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With the given scope for new use cases and the demanding needs of future 6th generation (6G) wireless networks, the
development of wireless communications looks exciting. The propagation medium has been viewed as a randomly behaving
entity between the transmitter and the receiver since traditional wireless technology, degrading the quality of the received
signal due to the unpredictable interactions of the broadcast radio waves with the surrounding objects. On the other hand,
network operators could now manipulate electromagnetic radiation to remove the negative impacts of natural wireless
propagation due to the recent arrival of reconfigurable intelligent surfaces (RIS) in wireless communications. According to
recent findings, the RIS mechanism benefits nonorthogonal multiple access (NOMA), which can effectively deliver effective
transmissions. For simple design, of RIS-NOMA system, fixed power allocation scheme for NOMA is required. The main
system performance metric, i.e., outage probability, needs to be considered to look at the efficiency and capability of
transmission mode relying on RIS and NOMA schemes, motivated by the potential of these developing technologies. As major
performance metrics, we derive analytical representations of outage probability, and throughput and an accurate
approximation is obtained for the outage probability. Numerical results are conducted to validate the exactness of the
theoretical analysis. It is found that increasing the higher number of reflecting elements in the RIS can significantly boost the
outage probability performance, and the scenario with only the RIS link is also beneficial. In addition, it is desirable to deploy
the RIS-NOMA since it is indicated that better performance compared with the traditional multiple access technique.

1. Introduction

Due to high demands in terms of system capacity and spec-
trum efficiency, the traditional orthogonal multiple access
(OMA) has been unable to meet the user needs to be associ-
ated with the rapid growth of Internet of Things (IoT) and
mobile communications [1–7]. To meet the heavy demand
for mobile services, nonorthogonal multiple access (NOMA)
is researched in recent years with promising applications [8,
9]. In some scenarios, NOMA benefits to device-to-device
communications [10, 11] and cognitive radio- (CR-) aided
NOMA [12–14], and these are considered as potential key

technologies for the fifth-generation mobile communica-
tions (5G). The authors in [13] deployed the relaying scheme
for the secondary network of the considered CR-NOMA,
and the relay can energy harvesting (EH) from the second-
ary transmitter to serve signal forwarding to distant second-
ary users. They studied the complex model of EH-assisted
CR-NOMA in terms of outage behavior and throughput
performance when has imperfect successive interference
cancellation (SIC). Reference [14] presented relay-aided
CR-NOMA networks to improve the performance of far
users by enabling partial relay selection architecture. They
explored system performance in terms of full-duplex (FD)
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and half-duplex (HD) relays for both uplink and downlink
communications.

Recently, due to its high-energy efficiency, reconfigur-
able intelligent surface (RIS) technique is recognized as the
next-generation relay technique, also namely relay 2.0
[15–17]. The RIS elements can independently shift the signal
phase and absorbing the signal energy. The reflected signals
benefit to wireless transmission due to less energy required
[18–25]. In [21], the authors demonstrated an interesting
RIS architecture which includes any number of passive
reflecting elements, a simple controller for their adjustable
configuration, and a single radio frequency (RF) chain for
baseband measurements. By assuming sparse wireless chan-
nels in the beam space domain, they studied an alternating
optimization scheme for explicit estimation of the channel
gains at the RIS elements attached to the single RF chain
[21]. The authors in [22] explored RIS by combining the
functions of phase shift and radiation together on an electro-
magnetic surface. As such, positive intrinsic-negative (PIN)
diodes are employed to realize 2-bit phase shifting for beam
forming. Thanks to providing RIS equipped 256 two-bit ele-
ments, this radical design is recognized as first wireless com-
munication prototype in the world. The developed prototype
includes main components such as modular hardware and
flexible software. In this prototype, they used the hosts to
set parameter and exchange data. Together with this, they
employed the universal software radio peripherals (USRPs)
to process baseband and radio frequency (RF) signals, as
well as implemented the RIS to transmit and receive
signals. Reference [23] studied a mmWave system relying
on several RIS arrays which implemented low-precision
analog-to-digital converters (ADCs). To assist multiple-
input multiple-output (MIMO) transmission, these RIS
arrays form a synthetic channel with increased spatial diver-
sity and power gain by enabling the linear spatial processing.

1.1. Related Work. The authors in [26] investigated system
performance of NOMA-RIS characterizing the effective
channel gains corresponding with the best case and worst
case of new channel statistics. They derived the closed-
form formulas corresponding to the best case and worst case
to examine two main system performance metrics such as
the outage probability, the ergodic rate. For providing
further insights, they also studied both the diversity orders
of the outage probability and the ergodic rate at high
signal-to-noise (SNR) region. In [27], a multiple-input
multiple-output (MIMO) scheme along with passive beam
forming weight are required to implemented NOMA-RIS
systems which simultaneously serve groups of two users.
The authors concluded that by enabling large number of
RIS elements, the intercluster interference can be eliminated.
Reference [28] introduced a system model of system with
rate splitting multiple access- (RSMA-) aided RIS. Consider-
ing the phase shifts of the RIS and beam forming of the base
station, the authors presented optimal policy in terms of
energy efficiency.

However, a few paper considered advantage of RIS sys-
tems relying on NOMA, and most of the derivations are still
complicated. Once can recognize different performance

between RIS-NOMA and RIS-OMA, users’ fairness along
with their outage performance are not still studied in detail.
Therefore, references [26–28] motivate us to investigate
system performance metric for RIS-aided NOMA systems.

The main contributions of this paper are as follows

(i) Different from [29–32], this paper presents a RIS-
aided NOMA system in down link to achieve benefits
from NOMA to communicate simultaneously with
their corresponding destinations via a RIS. It is
assumed that the LIS is in the form of a reflect-array
comprisingN simple and reconfigurable reflector ele-
ments and controlled by a communication-oriented
software. Unlike other published work dealing with
the calculation of symbol error probability (SEP),
our work provides outage performance evaluation of
the RIS-aided NOMA system in the presence of hard-
ware impairments

(ii) The closed-form expressions of outage probability
for the RIS-aided NOMA system are derived. Since
they are formulated in terms of various system
parameters, the effect of each system parameter on
the outage probability can be numerically evaluated.
For instance, the effect of the number of metasur-
faces in RIS on the outage probability can be evalu-
ated to how the system can improve its performance
in practice. It is demonstrated in this work that the
outage probability of the system mainly relying on
the number of metasurfaces in RIS

(iii) The derivations of asymptotic outage probabilities
at high transmit signal-to-noise ratio (SNR) for
two users are also provided as an important evalua-
tion to design such the RIS-aided NOMA system in
practice. Furthermore, compared with orthogonal
multiple access- (OMA-) assisted RIS system, the
considered system exhibits more benefits, and it
becomes a prominent candidate to implement for
forthcoming networks

2. System Model

We consider two-user approach of NOMA downlink relying
on RIS to serve dedicated groups of NOMA users, as scheme
1 which is shown in Figure 1. It is reasonable to study two
users which are expected acceptable performance. In fact,
there are many groups of users which are normally separated
by orthogonal access manner. In each group, we assume the
representative users including near user (NU) and far user
(FU) which are classified based on their locations. In this
circumstance, one could not be transmission from the base
station (BS) to mobile users directly due to heavy blockage
or obstacle. The BS generates two beamforming vectors
together with technique of zero forcing beamforming to
serve two NOMA users. By grouping of paired users, RIS-
NOMA satisfies different QoS requirements which are suit-
able to develop multiple services for mobile users in future
wireless systems. In addition, considering the case of RIS
equipped N reflecting elements which cannot serve FU. This
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is reported as scheme 2, in which user U3 just communicates
with the BS, but user U3 still be paired with user U1. It is
worth noting that U1 belongs to link BS-RIS-destination.
In scheme 2, the RIS has challenged once not only cannot
reach to user U3but also suffers interference from non-
NOMA user.

Regarding operation of RIS, it is also equipped with a
controller associated with switching procedure including
working modes. RIS operate in receiving mode for channel
estimation and in reflecting mode for data transmission.
Since the RIS is a passive reflecting equipment, we adopt a
time-division duplexing (TDD) protocol for uplink and
downlink transmissions and assume channel reciprocity for
achieving the channel information acquisition in the down-
link based on the uplink training sequence. (To enable
NOMA scheme in RIS-aided systems, user grouping must
be achieved firstly; at the receiving end, we cannot guarantee
similar quality of service for users. Therefore, by grouping
user’s fairness is the main benefit from deployment of
NOMA. To guarantee the fairness and system performance,
two-user model is adopted which is enough to benefit
NOMA to RIS-assisted applications. In case of more users
in a group, the worst performance occurs at several users.
However, explicit mathematical analysis is also provided in
a framework as [29].)

To enable NOMA mode, the superimposed signal ða1
s1 + a2s2Þ transmitted from the BS then is required to serve
distant mobile users with the presence of RIS. This study
considers NOMA concept to provide user fairness with
a1 and a2 that are power allocation factors for user NU,
and FU, respectively. Due to less amount of power required
to supply for user NU, we have a1 < a2 and a21 + a22 = 1. To
easy present other steps of signal analysis, we denote main
parameters as Table 1.

In particular, the received signals at user NU and user
FU are given, respectively, by

yNU = hHNΘNGw a1s1 + a2s2ð Þ + nN , ð1Þ

yFU = hHFΘFGw a1s1 + a2s2ð Þ + nF , ð2Þ
where G is denoted as the complex Gaussian channel

matrix form N × 1 which is transmitted from the BS to
the RIS to reflect signal to distant users, nN and nF are
noise terms, and hN and hF represent the complex Gauss-
ian channel vector terms for links RIS-NU and RIS-FU,
respectively. It can expand N as where P and Q are inte-
gers. The matrixΘuðu =N , FÞcontains its diagonal ele-

ments βu exp ð−jθu,iÞwithβNas the amplitude reflection
factor while θN ,istands for the reflection phase shift. We limit
our consideration on small scale fading. It is noted thatG and
hu follow independent complex Gaussian distribution with
zero mean and unit variance. (`The channel state informa-
tion (CSI) regarding channelsG and huis assumed to be avail-
able via the channel estimation approaches in the literature
such as work in [33]. It is assumed that the RIS is associated
with a reliable control channels, and hence the information
about the predetermined beamforming vectors w can be sent
to the users the FU and the NU.)

We callDuas a diagonal matrix with its diagonal elements
obtained from hHu , and V is an N×1 vector which includes
the elements on the main diagonal of ΘH

u . Then, by denoting
A = jvHp DNhN j, we can compute some main equations as fol-
lows. We can compute the signal to interference plus noise
(SINR) for the user NU to decode the FU’s signal that is
expressed by [29].

SINR s2ð Þ =max
VP

A2a22
A2a21 + 1/ρð Þ , ð3Þ

where ρ represents the transmit signal-to-noise ratio
(SNR). By performing SIC, the user NU eliminates signal
s2, and then it decodes its signal by computing SNR as

SNR s1ð Þ =max
VP

A2a21ρ: ð4Þ

Before computing SINR to detect the FU’s signal, we
should denote new variable, i.e., B = jvHp DFhF j. Then, such
SINR is given by

SINRFU = max
VP

B2a22
B2a21 + 1/ρð Þ : ð5Þ

Remark 1. It is noted that the expressions of SINR or SNR
are main factor to evaluate system performance, for exam-
ple, in (3)–(5), and imply that these factors depend on the
SNR at the BS is ρ. Furthermore, we note that the SINR
formulas include the products of the complex Gaussian
distributed random variables, i.e., A and B, which lead to
more complicated computations for RIS-NOMA if we
need evaluate other metrics.

RIS
gi

hi

hif
NU

FU

Figure 1: Scheme 1: NOMA-RIS System without direct link.
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3. Performance Analysis Scheme 1

In this section, we analyze the achievable performance of the
proposed RIS-NOMA system in some scenarios, and bench-
mark scheme is also mentioned in Figure 2. It should be
pointed out that as there are different decoding conditions
for users NU and FU, we should compare performance gap
among NU and FU, so that the main parameters are decided
to guarantee the fairness. For simplifying the system perfor-
mance analysis on performance gap among two users, this
paper just focuses on main performance metric, i.e., outage
probability. Of course, the other system performance metrics
of such networks will be further studied but it needs change
to other method of computation. However, this study
exhibits explicit performance metric and more accuracy for-
mulas if we compare them with the conventional method
which is also used to present the outage performance,
namely, the central limit theorem (CLT), in which variables
A and B are approximated as a Gaussian random variable
with fixed mean values and variances. Outage probability is
defined as ability of SINR less than the predefined SINR
thresholds. Since more complicated computations regarding
RIS which is the form of a reflect-array comprisingNsimple
and reconfigurable reflector elements, and more matrix var-
iables in computations, unlike other published work dealing
with the calculation of symbol error probability (SEP) [34],
our work focuses on main metric, i.e., outage performance
evaluation of the RIS-aided NOMA system [35] to deter-
mine which scenario exhibiting better performance.

By denoting Pr ð:Þ as outage probability, we can formu-
late such outage probability as

Pout = Pr ψ ≤ ρthð Þ, ð6Þ

where ψ is either SINR or SNR, and ρth is denoted as SINR/
SNR threshold.

3.1. Channel Distribution.We put our attention on the prob-
ability density function (PDF) of the product of channels, for
example,

ffiffiffiffi
Q

p
vHp DNhN corresponding to the user NU. Since

the structure ofvp,
ffiffiffiffi
Q

p
vHp DNhN , is considered as an inner

product of twoQ × 1 complex Gaussian vector, it is worth

noting that vp,
ffiffiffiffi
Q

p
vHp DNhN , is a complex Gaussian random

variable with zero mean and variancejhN j2. More impor-
tantly, we have jhN j2 following gamma distribution. There-
fore, the PDF of

ffiffiffiffi
Q

p
vHp DNhN can be obtained as follows [29].

f A2 xð Þ = 2xQ−1/2
Γ Qð Þ KQ−1 2

ffiffiffi
x

p� �
: ð7Þ

3.2. Outage Probability at User NU. The outage behavior hap-
pens at the user NU once it fails to detect the FU’s signal s2 as
well as its own signal s1.

PNU = PNU,s1 × PNU,s2 , ð8Þ

where PNU,s1and PNU,s2are probability related to detecting
signal s1 and s2, respectively. These expressions are deter-
mined based on required target rates R1 and R2 for users
NU and FU, respectively.

In particular, the outage probability to user NU detect
signal s1 is given by

PNU,s1 = Pr log 1 + SINR s1ð Þð Þ < R1ð Þ: ð9Þ

Similarly, the outage probability to user NU detect signal
s2 is given by

PNU,s2 = Pr log 1 + SINR s2ð Þð Þ < R2ð Þ: ð10Þ

Proposition 2. The outage probability for user NU is given
below, where ψ =Q/ρa21,

ψ1 =
Q∈1

ρ a22 − a21∈1
� � , ∈1 = 2R1 − 1, C1 =

1

Γ Qð ÞP
ψ

P Q−1ð Þ
2 , C2

= 1

Γ Qð ÞP
ψ1

P Q−1ð Þ
2 , B1 = KQ 2 ψð Þ12

� �
and B2 = KQ 2 ψ1ð Þ12

� �
,

PNU = C1C2 ψψ1ð Þ−Q+1
2 Γ Qð Þð Þ2 − 2ψ−Q+1

2 Γ Qð Þ − 2ψ1
−Q+1

2 Γ Qð Þ
h

+ 4ψ−1
2ψ1

−1
2B1B2

iP
:

ð11Þ

Proof. See in Appendix A.

3.3. Outage Probability at User FU

Proposition 3. The outage probability for user FU is given as
[12], where ψ2 =Q∈2/ρða22 − a21∈2Þ, ∈2 = 2R2 − 1, C3 = ð1/Γ
ðQÞPÞψ2

PðQ−1Þ/2, and B3 = KQð2ðψ2Þ1/2Þ.

PFU = C3 ψ2ð Þ−Q+1
2 Γ Qð Þ − 2 ψ2ð Þ−1

2B3

� �P
: ð12Þ

Table 1: Main parameters and denotations.

Parameter Explanation

ρ Signal-to-noise ratio at the BS

N The number of RIS elements

a1 Power allocation coefficient for signal s1
a2 Power allocation coefficient for signal s2
R1 Target rate of user NU

R2 Target rate of user FU

Kn :ð Þ Bessel function of second kind

Γ :ð Þ Gamma function
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Proof. We omit it here due to similar manipulations with
Proposition 2.

3.4. Approximation Analysis for Performance of NOMA
Users. To look at insights of the considered system, the
approximation computations are necessary to determine
outage behavior in simpler manner. In particular, at high
SNR regime, we have two cases.

(i) Case 1.

If Q > 1 and n ≥ 2, we can follow KQðzÞ ≈ 1/2ððn − 1Þ!/
ðz/2Þn − ðn − 2Þ!/ðz/2Þn−2Þ to achieve valued computation.

Precisely, the approximated outage probability of two
NOMA users can be obtained as below.

P∞NU,s1 =
ψp

Q − 1ð Þp , P
∞
NU,s2 =

ψ1
p

Q − 1ð Þp , ð13Þ

P∞FU,1 =
Q∈2/ρ a22 − a21∈2

� �� �p
Q − 1ð Þp : ð14Þ

(ii) Case 2.

Channel distribution

Outage probality at
user NU

On required target
date

Outage probality at
user FU

We omit it here due to
similar manipulation

with proposition 1

No

Yes

Yes

Approximation
analysis for

performance of
NOMA users

Diversity order Throughput

No

Figure 2: Flowchart for methodology.
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Especially, at high SNR and Q = 1, we have K1ðzÞ = 1/2
ð1/ðz/2ÞÞ + ðz/2ÞInðz/2Þ; the approximated result of outage
probability for two users are written as

P∞,2
NU,s1 = ψN −ln ψð ÞN� �

, P∞,2
NU,s2 = ψ1

N −ln ψ1ð ÞN� �
, ð15Þ

P∞,2
FU,2 =

Q∈2
ρ a22 − a21∈2
� �� �

 !N

−ln Q∈2
ρ a22 − a21∈2
� �� �

 ! !N

:

ð16Þ
3.5. Diversity Order. To further evaluate performance of two
users in case of high SNR, it needs to consider the diversity
order for the case Q = 1. In particular, such diversity order
metrics can be formulated by [35].

DNU = −lim
ρ⟶∞

log PNUð Þ
log ρ

� �
= −lim

ψ1⟶∞

log PNUð Þ
log ψ1

� �
=N2,

ð17Þ

DFU = −lim
ρ⟶∞

log PFUð Þ
log ρ

� �
= −lim

ψ2⟶∞

log PFUð Þ
log ψ2

� �
=N:

ð18Þ

Remark 4. Since (17) and (18) show that the number of
reflecting elements in RIS decides how the system perfor-
mance can be improved, once we enhance the main param-
eter SNR at the BS, in the next section of numerical
simulation, it is predicted that the curves of outage probabil-
ity will be reduced sharply at high value of N .

3.6. Throughput. In delay-limited transmission mode, more
system metric, namely, throughput is decided by fixed data
rates R1 and R2 and achieved outage probability in the previ-
ous section. Therefore, the throughput of the whole system
is expressed by [35]

T = R1 1 − PNUð Þ + R2 1 − PFUð Þ: ð19Þ

Further, such throughput is rewritten as

T = R1 1 − PNU,s1
� �

× PNU,s2
� �� �

+ R2 1 − PFUð Þ: ð20Þ

4. Scheme 2: RIS-NOMA System with
Direct Link

As Scheme 2 was shown in Figure 3, it is challenging once
user U3 just relies on direct link associated with the BS.
Assuming that the corresponding channel h between
userU3and the BS follows Rayleigh fading, it is worth not-
ing that RIS still communicates with userU1while it has
interference from external non-NOMA user. In this cir-
cumstance, the BS sends signal ða1s1 + a3s3Þ with condi-
tions a1 + a3 = 1, a3 > a1 to two users, U1 and U3. In the
first time slot, user U1detects U3

’s signal and then detects
its own signal. In the contrast, user only detects its signal
since user U3 prioritizes to detect signal (more power allo-
cated to user U3 for such priority a3 > a1). In particular,
the received signals at user U1 and user U3 are given,
respectively, by

yU1
= gHNΘNGw a1s1 + a2s2ð Þ + nI + nU1

, ð21Þ

yU3
= h a1s1 + a2s2ð Þ + nU3

, ð22Þ

RIS
gi

giN

U1

U3

hi

Base
station

Figure 3: Scheme 2: NOMA-RIS System with direct link.

Table 2: Simulation parameters.

Description Parameter

Power allocation
coefficient

a1 = 0:2 and a2 = 0:8

Relative Channel
estimation error

ηk = 1 × 10−4 ~ 9 × 10−4

NOMA user
corresponding two cases

Q > 1 and Q = 1

Distance between two
nodes

dSU1
= 0:04, dSR = 0:06

dRU1
= 0:02, dSU2

= 0:04
dU1U2

= 1 − dSU1

Transmit SNR ρ = 0 ~ 30dB

Target rates
R1 = 1 BPCU, R2 = 1 1 BPCU, and

ROMA = 1 (BPCU)

6 Wireless Communications and Mobile Computing



where nI is interference term from normal user; nU1
, nU3

are AWGN noise terms. By exploiting the central limit the-
orem (3.9.2) in [36], all interference signals from external
sources can be treated as AWGN noise with CNð0,ΩIÞ.

To proceed signal detection, SINRs can be obtained at
user U1 and U3, respectively,

SINRU1
= max

VP

a21A
2

hI + 1/ρð Þ , ð23Þ

SINRU1
= a23ρ hð Þ2
a21ρ hð Þ2 + 1

: ð24Þ

The outage probability for user U1 is similar as user NU
in scheme 1, and we do not want to replica it in this section.
It is noted that the degraded performance is resulted by coef-
ficient ΩI.

Since channel h follows Rayleigh fading with mean of
λh, the outage probability of user U3 is given as

PU3
= 1 − e

∈1λh
2 a22−a

2
1∈2ð Þρ: ð25Þ

5. Benchmark Scheme: OMA

In the context of OMA, only single signal is transmitted
from the BS to each user. As a result, SNR at the destination
associated with the link containing RIS is given by

SNROMA =max
VP

A2ρ: ð26Þ

Proposition 5. The outage probability of user in the RIS-
aided system relying on OMA scheme is given as

POMA = 1

Γ Qð ÞP
ψ4

P Q+1ð Þ
2 ψ4

−P Q+1ð Þ
2 Γ Qð Þ − 2ψ4

−1
2KQ 2ψ4

−1
2

� �� �P
,

ð27Þ

where ψ4 =Q∈OMA/ρ and ∈OMA = 22ROMA − 1.
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Figure 4: Outage probability of user NU versus the transmit SNR
ðQ = 1Þ.
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Figure 6: Outage probability comparison for users NU and FU.
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Similarly, we also obtain approximated computation for
OMA user corresponding to two cases Q > 1 and Q = 1,
respectively, as

P∞
OMA,1 ≈

ψ4

Q − 1ð ÞP
, ð28Þ

P∞
OMA,2 ≈ ψN

4 −ln ψ4ð Þð ÞN : ð29Þ

6. Numerical Simulations and Discussions

In this section, we will determine system performance met-
rics (outage probability and throughput in delay-limited
transmission mode). We intend to verify the theoretical
results, numerically evaluate, and compare two practical
schemes of the RIS-NOMA system. In each figure, we can
see the main parameters used for simulation. We call bit
per channel use as BPCU for short. We set target rate R1 =
1 (BPCU), R2 = 1 (BPCU), and ROMA = 1 (BPCU) and power
allocation factors a21 = 0:2, a22 = 1 − a21, except for specific
cases indicated later, and simulation parameters used are
summarized in Table 2.

Figure 4 shows the outage probability versus transmit
SNR at the BS. It can be seen intuitively that the simulation
and analytical results are matched very tight. In this graph, it
mainly shows how two NOMA groups can make the
exchange of the messages between each other. The improve-
ments which are shown over here are mainly regarding the
performance of the outage and here the things which are
mainly considered are about the SNR. We consider the
improvement of outage performance for different numbers
of RIS elements for user NU in the range of SNR (from 0
to 30 dB). In particular, the significant improvement can be
achieved at ρ equals to 30 dB. It can be observed that when
the number of RIS elements increase, the performance of
the proposed RIS-NOMA system exhibits its efficiency as
expected from our study. Since diversity order depends on
the number of metasurfaces N , once can see that significant
improvement of outage probability occurs if N increases.

Similarly, since computation of outage probability for
user FU is simpler than that of user NU, performance of
Figure 4 is similar. Figure 5 shows the trends of outage prob-
ability versus transmit SNR. The main purpose of this graph
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Figure 7: Outage probability comparison for users NU and FU
with different power allocation factors ðN = 4Þ.
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is to show the performance of the users which is very impor-
tant to be understood in order to determine various benefits.
Here also, we can observe that the performance of the pro-
posed RIS-NOMA benefits to user at far distance by increas-
ing the number the RIS elements and higher power assigned
to user FU.

Figure 6 shows the comparison of the outage probability
versus SNR for different numbers of RIS elements for users
NU and FU. In this comparison, we can determine that as
the RIS elements are increased, the performance of the NU
is better that of the FU. It seems that RIS elements which
are there used have a great proficiency in case of maintaining

performance rate. The rate of the determination that is done
over here is related to mainly increase rate of the perfor-
mance. However, it is more complicated processing at user
NU compared with that in user FU.

Here, it can be seen from Figure 7 that the comparison is
mainly done between NU and FU where the power alloca-
tion is shown where N = 4. The comparison which is done
over here is related to the outage-based probability.

Figure 7 demonstrates the impact of power allocation
factors on the outage probability. Since expression of outage
probability for user NU depends on ability of detecting user
FU’s signal, lower factor a1 results in better performance for
user NU. As previous simulations, we can see similar trends
of such outage performance in this figure, while Figure 8
indicates that exact and approximated formulas for two
users have similar performance. For simple computation,
we also benefit similar result. Here, mainly the outage com-
parison which is done is between the NOMA and NOMA
approximation, it is very important to find the difference
between the two NOMA in order to fund the trend to be
identified.

Figure 9 indicates the comparison of the outage perfor-
mance for users NU, FU in NOMA scheme, and user in
OMA scheme. It can be observed that the outage behavior
of user NU is better than OMA user and user FU. The main
reason is that different power factors and signal detecting
procedure lead to performance gaps. The importance of
the RIS lies within the NOMA which is understood with
the help of the comparison between NOMA and NOMA
with the use of Q = 1.

Figure 10 depicts throughput performance versus trans-
mit SNR. It can be concluded that more elements of RIS
lead to higher throughput. The main reason is that the
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throughput depends on the outage probability while higher
number of RIS elements results in better outage performance.
The ceiling value of such throughput can be achieved at the
point ρ = 20dB,N = 4: Two target rates R1 and R2 make this
ceiling value. The main things which are been depicted here
is related to the RIS-NOMA system which shows the rate of
activity that is taking place.

The comparison throughput performance for the con-
sidered system with OMA is shown in Figure 11, when ρ is
raised. We set R1 = R2 = 1 in this case. This suggests that
our system can approach two at a very high ρ value. It is easy
to see how such throughput is influenced by the outage
probabilities attained in earlier steps. It has been confirmed
that our RIS system based on NOMA is superior to that
based on OMA.

Figure 12 shows the comparison of the outage probabil-
ity versus SNR for NOMA-RIS system in two schemes. It
can be seen clearly that scheme 1 shows better outage perfor-
mance compared with that in scheme 2. It is suitable with
analytical results once scheme 2 has less benefit from fabri-
cation of RIS. Furthermore, interference from external
non-NOMA user limits performance of user U1 which has
similar configuration with user NU in scheme 1. The value
regarding the scheme 1 and the scheme 2 has been shown
over here which is a value of the external non-NOMA user
limits. It is found that all the results which are given are suit-
able with the limits.

7. Conclusions

In this paper, we study two practical situations for deploy-
ment of RIS and NOMA in wireless system. More RIS ele-
ments lead to significant improvement in main system
metric, i.e., outage probability. In particular, we derived the
closed form formulas of outage probability which depend
on various parameters such as the number of RIS elements,
transmit SNR at the BS, and power allocation factors. By
controlling these values, we can achieve reasonable system
performance. The numerical results also indicate that the
RIS-NOMA in scheme 1 is reported as better case. However,
to achieve such ideal performance, it is necessary to release
the impact of interference to the RIS. By exploiting NOMA,
the RIS-NOMA aided system provides better performance
compared with traditional multiple access techniques such
as OMA. In addition, by grouping of users, we benefit
advantages of NOMA while separating these groups by
employing OMA scheme. Therefore, such RIS-NOMA
becomes promising system for many applications in wireless
systems, especially massive connections is strictly required in
future systems.

Appendix

A. Proof of Proposition 2.

The outage probability PNU,s1 can be further computed by

PNU,s1 =
ðψ
0
f A2 xð Þdx: ðA:1Þ

From achieved PDF, we then calculate such outage prob-
ability as below:

PNU,s1 =
ðψ
0

2xQ−1/2
Γ Qð Þ KQ−1 2

ffiffiffi
x

p� �
dx: ðA:2Þ

In the next step, PNU,s1 can be given by

PNU,s1 = C1 ψð Þ−Q+1
2 Γ Qð Þ − 2 ψð Þ−1

2B1
� �P

: ðA:3Þ

Regarding signal processing at the NU, this user needs
detect the FU’s signal since the NU treats the FU’s signal
as noise. The outage probability of the NU depends partly
on ability of detecting the FU’s signal as below:

PNU,s2 = Pr log 1 + SINR s2ð Þð Þ < R2ð Þ: ðA:4Þ

Then, PNU,s2 can be rewritten by

PNU,s2 = C2 ψ1ð Þ−Q+1
2 Γ Qð Þ − 2 ψ1ð Þ−1

2B2
� �P

: ðA:5Þ

It is noted that the outage probability for user NU is
decided by two mentioned steps, and then we have such out-
age probability as

PNU = PNU,s1 × PNU,s2 : ðA:6Þ

Next, we can obtain such outage probability for user NU
as [(A.8)]

PNU = C1 ψ−Q+1
2 Γ Qð Þ − 2ψ−1

2B1
� �P

× C2 ψ1
−Q+1

2 Γ Qð Þ − 2ψ1
−1
2B2

� �P
,

ðA:7Þ

PNU = C1C2 ψψ1ð Þ−Q+1
2 Γ Qð Þ2 − 2ψ−Q+1

2 ψ1
−1
2B2Γ Qð Þ

h
− 2ψ−Q+1

2 ψ1
−1
2B1Γ Qð Þ + 4ψ−1

2ψ1
−1
2B1B2

i
:

ðA:8Þ

This completes the proof.

B. Proof of Proposition 5.

Similarly, since we have PDF of A is given by

fA2 xð Þ = 2xQ−1/2
Γ Qð Þ KQ−1 2

ffiffiffi
x

p� �
: ðA:9Þ

The outage probability of OMA user can be expressed by

POMA = Pr log 1 + SINROMAð Þ < ROMAð Þ, ðA:10Þ

where ROMA is target rate for OMA user.
Next, POMA is computed by

POMA = 2
Γ Qð Þ

ðψ4

0
x
Q−1
2 KQ−1 2

ffiffiffi
x

p� �
dx: ðA:11Þ
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By apply similar manipulation as the case of NOMA, the
final result can be obtained, and hence, the proof is
completed.
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