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Abstract. In this work, intelligent reflecting surface (IRS) is integrated to improve the transmission
power in the simultaneous wireless information and power transfer (SWIPT) system with hybrid time-
switching (TS) users. The considered scenario includes one base station (BS), one IRS, and multiple TS
users, where the BS transmits the information and energy signals to the receivers with IRS assistance.
The sum transmission power minimization problem is formulated under the quality-of-service
constraints of data rate and energy harvesting amount at the TS users and the equal time-switching
periods. The successive convex approximation and alternating optimization methods are exploited to
construct efficient algorithms for finding the suboptimal precoding beamforming vectors at the BS and
the phase shifts at the IRS elements. Finally, the numerical results show convergence and significant
improvement in performance as compared to conventional baseline schemes.

Keywords: Simultaneous wireless information and power transfer (SWIPT), intelligent reflecting
surface (IRS), time-switching (TS) structure, alternating optimization (AO), transmission power

minimization

1 Introduction

1.1 Related Works and Motivations

IRS: Recently, Intelligent Reflecting Surfaces
(IRSs) have appeared as a favorable technology
for sustainable 6G next-generation systems since
they are capable of reconfiguring the wireless
propagation environment via highly controllable
and intelligent signal reflection [1, 2]. Specifically,
IRS contains low-cost and passive reflective
components, e.g., printed dipoles and phase
shifters, each of which can adjust the phase of
incoming signals in real time. Thereby, the
reflected and direct signals can be incorporated
constructively or destructively at receivers.
Moreover, the passive components have low-
power consumption while reflecting the incident

signals without decoding or amplifying them.
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Furthermore, the IRS arrays are produced in small
size and low weight, which allows them to
conveniently mount in the building’s ceilings,
walls, etc. [3-5].

SWIPT: The performances of wireless
systems such as cellular networks, wireless sensor
networks, wearable wireless network, medical
sensor networks, etc. depend on the limited
amount of energy in devices’ batteries. Therefore,
the energy in devices’ batteries needs to be
recharged or replaced. This requires a high cost,
frequent replacement, and much difficulty in
some situations, such as wireless sensor networks
in construction and the body. The technique of
simultaneous wireless information and power
transfer (SWIPT) has attracted a lot of attention in
both academic and industrial research since it can

break the bottleneck of constrained energy in
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wireless devices. Wireless power transfer can
prolong the lifetime of low-power devices,
mobiles, and wireless devices on the Internet of
Things without the use of an electric wire for

charging [6-8].

In practice, the receivers can separately

decode information or harvest energy, or
simultaneously receive both information and
energy when equipped with the time-switching
(TS) or power-splitting (PS) structure. In the PS
structure, the incoming signal is divided into two
streams, where the first one is used for the ID unit
and the other is used for the EH unit according to
the power-splitting ratio. In the TS structure, the
incoming signal is switched between the
information decoding (ID) unit and the energy
harvesting (EH) unit according to the time-

switching ratio [9, 10].

IRS-aided SWIPT: To exploit the
advantages of IRS, the SWIPT networks,
integrated with IRS, are expected to enhance the
performance of the data and energy efficiencies
and compensate for the distance attenuation of RF
signals. In [11], the authors investigated the
SWIPT network with a single IRS sending both
energy and data to two separated groups of
energy and information users, where the target is
to maximize the harvested energy while
threshold for

information users. In previous work of Tang et al.

guaranteeing the data rate

[12], they studied the max-min harvested energy
of EH users with an energy beamforming vector.
The results of harvested energy with IRS are
higher than in the conventional SWIPT case
without IRS. In addition, the

relaxation method

semidefinite
combined with Gaussian
randomization is  proposed  with  high
computational complexity. In Ref.[13], with the
similar model as Tang, multiple objectives such as
harvested energy maximization and sum rate

maximization are studied by optimizing the active
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and passive vectors at the transmitter and IRS.
The authors in Ref. [14] studied the SWIPT
network with IRS and the hybrid information and
energy users with the power-splitting structure.
The target is to maximize the minimum
individual energy efficiency of the receivers with

the non-linear EH model.

In [15], the authors studied

efficiency maximization (the ratio of the sum rate

energy)
security

energy

and consuming while protecting

information from potential
eavesdroppers. The model of single multiple-
antenna transmitter, two separated groups of
information and energy users, one IRS, and the
non-linear EH model are considered. In [16], the
model of the SWIPT multiple-antenna network
with one IRS, one information receiver, multiple
energy users, and a group of eavesdroppers is
investigated. The target of secrecy rate studied
under the harvested energy threshold is limited
transmission power is maximized, where the
results show the effective IRS exploitation. In [17],
the authors studied the SWIPT multiple-antenna
network and one IRS where the transmitter sends
the energy and information signals to the hybrid
users. The problem of energy consumption
minimization is solved by jointly optimizing the
beamforming vector at the multiple-antenna
transmitter, the phase shift at the IRS, and the
power-splitting ratios at the hybrid users. In [18],
the authors considered the IRS-aided SWIPT
network with heterogeneous users and a non-
linear EH model. The target of non-linear sum EH
energy of multiple types for EH, ID, and hybrid
power-splitting users is to maximize with the

alternating optimization method.

Besides, in [19], the authors studied the
max-min individual information and harvested
energy for TS users with the heuristic maximal-
ratio transmission (MRT). In [20], Wu et al

investigated a novel transmission protocol with
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downlink wireless energy and uplink information
IRS-aided  wireless

communication network. In [21], Zargari et al.

transfer for an power

considered wuser scheduling and trajectory
optimization for the IRS-aided unmanned aerial
vehicle (UAV) with SWIPT. However, in the
literature, the prior works focused on the
scenarios of separated ID and EH users or hybrid
power-splitting users, whereas the practical
hybrid time-switching users have not been
investigated yet. Moreover, the SDR technique
generates a high computational solution by

shifting the variables from vector to matrix.

1.2  Main Contributions

In the proposed SWIPT network with IRS

assistance, the multi-antenna base station
transmits data and power to the hybrid TS users
for harvesting energy and decoding information.
We aim to minimize the sum transmit power at
the base station while satisfying the data rate and
energy harvesting requirements of the TS users
with fixed TS factors. The

beamforming vectors at the BS and phase shift

transmission

vector at the IRS are jointly optimized to reduce

power consumption. Our contributions are

described as follows:

- First, the IRS-integrated SWIPT multi-
antenna network with practical time-switching
users is proposed, and the sum transmission
power minimization problem is formulated with

joint beamformer and IRS phase shift variables.

- Second, the challenging non-convex sum
power optimization problem is solved by the
successive convex approximation (SCA) method
combined with alternating optimization (AO).
The beamforming vectors and the phase shift
vector are separated into two subproblems with

the second-order cone transformation approach.

- Finally, the numerical

evaluate

experiments

the proposed algorithms and the
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effectiveness of power gain in the considered IRS-
aided SWIPT system in comparison with some

baseline schemes.

The rest of this work is structured as
follows. The model of the IRS-aided SWIPT
network with TS users and the power efficiency
problem are shown in Section 2. The proposed
solution for the power optimization problem is
presented in Section 3. Finally, the numerical
experiments are evaluated in Section 4, followed

by a conclusion in Section 5.

Notations: Lowercase, boldface lowercase,

and boldface uppercase letters are denoted for

scalars, vectors, and matrices, respectively. By “ X H

and‘:z:

, we denote the norm-2 of a complex

vector x , and the absolute value of a complex

scalar . diag x , represents a diagonal matrix

with each diagonal component being the
corresponding component inx. We denote C™
for the space of mxn complex matrices. The
identity matrix is denoted by I with an

appropriate size. Lastly, CN x, X indicates the

distribution of a circularly symmetric complex
Gaussian random vector with mean vector x and
covariance matrix X , where ‘ ~ ‘indicates

‘distributed as’.

2 System Model and Problem
Formulation

21 System Model

We consider the SWIPT multi-antenna system
with the assistance of the IRS and the time-
switching users, as shown in Fig. 1. The base
station (BS) exploits M antennas for transmitting
data and energy signals while, the users use a
single antenna and time-switching architecture.
An IRS with N elements reflects the SWIPT
signals  for

transmission supporting  the

transmission power.
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Lth user

Ith user

1st user

Fig. 1. System model

As seen in Fig. 1, the channels from the BS
and IRS to the Ilth user are f .f , VieLl

dl? rl
where f, € C"™ ,f eC"™, and L= 1,2, L
Moreover, the BS-IRS channel is denoted as

G € CM". All incoming signals are reflected by

the IRS with the phase shift matrix

® = diag €, .- e’ , where j indicates the

imaginary unit and ¢ €|0,2r  represents the
reflecting phase adjustment at the nth IRS
component, Vne N = 1,2,--- N .

The base station transmits the signal is

L
represented as x, = szsz , where the transmit
=1

precoding beamformerb, is designed for sending

the data symbol s, to the hybrid Ith users.
Assuming that the data symbols are the unit
power, i.e., E[sls]*]zl and E[sls:]:O l=k

Therefore, the total transmission power at the BS

is calculated as P, = ZL:"bl "2 .
=1

Hence, the reflected IRS signal is given by

XIHS

L
= CDGZ b, and the obtained signal at the
=1

Ith user is expressed as:
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T =fx +fx +n,

dl”" B r,l"IRS

L L
= f{f](DGZ b,s, + fﬁZb]sl +n, €))]
=1 =1

L
= dezq)G + f,h; szsz +mn, Vi
=1

where n, ~ CN' 0,07 is the processing of white

Gaussian noise (AWGN) at the /th user, and the

antenna noise is omitted due to its small power.

When the users utilize the TS circuit, the ID
operation and the EH operation can be switched
for the SWIPT. Without loss of generality, we
assume the transmission time of each block is one;
thus, the time periods of [th user for the

information decoding and the energy harvesting

are equal to t and 1-t , respectively. As a

result, the harvested power and data rate of the

received signal at /th user are expressed as:

L 2
T,=1—t Y | £ +1®G b, )
k=1
and
2
£ + DG b
Y, =t log, |1+ — ©)

2
2

+ o,

L
k=1k=l

f! + £ ®G b,

respectively. Besides the beamforming vectors of
the BS, the IRS phase shifts in reflecting the IRS
matrix also affect the harvested energy and data

rate at the users, as seen in (2) and (3).

2.2 Sum Transmission Power Minimization
Problem Formulation

The target of this work is to minimize the sum
transmission power under the requirements of
energy transfer and data rate in terms of the
minimum amount of harvested power and data
rate values. In the TS structure, we balance a half

time for energy harvesting and a half time for

information decoding, i.e., ¢, = 0.5,Vl. Thus, the
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transmit beamformers at the BS and the phase
shifts at the IRS are optimized in the transmission

power minimization problem formulated as

follows:
L 2
(P1): minimize Sb (4)
%0 I=1
subject to:
§ H H 2
1—t > I £ +£5®G b | >3V, ()
k=1
2
£/, + DG b
t log, |1+ — - > 7, V1(6)
H 0 p
Z fd,l + fN(I)G bk + Ozz
k=1k=l
@, |=1vn. @)

The objective (4) is to minimize the sum
transmission power at the base station with the
assistance of the IRS, where the sum transmission
power with IRS support is expected to reduce in
comparison with that of the conventional No-IRS
scheme. In the first constraint (5), the amount of

harvested energy at the Ith user is required to be
larger than the threshold, 3 (mW). In the second
(6), the data rate received by the Ith user is
required to be greater than the threshold, 7,
(bps/Hz). Lastly, the modulus constraint (7) for

the phase shift matrix & guarantees the
existence of a reflecting phase at the nth element.
We observe that the EH and ID constraints are
non-convex, along with the modulus constraint.
Moreover, the joint beamforming vectors and the
phase shifts also make the optimization problem
challenging. Thus, the idea of solution method is
to exploit the successive convex approximation
(SCA) for non-convex constraints and alternating
optimization (AO) for the couple of beamformers
and phase shifts. In the following section, we
propose an efficient, low-complexity algorithm to

solve the optimization problem.

DOI: 10.26459 /hueunijns.v133i1B.7144

3  Proposed Low-complexity
Algorithm for Problem (P1)

In this section, the problem (P1) is transformed
into a more amenable one, and two groups of
beamforming vectors and the phase shifts can be
decoupled. As a result, the AO and SCA
algorithms can be combined to analyze the
modified problem. For the energy harvesting

constraints, we change the form:

2

L
11, Y| £ + @G b | >4
k=1

ﬁ L
0> L —§
1-t

8)

2
, Vi

£ +£7DG b,

For the data rate constraints, we first

transform (6) into:

2

£ +£7®G b,

> exp ln2-% -1 .09

1

L

2

k=1k=l

2
2
1

£, +£.®C b| +o

Then, we introduce the auxiliary variables

z, ,and Eq. (9) is equivalent to:

1
exp 1r12~l -1
tl

2
£, +£,PG b,| +0; . (10)

£+ DG b| >

L
=Y
k=1,k=l

07,

Y

Z)

We reformulate the power transmission

minimization problem as follows:

r
| )
et I=1
subject to
B, L 2
0> —+——> I ] +£DG b, |, VI (12)
]'_t[ k=1 ’ ’
£ 4 DG b > 2. .
T L 1‘ = % | eXp n2't— —1{,vI (13)
1
L 2
k=1,k=l
53
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2z, >0,V (15)

® | =1, (16)
|

n,n |

Then, we alternate to optimize two groups
of beamforming vectors and phase shifts in the

next subsection.

3.1 Optimizing b,z with the given
“n

We exploit the Taylor expansion for fixed

b; .z, , thus obtaining the inequality as
2 if
ffz —Q—fZCDG b| = bffzlebk >2Re b, flfIku
i H i
b, "8, VE
17)

with £ = £} +£/®DG,VI. We introduce the slack

variables to achieve feasible initial

pu’ pz,z 2y
points for the SCA algorithm. At the fixed point
b i 2 i

.»% , we derive the convex approximation
subproblem [22] as follows::

L

(P2): minimize Y [b,[ + A b, 41y 8y,
=1

2250y 5Py 5Py 1=1
(18)
subject to
L X . .
0>-37 2Re b "ff"b, —b "D,
k=1
g (19)
+ -p,,V
_ t[ ?
0>z exp[1n2~l] —1]—
f (20)

2Re bzi Hfzfzﬂbz *bzi Hflfzﬂbzi *pz,l’\v/l

L

0> >

k=1k=l

2

+ 012 -z — p&l,W (21)

£ + DG b,

% 20,p, 20,p,, 20,p,, =0,VI. (22)

54

Then, we exploit MATLAB’s CVX tool [23]
to achieve the optimal beamforming vectors in the

ith subproblem. By inserting the new variables
P,,,D,,,P,, ,» we are able to start at any initial

point, such as b’ =[1,..,1]" andz’ =1. As a

result, the proposed
described in Table 1.

iterative algorithm is

Table 1. Algorithm 1 for obtaining the BS beamformers

1 initialization:

Start a feasible initial point of problem

2 (P1-A). Seti=0.
3 repeat
Solve the problem (P1-A) to obtain
4 b,2,p,,,P,, Dy, with a fixed point
b,z

[

5 Update bli+1 =b.

1

6 Set i=i+1

7 until satisfying convergent criteria.

i

., and

output: Obtained solution bli W

8 L
sum transmission power Z
=1

2

b7

l

3.2 Optimizing ¢  withthegiven b,z

In the following, we find the phase shifts {(pn}

with the obtained b,z

177

Table 1. Then, we derive the problem from (P1-A):

by Algorithm 1 in

(P3): Find @ subject to

bo -

1-1 =1

2
£ +£7DG b, |, VI (23)
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0> 2, | exp

1112-l
t

1

1
(24)
L e b‘ Vi

oVl (25)

0> Z‘fH

k=Lk=l

@, |=1vn. (26)

.
We denote a = [e’”l,e”“,...,e””"} , then

derive as

H H j- H
£, +a‘diag f

@)

dl "k Cl‘k +a

" diag f,h;

H T H
where ¢ =f'b, andd = diag f Gb, . Then,
‘c —I—aHd "2 = ¢, +aHd —I—aHd

G
+2Re cd a —}—aHd d”a

Zk lk Lk Lk 1k lk

We use Eq. (28) to obtain the expressions as

L

Z f = Cl CH +
: . (29)
H
[chk lk] dlk lk]
- H
d|l + fr,l Z lk lk
k=1k=l k=1k=l
L H (30)
H
2Re [Z delk a Z dlk Zk]
k=1k=l k=1k=l

And we use the following approximations

as

L
H[Zdlklel. a>2Re[a1H[Zdlk [lc] }
k=1

(31)
i & "
—a [Zdlkdlk
k=1
Hd”lela>2Re a' d”dlla — d”le, v .(32)
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For the constraint |(DM|=1,Vn , ie,

2
al| ,Vn
n

2
|an| =1,Vn, thatis equivalentto 0 >1—

and 02|an|2—1,‘v’n , where the equality is

converted to two inequalities. Then, we

approximate the non-convex constraint as

|an|2 >2Re an'", ‘a, — ,Vn. (33)

To start at a feasible point, we introduce the

auxiliary variables Q4,50 in the

N

inequality constraints. At the fixed point a,

we then obtain the convex subproblem as follow

(P3-A):

minimize [ Z o, Ty, +>\Z qln+q2n]

{) SO0 O
1.0 %,10 n=1

a0,
(34)
subject to
H
Z CiCin +2Re [Zcm m] a
/H L
+2Re{a’ [Zdlklek]a
_
i' H L H i’ (35)
—a [Z d/,kdl k ] a
k=1
> b +a,,Vi
Gi !
Ck M+2Re Cﬁ»dlk a + >
i H i H il
2Re a dlleHl — dlleHl (36)
Y,
2, exp[ln?- ; ]—1 —I—ale
1
L H
O> Z Cll. 1,k +2Re [ Z ClHldlk] a
k=1,k=l k=1k=l
‘ ' (37)
a” Z dzkdzHA ZNW
E=1k=l
55
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0>l ~1-4g,.¥n (38)
il % i % 2

0>1—|2Re a, a, —la, ]qM,Vn (39)

o, >00, >0q, >0, >0V  (40)

Then, the fixed point ani, is updated by

the optimal solution of Problem (P3-A) until

convergence.

Table 2. Algorithm 2 for obtaining IRS phase shifts

initialization:

Start an initial point of (P3-A) as ano . Set

i’ =0.

repeat

Solve problem (P3-A) via CVX to obtain

the optimal solution @, 005G, 5y,

with a fixed point a"i/

i i'+1
Assigna’' = =a_ .
n

n

Seti’ =4’ +1.

until obtaining convergent conditions.

'

output: Obtained solution a  , and
shift-phase ¢ = —angle anﬂ ,Vn.

3.3  Overall AO Algorithm

Finally, we present the overall alternating

optimization algorithm to achieve the optimal AP
beamformer and the IRS shift-phases in Table 3.

56

Table 3. Algorithm 3 with the overall AO method to
solve problem (P1)

1 initialization:

Start an initial shift-phases gono ,

maximum iteration number, [

max *

3 for m=1to I do

X

b m+1 2 m+1 by

1 ()

Update solving

4 problem (P2) with Algorithm 1 in Table 1

. m
when given ¢

5 if satisfying accuracy then
6 break;
7 end if

Update ¢ """ by solving problem

8 (P3) with Algorithm 2 in Table 2 when

. m+1 m+1
given b,z

9 end for

m+1 m+1

output: b,po «— b o
1 , ,

L L
DY Y
=1 =1

and

b m+1 B
| .

The overall AO algorithm is to solve (P1)
and (P2) alternatively in an iterative manner with

two blocks of variables, b,z and ¢ . The

(R
local optimal solutions of two blocks are achieved
by Algorithm 1 and Algorithm 2, respectively.

The computational complexity of Algorithm 1 is

O 1M , where I

, is the number of
iterations in Algorithm 1 and O - is the big-O
notation [24, 25]. The complexity of Algorithm 2 is

O IZLN3 , which I, the number of iterations.
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Then, for the overall AO method, the total

complexity of Algorithm 3 is

O I, 1.I*M* +I,LN® We note that the

proposed method provides low complexity in
comparison with the complexity of the
semidefinite relaxation (SDR) method with the

order of M® and N®° [26].

4 Numerical Results

In this section, the numerical experiments are
presented to evaluate the results of the proposed
method. The simulated network setup is assumed
as follows. The BS is located at (0 m, 0 m), and the
IRS is fixed at (3 m, 2 m). Simultaneously, L
single-antenna users are uniformly distributed on
a circle centered at (5 m, 0 m) with a radius of 0.5
m. The distance-dependent (large-scale) path loss
channels is

for all expressed as

PL= PL, —10alog,, dB, where « is the path

0

loss exponent, PL = -—30dB is the link

distance in meters, and is the path loss at the

reference distance of d, =1m [27, 28]. The path

loss exponents for the BS-IRS channel, the BS-user
channels, and the IRS-user channels are given as
ay =22,a, =3.6, and o = 2.2, respectively
[29, 30]. We note that the path loss factor from the
base station to the users are large due to the
obstacles; thus, the the direct signals to the users
with high attenuation is compensated by the
indirect reflecting signals with low path loss
factors. The Rician model is applied for small-
scale fading in every channel where the Rician
factor is assigned 3 dB. Moreover, the number of
users is L =2 and the antenna noises at the

users are g = —90dBm,V1 .

DOI: 10.26459 /hueunijns.v133i1B.7144

41 Convergent Behavior

characteristics of the AO
algorithm with M = 4and N = 5 are presented in

The convergent

Figure 2. We observe that the values of sum

transmission power decrease and achieve
convergence under 15 iterations for several
random channel examples. Then, the maximum
iteration number of the AO algorithm is set at
I, =15 for

convergent assurance in the

experiments.

a
43 »10

4z

w
@

S D

w
o

w
=

w
S

——Rand. channels 1
v\ ~& Rand. channels 2

s \\; ——Rand. channels 3
2.8 s ————F—+

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Iteration index

[

Min. Sum Power (mW)

Fig. 2. The convergence behavior of proposed
alternating optimization algorithm with several
random channels

4.2  Effect of data rate and energy harvesting
thresholds

As seen in Fig. 3, the results of sum transmission
power are shown versus the required data rate
threshold with the number of antennas, M =8,
the number of IRS elements, N =20, and the
energy harvesting threshold, g, = —12,—15dBm.
We also perform two baseline schemes, with the
fixed-phase IRS and the No-IRS in comparison to
the proposed scheme. In the fixed-phase IRS
scheme, the phase shifts at IRS elements are
initially assigned, and thus the optimization

variables remain the beamforming vectors. In this
work, we set the fixed phases as ¢ = g,Vn for

every IRS element in this simple scheme.
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—% -Propposed IRS, #=12 dBm ‘ Pl

4000 (|5 _Fixed phase IRS, =12 dBm e
—4-No IRS, 4=-12 dBm s
—¢—Propposed IRS, F=-15 dBm /// /Ej

3500 { —=—TFixed phase IRS, 3=-15 dBm ,"ﬂ 27
—~4—No IRS, #=-15 dBm e

mW)

n @
a =}
=] =}
=1 s}

N
=}
1=}
s}

Min. Sum Power

1500

1000 - ; .
1 1.25 15 175 2
Data rate threshold, v, (bps/Hz)

Fig. 3. Min. sum power versus required data rate
threshold at TS users

In the second No-IRS baseline scheme, the
conventional SWIPT system without IRS is
performed. We observe that the proposed method
with IRS aid provides lower transmission power
than that of the benchmarks. The performance
presents the effectiveness of IRS support because
the phase shifts are adjusted to improve the
desired signals for satisfying the quality of
services at the TS users. In addition, the sum
transmission power increases with the rise of the
data rate thresholds since the base station has to
use more power to afford the higher required data

rate at the receivers.

In Fig. 4, the impact of the required energy
harvesting threshold, 3,, is studied with M =4
and N = 25. It can be observed from this plot that
the sum transmission powers obtained by all
schemes increase along with increasing £
because the base station needs to consume more
power for the high required harvested energy at
the users. This figure also expresses that the
proposed scheme with carefully optimized phase
shifts utilizes better transmission power than the

No-IRS baseline scheme does.
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45 % 10"
—¢—Prop. IRS, v; = 1.2 bps/Hz {
41 |—<4-No IRS, 7, = 1.2 bps/Hz ]
a5l ——Prop. IRS, v = 1 bps/Hz P
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3 ! ;’ﬁ‘
4 7/
i’ /
/
- A

Min. Sum Power (mW)

20 18 16 14 12 10
Required EH threshold, & (dBm)

Fig. 4. Min. sum power versus required energy
harvesting threshold at TS users

Moreover, when the number of users
increases, the base station uses more energy to
transmit the additive symbols to the new users.
Also, the inter-user interference from the new
users to the available ones makes the base station
increase the transmission power to combat the
new interference. Thus, the transmission power of
the base station will increase with the rise in the
number of users. We observe that the values of
the channels in the distance-dependent path loss
are affected by the path loss factors and the
distances of the base station, the intelligent
reflecting surface, and the users. Obviously, when
the positions of the users are near the base station
and the IRS, we obtain lower values for the sum
transmission power due to the lower distance and

vice versa.

We observe that the sum power target for
7, = 1bps/Hz is only 1000 mW in Fig. 3, which is
better than 10.000 mW in Fig. 4. The reason is that

we use more antenna numbers, M = 8, and the
lower EH threshold 3 =—15dBm for Fig. 3, in

comparison with antenna numbers, M =4, and
the EH threshold 3 = —12dBm for Fig. 4.



Hue University Journal of Science: Natural Science
Vol. 133, No. 1B, 49-61, 2024

pISSN 1859-1388
eISSN 2615-9678

4.3 Effect of number IRS elements

We present the impact of the IRS element number
on the performance of the proposed and fixed
phased in Fig. 5 with M =10 ,
B, =—10dBm, and 7, =1bps/Hz. As expected,

schemes

the sum transmission powers significantly
decrease with the increase in IRS element number,
N, since a greater degree of freedom availability
is used for optimizing the system results.
Furthermore, as shown in Fig. 5, the considered
system with IRS support consumes less energy
than the fixed-phase IRS

performance illustrates that integrating IRS into

scheme. The

the TS-SWIPT network is a promising approach to

saving communication energy.

Since the harvested power and data rate of
the received power in the conditions (5) and (6)
have to be larger than the required thresholds, the
total transmission power has a lower bound when
the IRS number becomes very large. In the case of
a single user in the conventional IRS-aided
system, when the IRS element number becomes

large, the transmission power of the BS can scale

down by a factor of % as in [31, 32]. However,

this is only used for the far-field approximation of

IRS elements, as detailed in the analysis in [32].
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Fig. 5. Min. sum power versus IRS element number
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5 Conclusion

In this work, the sum transmission power was
minimized in the considered TS-SWIPT multi-
antenna system with the assistance of an IRS. The
low-complexity algorithm design with the SCA
and AO techniques was formulated to optimize
the beamforming vectors at the BS and the phase
shift vector at the IRS. The

investigations unveiled the effectiveness of the

simulation

IRS in reducing the power consumption of the
considered scheme in comparison with the
benchmark cases. The discrete phase shifts at the
IRS and the impact of the imperfect channel in
estimation are open issues for future research. In
addition, we need to investigate the position for
the IRS to achieve lower sum power with fixed
positions for the BS and the users. A study of the
asymptotic behavior of large N with near-field
approximation is also a challenging issue. These
ideas are interesting research directions for our

future work.
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