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ABSTRACT Intelligent reflecting surface (IRS) has been recently integrated with emerging
communication technologies to meet the demanding requirements of communication systems. This
paper investigates the deployment of multi-IRS units in a hybrid time-domain multiple access
(TDMA) and non-orthogonal multiple access (NOMA) system, referred to as a multi-IRS-aided
hybrid TDMA-NOMA system. In particular, a self-sustainable scenario is proposed, in which the
IRS units can harvest energy from the radio frequency signal to feed them-self with the required
energy. With this self-sustainable IRS-aided hybrid TDMA-NOMA system, the available time
is fragmented into a set of time slots, in which an IRS unit is assigned to serve a cluster of
users during each time slot. Meanwhile, the remaining unassigned (i.e., idle) IRS units harvest
energy to feed themselves with the required energy, which addresses the energy limitation challenge
related to conventional communication systems. Specifically, we propose an efficient algorithm to
group the users in clusters and, thus, assign an appropriate IRS unit for each cluster. To examine
the capabilities of the proposed self-sustainable multi-IRS-aided hybrid TDMA-NOMA system,
a resource allocation framework is formulated aiming to minimize the transmit power at the
base station under a set of quality-of-service (QoS) constraints. Such QoS constraints include the
minimum required rate for each user and the minimum harvested energy at each IRS. However,
since the considered optimization problem is not convex, and the coupled nature of the design
parameters (i.e., the per-user power allocation and per-IRS reflection phase matrix), solving such a
problem is challenging. Thus, we develop an efficient iterative algorithm, based on the sequential
convex approximation, to solve the original optimization problem. Simulation results reveal that the
proposed self-sustainable IRS-aided TDMA-NOMA system with the proposed clustering approach
and IRS assignment consumes less power while achieving the sustainability of IRS units compared
to benchmark approaches.

INDEX TERMS Intelligent Reflecting Surface (IRS), Non-Orthogonal Multiple Access (NOMA),
Hybrid TDMA-NOMA.

I. INTRODUCTION

Recently, intelligent reflecting surface (IRS) has been
identified as a promising solution to support the stringent
requirements of future communication systems, including

6G and beyond [1]. An IRS unit contains a set of
passive reflecting elements (mirrors). Each reflecting
element has a controllable phase shift feature, which
can reflect the incident signal towards the intended users

VOLUME 4, 2016 1



[2]. Accordingly, IRS has the potential capabilities to
reconfigure the electromagnetic environment [1]. This
can also be viewed as a remote base-station that can be
deployed along with the existing base-station to improve
the quality-of-service (QoS) of communication systems
[3]. With this, IRS can offer several advantages, i.e.,
establishing virtual line-of-sight (LoS) to circumvent
obstacles between communication ends, extending the
signal coverage, and improving channel rank conditions
[4]. In particular, due to its low cost and ease of
deployment, the IRS technology is able to play a key role
in the deployment of Internet-of-things (IoT) networks
[5], where a massive number of users with diverse channel
conditions need to be simultaneously connected and
served [3] [4].

Furthermore, non-orthogonal multiple access (NOMA)
has been considered as a promising paradigm for ef-
ficient spectrum utilization, thus meeting the massive
connectivity of IoT networks [6]. Unlike the well-known
conventional orthogonal multiple-access (OMA) tech-
niques, NOMA exploits an orthogonal resource block
(RB), time or frequency, to serve more than one user
through power-domain superposition coding (SC) [7].
With SC, users with lower channel gains are encoded with
higher power levels compared to those experiencing better
channel conditions [8]. In fact, such power encoding
strategy enables the fairness between users while ensuring
the successful implementation of successive interference
cancellation (SIC) [9]. In SIC, stronger users decode the
messages intended for weaker users before decoding their
own messages. With these key features, NOMA has been
integrated with various OMA techniques [9], known as
hybrid OMA-NOMA systems, to expand their potential
capabilities and facilitate the NOMA deployment in
dense networks. In such hybrid systems, an orthogonal
RB is dedicated to serving a group of users (i.e., cluster).
Then, the power domain multiplexing, offered by the
NOMA technique, is exploited to serve the users in each
cluster. Therefore, hybrid OMA-NOMA systems offer
additional degrees of freedom while mitigating the prac-
tical limitations of deploying NOMA in dense networks
[10]. The hybrid OMA-NOMA systems include hybrid
time-division multiple access (TDMA)-NOMA systems
and hybrid orthogonal frequency division multiple access
(OFDMA)-NOMA systems [10].

Recently, several research directions have been identified
to investigate the integration of IRS technology in a set of
multiple access (MA) techniques, referred to as IRS-aided
MA techniques. Such IRS-aided MA techniques should
be able to deal with the practical challenges of employing
MA in dense networks, and thus, improve the QoS of
the communication system. In particular, IRS-aided MA
techniques include IRS-aided multi-antenna techniques
[11] [12], [13], and IRS-aided NOMA systems [14] [15].
To be specific, different IRS-aided NOMA configurations

have been studied in the literature. For example, a multi-
user single-input single-output (SISO) IRS-aided NOMA
system is investigated under new channel statistics in [14],
in which every two users are grouped into a cluster. In
[16], a multi-cell SISO IRS-aided system was considered,
where a single IRS is utilized to serve a group of users
within each cell. In particular, a resource allocation
technique is proposed to maximize the sum rate of the
system. In addition, the capacity regions between IRS-
aided OMA and NOMA systems have been characterized
in [17]. Another SISO IRS-aided NOMA system has been
studied in [18], in which a power minimization problem
is formulated and solved for IRS-aided OMA and IRS-
aided NOMA systems under a set of QoS constraints.
Furthermore, the authors in [19] has considered an uplink
transmission scheme assisted by hybrid TDMA-NOMA
system. Specifically, the available time is divided into
a set of time slots, where each group of two users com-
municates with the BS at each time slot. However, the
sustainability of the IRS units has not been considered.
It is worth noting that IRS-aided hybrid TDMA-NOMA
systems have several advantages over other IRS-aided
MA techniques [20]. For example, the time-fragmentation,
offered by TDMA implies that all IRS units can be
available at each time slot, which as a result, introduces
an additional degree of freedom. Specifically, such IRS
availability is non-affordable when considering hybrid
OFDMA-NOMA systems, in which the available IRS
should be allocated for each orthogonal RB. On the other
hand, the time division of TDMA allows for dividing
the available time for transmissions into sub-time slots.
Accordingly, each group of users (cluster) can be served
during each time slot by exploiting the power domain
multiplexing technique offered by NOMA with the aid
of the available IRS units. Furthermore, such a hybrid
system mitigates the practical limitations of deploying
stand-alone NOMA in dense networks. Specifically, since
the users are grouped into clusters, SIC is required to
be deployed for a small number of users.

While IRS, itself, consists of passive elements that reflect
the signal without amplifying it, the set of controllers
of such passive elements consume energy [21] [22]. The
consumed power grows exponentially with the increase
of the number of reflecting elements [22]. Accordingly,
the energy consumption of the IRS should be carefully
considered when investigating the potential role of IRS
deployment in communication systems for two main
reasons [23]. First, since IRS units are typically mounted
at the top of high buildings, coated on walls, or carried by
aerial platforms [2], empowering them with conventional
electrical resources can be a challenge in terms of
cost and practical implementations. Second, considering
the environmental perspectives, the increase in power
consumption increases the emission of CO2, which as
a result, has undesirable impacts on the environment.
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These drawbacks limit the massive deployment of IRS in
IoT networks, where a large number of IRS units should
be utilized. Based on the above, the implementation of
self-sustainable IRS units has been recently proposed as
a promising solution to handle the energy consumption
issue in IRS-aided systems [21]. With a self-sustainable
approach, an IRS unit can harvest energy from the
received radio frequency (RF) signal by employing
simultaneous power and information transfer (SWIPT).
In particular, a few works have investigated the wireless
empowering of IRS through SWIPT, including the works
in [21] [22]. In [21], [22], it was assumed that the reflecting
elements of an IRS are classified into either energy
harvesting or communication elements.

MOTIVATION AND CONTRIBUTION

Recently, the hybrid TDMA-NOMA system has been
considered as a potential solution to support the mas-
sive connectivity in 6G networks while fulfilling the
demanding rate requirements [24] [8], [24]–[27]. However,
improving the channel conditions between the BS and
users in such system becomes of vital importance,
especially for cell-edge users [4]. This is due to the fact
that some users, i.e., cell-edge users, might suffer from
poor channel conditions, and severe blockage might avoid
line-of-sight communications. Such circumstances limit
the potential capabilities of deploying hybrid TDMA-
NOMA in dense networks, where a massive number of
users with diverse channel conditions seeks to achieve
their QoS requirements. Accordingly, deploying IRS
in wireless communication networks, including hybrid
TDMA-NOMA system, has been recently identified as a
potential candidate to engineer the signal propagation,
and thus, supporting the unprecedented requirements of
in such systems [4], [14], [28]. However, several design
challenges have to be carefully addressed to exploit the
underlying benefits of the hybrid TDMA-NOMA IRS-
aided system [29]. Firstly, most of the existing works in
the literature have assumed that a single IRS is employed
to improve the communication between the users and
the base station. While this assumption simplifies the
analysis of the IRS-aided systems, it limits the potential
benefits of deploying multi-IRS units in the system. This
is due to the fact that a single IRS with a fixed location
would not be able to cover a wide geographical area.
Thus, deploying multiple IRSs can be classified as a
distinguish solution to overcome the aforementioned
challenges. On the other hand, providing energy to the
multiple IRS units is considered as one of the major
issues that has to be also addressed when considering
the hybrid TDMA-NOMA IRS-aided networks. These
aspects motivate us to consider a self-sustainable multi-
IRS hybrid TDMA-NOMA in this paper. We summarize
the main contributions of the paper as follows:

• First, we define the self-sustainable IRS-aided hy-

brid TDMA-NOMA system. We propose an IRS-
assignment strategy that determines the busy and
the idle IRS sets at each time slot. Accordingly, the
busy IRS unit is utilized to reflect the signal and
thus support data communication, while the idle
IRS units harvest energy.

• We propose a clustering approach that divides the
users into a set of clusters. As such, each time slot
is dedicated to serving a cluster with the help of the
busy IRS set.

• We formulate a power minimization framework that
aims to minimize the transmit power at the base
station (BS) while achieving a set of QoS constraints:
minimum rate demand at each user and minimum
harvested energy per idle IRS units.

• We develop an iterative algorithm based on sequen-
tial convex approximation (SCA) to solve the origi-
nal problem and determine the design parameters.

• To validate the efficiency of the self-sustainable
system, we compare its performance with a set of
benchmark schemes.

The rest of the paper is organized as follows. Section II
configures the self-sustainable IRS-aided hybrid TDMA-
NOMA system model and formulates the power mini-
mization framework. Section III presents the proposed
algorithms for the IRS assignment and clustering. The
set of simulation results is provided in Section IV. Section
V concludes the paper.

II. SYSTEM MODEL AND PROBLEM FORMULATION

A. SYSTEM MODEL

We consider a downlink transmission of single-antenna
BS, which communicates with N single-antenna users
through the support of M IRS units, as shown in Fig.
1. Specifically, the BS is located at (xBS, yBS), while the
nth user, referred to as Un ∀n ∈ N = ¶1, · · · , N♢, is
located at (xUn

, yUn
). Furthermore, the mth IRS unit

(Im), ∀m ∈ M = ¶1, · · · , M♢ consists of L reflecting
elements, and it is located at (xm, ym), where the I =
¶I1, I2, · · · , IM ♢ is a set contains all the IRS units. With
such a hybrid system, the available time of transmission
(T ) is equally divided into K time slots, and the users are
grouped into clusters. Such that the kth time slot (tk),
i.e., tk = T

K
, is dedicated to serve the kth cluster (ck).

To support the communications with the users in ck, an
IRS unit is assigned to support the transmission in time
slot tk, and such an IRS unit is referred to as a busy
IRS (Ib). Meanwhile, the remaining IRS units, referred
to as idle IRS units, can harvest energy to feed the
controllers with the harvested energy. The next section
will present the IRS assignment and clustering approach
criteria. Accordingly, the BS transmits the superimposed
signal xk at each tk, such as,

xk =
√

p1,ks1,k +
√

p2,ks2,k, ∀k ∈ K, (1)
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𝑡1 𝑡𝐾𝑡𝑘𝑇

FIGURE 1: Self-Sustainable IRS-aided hybrid TDMA-NOMA system

where si,k and pi,k denote the symbol intended to the
ith user in ck, referred to as ui,k, and the corresponding
power allocation, respectively.

Information decoding at users

The received signal at ui,k can be written as

ri,k =
(

hi,k + hH
b,i,kΘbgb

)

xk + ni,k, ∀i ∈ ¶1, 2♢, ∀k ∈ K,

(2)
where hH

b,i,k ∈ C
1×L, and gb ∈ C

L×1 denote the
channels between the busy IRS (i.e., Ib) and uj,i,
and between the BS and Ib, respectively. Furthermore,
Θb = diag[ejθb,1 , · · · , ejθb,L ] is the IRS reflection diagonal
matrix, where θb,l ∈ [0, 2π] is the phase shift of lth

reflecting element of Ib. Since the IRS units and the
BS are generally pre-deployed and, thus, have a LOS,
the channel between BS and Ib can be modeled as a
Rician fading channel [30]. Accordingly, the channel
model between the BS and each IRS can be modeled as
[31],

gb =
√

C0d−a0

b

√

κ

κ + 1
g̃LOS

b +

√

1

κ + 1
g̃NLOS

b



, (3)

where C0 and a0 are the reference path loss and
the path loss exponent, respectively. Furthermore, di

is the distance between the BS and Ib, i.e., db =
√

(xm − xBS)2 + (ym − yBS)2 . In addition, κ denotes
the Rician factor, while g̃LOS

b and g̃NLOS
b denote

the LOS and non-line of sight (NLOS) components,
respectively. On the other hand, the channels be-
tween the BS and each user and between each IRS

and each user are characterized as Rayleigh fading.

In particular, hi,k =
√

C1d−a1

i,k
˜hi,k, where di,k =

√

(xi,k − xBS)2 + (yi,k − yBS)2 is the distance between

the BS and ui,k. In addition, hb,2,k =
√

C1d−a1

b,i,k
˜hi,k. It

is also assumed that the channels are quasi-static, and
thus, they remain constant throughout the transmission
time. It is worth mentioning that ordering of users has
a considerable impact on the SIC process, and thus,
it determines the overall performance of the system.
Without loss of generality, it is assumed that

∣

∣h1,k + hb,1,k
HΘbgb

∣

∣

2 ≥
∣

∣h2,k + hb,2,k
HΘbgb

∣

∣

2
. (4)

With this, the strongest user, i.e., u1,k, performs SIC to
decode the message intended for the weaker user prior
to decoding its own message with the following signal-
to-noise and interference ratio (SINR):

SINR1
2,k =

p2,k

∣

∣h1,k + hH
b,1,kΘbgb

∣

∣

2

(

p1,k

∣

∣h1,k + hH
b,1,kΘbgb

∣

∣

2
+ σ2

1,k

)

, ∀k. (5)

When the strongest user decodes the message of the
weakest user, it subtracts this message of the received
signal. Then, the strongest user decodes its message with
the following SINR [32]:

SINR1,k =
p1,k

∣

∣h1,k + hH
b,1,kΘbgb

∣

∣

2

σ2
1,k

, ∀k ∈ K. (6)
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However, the weaker user does not perform SIC and can
only decode its message with the following SINR

SINR2
2,k =

p2,k

∣

∣h2,k + hH
b,2,kΘbgb

∣

∣

2

(

p1,k

∣

∣h2,k + hH
b,2,kΘmgb

∣

∣

2
+ σ2

2,k

)

. (7)

Accordingly, the achieved rate for each user can be
defined as [33], [34]

R1,k = tk log(1 + SINR1,k), (8a)

R2,k = tk log(1 + min¶SINR1
2,k, SINR2

2,k♢). (8b)

Energy harvesting at idle IRS units

While Ib is reserved to support the transmission to the
users in ck, the remaining IRS (i.e., the idle IRS) units
can harvest energy during time slot tk. Note that the set
of idle IRS units is denoted as Ii, such as Ii∪Ib = I, while
Ii denotes an idle IRS unit. Accordingly, the harvested
energy at Ii can be written as

Ei = ηitkpk♣gi♣2, ∀Ii ∈ Ii, (9)

where ηi ∈ (0, 1] is the power conversion efficiency, and
pk = p1,k + p2,k is the allocated power to the users in ck.

B. PROBLEM FORMULATION

Considering the achieved rate for each user and the EH
capabilities of the idle IRS units, we aim to minimize
the transmit power subject to achieve a set of QoS for
the users and the IRS units. Accordingly, we develop the
following power minimization framework:

P1minimize
pi,k,θb

K
∑

k=1

pk (10a)

subject to Ri,k ≥ Rmin, ∀i ∈ ¶1, 2♢, ∀k ∈ K, (10b)

Em ≥ γmin
m , ∀m, m ̸= b, (10c)

(4), (10d)

where Rmin is the minimum rate requirement for ui,k.
In addition, γmin

m is the minimum harvested energy
requirements for Ii. Note that the proposed power
minimization framework P1 ensures the sustainability
of the considered IRS units. Specifically, it enables
the IRS units to harvest energy for their operational
process while achieving the minimum rate requirements
of the users. However, solving such an optimization
framework is challenging due to several factors. Firstly,
the optimization framework is not only convex but also
a joint optimization framework, where the power levels
for the users and the phase shift matrix for the busy IRS
should be jointly optimized. Thus, this coupled nature
of the optimization framework introduces additional
challenges in solving it. Secondly, selecting the users in
each cluster (i.e., clustering) and determining the busy

and idle IRS units must be determined prior to solving
the problem. We deal with these issues in the following
sections.

III. IRS-ASSIGNMENT AND PROPOSED ALGORITHMS

A. IRS-SELECTION AND GROUPING STRATEGY

CRITERIA

As the busy IRS (one IRS unit) in our system serves a
single cluster at a time while the other idle IRS units
harvest energy, selecting the appropriate IRS sets is
crucial for the overall performance of the system. In
addition, grouping a pair of users at each time slot (clus-
tering) should also be carefully investigated. Accordingly,
this paper proposes efficient IRS selection and grouping
strategy algorithms. Specifically, the proposed algorithms
consider several factors, namely the distances between
IRS units and the intended clusters, as well as the channel
conditions of users. The proposed IRS-selection and user
grouping strategy algorithms are executed as follows:

1. At the first time slot, i.e., t1, the channel gain
between each IRS and each user in the network is
determined, i.e., ♣hm,n♣2, ∀m ∈ M, ∀n ∈ N . With
this, we select the users with the best channel gains
with respect to each IRS and include them in Table
1. The information in Table 1 indicates that Uk and
Uk−2 have the best channel gains with respect to
I1.

2. Accordingly, the correlation between the channels of
stronger users for each IRS is now calculated, i.e.,

Corrm =
♣hm,1hm,2♣
♣hm,1♣♣hm,2♣ , ∀m. (11)

3. Then, the users with higher correlation are assigned
to that IRS, and such IRS is denoted as the busy
IRS, while the others are referred to as the idle IRS.
As an illustrative example, assume that

CorrM = max.¶Corr1.Corr2, · · · , CorrM ♢.

This implies that Ib = IM . Furthermore, the paired
users at this time slot are UK−1 and U1. Meanwhile,
the set of idle IRS is ¶I1, I2, · · · , IM−1♢.

4. In the second time slot, the busy IRS from the
previous time slot is excluded from the set of
available IRS units, i.e.,

It+1 = It \ Ib.

Similarly, the set of available users is updated as
follows:

Ut+1 = Ut \ ¶UK−1, U1♢.

5. The steps from 1 to 4 are repeated for all time slots.
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IRS I1 · · · Im · · · IM

♣h1,k♣2
... ♣hm,3♣2

... ♣hM,K−1♣2

♣h1,k−2♣2
... ♣hm,6♣2

... ♣hM,1♣2

TABLE 1: Channel gains for users with best channel
conditions with respect to each IRS.

B. THE PROPOSED SOLUTION

Given the proposed IRS-selection and grouping strategy
algorithms, the power minimization framework P1 can
now be solved. However, such a problem is non-convex
due to the non-convexity of the constraints. While most of
the existing works in the literature exploit an alternating
optimization (AO) to deal with the joint nature of the
problem, we propose an iterative algorithm based on SCA
to solve this power minimization problem. With this, it
is obvious that the optimization parameters, namely
allocated power and the corresponding reflection matrix,
can be evaluated separately for each time slot. This
enables us to update P1 as follows:

P2 : minimize
pj,i∀j∀i,θi

pk (12a)

subject to SINRi,k ≥ SINRmin, (12b)

Em ≥ γmin
m , (12c)

(4), (12d)

where SINRmin = 2
Rmin

tk − 1.

For notional simplicity, assume that

vb,i,k =
[

hb,i,k
Hdiag (gb), hi,k

]

.

Accordingly [31],

♣hi,k + hb,i,k
HΘbgb♣2 = ♣vb,i,krb♣2, (13)

where rb = [βb,1ejθb,1 , · · · , βb,Lejθb,L , 1]T . Note that (12b)
can be split into the following set of constraints:

(12b) =































p1,k

∣

∣

vb,1,krb

∣

∣

2

σ2

1,k

≥ SINRmin, ∀k ∈ K,

p2,k

∣

∣

vb,1,krb

∣

∣

2

p1,k

∣

∣

vb,1,krb

∣

∣

2

+σ2

1,k

≥ SINRmin ∀k ∈ K,

p2,k

∣

∣

vb,2,krb

∣

∣

2

(

p1,k

∣

∣

vb,2,krb

∣

∣

2

+σ2

2,k

≥ SINRmin ∀k ∈ K,

(14)

To deal with the non-convexity of the problem, we
exploit SCA, at which each non-convex term is approxi-
mated with its lower linear (convex-concave) approxima-
tion. Accordingly, the approximated convex problem is
solved iteratively until the convergence. With this, we

introduce a set of non-negative slack variables to deal
with the non-convexity issue of (12b) such as,

♣vb,i,krb♣2 ≥ zb,i,k, (15a)

zb,i,k ≥ γb,i,k
2. (15b)

Then, we deploy first-order Taylor series expansion
to approximate the non-convex terms in (15). The
corresponding lower linear (convex-concave) terms, as
follows:

♣vb,i,kr
(t)
b ♣2 + 2♣vb,i,kr

(t)
b ♣



ℜ(vb,i,krb) − ℜ(vb,i,kr
(t)
b ), ℑ(vb,i,krb) − ℑ(vb,i,kr

(t)
b )



≥ zb,i,k, (16)

zb,i,k ≥ γ2
b,i,k

(t)
+ 2γb,i,k

(t)
(

γb,i,k − γb,i,k
(t)

)

, (17)

where ( )(t) represents the tth iteration of ( ). Further-
more, we incorporate an additional new slack variable
such as

pj,kγ2
b,i,k ≥ ζb,j,i,k. (18)

Similarly, we handle the non-convexity issue of this con-
straint through first-order Taylor series approximation
as follows:

p
(t)
j,kγ2(t)

b,i,k + 2p
(t)
j,kγ

(t)
b,i,k

(

γb,i,k − γ
(t)
b,i,k

)

+

γ2(t)
b,i,k

(

pj,k − p
(t)
j,k

)

≥ ζb,j,i,k. (19)

With these slack variables, the minimum rate constraints
in (12b) can be written as

(12b) =



















ζb,1,1,k ≥ SINRmin
(

σ1,k

)

ζb,2,1,k ≥ SINRmin
(

ζb,1,1,k + σ1,k

)

ζb,2,2,k ≥ SINRmin
(

ζb,1,2,k + σ2,k

)

(16), (17), (19).

(20)

On the other hand, the SIC constraint in (4) can be
written as

zb,1,k ≥ zb,2,k. (21)

Finally, the minimum harvested energy can be written
as

pk ≥ γmin
k

ηi,ktk

. (22)

Accordingly, the approximated optimization framework
can be written as

P2 : minimize
Γ

pk (23a)

subject to (20), (21), (22), (23b)

where Γ is a set that contains all the optimization param-
eters, i.e., Γ = ¶rm, zb,ik, pk, p1,k, p2,k, γb,i,k, ζb,j,i,k♢. The
selection of the set of initial values to initiate the iterative
algorithm, i.e., Γ(0), directly impacts the efficiency of the
proposed SCA-based iterative algorithm. Therefore, we
select a random power level, i.e., p

(0)
k . Then, we evaluate

the remaining slack variables based on this initial value.
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Parameter Value

Number of users (N) 10
Number of IRS units (M) 5

Number of reflecting elements (L) 8
Path loss exponent (a0) 3

power conversion efficiency (η) 0.5
Noise Variance (σ2) [Watt] 10−6

Total time for transmission (T) [Seconds] 1
Number of time slots (K) 5

Duration of each time slot tk [Seconds] 0.2

TABLE 2: Simulation Parameters.

IV. SIMULATION RESULTS

In this section, we provide a set of simulations to
validate the performance of the proposed IRS-assignment
and grouping strategy algorithms for the IRS-aided
hybrid TDMA-NOMA system. In particular, we compare
the performance of the proposed algorithms against
that of random IRS-assignment and grouping strategy
algorithms, in which the IRS-assignment and cluster-
ing approaches are randomly selected. This simulation
assumes that ten users, i.e., N = 10, are uniformly
distributed within a circle with a radius of 20 meters. In
addition, a set of 5 IRS units, i.e., M = 5, is randomly
distributed within the circle. We provide the set of
parameters used in the simulations in Table 2.

To demonstrate the benefits of deploying the hybrid
TDMA-NOMA system in the considered self-sustainable
IRS-aided system, we compare its performance with
that of the conventional TDMA system in Fig. 2. As
can be seen in Fig. 2, it is obvious that the hybrid
TDMA-NOMA for both random and the proposed
IRS assignment outperforms the performance of the
conventional TDMA system. This is due to the fact
that the time frame in conventional TDMA is divided
into shorter time slots, which as a result, requires more
power to achieve the same QoS requirements.

Fig. 3 compares the required minimum transmit power
against different SINR requirements for the proposed
IRS-assignment and grouping strategy approaches and
that required for a random IRS-assignment. It can be
seen in Fig. 3 that the proposed approach outperforms
the random one in terms of the required minimum power.
This is because the proposed approach considers the
channel conditions of users and thus selects the best
IRS (i.e., busy IRS) to serve the users in each time
slot. However, the random approach does not impose
any constraint either on user grouping or the IRS-
assignment. On one hand, this random approach might
group uncorrelated users together. On the other hand,
such a random approach might select inappropriate IRS
(far IRS) for a group of users. This, as a result, leads to
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FIGURE 2: Required transmit power against different
harvested energy requirements, SINRmin = 4.
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FIGURE 3: Required transmit power against different
SINR requirements, γmin

m = 10−4 Watt.

higher power consumption, as can be seen in Fig. 3.

Fig. 4 depicts the required transmit power against
different harvested energy requirements for the IRS-
aided hybrid TDMA-NOMA system and compares the
proposed and the random approaches. As it is expected,
the minimum required power grows with the increase of
the minimum harvested energy requirements for both ap-
proaches. This can be justified as harvesting more energy
at idle IRS units require more transmit power than the
BS. However, our proposed IRS-assignment and grouping
strategy approaches satisfy the QoS requirements with
lower transmit power consumption compared to that of
the random approach.

Finally, the convergence of the proposed SCA algorithm
to solve the power minimization is provided in Fig. 5.
In particular, the required transmit power against the
number of iterations is provided for three-time slots (i.e.,
clusters). It is shown that the proposed SCA algorithm
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FIGURE 5: The convergence of the proposed SCA for
different time slots, SINRmin = 5,γmin

m = 10−3.

converges to the solution with a few iterations.

V. CONCLUSIONS

In this paper, we proposed a self-sustainable IRS-aided
hybrid TDMA-NOMA. It was assumed that the available
IRS units are divided in each time slot into two sets, busy
and idle IRS sets. Specifically, while the busy IRS unit
was reserved to support the transmission of the paired
users, the idle IRS units were assumed harvesting energy.
We also proposed an IRS-assignment and user grouping
strategy for the self-sustainable system. Furthermore, we
developed a power minimization framework with a set of
QoS constraints. An efficient SCA was proposed to solve
the original problem. Simulation results revealed that the
proposed IRS-assignment and user grouping strategies
outperform the random approaches. In addition, it
was also confirmed that the proposed SCA algorithm
converges to the solution with a few iterations.
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