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 Non-orthogonal multiple access (NOMA) is a compelling strategy that helps wireless 

networks of the fifth-generation (5G) to fulfill the diverse demands of increased fairness, 

high reliability, extensive connectivity, low delay and superior performance. Traditionally, 

NOMA network presumes perfect transmitter-side channel state information (CSI), which 

is almost impossible for a number of communication scenarios. Furthermore, this paper 

contemplates the realistic NOMA downlink method in the Rayleigh fading networks, where 

the statistical CSI linked with each user is known to the transmitter. We evaluate the outage 

probability of the proposed model and obtain a closed-form framework of the probability 

of outage for each user. Besides, the source can optimize the network’s achievable sum-rate 

for different users based on statistical CSI. The precision of our outage probability analysis 

and the optimum power allocation algorithm proposed are both verified by the analytical 

and simulation results.  
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1. INTRODUCTION 

 

In the fifth-generation (5G) mobile networks, NOMA has 

been a promising candidate for multiuser scheduling [1, 2]. 

NOMA enables many users to share the same frequency-time 

resource by separating multiple users through distinct 

transmission capacity. Therefore, successive interference 

cancellation (SIC) on the destination side is necessary [3-5]. 

NOMA is capable of providing low outage probability and 

high sum rate as compared to traditional orthogonal multiple 

access (OMA), along with better user fairness [6]. NOMA uses 

superposition coding to exploit the power domain and 

successive interference cancellation (SIC) for multiuser 

detection. Numerous prevailing works about NOMA have 

presumed perfect CSI [7-9]. However, this supposition is 

almost unworkable in certain communication situations, such 

as high-speed railway [10] and underwater acoustic [11] 

communications, due to significant feedback delay and 

quickly changing channel. Newly, NOMA network with 

statistical CSI have been considered in few literature [12, 13]. 

A power-efficient resource sharing scheme with statistical CSI 

for multicarrier downlink NOMA network is suggested. In the 

meantime, NOMA for underwater acoustic multiplexing 

orthogonal frequency-division (OFDM) network was 

examined in the Ref. [14]. In precise, Shankar et al. [15] 

suggested that NOMA significantly outperforms traditional 

frequency division multiple access (FDMA) systems in terms 

of ergodic data rate and outage probability taking into account 

the fading channel of Nakagami-m. But Shankar et al. [15] 

emphasizes only on the situation of two users and lacks a 

closed-form study of the likelihood of each and every user 

outage. Many beneficial features, for example range extension, 

capability enhancement, and diversity benefit in wireless 

network, cooperative network has gained considerable 

attention [16]. This enhancement in efficiency of the 

cooperative network is due to virtual multiple-input multiple-

output (MIMO) network generated between the source and the 

destination employing spatially separated relay nodes [17]. 

Multiuser scheduling allows the scheduler to provide limited 

resources to these users while properly picking a group of 

users who match a set of criteria [18]. Proportional fairness 

(PF) scheduling is a good trade-off between system throughput 

and fairness for NOMA scheduling and power allocation. PF 

also has a high level of complexity and is unable to limit the 

amount of resources available since it allocates the majority of 

resources to users with poor channel conditions [19, 20]. 

In AF-based cooperation [21], the relay magnifies the signal 

upon receipt of the signal communicated by the source and 

then transmits it to the receiver. On the other side, the relay 

decodes the signal in a DF network and retransmits to the 

receiver the message thus received [22-24]. In this paper, we 

use statistical CSI to evaluate the downlink NOMA system's 

outage performance. The device's ergodic data rate region is 

calculated using the Monte Carlo (MC) technique considering 

the Rayleigh fading channel model. Furthermore, the closed 

form expression for each user's outage probability is calculated. 

The remainder of this article is structured as follows. A 

system model is defined in section 2. Section 3 analyses the 

Outage Probability of the system. Optimum power allocation 

is discussed in Section 4. The simulation outcomes are given 

in Section 5 to validate the outage study. Finally, the 

conclusion of paper is discussed in Section 6. 

 

 

2. SYSTEM MODEL 
 

Consider implementing the hybrid multiple access schemes 

[5] as a single-cell downlink multi-user single-input multiple-

output (SIMO) system. Users are split into multiple groups in 

this scheme and each group comprises users L , indicated by 
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(1 )UE L l L−   . In each group, the NOMA downlink is 

executed, while OMA is used to prevent inter-group 

interference. The SIC complexity can be minimized by this 

scheme thus improving the efficiency of the system [5]. In 

addition, each user is having fixed data rate requirement in our 

considered scenario, dictated by his targeted service quality 

(QoS). We concentrate on one category in this paper adopting 

NOMA within two users. Figure 1 indicate base station (BS) 

and two users for downlink NOMA system. 

 

 
 

Figure 1. BS and two users for downlink NOMA system 

 

 
 

Figure 2. Different power levels of two users in same 

frequency range 

 

The BS transmits the superimposed signal having the data 

of all the two users 
1u  and 

2u in the case of NOMA, and the 

signal being superimposed is given as 
Rz : 

 

1 1 2 2R s sz a z a p z= +  (1) 

 

The superimposed signal that user l  receives is given as: 

 

l l R iy h z w= +  (2) 

 

The superimposed signal obtained by the user l  can be 

expressed as Eq. (3), after substituting the Eq. (1) in Eq. (2): 

 

( )1 1 2 2l l s s ly h a z a z w = + +  (3) 

 

where, 
2(0, )lh N   represents the faded channel 

coefficient of Rayleigh. 1a and 2a  are fraction of power given 

to users 
1u  and 

2u respectively. For power constraint 

1 2 1a a+ = . Here, 
s is total transmit SNR.

2

T

s

P



=  where 

TP  is total transmit power. Figure 2 indicates the division of 

total power between two users in the same frequency band. 
1z

and 
2z  are symbols of the two users. Additive white Gaussian 

noise with mean 0 and variance 1 is represented by

(0,1)lw N . 

The signal received at User 1 is: 

 

( )1 1 1 1 2 2 1s sy h a z a z w = + +  (4) 

 

The signal to interference noise ratio (SINR), for decoding 

1z  at user 1 can be expressed as:  

 

1
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2
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1
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The achievable rate for the first user is 1

1

z

u ,  
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1
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z s
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The received signal 
2y  at the second user is, 

 

( )2 2 1 1 2 2 2s sy h a z a z w = + +  (7) 

 

The SINR at the second user, for decoding 
1z  is given as 

 

2

1
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2
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ss

a a
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h
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 (8) 

 

The Eq. (7) can be reduced, after decoding the signal of first 

user and successfully eliminating its interference. 

 

2 2 2 2 2sy h a z w= +  (9) 

 

At second user SINR, for decoding 
2z signal is expressed as: 

 

2

2

2

2

2 2 2s

z

u s ha a  = =  (10) 

 

The total sum-rate for the NOMA downlink is expressed as: 

 
1 2

1 2u

z

D u

z
= + ( ) ( )

2

1 2

12 2log 1 log 1u u

z z = + + +  

( )1 1

2 2 2
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2log 1
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log 1s
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a
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(11) 

 

 

3. OUTAGE PROBABILITY ANALYSIS 
 

The probability that a certain data rate will not be supported 

owing to fluctuating channel conditions is known as the outage 

probability of a transmission channel in Information Theory. 
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The outage probability is based on the possibility that the data 

rate will be lower than the required threshold data rate. 

Let the required threshold be 
1̂ . For outage to occur, the 

required data rate must be less than the threshold 
1̂ . From Eq. 

(11), we can easily see that, 1

1 1
ˆz

u   . In this paper we will 

calculate the outage probability for unordered (fixed) and 

ordered NOMA Downlink. 

 

3.1 Outage probability analysis for unordered Downlink 

NOMA 

 

An outage is a condition in which the user data rate is 

smaller than the required data rate [3]. Let us suppose 
1̂  and 

2̂  be the required data rate for first user 1UE −  and second 

user 2UE − .  

 

3.1.1 For first user 1UE −  

The sum-rate must be less than the required data rate 
1̂ , 

for outage to occurs. Using Eq. (11), we have, 

 

( )1

1 1

1

2 1
ˆlog 1

z z

u u= +    (12) 

 

Putting Eq. (5) in above equation and solving we have, 

 

1 1

1

1 1

2

ˆ

1

1

2 1
1

s

u

s

z a

a

 


 


= 

+
− =  (13) 

 

( )
1

1

1 2 1 sa a







− 
 (14) 

 

Here, 
1  is demarcated as 1

2

1 h =  and is distributed as: 

 

( )
1

2
1

1 12

1

1
, 0f e





  


−

=  and   2

1 1E  =  

 

The probability of outage first user 1UE − . 
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1
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( )
1

2

1 1 2 1

1 exp
s a a 

 
= − −  −  

 

(15) 

 

The probability of outage at second user 2UE − . 

At second user 2UE −  decoding of message fails if either 

decoding of 
1z  or 

2z  fails. 

 

3.1.2 For second user 2UE −  

Outage probability at second user 2UE −  is: 

 

 1 2

2 21 2
ˆ ˆz z

u uP    (16) 

 

( )
2

1 1

2 1 12
ˆlogˆ 1

z z

u u   +    (17) 

 

After solving the above equation and using Eq. (8), we have: 
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2
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(18) 

 

Also, 

 

( )
2

2 2

2 2 22
ˆlogˆ 1

z z

u u   +    (19) 

 

Solving the above equation and using Eq. (10), we have: 

 

2 2

2

ˆ

22 2 2 1
z

su a   
 =  − = 2

2

2 sa





   (20) 

 

Outage probability at second user 2UE − is given as

 1 2

2 21 2
ˆ ˆz z

u uP   , relating the two inequalities outage 

occurs if  

 

( )2

2

2

1 2

1 1

,max
s sa aa


 

  
 





 −





 (21) 

 

PDF of above Eq. (21),
2 is given as 

( )
2

2
2

2 22

2

1
, 0f e





  


−

=  . The outage probability for decoding 

message at second user 2UE − is given as:  
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1 2 21
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( )
( ) 2

1 2

1 2 1

x

2

0
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2
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f d


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 
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 
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 
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( )
1 2

1 2

2

2 12

1
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s saa a R  

  
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  
 
  


− − 

 − 

 

(22) 

 

3.2 Outage probability analysis for ordered NOMA 

Downlink 

 

In ordered NOMA, the weaker user is decoded first, who 

has channel gain 

 

   
2 2 2

1 1 1 2 1 2
ˆˆ min , min ,h h h  = = =  (23) 

 

The stronger user is decoded next, with channel gain  

 

   
2 2 2

2 2 1 2 1 2
ˆˆ max , max ,h h h  = = =  (24) 

 

The channel gain for first user 1UE −  

 

 
2 2 2

1 1 1 2
ˆˆ min ,h h h = =  (25) 
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The Received signal for the ordered NOMA, 

 

( )1 1 2 2
ˆ ˆ ˆ

l l s s ly h a z a z w = + +  (26) 

 

3.2.1 For first user 1UE −  

The outage probability for ordered first user 1UE − is:  

 

( )1 1 1
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(27) 

 

The probability density function of 
1 2and  is given as

( )
1

2
1

1 1 2

1

1
f e





 


−

=  and ( )
2

2
2

2 2 2

2

1
f e





 


−

=  respectively. 

The cumulative distribution function for first user 1UE − , 

 

( ) ( ) ( )  ( )
1

ˆ 1 1 1 1 1 1 2
ˆ ˆˆ ˆ ˆ1 1 min ,

C
F P C P C P C C  =  = −  = −  (28) 

 

The above Eq. (28) can be simplified as: 

 

( )  ( )
1

ˆ 1 1 2 1
ˆ ˆ1 min ,

C
F P C C = − 

( ) ( ) ( )1 1 2 2 1 1 2 2
ˆ ˆ ˆ ˆ1 , 1P C C P C P C   = −   = −    

(29) 

 

( ) ( )
1 1

2 2
1 2

ˆ ˆ

1 1 2 1
ˆ ˆP C e and P C e

 

  
− −

 =  =  
(30) 

 

The above Eq. (29) can be simplified using Eq. (30), 
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1 2 22 2
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We can find easily find pdf after differentiating the above 

Eq. (31), 
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C
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 (32) 

 

Here 
2 2 2

3 1 2

1 1 1

  
= + . 

Outage probability will be: 
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2
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3.2.2 For second user 2UE −  

The outage probability for ordered second user 2UE −  is  

 

   
2 2 2

2 2 1 2 1 2
ˆˆ max , max ,h h h  = = =  (34) 
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(35) 

 

Here 
2 2 2

3 1 2

1 1 1

  
= + . 

The outage probability for ordered second user 2UE − is:  
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4. OPTIMUM POWER ALLOCATION  

 

The Sum Capacity of downlink NOMA is given as: 
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(38) 

 

The above sum capacity can be maximizing only if 
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will have maximum value for optimal power 

allocation. 

 

( )2 12 2

2 1
1

2

1
1

11

s

s

s

a

a

a

  

 




−+
= +

+
+

 (39) 

 

The maximum sum-rate occurs for maximum value of 2a , 

However, this has to be in the feasible region,  
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Also, in feasible region, 
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From Eq. (40) and (41), we can easily find the feasible 

region of 
2a , 
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The optimal value of 
2a  can be obtained from Eq (42), 
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5. SIMULATION RESULT 

 

To validate our proposed outage study on the NOMA 

systems using statistical CSI, we include many simulation 

results in this section. We follow the traditional NOMA 

schemes as equivalents, as we extracted in the section 3. The 

number of users is two and channel variables 

1 22.0, 2.5 = = , 10s dB =  are set in our simulations as 

well as the intended transmission rate of 

1 2 1.0 / / ,bits s Hz = = were set respectively. We have 

compared the above simulation with other channel variable 

1 23.0, 3.5 = = . The maximum signal power is given to the 

user farthest from the base station and the lowest power is 

given to the closest user. 

Figure 3 indicates outage probability is less for the user 

having more power, the user having less power is having more 

outage probability at any SNR value in case of unordered 

downlink NOMA. We have compared the simulation result 

with different channel gain. It is noticed that if we are 

increasing the channel gain than also outage probability is 

decreased. Simulation and analytical expression obtained is 

evenly matched for both the users. The probability of an 

outage is higher at a low SNR value and reduces gradually as 

the SNR value increases. 

Figure 4 indicates probability of outage is less for the user 

having more power, the user having less power is having more 

outage probability at low SNR in case of ordered NOMA. But 

at higher SNR user 1 outage probability is more in comparison 

to user 2. We have compared the simulation result with 

different channel gain. It is noticed that for particular user as 

we are increasing the channel gain the outage probability is 

decreased. We Simulation and analytical expression obtained 

is evenly matched. Here, a user with the lowest signal power 

is first decoded as well as the user with the highest signal 

power is later decoded. 

 
 

 
 

Figure 3. Probability of outage vs SNR performance for the 

unordered downlink NOMA having 
1 0.9a =  and 

2 0.1a =

with equal required data rate 
1 2 2 / /bits s Hz = =  

 

 
 

Figure 4. Probability of outage vs SNR performance for the 

ordered downlink NOMA having 
1 0.9a =  and 

2 0.1a =  with 

equal required data rate 
1 2 1 / /bits s Hz = =  

 

 
 

Figure 5. Achievable sum-rate versus SNR performance in 

case of downlink NOMA 

421



 

Figure 5 indicates the achievable sum-rate is higher for the 

random power allocation in comparison to optimum power 

allocation. The optimum power is allocated to the users for 

better performance and reliability. We have also compared the 

simulation result with different channel gain. If we are 

increasing the channel gain than the achievable sum-rate is 

increased. Not only can the numerical evaluations validate the 

theoretical findings, but they also display substantial changes 

in terms of overall downlink NOMA system efficiency.  

 

 

6. CONCLUSIONS 

 

In this paper, we analyze the outage efficiency in the 

Rayleigh fading channel models of NOMA systems with 

statistical CSI. The probability of outage and the achievable 

sum-rate for both the ordered and unordered NOMA downlink 

schemes are derived. The results of the simulation confirm the 

improvements in NOMA schemes and our suggested 

algorithm for optimizing sum throughput. The expression for 

outage probability was derived for each user in Rayleigh 

Fading channel condition. Values derived from theoretical 

terms nearly correspond to the outcomes simulated. The 

probability of outage is less for the user having more power, 

the user having less power has more outage probability at low 

SNR in case of ordered NOMA. The outage probability is less 

for the user having more power, the user having less power has 

more outage probability at any SNR value in case of unordered 

downlink NOMA. The achievable sum-rate is higher for 

random power allocation in comparison to optimum power 

allocation.  
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NOMENCLATURE 

L Number of users 

Rz Superimposed signal at BS 

1 2,a a Fraction of power to two user 

lh Fading channel coefficient 

iw AWGN Noise 

ly Signal at user l  

 Square of fading coefficient 

Achievable sum rate 

̂ Required data rate 

Greek symbols 

s Total transmit SNR 

 SINR 
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