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Abstract

In the present scenario, with a rapidly growing demand for wireless data, it is time to
improve the data rate for a wireless network. "NOMA-ARQ Network" known as "Non-
Orthogonal Multiple Access—Automatic Repeat reQuest Network™, is one of the solutions
for achieving very low ultra-reliable low latency in network performance. The existing
OMA systems require fixed time/frequency synchronization, which is very difficult to meet
in practice. In this paper, we propose a comparison between OMA and NOMA. The overall
system throughput is evaluated as a function of the number of information bits, channels
used, and power. The throughput and outage probability are evaluated as a function of the
number of information bits and various block lengths. The performance of the system is
analysed in terms of reliability and throughput with the help of the type-1 ARQ protocol.
While increasing the number of retransmissions, the reliability of the system gets boosted,
thereby reducing the outage probability of reception of an error. Throughout the entire sys-
tem, the performance of NOMA is found to be better than the OMA.

Keywords NOMA - OMA - Type-1 ARQ - Rician fading channel - Nakagami fading
channel

1 Introduction

Non-Orthogonal Multiple Access (NOMA) is explored extensively in the literature because
of its high spectral efficiency. The uplink communication of NOMA is depicted in Fig. 1.
The chief objective of NOMA is that, the users who lie farther from the base-station need
more power when compared to the users nearby [1, 2]. Hence, there is a possibility to pair
several users on the basis of their channel settings, and allocate them the same time and
frequency resources, but differing powers.

In the case of switched network systems, packets are considered as the unit of data. The
system, in turn, must guarantee that, each packet of data is accurately received for ena-
bling the application which uses the packets for proper functionality. Hence, every packet
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is safeguarded by 2 defending lines, they are, automatic repeat request (ARQ) and forward
error correction coding (FEC). In the receiver end, the channel decoder tries to correct the
errors present in the packets received. If the decoding process fails, ARQ is invoked, dur-
ing which the transmitting unit is requested resend the packets which have errors [3-5].

This research work proposes the combination of NOMA and ARQ, to combine the mer-
its of the two and enhance the throughput of the network (Fig. 2).

For a greater improvement of uplink communication, we have chosen both cases NOMA
and OMA. Practically we observed improvement of channel capacity, throughput, and out-
age probability.

To improve the throughput of a wireless system as well as reduce the interference
among the multiple transmissions, successive interference cancellation helps with the suc-
cessful decoding of these packets, but it could not achieve the required throughput in [6].

In an orthogonal multiple access technology in [7], author khan discussed OMA plays
a vital role in 3G/4G beyond systems. But it is more challenging in the uplink commu-
nication systems than downlink communication systems because many to one nature of
uplink transmissions and users limit the transmitted power in an uplink transmission. Solu-
tions for this problem need to provide higher spectral efficiency then it becomes more cost
expensive.

In OMA interference cancellation is occurred by the perfect orthogonality, it becomes
complicated for a greater number of users and also OMA decoding the users based on their
signal strength. Hence the capacitance for a far user is declined and outage probability for a
far user is increasing [8, 9].

NOMA plays a vital role in 5G communication, like machine-to-machine communica-
tion, physical layer security, internet of things, ultra-reliable low latency (URLL), vehicle
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communication, and higher quality reliable communication, above all are suggested by the
author in [10, 11].

According to the author [12], in NOMA power is allocated to users in inverse order,
such that maximum power is allocated to the weaker signal strength user and minimum
power is allocated to the stronger signal strength user. The rest of the resources are com-
mon for all users, such as time, frequency, and spectrum. In NOMA, superimposed users
are decoded by the successful interference cancellation technique, such as decoding the
weaker signal first, then decoding the rest of the users.

We proposed improving outage probability and throughput [13, 14], and these authors
successively lowered outage probability and enhanced throughput. Again, we are focus-
ing on decreasing outages and boosting throughput across many approaches. As well as
increasing channel capacity.

The rest of the research paper is organized as follows: In Sect. 2, we discussed the sys-
tem model for NOMA and OMA on Nakagami and Rician fading channels. Section 3 dis-
cussed the improvement of capacity. In Sect. 4, we discussed how NOMA and OMA with
ARQ methods may increase throughput and outage probability. Coming to Sect. 5, here we
define the outage expression and achievable rate. Define numerical results and compari-
son between NOMA and OMA schemes in terms of reliability, throughput, and latency. In
Sect. 5 Finally, the conclusion was explored.

2 Proposed Model

We consider uplink communications with a limited number of users, which are usl and
us2. Usl is near the base station and us2 is located farther from the base station. These
two users are superimposed by the superposition principle [15]. From this, us1 has greater
signal strength, and us2 has weaker signal strength. According to the author, [16] power is
allocated to the users in an inverse order [17].

According to the author in [18], in the case of OMA, the base station knows a part of
the available resources which are allocated to each user, then users are separated by orthog-
onality. In the case of NOMA, composite signals are separated (decoded) by the SIC. In
NOMA, the base station knows the channel state information of each user. Then, the base
station decodes the weakest user signal (us2), hence this decoded signal is separated by the
composite signals. In this way, NOMA decodes both users successfully without interfer-
ence, and the latency of the system is reduced. The information suggested by the author
in [18, 19] NOMA performance is better than the OMA in terms of outage probability
and throughput. As per the author, the channel capacity of SIC is better than the OMA
(Table 1).

Here, we extend our results by analysing the network throughput for each user when
applying the typel ARQ protocol. According to [20-22], typel ARQ performance is better
than hybrid automatic repeat request (HARQ) and chase combined hybrid automatic repeat
request (CCHARQ), i.e., lower latency and complexity. In the type-1 ARQ protocol, each
user is allowed to retransmit its packet if it receives the NACK feedback from the base sta-
tion. Which means that packets will not be decoded perfectly. Every user processes an N
trail for the transmission of a single packet. It offers high reliability in terms of lower out-
age probability, especially for the NOMA schemes.
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Table 1 List of key notations

Sull Signal transmission coefficient from user1
(Us1) to Base stationl (AP1)

Su2l Signal transmission coefficient from user2
(Us2) to Base stationl (AP1)

Apl Antenna point 1(Base station)

SIC Successive interference cancellation

B The bandwidth of the signal

Nul Nakagami noise for uerl signals

Nu2 Nakagami noise for user2 signals

Ctdma Capacity for CDMA

Cuni The capacity between user] to Base station 1

Cooi The capacity between user2 to Base station 1

L
X = ijlhujxuj (1)

2.1 System Model for NOMA and OMA in Nakagami Channel

Here we study NOMA and OMA for the AWGN channel. Based on the priority, assume
the Beata portion of the signal is assigned to the primary user and the rest of the signal
is assigned to the second user. In the NOMA case, users can utilize all resources when-
ever needed. Again, assume that user transmission is uncoordinated. It implies that there
will be interference between them. It’s a guarantee that the channel will remain constant
for the entire duration of the packet, while our analysis accounts for the short block
length effect.

In the general case, y belongs to ¢” consist of n decoded packets, which were trans-
mitted during the coherence interval, then the system model is.

L
Y = ijlhujxuj + W, )

Here h,; is the fading channel effect, for user L, which is used for quasi-static relay
fading distributing signals and independent identical packets. x,; is the transmitted vec-
tor of user L, w,; is the additive white gaussian noise vector of user L. Here gaussian
channel declared has zero mean circular symmetric gaussian channels and unity vari-
ance signals. The OMA scenario implies which part of the received signal is allocated
to each user. While in the NOMA scenario which only knows decoding order for SIC
[23].

Assume the number of information bits in each transmitted packet is k, thus all the
users have the same load. These users are mapped to n number of links for the reduction
of transmission delay. For simplicity consider two users with the SIC at the base station,
userl is decoded first and user? is treated as interference. Afterwards, userl is removed.
The superimposed signal, then user2 can be decoded. Thus, userl has no interference
[24].
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In this system, we characterize the individual rates and outage probability for both
the users in the NOMA and OMA scenarios. We are proceeding with the Nakagami
channel and the Rician fading channel [25].

2.1.1 Nakagami

In the Nakagami channel system model, assume channels have unity gains.
Y= xulhul + quhu2 +w (3)

According to the author in [9], the maximum achievable rate *R is.

m:c—\/gQ—l(pe) )

where the capacity of the network is C, k is the characteristics of the channel dispersion
and Q is the cumulative Gaussian distribution.
Gaussian function Q(t) is

o) + / \/l_efz/zds 5)

t \2x;

Then the channel capacity is C=Ilog,(1 +p), k¥ (P) is channel dispersion.

1 2
k(p) = (1 - >log e 6
(1 + p)z 2 ( )
The probability of error is
g\
= 1+ =2 ) ¢
b ( sin> @ )

From Shannon Heartly law,
C=Blog2(1+r) 8)
The number of transmission bits is k then the throughput of the system is

S S
(ka-po)" ®

The order of the system vanished as n changes hence neglected those order terms. Com-
pute the individual user rates for the OMA scenario. In OMA’s successful decoding rate
are.

n=

R. =Cl) - @Q‘I(Pe) (10)

pn
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K(p)

ER142(p) =1- (1= pn

)

From these f refers to the amount of resource that we allocated to the initial user.
The performance of the system is evaluated based on the outage probability transmis-
sion, the system outage probabilities are p,, and p,, [14].

B CP,)—k

P =Q —— (12)
nﬂK(Pul)
Clpp)—k

P =0 L (13)

n(l = Px(p,2)

For the NOMA case, it assumed that,

Pu2

Pui=p, and p, = T+pP.
ul

(14)

An outage probability and rates are defined by adjusting the value of B, for the first
user f,;=1 and second user f,,=0. Now shows those equations are.

C(p) + 0.5log"
Pe = Q<w> (15)

Vnk(p)

The applied modification technique is to a quasi-static Rician fading channel.

2.1.2 Quasi-Static Rician Fading Channel

Channel coefficient h is constant for quasi-static Rician fading channel, then the expo-
nential distributed probability density function is in [26, 27].

Y= xulhul + quhMZ +w (16)

The maximum channel rate in the quasi-static Rician fading channel is

l n
§R=10g2(1+pu1)—\/%Q_1(£)+O< Of > 17

I . . . .
where 0<ﬂ) is the remainder term is the number of channels use n increases, the order
n

becomes close to zero Then the capacity of the network is?
C = logy(1 +p) (18)

The outage capacitance is defined in terms of channel capacitance
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C, = super imposed(R 2 log,(1+ p)) <R <p, (19)

The squared envelope of the coefficient is Z=¢7%.
Rate R =k/n, here several information bits are k, no of the channel used for transmis-
sion is n. Then the outage probability of quasi-static Rician fading channel is in [27]

1 (ﬂp/\/z)2 (2— \/E)kp/Z

pe=5|1- S exp— ; (20)
(p+1) — (ﬁp/\ﬁ) (p+17 - (ﬁp/\/i)
From an OMA scenario in [4].
The error probability approximation in [5, 7] OMA scenario is written as Q(f(z)),
1 lf Z S Gui
by 1m -
W) = Qi) = § 05— 7=b" if o; <z <oy, @1
1 lf Z Z eui
7! =
where 6,=—, Qu,="—"
Pu Pu2
b, =

By consider the NOMA scenario from the above equation we solve, we set § values 0
and 1 respectively.
In [5] integration of outage probability is P,

eaverage®

(5]

P oiverage = / P(p)P, ((p))dp (22)
0

To find the expression for the outage probability, P;, each user is assumed to have the
same probability.

For (i=1,2),

b . —9u‘<e#3i—e#§l>
Pi=1-—"—e¢ (23)

Vr

Appling NOMA with SIC to make the channel interference-free. In this technique, u2
decodes first, hence interference is much larger than noise, thus approximation is given by
the author.

2
|hu2| Pu2

pMZ(Z) = 2
|hul | Pui

24

Then the NOMA user2 outage probability is given by [14]
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_ 1
P = —1
2 \/"ll’in Ba=8,a+20% 8,002
2(pua+Pur 812)?
_ 1
Py = -1
Zﬁpuﬂ 10g((p,1812+6,1)/ D1 811 +0,2)
Pu (25)
_ 1
Pz = —1
PutPu2 (8,1 +6,2)2 \/1‘9142@2 Zr 20
2P +Pu1 812)*
_ 1
P2 =

(p1+py+p3)—1

2.2 Applying ARQ Technique for Enhancement of Throughput

In a modern wireless system, requiring high data rates and reliability, it is possible through
incremental redundancy (IR), redundancy (RR), ARQ, and HARQ. ARQ provides better per-
formance than HARQ and IR. Ultra-reliable low latency communication (URLLC) plays a
significant role in wireless communication. But it is a risky task for multiple transmissions.
The outage probability for both users is relatively high.

The author explained that in retransmitting the information based on the feedback acknowl-
edgement if a positive acknowledgement is received, no error is detected during the execution.
Hence, it sends new information otherwise requested to retransmit the same information until
successful decoding of the information. The outage probability for N transmission is p, .

v =[] Pen (26)
m=1

In the above equation, €, is represents the outage probability for the m™ transmission,
the outage probability for the first transmission is unity i.e., €, = L
In this system, outage probability is increasing due to the presence of feedback. Hence,
the throughput of the system is declining. According to the author, the overall system
throughput after applying ARQ is
1

nui = —(5(1 _pei))—l (27)

According to the author, [15] is defined that, for each transmission spectral efficiency is
reduced, the result for the m"” transmission of ARQ round is R=% then the overall through-
put with feedback delay is

m—1

rqumlﬂthZml 28)

Here, D is the feedback delay for channel use and the outage probability is equal for all
the transmissions, but the packet dropping probability is independent for each transmission.

@ Springer



NOMA-ARQ Scheme: A Gateway for Efficient Performance of the... 9

According to the author [15], for successful transmission without error and boosting
system reliability, the order of the system has been chosen so that the power required for
the number of information bits transformation is K=k (1 —p,,). You may know that the
throughput is the ratio between the number of information bits transformed to channel uses.

_ 1 _ k(l _pen)
&)™ mn Zﬁ] Pei—t + D(m — 1) Z,ni_ll Pei-1

My (29)

k(l —PZ)
Iy = (30)
(1+ M = p,;)(Nn) + D(N — 1)

3 Capacity Improvement

Capacity improvement is a major tool for feature generation communications. There are
various ways to improve capacity.

3.1 Network Capacity for TDMA

In TDMA, user] and user2 transmit alternatively. Assume each user transmits an unequal
distance. The author analyses the mathematical capacity of [8, 28].

S
Coima = B/ 21085 (1 + 5,11/ 1) +B/210g2<n“12> 31)
u2

Here n,,,, n,, are noise power levels at apl, B is the channel bandwidth.

ul>

3.2 Network Capacity for NOMA

In NOMA, AP1 perform successive interference cancellation, for successful decoding of
userl and user2.
At AP1 the sum capacity for the user] is

Su
Cu1 = Blng(l + Sull/nu]) + Blog2< . 12) (32)
u2

Capacity an AP1 due to the user?2 is

_ Su12
Cu12 = Blog, s (33)
u2 ull

Then the successive interference cancellation at AP1is Cy;,
The above analysis convey that the capacity of TDMA is overcome by the Ci;,.

Cvic > Ctdma (34)
the capacity relation between NOMA and OMA is explained by the author in [17]
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Coma =1log, (PVﬁul * ﬁ.ﬂ)

Cnowma = 10g, (P * ﬁul) (35)
1 B
Crnoma & oma = 5 log, (ﬁL >
u2

The improved capacity of NOMA over TDMA depends on the RSS of the link. For
example, if we pick up sull=10db, sul2=6db, nul =nu2=>5db, B=0-100 dB, then we
achieved =10 dB, and =10 dB. Those results increased linearly with the bandwidth.

4 Practical Observations

The experimental results show that NOMA performs better than OMA in both cases,
including with ARQ and without ARQ, and the results are compared with [14, 15]. It even
proved that the call dropping probability (outage probability) of NOMA is the minimum
when compared with OMA. In this scenario, we have considered a limited number of
resources for simplicity.

The outage probability of NOMA is minimum compared with OMA. The outage prob-
ability is reduced when applying ARQ as shown in Fig. 4

Figure 3. 2X2 network with two clients and two APs. The capacitance of TDMA and
NOMA increases almost linearly with the bandwidth. Here, AP1 receives the signals from
both clients, userl and user2.

In the Nakagami channel, we consider a limited number of resources that are block
length N=5000, several users k=50 to 100, and power supply p=10 dB. We observed an
outage probability for both NOMA and OMA scenarios, and also an individual difference
was observed, including with ARQ and excluding with ARQ. From the result, it is clear
that the outage probability of OMA is more than NOMA. It also proves that the outage
probability of NOMA and OMA has been reduced by applying an ARQ technique. It is
depicted in Fig. 4.

The throughput graph for the Nakagami channel is observed in Fig. 5, which is the
result of NOMA versus OMA without ARQ. The resources used for practical observa-
tion are blocked length N=1, the number of users k=1 to 4, and power supply pl =10db,

1012 onpacitanoy of NOMA and TOMA

1012

10z

10
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Fig.3 Capacity versus Bandwidth of NOMA and TDMA
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Fig.6 NOMA versus OMA with ARQ the throughput of the system increasing approximately linear

p2=3db. The throughput of NOMA has almost increased, but, in OMA, it is declining rap-
idly. Overall performance shows that the throughput of NOMA is better than OMA.

For the Nakagami channel, we examined the throughput of individual multiple access
techniques. For this purpose, we chose the number of users k=2 to 10, block length N=2,
power per each user is 20db, the secondary user is 10db, and the number of retransmissions
n=2. In Fig. 6, we plot the throughput for NOMA and OMA with ARQ as a function of
the number of users. It is observed that NOMA versus OMA with ARQ provides better
throughput than without ARQ.

5 Conclusion

In this paper, we have done a capacity comparison between NOMA and OMA. The capac-
ity of NOMA overcomes OMA. Again, compare NOMA and OMA in various aspects,
such as throughput, outage probability, and power with respect to the number of finite
blocks length in both relays fading channel and AWGN channel. We have observed a result
that shows NOMA allows transmission rates with higher throughput than OMA and thus
NOMA overcomes OMA. When Appling NOMA with ARQ does not provide a satisfac-
tory level of throughput for a higher number of transmission levels, but the reliability of
the system has been enhanced in terms of throughput optimization. Even though NOMA
has provided better performance than OMA in terms of outage probability, throughput
optimization, and power domain. Through practical observation, outage probability is ris-
ing when an increasing number of information bits while the throughput of the system is
reduced. Solutions for this problem cooperative NOMA-ARQ may provide better results
for this problem. Machine learning with NOMA provides multiple user transmissions.

Author Contributions MR—Literature review, Experimental work, Conceptualization, Methodology, Draft-
ing the manuscript. YB—Reviewing, and Manuscript editing.

Funding Not applicable.

Availability of Data and Materials Not applicable.

Code Availability Code Availability on reasonable request.

@ Springer



NOMA-ARQ Scheme: A Gateway for Efficient Performance of the... 13

Declarations

Conflicts of interest Author Declare we have no conflicts of interest to disclose.

References

10.

11.

13.

14.

15.

16.

17.

Assaf, T., Al-Dweik, A. J., El Moursi, M. S., Zeineldin, H., & Al-Jarrah, M. (2020). Exact bit error-
rate analysis of two-user NOMA using QAM with arbitrary modulation orders. IEEE Communication
Letter, 24(12), 2705-2709.

Assaf, T., Al-Dweik, A., El Moursi, M., & Zeineldin, H. (2019). Exact BER performance analysis
for downlink NOMA systems over Nakagami-$m$ fading channels. IEEE Access, 7, 134539-134555.
https://doi.org/10.1109/ACCESS.2019.2942113

Mukhtar, H., Al-Dweik, A., Al-Mualla, M., & Shami, A. (2013). Adaptive hybrid ARQ system using
turbo product codes with hard/soft decoding. IEEE Communication Letter, 17(11), 2132-2135. https://
doi.org/10.1109/LCOMM.2013.092813.131480

Mukhtar, H., Al-Dweik, A., & Al-Mualla, M. (2014). CRC-free hybrid ARQ system using turbo prod-
uct codes. IEEE Transactions Communication, 62(12), 4220-4229. https://doi.org/10.1109/TCOMM.
2014.2366753

Mukhtar, H., Al-Dweik, A., Al-Mualla, M., & Shami, A. (2015). Low complexity power optimization
algorithm for multimedia transmission over wireless networks. IEEE Journal of Selected Topics Signal
Processing, 9(1), 113-124. https://doi.org/10.1109/JSTSP.2014.2331915

Naveen, S. S., Choudhury, S. R. R., & Nelakuditi, S. (2010). Successive interference cancellation: A
back-of-the-envelope perspective. IEEE Monterey.

Ding, Z., Lei, X., Karagiannidis, G. K., Schober, R., Yuan, J., & Bhargava, V. K. (2017). A survey on
non-orthogonal multiple access for 5G networks: Research challenges and future trends. /EEE Journal
on Selected Areas in Communications, 35(10), 2181-2195. https://doi.org/10.1109/JSAC.2017.27255
19

Akyildiz, 1. F., Gutierrez-Estevez, D. M., Balakrishnan, R., & Chavarria-Reyes, E. (2014). LTE-
Advanced and the evolution to Beyond 4G (B4G) systems. Physical Communication, 10, 31-60.
https://doi.org/10.1016/j.phycom.2013.11.009

Mohammadian, Z., Dehghani, M. J., & Eslami, M. (2020). Efficient resource allocation algorithms for
high energy efficiency with fairness among users in OFDMA networks. Engineering Science and Tech-
nology, an International Journal, 23(5), 982-988. https://doi.org/10.1016/j.jestch.2020.01.003

Salehi, F., Neda, N., & Majidi, M.-H. (2020). Max-min fairness in downlink non-orthogonal multiple
access with short packet communications. AEU - International Journal of Electronics and Communi-
cations, 114, 153028. https://doi.org/10.1016/j.aeue.2019.153028

Zhang, Z., et al. (2017). Downlink and uplink non-orthogonal multiple access in a dense wireless net-
work. IEEE Journal on Selected Areas in Communications, 35(12), 2771-2784. https://doi.org/10.
1109/JSAC.2017.2724646

Satrya, G. B., & Shin, S. Y. (2019). Enhancing security of SIC algorithm on non-orthogonal multiple
access (NOMA) based systems. Physical Communication, 33, 16-25. https://doi.org/10.1016/j.phy-
com.2018.12.010

YuryPolyanskiy, H., Poor, V., & Verdd, S. (2020). Channel coding rate in the finite blocklength.
Regime, 56(5), 2307-2357.

Dosti, E., Shehab, M., Alves, H., & Latva-aho, M. (2019). On the performance of non-orthogonal mul-
tiple access in the finite blocklength regime. Ad Hoc Networks, 84, 148—157. https://doi.org/10.1016/].
adhoc.2018.10.001

Murti, F. W., Siregar, R. F., & Shin, S. Y. (2018). SU-MIMO based uplink non-orthogonal multiple
access for 5G. Journal of Network and Computer Applications, 110, 87-96. https://doi.org/10.1016/].
jnca.2018.03.009

Liu, Y., Pan, G., Zhang, H., & Song, M. (2016). On the capacity comparison between MIMO-NOMA
and MIMO-OMA. [EEE Access, 4,2123-2129. https://doi.org/10.1109/ACCESS.2016.2563462
Larsson, P., Rasmussen, L. K., Skoglund, S. (2014). Analysis of rate optimized throughput for large-
scale MIMO-(H) ARQ schemes. In 2014 IEEE global communications conference.

Hoang, T. M., Nguyen, B. C., Trung, T. T., & Dung, L. T. (2020). Outage and throughput analysis of
power-beacon assisted nonlinear energy harvesting NOMA multi-user relay system over Nakagami-
m fading channels. Heliyon, 6(11), €05440. https://doi.org/10.1016/j.heliyon.2020.e05440

@ Springer


https://doi.org/10.1109/ACCESS.2019.2942113
https://doi.org/10.1109/LCOMM.2013.092813.131480
https://doi.org/10.1109/LCOMM.2013.092813.131480
https://doi.org/10.1109/TCOMM.2014.2366753
https://doi.org/10.1109/TCOMM.2014.2366753
https://doi.org/10.1109/JSTSP.2014.2331915
https://doi.org/10.1109/JSAC.2017.2725519
https://doi.org/10.1109/JSAC.2017.2725519
https://doi.org/10.1016/j.phycom.2013.11.009
https://doi.org/10.1016/j.jestch.2020.01.003
https://doi.org/10.1016/j.aeue.2019.153028
https://doi.org/10.1109/JSAC.2017.2724646
https://doi.org/10.1109/JSAC.2017.2724646
https://doi.org/10.1016/j.phycom.2018.12.010
https://doi.org/10.1016/j.phycom.2018.12.010
https://doi.org/10.1016/j.adhoc.2018.10.001
https://doi.org/10.1016/j.adhoc.2018.10.001
https://doi.org/10.1016/j.jnca.2018.03.009
https://doi.org/10.1016/j.jnca.2018.03.009
https://doi.org/10.1109/ACCESS.2016.2563462
https://doi.org/10.1016/j.heliyon.2020.e05440

14 M. Ravi, Y. Bulo

19. Shirani-Mehr, H., Papadopoulos, H., Ramprashad, S. A., & Caire, G. (2011). Joint scheduling and
ARQ for MU-MIMO downlink in the presence of inter-cell interference. IEEE Transactions on Com-
munications, 59(2), 578-589. https://doi.org/10.1109/TCOMM.2010.112310.100013

20. Bouteggui, M., Merazka, F., & Kurt, G. K. (2020). Effective capacity of two way relay channels
under retransmission schemes. AEU - International Journal of Electronics and Communications, 124,
153321. https://doi.org/10.1016/j.aeue.2020.153321

21. Noura, H. N., Melki, R., & Chehab, A. (2021). Efficient data confidentiality scheme for 5G wireless
NOMA communications. Journal of Information Security and Applications, 58, 102781. https://doi.
org/10.1016/j.jisa.2021.102781

22. Yang, W., Durisi, G., & Koch, T. (2014). Quasi-static multiple-antenna fading channels at finite block-
length. IEEE, 60(7), 4232-4265.

23. Liu, Y., Zhijin Qin, M., Elkashlan, A. N., Ding, Z., Nallanathan, A., et al. (2017). Non-orthogonal
multiple access for 5G and beyond. Proceeding of IEEE, 105(12), 2347-2381. https://doi.org/10.1109/
JPRO.2017.2768666

24. Dixit, V., & Kumar, A. (2021). An exact BER analysis of NOMA-VLC system with imperfect SIC and
CSIL. AEU - International Journal of Electronics and Communications, 138, 153864. https://doi.org/10.
1016/j.acue.2021.153864

25. Trabelsi, A. D., et al. (2020). Dynamic scheduling algorithm based on NOMA access and priority
assignment for V2X communications. IFAC-PapersOnLine, 53(2), 15041-15046.

26. Anh, L. T., & Kong, H. Y. (2021). Multi-User PD-NOMA with unreliable backhaul links in a multiple
EH relay network over Nakagami-m fading channels. Physical Communication, 47, 101351. https://
doi.org/10.1016/j.phycom.2021.101351

27. Goldsmith, A. (2005). Wireless communications. Cambridge University Press. https://doi.org/10.1017/
CB09780511841224

28. AdliMehr, K., MuseviNiya, J., Seyedarabi, H., & KhoshabiNobar, S. (2020). Secrecy capacity results
for a secure NOMA-based cognitive radio network with an external eavesdropper. Physical Communi-
cation, 43, 101224. https://doi.org/10.1016/j.phycom.2020.101224

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such publishing agreement and applicable
law.

Mancharla Ravi is now enrolled in the Doctoral Program at the
National Institute of Technology (NIT) in India, where he is pursuing a
Ph.D. in Electronics and Communication Engineering with a focus on
Wireless Communications. I received my B. Tech. in Electronics and
Communication Engineering from JNT University of Hyderabad
(INTUH), India, and my MTech in Electronics and Communication
Engineering from JNT University of Hyderabad (JNTUH), India in
2012 and 2014 respectively. I taught in the Department of Electronics
and Communication Engineering at Ellenki College of Engineering
and Technology in Hyderabad, India, for two years. For one year, I
worked as a telecommunications site Engineer at Hyderabad. NOMA,
its associated technologies, and Deep Learning are my areas of
interest.

@ Springer


https://doi.org/10.1109/TCOMM.2010.112310.100013
https://doi.org/10.1016/j.aeue.2020.153321
https://doi.org/10.1016/j.jisa.2021.102781
https://doi.org/10.1016/j.jisa.2021.102781
https://doi.org/10.1109/JPRO.2017.2768666
https://doi.org/10.1109/JPRO.2017.2768666
https://doi.org/10.1016/j.aeue.2021.153864
https://doi.org/10.1016/j.aeue.2021.153864
https://doi.org/10.1016/j.phycom.2021.101351
https://doi.org/10.1016/j.phycom.2021.101351
https://doi.org/10.1017/CBO9780511841224
https://doi.org/10.1017/CBO9780511841224
https://doi.org/10.1016/j.phycom.2020.101224

NOMA-ARQ Scheme: A Gateway for Efficient Performance of the... 15

Yaka Bulo is an Assistant Professor at the National Institute of Tech-
nology Arunachal Pradesh’s Department of Electronics and Communi-
cation Engineering. In 2010, she received a B. tech degree from Sivaji
University in Maharashtra, India. In 2012, she received her M. tech in
Information and Technology from the North Eastern Regional Institute
of Science and Technology in Arunachal Pradesh. In 2017, she got her
Ph.D. from NIT Arunachal Pradesh in India. Error Control Coding,
Wireless Sensor Networks, Non-Orthogonal Multiple Access Tech-
niques, and Networking are further areas of interest.

@ Springer



	NOMA-ARQ Scheme: A Gateway for Efficient Performance of the Network
	Abstract
	1 Introduction
	2 Proposed Model
	2.1 System Model for NOMA and OMA in Nakagami Channel
	2.1.1 Nakagami
	2.1.2 Quasi-Static Rician Fading Channel

	2.2 Applying ARQ Technique for Enhancement of Throughput

	3 Capacity Improvement
	3.1 Network Capacity for TDMA
	3.2 Network Capacity for NOMA

	4 Practical Observations
	5 Conclusion
	References




