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Non orthogonal multiple access (NOMA) in cognitive radio (CR) network has been 

recognized as potential solution to support the simultaneous transmission of both 

primary and secondary users. In addition, CR-NOMA can also be used to serve multiple 

secondary networks in overlay cognitive radio networks. The aim of our work is to 

increase the secondary user’s throughput without compromising in QoS requirements 

of the primary users. Our presented work analyses the performance of power domain 

NOMA in cognitive radio networks for both uplink and downlink scenarios. The 

primary aspect of the work is to investigate the impact of power allocation on spectrum 

efficiency and fairness performance of CR-NOMA. Objective function is to maximize 

the overall throughput under the QOS constraints of the users. We have derived closed 

form expressions for optimized power allocation coefficient(α) for CR-NOMA uplink 

and downlink communications. Parameters causing the channel outage, have been 

examined and conditions for outage probability is derived for CR-NOMA 

communication. Finally, we have presented the simulation results to validate the 

mathematical models that are developed for power allocation coefficient and outage 

probability. 
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1. INTRODUCTION

Next generation wireless networks need to provide the radio 

resources for heterogeneous types of wireless devices. In 

future, the scarcest resource will be frequency spectrum which 

can be rendered only by effective utilization of spectrum bands. 

With this motto, various wireless technologies have been 

emerged as potential solution, such as cognitive radio 

technology, full duplex communication, non-orthogonal 

multiple access (NOMA) etc. 

1.1 Background 

Cognitive radio technology supports dynamic spectrum 

allocation, which encourages sensing based spectrum sharing 

for unlicensed secondary users. Cognitive radio networks [1] 

can be operated in two modes: Underlay and overlay sharing 

modes. In the former case, both licensed (Primary) and 

unlicensed (secondary) users are allowed to utilize the same 

channel simultaneously. Wherein in the latter case, secondary 

users can opportunistically access the channel when 

incumbent user is inactive. It is important that, Spectrum 

handoff for secondary users will be done whenever the 

primary user becomes active. Various standards and protocols 

were also developed such as IEEE802.22, IEEE802.15b, etc. 

to practically implement cognitive radio approach in wireless 

communication. Several applications like rural broadband, 

wireless connectivity in borders, 4G/5G backhauls have 

successfully adopted cognitive radio technology for their 

communication. Despite this, CRN has faced few challenges 

and regulatory issues in the practical implementation. Thus, 

the modern researchers showed interest in developing the 

hybrid wireless technologies such as CR-NOMA, NOMA-FD, 

MIMO-FD etc. [2, 3]. In the recent wireless research, non-

orthogonal multiple access has been extensively studied to 

explore its compatibility for IOT and 5G implementation. 

NOMA supports multiple data flow in the same orthogonal 

block either in power or code domain. To superimpose 

multiple users signal, NOMA [4] uses superposition coding 

(SC) at the transmitter and successive interference cancellation 

(SIC) at the receiver side. Presented work involves the 

integration of NOMA into cognitive radio networks to 

facilitate coexistence of primary and secondary 

communication and also self-coexistence of multiple 

secondary communications. CR-NOMA uses the benefits of 

both technologies, so it has been examined as one of the 

driving forces for next generation wireless communication. 

Integration of NOMA into CRN contributes to intelligent 

spectrum detection and decision; moreover, spectrum 

efficiency will be greatly enhanced. Conceptually CR-NOMA 

is the variant of power domain NOMA which is optimized to 

meet the QOS requirement of the users. 

1.2 Related works 

Cognitive radio technology [5] involves channel/spectrum 

sensing, decision, sharing, handoff, and many other aspects of 

spectrum management. Various researchers have been 

contributed on these aspects to improve the spectrum 

efficiency and to prevent the primary transmission from the 

harmful interference. Since our current work focuses on 

spectrum sharing aspect, we have extensively studied on how 
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to incorporate NOMA into cognitive radio networks. Several 

studies [6, 7] have provided the evidence of performance 

enhancement by NOMA when coupled with existing wireless 

technologies like MIMO, FD, beam forming etc. Many 

researchers [8, 9] have intensively studied different variants 

and derivatives of non-orthogonal multiple access, their 

potential challenges, and Opportunities in future wireless 

communication. NOMA can be implemented either in power 

domain or code domain, Islam et al. [10] has shortlisted the 

scenarios suitable for their adoption. Wei et al. [11] has 

highlighted the significant benefits of NOMA over other 

orthogonal access methods. There exist a several literatures 

[12, 13] on energy efficient methods to implement power 

domain NOMA, most of them used Simultaneous Wireless 

Information and Power Transfer (SWIPT) technique. Majority 

of these research works emphasizes on possible ways of 

energy harvesting in wireless communication, rather they do 

not deal with the optimization of power allocation according 

the QOS requirements. In the survey articles [14, 15], authors 

have presented the different frameworks for the 

implementation of NOMA into CRN and their feasibility in 

gaining the higher spectrum efficiency. Liu et al. [16] has 

presented a review on power domain NOMA which supports 

multiple transmission at different power levels and uses SC at 

the base station and SIC at the user end for power domain 

NOMA. Also, authors have highlighted some of the impacts 

of power allocation on the user data rates. Conventionally, 

NOMA- power allocation depends upon the channel 

conditions, user with low channel coefficient will be allocated 

with more power for fairness. It is a common myth [17] that 

NOMA always allocates higher power levels to the poor 

channel users. In cognitive radio coupled NOMA (CR-

NOMA), power allocation strategies to be established such 

that QOS requirements of every user is satisfied. 

 

1.3 Contributions and organization 

 

By considering the data rate requirements of the 

participation networks, power allocation factor of CR-NOMA 

is optimized towards achieving the maximum overall 

throughput. The effectiveness is verified and validated by 

outage probability analysis for different values of channel 

coefficients. In this article, (a) we have proposed the feasible 

CR-NOMA frameworks, where NOMA can be effectively 

integrated with cognitive radio technology (Sec.2). (b) Impact 

of power allocation on performance of CR-NOMA is 

investigated for underlay and overlay sharing in downlink 

scenario (Sec.3). (c) Thus, derived the optimum value of power 

allocation coefficient required to meet the desired data rates 

(Sec. 3). (d) Further the analytical expressions are derived for 

outage probability conditions (Sec. 4). (e) To evaluate the 

mathematical expressions, simulation results are obtained for 

CR-NOMA and compared with traditional OMA techniques 

(Sec. 5). 

 

 

2. SYSTEM MODEL: COGNITIVE RADIO-NOMA 

COMMUNICATION 
 

CR-NOMA is the derivative of power domain NOMA 

through which simultaneous communication of primary and 

secondary users is made possible without causing harmful 

interference to primary users (Figure 1). 

 

2.1 Downlink scenario 

 

In CR-NOMA downlink scenario, the transmitter must 

serve multiple users belonging to different networks. The 

encoded information from different networks are combined to 

produce superposition coded signal and broadcasted to all the 

users in that coverage area. CR-NOMA downlink scenario can 

be implemented in two ways: Underlay sharing and 

Interweave sharing. In underlay CR-NOMA scenario, the 

radio resources are simultaneously exploited by primary and 

secondary networks. But the presence of secondary 

communication shouldn’t affect the QOS requirements of 

primary communication. Signal from primary and secondary 

base stations are superposition coded and transmitted from the 

same transceiver. Prerequisite for this method is- primary and 

secondary base stations should coordinate with single 

transmitter. In interweave CR-NOMA scenario, the spectrum 

sensing [18, 19] is employed to know whether spectrum is 

being used by primary user or not. Generally, energy detection 

is used for single node sensing and cooperative sensing for 

making final decision about the whitespace availability. 

Transmission is permitted only if the primary user is idle: 

spectrum whitespaces are identified. Here, multiple secondary 

users can participate in transmission in coordination with 

fusion Centre. This method is more suitable for wireless sensor 

network scenarios, where multiple small-scale networks 

participate in spectrum access. In interweave spectrum sharing, 

sensing and handoff play very important role in protecting 

primary users from the secondary interference. In the process 

of SIC decoding (at the user side), Primary user will first 

decode the partner user’s signal and its own signal is recovered 

by subtracting decoded signal from the received SC signal 

(Figure 2). In Interweave sharing approach, user with high 

priority (or QoS) can be treated as primary signal. 

 

 
 

Figure 1. Cognitive radio-NOMA system model 

 

 
 

Figure 2. Decoding scheme for downlink scenario 
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2.2 Uplink scenario 

 

In uplink CR-NOMA scenario, multiple users 

simultaneously transmit their signal towards the base station 

in the same orthogonal block (same frequency and at the same 

time). There is not much difference between NOMA and CR-

NOMA in uplink scenario. 

 

 
 

Figure 3. Decoding scheme for up-link scenario 

 

In uplink, the power allocation can be done in either full 

power mode or controlled power mode. In CR-NOMA, 

secondary users are operated in power-controlled mode and 

primary users in full power allocated mode. The receiver must 

have SIC capability to decode signals received from multiple 

users: the process is as follows (Figure 3): Received signals 

are first ordered in descending list based on signal strength and 

then successive interference cancellation is applied to extract 

and decode the symbols. 

Since the priority is given to primary user in power 

allocation, probably received PU signal strength will be more 

than that of SU signal. However, because of SIC, decoding of 

SU signal doesn’t suffer from the interference of PU signal at 

the transceiver. Though secondary users are operated under 

power-controlled mode, they enjoy interference free 

communication in uplink scenario. 

 

 

3. POWER ALLOCATION OPTIMIZATION 

 

In this section, we have presented the power allocation 

model for cognitive radio NOMA communication. In 

conventional NOMA, power is allocated based on the channel 

state information i.e. user with poor channel condition will get 

more power allocated to bring fairness in data rates. But in CR-

NOMA, primary users are high priority users, their QOS needs 

to be strictly met. So, power allocation needs to be done 

depending on the QOS requirements. In this article, we have 

presented a power allocation algorithm which is primarily 

based on QOS constraints and also considers channel gain to 

yield maximum overall throughout. Figure 2 shows the 

downlink scenario, where users belonging to different 

networks receive the same composite SC signal. 

The transmitted super position coded signal can be modelled 

as: 

 

x = √αρxp + √α̅ρxs (1) 

 

The received signal at the user end will be: 

 

yi = hi(√αρxp + √α̅ρxs) + wi (2) 

 

For N=2, user 1(high priority) first decodes the user’2 signal 

and then subtracts user’2 signal from the received signal yi. The 

maximum achievable rate for user1 can be calculated by Eq. 

(3): 

 

R1 = BD log2(1 + γ1) = log2(1 + αρβ1) (3) 

At user 2, signal is directly decoded from the SC signal by 

assuming user’1 signal as interference. Thus, the achievable 

data rate for user 2 is given by: 

 

R2 = BD log2(1 + γ2) = log2 (1 +
α̅ρβ2

1 + αρβ2

) (4) 

 

The total throughput achievable for two users downlink 

scenario is: 

 

R = log2(1 + αρβ1) + log2 (1 +
α̅ρβ2

1 + αρβ2

) (5) 

 

3.1 Lemma1: Underlay CR-NOMA 

 

In this approach, secondary users can concurrently access 

the primary user spectrum if interface level is not harmful. 

Primary user poses a QOS constraint on power allocation 

optimization. Thus, the concern is to provide the maximum 

possible bandwidth for secondary communication without 

compromising the PU QoS constraints.  

The problem can be mathematically modelled as: 

 

α = argmax(Rs)
 

s. t Rp > RP
̅̅̅̅

 (6) 

 

The condition evaluates to: 

 

log2(1 + αρβp) ≥ RP
̅̅̅̅   (7) 

 

Here primary user is user1 and RP
̅̅̅̅  is the minimum QoS 

requirement of primary user. By solving Eq. (6) and 

considering the constraint given in Eq. (7), we get: 

 

𝛼𝑚𝑖𝑛 =
2RP̅̅ ̅̅  − 1

ρβp

≥
R̿P

ρβp

, where R̿P = 2RP̅̅ ̅̅  − 1 (8) 

 

where, α is the optimized power allocation coefficient (Eq. (8)) 

which maximizes the secondary throughout by strictly 

meeting the QoS constraint of PU. Any value of α less than 

αmin will degrade the performance of PU network. 

 

3.2 Lemma 2: Interweave CR-NOMA 

 

In this sharing framework, spectrum sensing is used to 

identify the White spaces. If the spectrum white spaces are 

identified with the probability of detection 0.9, only then 

secondary communication is allowed. Spectrum handoff plays 

a key role in the protection of PU. Thus, the prerequisite for 

this method is: proper sensing and handoff scheme must be 

employed. In interweave sharing, multiple small-scale 

secondary networks will coordinate with fusion Centre and 

participate in the transmission. So, the power allocation must 

consider the QOS requirements of all participating networks. 

For N=2, network with higher priority is Sn1 and other one is 

Sn2. The objective function of the problem statement is to 

maximize the total throughput by meeting the individual QoS 

rates.  

The problem can be mathematically modelled as: 

 
α = argmax(R)

s. t RS1 ≥ RS1
̅̅ ̅̅ ̅ & RS2 ≥ RS2

̅̅ ̅̅ ̅ (9) 
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where, Rs1 and Rs2 are the achievable throughput for secondary 

networks Sn1 and Sn2. RS1
̅̅ ̅̅ ̅ and RS2

̅̅ ̅̅ ̅ are the minimum targeted 

QoS rates of secondary networks Sn1 and Sn2. 

 

log2(1 + αρβs1) ≥ RS1
̅̅ ̅̅ ̅ (10) 

 

log2 (1 +
α̅ρβs2

1 + αρβs2

) ≥ RS2
̅̅ ̅̅ ̅ (11) 

 
The above conditions evaluate to 

 

R̿S1

ρβS1

≤ α ≤
ρβS2 − R̿S2

ρβS2(1 + R̿S2)
  (12) 

 

By carefully analyzing the expressions Eq. (12) and Eq. (5), 

we can conclude that maximum net throughput occurs at 

α=αopt. 

 

αopt =
ρβS2 − R̿S2

ρβS2(1 + R̿S2)
 (13) 

 
3.3 Power allocation for uplink scenario 

 

In uplink, Base station receives superposed signal 

consisting of signals from primary and secondary users. These 

signals are of different strength depending upon the user 

uplink channel conditions. Thus, uplink data rates depend 

upon channel gain, power allocation and decoding schemes 

adopted in the base station.  

The received signal at the base station is: 

 

𝑦 = √αρxphp + √α̅ρxsh𝑠 + 𝑁0 (14) 

 

In underlay uplink scenario, primary users are operated in 

full power mode and secondary users are operated under 

controlled power mode. Due to this, received PU signal 

strength will be probably higher than that of SU. Considering 

the above probability in uplink decoding scheme, PU symbol 

is decoded first by treating SU signal as interference and SU 

symbol is decoded later by subtracting PU signal from the 

received superposed signal. 

Thus, uplink data rates are: 

 

Rp = BUlog2 (1 +
αρ|hp|

2

1 + α̅ρ|hs|2
) (15) 

 

Rs = BU log2(1 + α̅ρ|hs|2) (16) 

 

To meet the QoS requirements of the primary user, (Rp >

RP
̅̅̅̅ ): 

 

BUlog2 (1 +
αρ|hp|

2

1 + α̅ρ|hs|2
) ≥ RP

̅̅̅̅  (17) 

 

𝛼𝜌|hp|
2

≥ (2RP̅̅ ̅̅  − 1)(1 + �̅�𝜌|h𝑠|2) (18) 

 

To satisfy the above-mentioned requirements, the received 

signal strength must be greater than that of in Eq. (18), 

otherwise decoding schemes must be done in opposite way to 

provide interference free communication for PU. Thus, 

expressions for uplink data rates will be modified to: 

 

Rp = BU log2 (1 + αρ|hp|
2

) (19) 

 

Rs = BUlog2 (1 +
α̅ρ|hs|2

1 + α̅ρ|hp|
2) (20) 

 

In case of interweave uplink communication, users 

belonging to multiple secondary networks are operated under 

equal power mode and base station implements SIC depending 

upon the received signals strength (Explained in Sec. 2). 

 

 

4. SYSTEM OUTAGE PROBABILITY 

 

If channel condition of the user is not able to support the 

desired rate, then there will be outage. It is not always possible 

to support the desired QoS because of fading channel. To 

analyze the system outage, we must consider both downlink 

and uplink scenarios [20].  

 

4.1 Outage probability analysis for CR-NOMA downlink 

scenario 

 

We have taken underlay cognitive radio communication for 

downlink outage probability analysis. RP
̅̅̅̅  and Rs

̅̅ ̅  are the 

minimum rates required for primary and secondary networks, 

respectively. Priority is given to PU network such that Rp>RP
̅̅̅̅ . 

The decoding order at the user level is as described in section 

Transmission scheme must ensure that decoding at the users is 

reliable. 

Primary user channel: 

Probability of outage corresponding to primary network 

user is: 

 

P𝑜𝑢𝑡𝑎𝑔𝑒 = P(Cp
xs < Rs

̅̅ ̅ ∪ Cp

xp < Rp
̅̅̅̅ ) (21) 

 

where, Cp
x  is achievable capacity of the PU for decoding the 

signal x. 

This first condition says, outage occurs when: 

 

Cp
xs = log2 (1 +

α̅ρβp

1 + αρβp
) < Rs

̅̅ ̅ (22) 

 

Eq. (22) evaluates to the condition: 

 

β𝑝 <
R̿S

ρ( α̅ − αR̿S)
 (23) 

 

The second condition that may lead to primary user outage 

is: 

 

Cp

xp = log2(1 + αρβP) < Rp
̅̅̅̅  (24) 

 

βP <
R̿P

ρα
 (25) 

 

Therefore, primary user outage occurs when the channel 

coefficient: 
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β𝑝 < 𝑚𝑎𝑥 {
R̿P

ρα
,

R̿S

ρ( α̅ − αR̿S)
} (26) 

 

If we assume |h| as Rayleigh fading coefficient, then 

𝛽=|h𝑝|
2
 will be exponentially distributed. So, Eq. (26) leads 

to: 

 

Poutage = 1 − exp (−
1

δ2  max {
R̿P

ρα
,

R̿S

ρ( α̅ − αR̿S)
}) (27) 

 

Secondary user channel: 

Probability of outage corresponding to secondary network 

user is: 

 

P𝑜𝑢𝑡𝑎𝑔𝑒 = P(Cs
xs < Rs

̅̅ ̅ ) (28) 

 

The outage occurs when: 

 

Cs
xs = log2 (1 +

α̅ρβs

1 + αρβs
) < Rs

̅̅ ̅ (29) 

 

Considering |h| as Rayleigh fading coefficient, Outage 

probability for secondary network user will be: 

 

Poutage = 1 − exp (
R̿S

ρδ2(α̅ − αR̿S)
) (30) 

 

The Eq. (27) and Eq. (30) gives the individual outage 

probabilities for underlay downlink scenario (for N=2). 

 

4.2 Outage probability analysis for CR-NOMA uplink 

scenario 

 

Declaring Rp and Rs as desired rates for PU and SU 

respectively, the system outage is defined as probability that 

any one or both user in outage. In uplink scenario, the received 

superposition signal at the base station will be: 

 

𝑦 = √αρxphp + √α̅ρxsh𝑠 + 𝑁0 (31) 

 

As per the Eq. (31), two channel coefficients |hp| and |hs| 

affects the performance in uplink communication. Since we 

are following nonfixed NOMA in uplink scenario, outage 

probability depends upon which user symbol is decoded first. 

Considering the worst case where received primary signal 

strength is less than that of given by Eq. (17), secondary signal 

is decoded first by treating PU signal as interference. So, the 

primary user outage occurs when: 

 

(Cuplink
xs < Rs

̅̅ ̅  ∪  C
uplink

xp < Rp
̅̅̅̅  ) (32) 

 

From Eq. (15) and (16) 

 

Cuplink
xs = BUlog2 (1 +

α̅ρ|hs|2

1 + 𝛼ρ|hp|
2)  < Rs

̅̅ ̅ (33) 

 

C
uplink

xp = BU log2 (1 + αρ|hp|
2

)  < Rp
̅̅̅̅  (34) 

 

Eq. (33) leads to 

 

1 +
α̅ρ|hs|2

1 + 𝛼ρ|hp|
2 < R̿S where R̿S = 2RS

̅̅ ̅̅  − 1 (35) 

 

Solving above expression, condition for PU outage is: 

 

|hp|
2

<
R̿S − α̅ρ|hs|2

𝛼ρR̿S

 (36) 

 

However, Eq. (34) leads to 

 

|hp|
2

<
R̿P

𝛼ρ
 (37) 

 

Primary user outage occurs if any one of the above 

conditions (Eq. (36) and Eq. (37)) is met: 

 

|hp|
2

< 𝑚𝑎𝑥 {
R̿p

ρα
,

(α̅ρ|hs|2−R̿S)

(αρR̿S)
}  (38) 

 

The maximum achievable data rate in uplink for PU is given 

by the Eq. (15). The minimum guaranteed data rates in uplink 

scenario for secondary user essentially depends upon channel 

condition and decoding scheme employed and is given by the 

Eq. (33). As per the analysis shown above, the condition for 

secondary user outage in uplink scenario is shown below: 

 

|hs|2 <
R̿S (1 + αρ|hp|

2
)

α̅ρ
 (39) 

 

It can be clearly seen from Eq. (38) and Eq. (39) that, uplink 

outage probability depends upon the channel coefficients and 

the decoding scheme employed at the base station. 

 

 

5. RESULTS AND DISCUSSIONS 

 

In this section, obtained simulation results are presented to 

evaluate and validate our proposed mathematical models for 

power allocation and outage probability. The complete 

simulation is performed by normalizing the channel 

bandwidth to unity. Necessary simulation variables (Table 1) 

are assumed according to 802.22 standards [21] and NOMA 

conventions. To validate the effectiveness and adoptability of 

NOMA in CR communication, we have plotted the 

comparative results (Figure 4) of CR-NOMA with regular CR- 

OMA for different values of channel coefficients. For a given 

value of α, it can be visualized that performance of CR-NOMA 

and CR-OMA are almost equal for uniform channel conditions. 

But CR-NOMA outperforms CR-OMA in heterogeneous 

scenario; when there are users with different channel 

coefficients and different QoS requirements. The 

simulation(Figure 4) is performed with α=0.8 and a) 

|hd1|=|hd2|=0.5 b) |hd1|=|0.8, |hd2|=0.2. 

The Figure 5(a) shows the relative changes in the user’s data 

rates for continuous variation of power allocation coefficient. 

αmin indicates the minimum power required to maintain the 

QOS rates of PU and thus providing maximum secondary 

throughput. Figure 5(b) depicts the bandwidth sharing among 

the users for Interweave CR- NOMA communication 

framework. αmin, αmax shows the limits of alpha within which 

we can meet the requirements of both the secondary networks. 

The above simulations were carried out for (a) Rp=4.5 (b) 

RS1=3, RS2=1. 
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Table 1. Simulation parameters 

 

Sl. No Simulation Parameters 

1. SNR range 0 to 25dB 

2. Down link BD and Uplink BU Normalized to unity 

3. Fading channel model Rayleigh fading Model: β=|h|2, δ2=E{β} 

4. Power allocation coefficient (α) 
α --> 0 to 1,  

Calculation shown in Sec.3, using Eq. (8) and Eq. (12) 

5. QoS requirements for outage Probability analysis 

Primary user -RP 

Secondary user-RS 

RP: Rs=2:1 

 

 
 

Figure 4. Throughput comparison of CR-NOMA vs CR-OMA (a) |hd1|=|hd2| (b) |hd1|>>|hd2| 

 

 
 

Figure 5. Data rates distribution among the user in downlink scenario (a) underlay (b) interweave sharing 

 

The proposed algorithm outperforms conventional NOMA 

in cognitive radio networks in terms of overall system 

throughput even satisfying the QOS requirements of users of 

individual network. The outage probability analysis is done by 

considering both downlink and uplink scenarios for both 

ordered channels and unordered channels. In Figure 6, We 

have presented the outage probabilities of PU and SU for 

downlink conventional NOMA, where power allocation is 

done based solely on channel coefficients. In this case, primary 

user suffers more outage than the secondary users. Figure 6 

shows the outage probabilities of PU and SU for optimized 

CR-NOMA, wherein power is allocated based on the required 

QoS rate and channel conditions. The above simulations were 

carried out by keeping fixed QoS rates and changing only 

power allocation coefficients. On comparison (a &b), it can be 

clearly seen that outage probability of PU has been greatly 

reduced by adopting QoS based power allocation technique 

without affecting the secondary user performance. 

In uplink CR communications, secondary nodes are usually 

operated under low power mode which reduces the throughput 

performance of secondary network. If both primary and 

secondary are operated in equal power mode, then primary 

network suffers more outage due to interference. Thus, uplink 

power allocation is optimized to increase secondary data rate 

simultaneously preventing primary users from outage (Figure 

7). The PU outage probability is significantly reduced in 

power-controlled/optimized mode. It can be witnessed that 

system outage performance is optimal at the desired rates 

RP
̅̅̅̅ <Rp and Rs

̅̅ ̅ <Rs. As we increase the desired rates and 

perform the simulation, system outage probability increases 

drastically. For the given QoS rates, probability of outage 

decreases with increase in SNR, continuously up to certain 

value. Afterwards, SNR has very less impact on outage 

probability. At higher values of SNR, expected data rate and 

power allocation coefficient are the deciding factors. 
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Figure 6. Downlink Outage Probability analysis: (a) Conventional CR-NOMA (b) Optimized CR-NOMA 

 

 
 

Figure 7. Uplink outage probability analysis: (a) Equal Power Mode (b) Power optimized mode 

 

 

6. CONCLUSIONS  

 

Achieving the higher spectrum efficiency is the primary 

goal of cognitive radio technology. With this motto, we have 

implemented the non-orthogonal multiple access (NOMA) in 

cognitive radio networks to support multiple simultaneous 

transmissions. More particularly, we have proposed dynamic 

QoS based power allocation algorithm for both uplink and 

downlink scenarios. The proposed optimization outperforms 

conventional NOMA in cognitive radio networks in terms of 

overall system throughput even satisfying the QOS 

requirements of users of individual network. Furthermore, 

mathematical expressions are derived for system outage 

probability considering both downlink and uplink scenarios. 

Simulations are carried out for both ordered and unordered 

NOMA for different values of SNR. It can be seen from results 

that; outage probability of PU can be is greatly reduced by 

adopting QoS based power allocation technique without 

affecting the secondary user performance. The system outage 

probability reduces as SNR increases up to certain value, but 

at high SNR system outage probability is dependent only on 

QoS constraints and power allocation coefficient. The 

simulation results of this work show that, CR-NOMA can 

achieve higher throughput and simultaneously prevents 

primary users from outage through optimized power allocation 

technique. 
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NOMENCLATURE 

 

xp Primary user symbol 

xs Secondary user symbol 

ρs Total transmit power SNR, dB 

hi Channel power gain of the user i 

B Bandwidth, Hz 

wi Noise power (AWGN) in downlink scenario, 

dB 

R Achievable data rate/throughput for the user, 

b/s/Hz 

Rp Achievable data rate for the primary user 

channel, b/s/Hz 

Rs Achievable data rate for the secondary user 

channel, b/s/Hz 
RP
̅̅̅̅  Targeted QoS rate for primary user, b/s/Hz 
Rs
̅̅ ̅ Targeted QoS rate for secondary user, b/s/Hz 
N0 Noise power (AWGN) in uplink scenario, dB 

Cp
xs Achievable capacity of the PU channel for 

decoding the secondary signal. 

Cp

xp
 Achievable capacity of the PU channel for 

decoding the primary signal. 

 

Greek symbols 

 

 Power allocation coefficient. 

 Rayleigh fading channel coefficient. 

γ Signal to noise ratio, dB 

δ δ2=E{β}mean 

 

Abbreviations 

 

PU Primary User 

SU Secondary User 

CR Cognitive Radio 

NOMA Non -Orthogonal Multiple Access 

SC Superposition Coding 

SIC Successive Interference Cancellation 

FD Full Duplex 

MIMO Multiple-Input, Multiple-Output 

QoS Quality of Service 
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