOMA problem for NOMA-based cognitive radio 
network. The secondary network performs the resource allocation of power with acceptable 
outage performance. The transmit SNR, the threshold data rates are main impacts on outage 
performance. Simulation results demonstrated that the proposed system improve the spectrum 
efficiency significantly. 
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