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Abstract—In recent times, Non-Orthogonal Multiple Access 

(NOMA) has received significant attention as an upcoming candidate 
in the world of 5G systems. The main reason for getting NOMA in 5G 
is because of its capacity to provide services to many users who have 
the same time and frequency resources. It is best used as "multiple-
input, multiple-output" (MIMO) technology. In this paper, we are 
going to investigate outage probability as a function of signal-to-noise 
ratio (SNR) and target rate user. These methods will be implemented 
using cooperative communication and fair power allocation, 
respectively. 

 
Keywords—Non-orthogonal Multiple Access, Fair Power 

Allocation, Outage Probability, Target Rate User, Cooperative 
Communication, massive multiple input multiple output, MIMO, 
Successive Interference Cancellation. 

I. INTRODUCTION 

IRELESS mobile communication systems have become a 
crucial part of modern lives. The ideal purpose of this 

study is to learn about wireless communication and networking. 
Wireless communication had come a long way from only 
providing analog phone calls to various internet protocol 
broadband services over several generation of Network services 
[1]. Demand for the Internet of Things (IoT) is a need to connect 
every person and object around the world [2]. Today 
communication has become extremely difficult because so many 
constraints exist. As a result, developers are unable to improve 
upon it through changes and improvements. In recent times 
researchers are working on creating techniques that are suitable 
for newer generation wireless communication. One of the 
technologies is NOMA, one of the most promising techniques in 
today’s world for wireless communication. Recently, NOMA 
schemes have been receiving a lot of attention for the fifth-
generation cellular network. In 5G technology, multiple 
customers are served simultaneously by MIMO technology [3]. 
The more technology of NOMA gets advanced, the better it is in 
the world of wireless communication. Several clients can make 
use of the NOMA technology at the same time using frequency 
and code [4].  

In the world of Internet connectivity 5G is the next big thing 
that would play a crucial role in the change in connectivity, 
present everywhere, is currently helpful in both agendas and 
standardization work [5], [6]. However, 5G can also play an 
essential role in the IoT in the future; it was intended mainly for 
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future cellular networks. According to recent studies [3], [4], 5G 
promises to offer a faster connection speed and better reliability 
than any other prior network. 5G is also more than the fast 
internet. 

As the 5G network has grown in recent years, it has been able 
to carry more data quickly, which will be beneficial in the world 
of the IoT. The technology is reliable due to its capacity to 
supply a quality that is applicable everywhere. It is best in 
comparison with Ethernet-based technologies like Wi-Fi. Also, 
in the later release of 5G, the theoretical latency is less than one 
millisecond as compared to twenty to forty milliseconds in the 
current generation of Wi-Fi. 

In this paper, we have presented a problem and the 
corresponding solution. Mainly, the issue of outage probability 
will be investigated in this research work. The goal is to reduce 
the outage probability using NOMA. Several thesis papers [2], 
[3] have proven that the chances of a power outage could be 
minimized by efficient optimization of parameters, though they 
might not be reduced to zero because of radiating nature of the 
signals. 

II. PREVIOUS WORK 

There have been many studies conducted in the past for 
NOMA. References [7] and [8] show how NOMA has 
advanced. Researchers developed the NOMA system in 
response to the need to communicate new messages to the users. 
In the next section we are going to see in details some of the 
previous work in NOMA technology.  

A. Comparison between NOMA & OMA 

Mobile networks such as 4G, LTE, and 3G have been using 
the OMA (Orthogonal Multiple Access) standards. In these 
multiple access schemes, many users are allocated to 
orthogonal resources in either the frequency or time domain to 
decrease the user interference. However, to minimize the 
interference, spectral efficiency needs to be reduced [9]-[12]. 

For practical reasons this type of access typically assigns the 
best channel gains to all users to maximize the channel rate. 
Lower signal strength does not ensure users’ resource 
allocations to confirm received signal security because 
conventional OMA ignores them a great deal of time [10]. But 
according to [10], [13]-[15]. NOMA can add resource allocation 
between multiple paired users, thus benefiting the user with poor 
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channel conditions.  

B. Non-Orthogonal Multiple Access 

The concept of NOMA was proposed while a distributed 
power control was first introduced. The precoder design of 
MIMO-NOMA helped in multi-cell networks to maximize the 
overall sum throughput which was proposed by [15]. The 
optimal solution is locally optimum. A recently developed 
algorithm resulted in its discovery. NOMA’s advantage in 
spectral efficiency is greater than that of OMA and this can be 
proven by Interleave Division Multiple Access (IDMA), a 
scheme proposed by [16].  

C. MIMO – NOMA 

MIMO technologies have the capability of increasing the 
capacity as well as improving the error probability of wireless 
communication system. Numerous studies (e.g. [15], [16]) have 
examined the performance of NOMA over OMA networks. 
There have been few studies done on the effectiveness of 
MIMO-NOMA [16]. 

III. SYSTEM MODEL 

The application of NOMA to cooperative relaying scenarios 
is getting popular day by day. Now a class of dual-hop relay 
systems is becoming popular in which there are no direct link 
relays that use either decode and forward (DF) or amplify and 
forward (AF) protocols. A downlink communication system 
would become a cooperative relay network when the cell center 
user can act as a relay node for cell edge user using Successive 
Interference Cancellation (SIC). NOMA’s superiority over 
OMA in achieving a sum rate is highly dependent on systems 
asymmetry. NOMA has enhanced its performance while 
keeping its balance with near and far effect. But implementing 
and managing large networks remains a challenge. Yet this 
presents an opportunity to do so. 

As discussed earlier, our research paper consists of 2 parts. 
At first, we will use Cooperative Communication with NOMA 
to achieve a graph between SNR & Outage Probability. 

The NOMA uses SIC, i.e., the message received from one 
user is decoded by the opposite receiver, from the superimposed 
signal. So, it can be said that while performing SIC, this step is 
mandatory. The message of far user must be decoded by near 
user anyhow. 

Once the new user has received the data, it can assist the far 
end user by relaying it. Since the far user has a poor channel 
with the transmitting base station (BS), the data provided by the 
near user will provide the far user with variety. Now, the far 
user will receive a double copy of the same message from the 
BS and the near end user, acting as a relay. Because of this, the 
probability of the distant user experiencing an outage should 
decrease. The data encoded by the remote user go to the near 
user, showing that NOMA is a concept like cooperative 
communication.  

Now that we know what cooperative communication is and 
some of its advantages, we will design a cooperative NOMA 
network. Here, in this work, the downlink transmission is 
considered as the communication link between BS and NOMA 

user. The two users are a near user which has a strong channel 
condition and a far user which has a weak channel condition. 
The transmission will take place in two time slots. The first time 
slot is known as direct transmission slot and the second one is 
known as relaying slot. 

A. Direct Transmission Slot 

During a Direct Transmission Slot, the BS uses NOMA to 
transmit the data to the near user (xn) and the far user (xf). The 
near user can decode the far user’s data through SIC and then 
decode its data. The task of the far user is to perform decoding. 
Equations (1) and (2) are the theoretical data rates for the near 
side and the far side of the direct transmission slot, according to 
[15]. 

 

 𝑅௡ ൌ  
ଵ

ଶ
𝑙𝑜𝑔ଶ ሺ1 ൅ 𝛼௡𝜌|ℎ௡|ଶ               (1) 

 

   𝑅௙,ଵ ൌ  ଵ

ଶ
𝑙𝑜𝑔ଶ

 ሺଵାఈ೙ఘ|௛೙|మ

ఈ೙ఘ|௛೑|మାଵ 
  (2)     

 

We have the factor 
ଵ

ଶ
 in front of the achievable rates in (1) 

and (2) because there are two time slots of equal duration Rn 

and Rf are the achievable rate during first time slot only. 
In (1) and (2) αn is the power allocation coefficient for far 

user, while αf is the power allocation coefficient for the near 
user. On the other hand, hn is the channel between BS and near 
user while hf is the channel with BS and far user. The Transmit 

SNR ′𝜌ᇱ ൌ  
௉

ఙమ where P is the transmit power and 𝜎ଶ is the noise 

variance. Also, αf > αn and also αn + αf = 1. 

B. Relaying Slot 

The next half of the time slot is the relaying slot. As seen 
earlier, the far user’s data are with the near user because the near 
user decoded the far user’s data in the previous time slot. In this 
case the nearer user must relay the information to the further 
user by bypassing the time slot. At the end of the relaying time 
slot, the achievable rate of far user according to [15] is: 

  

𝑅௙,ଶ ൌ  ଵ

ଶ
𝑙𝑜𝑔ଶሺ1 ൅ |𝜌ℎ௡௙|ଶሻ                              (3) 

 
In (3), it can be seen that, hnf is the channel between near user 

as well as the far user. Also, it can be seen that Rf,2 >RF,1 because 
there are no interference and fractional power allocation from 
other transmission. The full transmit power is given to the far 
user. 

C. Diversity Combining 

By the end of the two timeslots, the far user has received two 
copies of the same information from two different channels. As 
a result, the far user can use various combining techniques, like 
selection. The achievable rate of a far user after selecting the 
technique according to [15] is: 

 

𝑅௙ ൌ  
ଵ

ଶ
𝑙𝑜𝑔ଶሺ1 ൅ 

ఈ೑ఘ|௛೑|మ

ఈ೙ఘ|௛೑|మା ଵ
 )   (4) 

 
On the other hand, if cooperative relaying is not used,  
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𝑅௙ ൌ  𝑙𝑜𝑔ଶሺ1 ൅ 
|௛೑|మఘఈ೑

|௛೑|మఘఈ೙ା ఙమ )  (5) 

 
In (5), the factor 𝛼௙ for the transmission in non- cooperative 

network and the entire time slot will be properly utilized. Instead 
of NOMA, for example if we used Time Division Multiple 
Access (TDMA), half of the time slot for transmission of far user 
data will be allocated. 

D. Numerical Results 

 

Fig. 1 SNR vs Outage Probability 
 

From Fig. 1 at 20 dB, we can see that the outage probability 
is high for all the 3 cases.  We aim to reduce the value of Outage 
Probability as much as possible. 

 

 

Fig. 2 SNR vs Outage Probability (Result) 
 
In Fig. 2, the updated result can be seen, that is the value of 

outage probability is reduced in comparison to Fig. 1 at 20 dB. 
We need to investigate how to allocate power more 

efficiently in NOMA, which is the second part of our research. 
Additionally, we are going to plot the Outage Probability vs. 
Users Target Rate graph. 

One of the main characteristics of fair Power Allocation (PA) 
is that it will provide preference to the far user. The PA 
coefficients can be derived in such a way to ensure that the 
target rate is achieved. The remaining power is assigned to the 

near user only once the far user has met the target rate. So, in 
this paper, we are going to derive the PA to fulfill this condition. 

From [16] we get capacity equation of NOMA 
 

 𝑅௙ ൌ  𝑙𝑜𝑔ଶሺ1 ൅ 
|௛೑|మఘఈ೑

|௛೑|మఘఈ೙ା ఙమ)  (6) 

 

 𝑅௡ ൌ  𝑙𝑜𝑔ଶሺ1 ൅  
|௛೙|మఘఈ೙

ఙమ )   (7) 

 
Here αn is the PA coefficient of far user and αf is the PA 
coefficient of near user. hn is the Rayleigh fading coefficient 
for near user while hf is the Rayleigh fading coefficient of far 
user. “P” is the total transmitted power. The value of αn +αf = 
1, where the value of αf > αn. 

Now we are going to derive the PA coefficients αn and αf in 
a way such that Rf ≥ R*. Let us consider Rf = R*, from [16] we 
get 
 

𝑙𝑜𝑔ଶ ሺ1 ൅ 
|௛೑|మఘఈ೑

|௛೑|మఘఈ೙ା ఙమሻ ൌ  𝑅∗                      (8) 

 
By doing simplification, from (8) we get, 
 

1 ൅ 
|௛೑|మఘఈ೑

|௛೑|మఘఈ೙ା ఙమ ൌ  2𝑅∗                               (9)  

 
|௛೑|మఘఈ೑

|௛೑|మఘఈ೙ା ఙమ   =2𝑅∗   -1  (10) 

 
Let us consider that 2R*-1 is the target Signal to Noise ratio 

(SNR) for the far user who has a target rate of R*. From [16] 
we get, 

 
|௛೑|మఘఈ೑

|௛೑|మఘఈ೙ା ఙమ= 𝜀                  (11)  

 

หℎ௙|ଶ𝜌𝛼௙ ൌ  𝜀หℎ௙|ଶ𝜌𝛼௡ ൅ 𝜀𝜎 ଶ                (12) 
 

Since, we saw earlier αn + αf = 1, αn = 1-αf; therefore, 
substituting the value of αn in (12) we get, 

 

 หℎ௙|ଶ𝜌𝛼௙ ൌ  𝜀หℎ௙|ଶ𝜌ሺ1 െ 𝛼௙ሻ ൅  𝜀𝜎ଶ               (13) 
 

 หℎ௙|ଶ𝜌𝛼௙ ൌ  𝜀หℎ௙|ଶ𝜌 െ 𝜀|ℎ௙|ଶ ൅  𝜀𝜎ଶ                (14) 
 

Bringing all the αf values to LHS from (14) we get, 
 

|ℎ௙|ଶ𝜌𝛼௙ ൅  𝜀 หℎ௙|ଶ 𝜌𝛼௙ ൌ  𝜀หℎ௙|ଶ𝜌 ൅  𝜀𝜎ଶ                 (15) 
 

𝛼௙|ℎ௙|ଶ𝜌 ሺ1 ൅ 𝜀ሻ ൌ  𝜀ሺ|ℎ௙|ଶ𝜌 ൅  𝜎ଶሻ                 (16) 
 

𝛼௙ ൌ  
ఌሺ|௛೑|మఘା ఙమሻ

|௛೑|మఘ ሺଵାఌሻ
                  (17) 

 
We do not want the value of αf to exceed 1. So, in (17), we 

are going to set a limit  
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𝛼௙ ൌ minሺ1,
ఌሺ|௛೑|మఘା ఙమሻ

|௛೑|మఘ ሺଵାఌሻ
                  (18) 

 
Using (18) if we compute αf, αn can be easily computed as: 
 

𝛼௡ ൌ 1 െ 𝛼௙                                  (19) 
 
The PA coefficients for our dynamic PA has been derived. 

Now, let’s plot a graph to see how the fair PA performs by 
comparing the fixed and fair PA. 

 

 

Fig. 3 Target Rate User vs Outage Probability for Fixed PA and Fair 
PA 

 
Figs. 1-4 show that fixed PA shows poor performance the 

outage probability value jumps to “1” at all times just before the 
R* value reaches 1.5 bps/Hz. When using the fixed power 
supply, the receiver must have an R* value of more than 1.5 
bps/Hz; otherwise, the value is always in the outage. Because 
neither fully utilizes the fixed CSIs nor does it comprehend the 
target rate requirements, the fixed PA's performance is not 
satisfactory. 

In (18), we saw that the far user has a weak channel with the 
BS. So, when the limiting operation was done on (1) that is 
when the value of αf is greater than 1, we limited the value of 

αf equal to 1. For example, if we get the value of 
ఌሺ|௛೑|మఘା ఙమሻ

|௛೑|మఘ ሺଵାఌሻ
ൌ

50, we set the value of αf= min (1,50) = 1. Now, we will 

consider  
ఌሺ|௛೑|మఘା ఙమሻ

|௛೑|మఘ ሺଵାఌሻ
ൌ 50. This means if the value of αf is set 

to 50, the far user’s target rate R* will be met. So, it can be said 
that by limiting αf to 1 is of no use. It is because any value of 
αf < 50 will result in outage of far user. Also, it can be said that 

when 
ఌሺ|௛೑|మఘା ఙమሻ

|௛೑|మఘ ሺଵାఌሻ
൐ 1 even if the entire power is allocated to 

far user, he will still be in outage. So, in order to solve this 
problem lets add a simple change to our problem. 

When the value of 
ఌሺ|௛೑|మఘା ఙమሻ

|௛೑|మఘ ሺଵାఌሻ
 exceeds 1, in place of limiting 

αf = 1, let’s set the value of αf = 0. As a result, αn will be 
automatically set to 1. So, the far user’s outage will not be 

affected by  𝛼௙  = 0.   Because we saw earlier that when we 
allocated the entire power to far user still, we could not bring 
him out of outage. Also, near user was also in outage since its 
PA value was 0. So, there is no use of wasting all the powers on 
far user. 

 

 

Fig. 4 Target Rate User vs Outage Probability for Fair PA 

IV. CONCLUSION 

This paper presents the NOMA-related work for 5G 
communication. We have discussed the effect of outage 
probability as a function of power allocation, target rate, and 
SNR. Fixed PA does not take into account users' current 
channel conditions. The values of αf and αn are not affected by 
channel conditions. This is where our fair PA is effective. When 
the channel changes, the values of αf and αn are adjusted 
accordingly. That is why fair PA can achieve a lower outage 
probability than fixed PA. NOMA has lots of improvement 
potential in the future as technology advances. The better the 
technology, the better the result. With the advent of 5G and 
NOMA, wireless communications will be much improved.  

REFERENCES 
[1] Shenhong Li " Outage Probability Analysis and Robust Power Allocation 

for Downlink Non-orthogonal Multiple access (NOMA), Signal 
Processing and Networks Research Group, Sep.2020. 

[2] G. Wunder, P. Jung, M. Kasparick et al., “5GNOW: nonorthogonal, 
asynchronous waveforms for future mobile applications,” IEEE 
Communications Magazine, vol. 52, no. 2, pp. 97–105, 2014. 

[3] V. W. Wong, R. Schober, D. W. K. Ng, and L.-C. Wang, Key 
Technologies for 5G Wireless Systems. Cambridge University Press, 
2017. 

[4] Aritra De; Tirthankar Datta “Improvement of Performance of MIMO 
System Using Different Protocols” Fifteenth International Conference on 
Wireless and Optical Communications Networks (WOCN), Kolkata2018, 
pp.206-212. 

[5] Jingci Luo, Jie Tang, Daniel K. C. So, Gaojie Chen, Kanapathippillai 
Cumanan, Jonathon A. Chambers, "A Deep Learning-Based Approach to 
Power Minimization in Multi-Carrier NOMA With SWIPT", Access 
IEEE, vol. 7, pp. 17450-17460, 2019. 

[6] Y. Li, Y. Li, Y. Chen, Y. Ye, and H. Zhang, “Performance analysis of 
cooperative Noma with a shared AF relay,” IET Communications, vol. 
12, no. 19, pp. 2438–2447, 2018. 

[7] Aritra De; Tirthankar Datta “The Tragedy of commons MIMO 

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering

 Vol:16, No:12, 2022 

590International Scholarly and Scientific Research & Innovation 16(12) 2022 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
In

fo
rm

at
io

n 
E

ng
in

ee
ri

ng
 V

ol
:1

6,
 N

o:
12

, 2
02

2 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

12
84

0/
pd

f



homogeneous network and SIC technology” International Journal of 
Scientific & Technology Research (Scopus), ISSN 2277-8616(Online), 
November 2019 Edition (Volume8, Issue 11)., in press. 

[8] Z. Wei, J. Guo, D. W. K. Ng, and J. Yuan. Fairness Comparison of Uplink 
NOMA and OMA. In IEEE 85th Vehicular Technology Conference 
(VTCSpring), 2017. 

[9] D. W. K. Ng and R. Schober, “Cross-layer scheduling for OFDMA 
amplify-and-forward relay networks,” IEEE Trans. Veh. Technol., vol. 
59, no. 3, pp. 1443–1458, Mar. 2010 

[10] D. W. K. Ng, E. S. Lo, and R. Schober, “Energy-efficient resource 
allocation in OFDMA systems with large numbers of base station 
antennas,” IEEE Trans. 

[11] International Telecommunication Union (ITU), “ICT Facts and Figures 
2017.” 

[12] A. Osseiran, J. F. Monserrat, and P. Marsch, 5G mobile and wireless 
communications technology. Cambridge University Press, 2016. 

[13] Sfar AR, Zied C, Challal Y. A systematic and cognitive vision for IoT 
security: a case study of military live simulation and security challenges. 
In: Proc. 2017 international conference on smart, monitored and 
controlled cities (SM2C), Sfax, Tunisia, 17–19 Feb. 2017. 
https://doi.org/10.1109/sm2c.2017.8071828. 

[14] Gatsis K, Pappas GJ. Wireless control for the IoT: power spectrum and 
security challenges. In: Proc. 2017 IEEE/ACM second international 
conference on internet-of-things design and implementation (IoTDI), 
Pittsburg, PA, USA, 18–21 April 2017. INSPEC Accession Number: 
16964293. 

[15] Minoli D, Sohraby K, Kouns J. IoT security (IoTSec) considerations, 
requirements, and architectures. In: Proc. 14th IEEE annual consumer 
communications & networking conference (CCNC), Las Vegas, NV, 
USA, 8–11 January 2017. https://doi.org/10.1109/ccnc.2017.7983271. 

[16] Z. Ding, F. Adachi, and H. V. Poor, “The Application of MIMO to Non-
Orthogonal Multiple Access,” IEEE Transactions on Wireless 
Communications, vol. 15, no. 1, pp. 537–552, 2016. 

 
 

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering

 Vol:16, No:12, 2022 

591International Scholarly and Scientific Research & Innovation 16(12) 2022 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
In

fo
rm

at
io

n 
E

ng
in

ee
ri

ng
 V

ol
:1

6,
 N

o:
12

, 2
02

2 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

12
84

0/
pd

f


