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Performance Analysis of RIS-Assisted Wireless
Communications with Energy Harvesting

Bingxin Zhang, Student Member, IEEE, Kun Yang, Senior Member, IEEE, Kezhi Wang, Senior Member, IEEE,
and Guopeng Zhang

Abstract—In this paper, we investigate a reconfigurable intelli-
gent surface (RIS)-assisted wireless communication system with
energy harvesting. In the single information user (IU) scenario,
we consider the power control of base station (BS) and the
random deployment of energy users (EUs). To this end, we first
characterize the statistical features of the channel gains over BS-
RIS-IU and BS-RIS-EU cascaded links. Then, we derive a closed-
form expression of the information outage probability (IOP) of
the IU and show an upper bound of the energy outage probability
(EOP) of EUs by invoking the Jensen’s inequality. Furthermore,
we consider two more general extensions, namely, the existence
of imperfect phase alignment and multiple IUs. Finally, the
correctness of the analysis results is verified by Monte-Carlo
simulation.

Index Terms—Reconfigurable intelligent surface, energy har-
vesting, outage probability, stochastic geometry.

I. INTRODUCTION

Reconfigurable intelligent surface (RIS) has drawn signifi-
cant attention due to its superior capability in reconfiguring the
wireless propagation environment [1], [2]. Specifically, the RIS
consists of a large number of low-cost passive reflecting ele-
ments, each of which can be independently controlled via the
superposition or subtraction of its reflected signals to increase
the desired signal power or suppress co-channel interference,
thus improving the performance of wireless systems [3], [4].

Many works have studied the performance of RIS-assisted
wireless communications. In [5], the authors considered a RIS-
aided wireless system with imperfect channel state information
(CSI), and derived the closed-form expressions of the out-
age probability, average bit error rate, and average capacity.
The authors in [6] analyzed the performance of RIS-assisted
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Fig. 1. The system model.

wireless communication systems affected by outdated CSI. In
[7], the authors investigated an RIS-assisted heterogeneous
network under channel uncertainties and residual hardware
impairments. The authors in [8] characterized the spatial
throughput of a multiple RIS-assisted single-cell multi-user
system, in which RISs and users are randomly distributed
in a two-dimensional space. The authors in [9] considered
a RIS-empowered multi-user multiple-input single-output up-
link communication system and proposed a parallel factor
decomposition based channel estimation framework. In [10],
the authors studied the random rotations scheme at the RIS,
in which the reflecting elements do not need any CSI and
only use random phase rotations. However, none of the above
works utilized radio frequency (RF) resources to improve
users’ energy sustainability.

As a solution to prolong the lifetime of energy-constrained
Internet of Things devices, RF energy harvesting techniques
have been intensively studied and applied in practical appli-
cations [11]. The authors in [12] studied the performance of
a RIS-assisted simultaneous wireless information and power
transfer (SWIPT) system for quantized phase shifts at the
RIS. In [13], the authors aimed at maximizing the weighted
sum rate of all information receivers by jointly optimizing
the transmit beamforming of the base station (BS) and the
phase shifts for a RIS-assisted SWIPT multiple-input multiple-
output system. The authors in [14] maximized the total energy
efficiency of all wireless devices in a RIS-assisted wireless-
powered communication network by jointly optimizing radio
resources and passive beamforming. Nevertheless, previous
works ignore that energy harvesting devices are normally
randomly deployed in practical scenarios.

Against the above background, this paper considers a RIS-
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assisted wireless communication with energy harvesting abil-
ities. Different from the prior works, we assume that all
energy users (EUs) are randomly deployed in a disc centered
at an information user (IU). Moreover, we consider that the
BS has the ability of power control. Specifically, the main
contributions of our work are summarized as follows:

• According to the statistical characteristics of channel
gains, we derive a closed-form expression of the information
outage probability (IOP) of the IU under a given rate threshold.

• By using a binomial expansion function, we obtain the
expectation of the distance from EUs to the RIS in the closed-
form. Then, we present an upper bound of the energy outage
probability (EOP) of EUs under a given energy threshold by
invoking Jensen’s inequality.

• Furthermore, we study the performance in the existence
of imperfect phase alignment. We also analyze the system
performance with multiple IUs scenarios.

II. SYSTEM MODEL AND STATISTICAL FEATURES

We consider a RIS-assisted wireless system with energy
harvesting abilities, as depicted in Fig. 1. The system consists
of a BS, an IU, K (K ≥ 1) EUs and a RIS with N reflecting
elements. The BS and all users are equipped with a single
antenna. In this scenario, the BS sends information to the
IU, while K EUs harvest energy from the RF signals. For
tractability purposes, we assume that K EUs are uniformly
and randomly distributed in a circle, centered at the IU, with
radius L meters (m).

As shown in Fig. 1, by using the polar coordinate system
with the location of the IU as the reference point, the k-th EUs’
position is defined by (lk, ψk), where lk and ψk are the radial
and angular coordinates, respectively, ∀k ∈ {1, ...,K}. Con-
sidering the random deployment of EUs, the corresponding
probability density function (PDF) of the angular coordinate
can be expressed as [15]

fψk
(ψk) =

1

2π
, ψk ∈ [0, 2π]. (1)

For the radial coordinate, its PDF can be obtained by
differentiating the cumulative distribution function (CDF) over
the radial variable lk, thus the PDF of lk ∈ [0, L] can be shown
as [15]

flk (lk) =
dFlk(lk)

dlk
=

2lk
L2

, lk ∈ [0, L]. (2)

Furthermore, let a denote the vertical height of the RIS, b
denote the distance from the IU to the projection point of the
RIS at the users’ plane, dSR denote the distance from the BS
to the RIS, d0 and dk denote the distances from the RIS to
the IU and the k-th EU, respectively. Therefore, one can have
d0 =

√
a2 + b2. For calculation of dk, the law of cosines can

be exploited, thus one has [16]

dk =
√
a2 + b2 + l2k − 2blk cosψk. (3)

We assume that the links between the BS and all users can
only be established through the RIS, where the direct links
may be weak or blocked due to severe blockage. The complex
channel vectors from the BS to the RIS, from the RIS to the IU

and the k-th EU are denoted by g ∈ CN×1, hI ∈ CN×1 and
hk ∈ CN×1, respectively. In this paper, we assume a block-
fading channel which consists of distance-dependent path-
loss and a small-scale fading [17]. Therefore, these channels
are modeled as [g]n = gnd

−α
2

SR , [hI]n = hI,nd
−α

2
0 and

[hk]n = hk,nd
−α

2

k , where gn, hI,n, hk,n ∼ CN (0, 1) denote
the small-scale Rayleigh fading, respectively, ∀n ∈ {1, ..., N},
k ∈ {1, ...,K}, and α is the path-loss exponent. Then, the
received signal at the IU can be written as

yI =
√
Ptg

TΦhIxI + wI, (4)

where xI is the information symbol with E{||xI||2} = 1, Pt
is the transmit power, wI ∼ CN (0, σ2) is the additive white
Gaussian noise at the IU, and Φ = diag(ejϕ1 , ..., ejϕN ) is
the diagonal coefficient matrix with the phase shift of the n-
th reflecting element ϕn ∈ [0, 2π). Then, the instantaneous
signal-to-noise ratio (SNR) at the IU is given by

γ =
Pt
σ2

∣∣∣∣∣
N∑
n=1

[g]n[hI]ne
jϕn

∣∣∣∣∣
2

=
Pt
σ2
d−αSR d

−α
0

∣∣∣∣∣
N∑
n=1

gnhI,ne
jϕn

∣∣∣∣∣
2

.

(5)
We assume that the channel state information (CSI) of

the BS-RIS and RIS-IU links can be obtained at the BS.
Therefore, to maximize the received SNR, the RIS should
carefully adjust the phase shift coefficients to satisfy ϕn =
− arg(gn)− arg(hI,n), ∀n ∈ {1, ..., N}. As a result, γ can be
rewritten as

γ =
Pt
σ2
d−αSR d

−α
0

(
N∑
n=1

∣∣gn∣∣ ∣∣hI,n∣∣)2

. (6)

Then, the achievable rate R (bit/s/Hz) of the IU can be
expressed as follows

R = log2(1 + γ). (7)

Since EUs are not currently scheduled users, we assume
that the CSI from the RIS to EUs is unavailable. As a result,
the harvested energy at the k-th EU can be written as

Ek = ητPtd
−α
SR d

−α
k

∣∣∣∣∣
N∑
n=1

gnhk,ne
jϕn

∣∣∣∣∣
2

, (8)

where 0 < η < 1 is the energy conversion efficiency of EUs
and τ is the duration of energy harvesting.

We also consider that the BS has the ability of power
control. In other words, given a rate threshold Rth of the
IU, the BS can adjust its transmit power to an optimal value.
Therefore, based on (6) and (7), the optimal power of the BS
can be given by

P ∗
t =

(
2Rth − 1

)
σ2

d−αSR d
−α
0

(∑N
n=1

∣∣gn∣∣ ∣∣hI,n∣∣)2 . (9)

Then, substituting (9) into (8), the harvested energy of the
k-th UE can be rewritten as

Ek =
ητρσ2d−αk

∣∣∣∑N
n=1 gnhk,ne

jϕn

∣∣∣2
d−α0

(∑N
n=1

∣∣gn∣∣ ∣∣hI,n∣∣)2 , (10)

where ρ = 2Rth − 1.
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III. PERFORMANCE ANALYSIS

In this section, we first identify the channel statistical
characteristics of the IU and EUs. Then, we derive the IOP of
the IU and the EOP of EUs under the given threshold.

A. Channel Gain Characterization

Define X =
(∑N

n=1

∣∣gn∣∣ ∣∣hI,n∣∣)2, and we first identify the
statistical characteristics of X . However, it is difficult to derive
the exact distribution of X . To tackle this difficulty, we employ
the moment matching technique to approximate X by Gamma
distribution [18]. The first and second moments of the random
variable X are denoted by uX = E{X} and vX = E{X2},
respectively. As a result, the CDF and PDF of X can be
respectively expressed as

FX(x) =
1

Γ(β)
Υ
(
β,
x

θ

)
, (11)

fX(x) =
1

Γ(β)θβ
xβ−1e−

x
θ , (12)

where β =
u2
X

vX−u2
X

, θ =
vX−u2

X

uX
, Γ(·) represents the Gamma

function and Υ(·, ·) denotes the lower incomplete Gamma
function. In particular, uX and vX are given in [18, Eq. (A5)].

Let Yk =
∣∣∑N

n=1 gnhk,ne
jϕn
∣∣2. Similar to [19], Yk can be

approximated as an exponential random variable with mean
λk = N . As a result, the CDF of Yk can be written as

FYk
(y) = 1− e

− y
λk . (13)

B. The IOP of the IU and the EOP of EUs

In this subsection, the IOP of the IU and the EOP of EUs
under a given threshold are derived.

Lemma 1. Given a rate threshold Rth, the IOP of the IU
is given by

PO
I =

1

Γ(β)
Υ

(
β,

ρσ2

θd−αSR d
−α
0 Pth

)
, (14)

where Pth denotes the maximum transmit power of the BS.
Proof: Based on (6), (7) and (9), one has

PO
I = Pr{R < Rth} = Pr

{
P ∗
t

σ2
d−αSR d

−α
0 X < ρ

}
(a)
= Pr

{
Pth

σ2
d−αSR d

−α
0 X < ρ

}
= Pr

{
X <

ρσ2

d−αSR d
−α
0 Pth

}
= FX

(
ρσ2

d−αSR d
−α
0 Pth

)
,

(15)
where (a) follows the case that the outage event for the IU
only occurs when P ∗

t > Pth.
Then, by substituting (11) into (15), one can obtain (14)

after some mathematical manipulations. ■
Furthermore, given a energy threshold Eth, the EOP of the

k-th EU can be expressed as

PO
Ek

= Pr{Ek < Eth} = Pr

{
ητρσ2d−αk Yk

d−α0 X
< Eth

}
= Pr

{
Yk <

Xd−α0 Eth

ητρσ2d−αk

}
= Pr

{
Yk
X

< Ωdαk

}
,

(16)

where Ω =
Ethd

−α
0

ητρσ2 .
Note that the closed-form expression of (16) is difficult to

obtain directly. To this end, let Z = Yk

X , and we first apply
the following lemma to show the statistical features of Z.

Lemma 2. The CDF of Z can be obtained as

FZ(z) = 1−
λβk

(θz + λk)
β
, (17)

Proof: Based on (12) and (13), one has

FZ(z) = Pr{Z < z} = Pr {Yk < Xz}

=

∫ ∞

0

FYk
(zt)fX(t)dt

=
1

Γ(β)θβ

∫ ∞

0

(
1− e

− zt
λk

)
tβ−1e−

t
θ dt

=
1

Γ(β)θβ

(∫ ∞

0

tβ−1e−
t
θ dt−

∫ ∞

0

tβ−1e
− zt

λk
− t

θ dt
)

(a)
=1− 1

θβ
(
z
λk

+ 1
θ

)β ,
(18)

where (a) follows [20, Eq. (3.381.4)]. Then, by operating some
mathematical operations on (18), one can obtain (17). Hence,
the proof is completed. ■

Considering the randomness of the location of EUs, the
EOP of EUs shall be evaluated in the form of expectation,
with respect to the polar coordinate consisting of radial and
angular variable. Therefore, based on (3) and (17), (16) can
be rewritten as

PO
Ek

= Edαk {FZ(Ωdαk )}

= Elk,ψk

{
FZ

(
Ω
(
a2 + b2 + l2k − 2blk cosψk

)α
2

)}
.

(19)
However, it is difficult, if not impossible, to obtain the exact

closed-form expression for PO
Ek

in (19). To this end, we resort
to an upper bound of (19) by invoking the Jensen’s inequality
as

PO
Ek

= Edαk {FZ(Ωdαk )} ≤ FZ (ΩE {dαk}) . (20)

Next, we first derive the closed-form expression of E {dαk}
in (20).

Lemma 3. E {dαk} in (20) can be expressed as

E {dαk} =
1

πL2

α
2∑

p=0

(
α
2
p

)
ΞlkΞψk

, (21)

where

Ξlk =

p∑
q=0

(
p
q

)
(−2b)

α
2 −p(a2 + b2)p−q

α
2 − p+ 2q + 2

L
α
2 −p+2q+2, (22)

and

Ξψk
= 2

α
2 −p (1 + (−1)

α
2 −p)B( α

2 − p+ 1

2
,
α
2 − p+ 1

2

)
,

(23)
with B(·, ·) being the beta function.
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Proof: Based on (1) and (2), one has

E {dαk} = Elk,ψk

{(
a2 + b2 + l2k − 2blk cosψk

)α
2

}
=

∫ L

0

∫ 2π

0

(
a2 + b2 + l2k − 2blk cosψk

)α
2

× flk(lk)fψk
(ψk) dlkdψk

=
1

πL2

∫ L

0

∫ 2π

0

(
a2 + b2 + l2k − 2blk cosψk

)α
2

× lk dlkdψk.
(24)

Due to the independent radial and angle variables in users’
polar coordinates, the radial-based and angle-based integrals in
(24) can be combined by using a binomial expansion function.
As a result, (24) can be rewritten as (21), in which Ξlk and
Ξψk

are the expectation operation with respect to the radial
and angular in (24), respectively. Specifically,

Ξlk =

∫ L

0

lk
(
a2 + b2 + l2

)p
(−2blk)

α
2 −p dlk, (25)

Ξψk
=

∫ 2π

0

(cosψk)
α
2 −p dψk. (26)

Furthermore, by using the binomial expansion to facilitate
the corresponding integrals’ calculation in (25) and (26), one
can obtain (22) and (23) in the closed-form, respectively. Then,
(21) can also be expressed in a closed-form. ■

Finally, substituting (17) and (21) into (20), one can obtain
the upper bound of PO

Ek
in a closed-form as follows

PO
Ek

= 1−
λβk

(θΛ + λk)
β
, (27)

where Λ = Ω
πL2

∑α
2
p=0

(
α
2
p

)
ΞlkΞψk

.

Remark 1: For (27), given a specific path-loss exponent α
and then simplified, we find that the EOP increases monotoni-
cally with L. Due to space limitations, the details of the proof
are omitted.

IV. EXTENSIONS

In this section, we consider two more general extensions,
namely, the existence of imperfect phase alignment and mul-
tiple IUs.

A. The existence of imperfect phase alignment

In this subsection, we investigate the case that the phase
shift cannot be perfectly aligned, which may be caused by the
imperfect CSI or limited quantization bits of the phase shifts
of the RIS. Therefore, the SNR γ in (6) can be rewritten as

γ =
Pt
σ2
d−αSR d

−α
0

∣∣∣∣∣
N∑
n=1

∣∣gn∣∣∣∣hI,n∣∣ejφn

∣∣∣∣∣
2

, (28)

where φn is the error caused by imperfect phase alignment of
the k-th element of the RIS. We consider that φn follows the
uniform distribution, i.e., φn ∼ U(−ξ, ξ), and ξ characterizes
the degree of the phase error [18]. When ξ = 0, it reduces to
the perfect CSI case in Section III.

Define Q =
∣∣∣∑N

n=1

∣∣gn∣∣∣∣hI,n∣∣ejφn

∣∣∣2, and we can approxi-
mate Q by a Gamma distribution, i.e. Q ∼ Gamma(β′, θ′),
where the parameters β′ and θ′ are given in [18, Eq. (27)].
Then, the IOP of the IU in the case of imperfect phase
alignment can be obtained by using the same method in
Subsection III-B. In particular, since we have assumed that the
CSI from the RIS to EUs is not available, the performance of
EUs is not affected by imperfect phase alignment.

B. The existence of multiple IUs

In this subsection, we consider that the BS broadcasts infor-
mation to M IUs. Similar to EUs, the IUs are also uniformly
and randomly distributed in the circle centered on the 0-th
IU. For tractability of the analysis, we consider that the RIS
employs equal phase shifts, i.e. ϕ

′

n = ϕ
′

i, ∀n, i ∈ {1, ..., N}.
Therefore, the SNR at the m-th IU can be expressed as

γm =
Pt
σ2
d−αSR d

−α
m

∣∣∣∣∣
N∑
n=1

gnhm,ne
jϕ

′
n

∣∣∣∣∣
2

, (29)

where dm is the distance between the RIS and the m-th IU and
hm,n denotes the complex channel coefficient from the n-th
element of the RIS to the m-th IU, ∀m ∈ {0, 1, ...,M − 1}.

Next, define F =
∣∣∣∑N

n=1 gnhm,ne
jϕ

′
n

∣∣∣2. We first identify
the statistical characteristics of F .

Lemma 4. The first and second moments of F are given
by

uF = N and vF = 2N(N + 1), (30)

respectively.
Proof: In this case, the first moment of F can be written as

uF = E {F} = E

{(
N∑
n=1

gnhm,ne
jϕ

′
n

)(
N∑
n=1

gnhm,ne
jϕ

′
n

)}

= E

{
N∑
n=1

|gn|2|hm,n|2
}

+ E

∑
i ̸=n

gihm,ig
∗
nh

∗
m,n

 .

(31)
Since |gn| and |hm,n| follow Rayleigh distribution, one has

E
{
|gn|2

}
= E

{
|hm,n|2

}
= 1. Therefore, the first term of

(31) is given by

E

{
N∑
n=1

|gn|2|hm,n|2
}

=

N∑
n=1

E
{
|gn|2|hm,n|2

}
= N. (32)

Since gi and hm,i are assumed to be uncorrelated with g∗n
and h∗m,n, respectively, one has E {gig∗n} = E

{
hm,ih

∗
m,n

}
=

0. As a result, one has

E

∑
i ̸=n

gihm,ig
∗
nh

∗
m,n

 =
∑
i ̸=n

E {gig∗n}E
{
hm,ih

∗
m,n

}
= 0.

(33)
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Then, substituting (32) and (33) into (31) yields uF in (30).
The second moment of F is given by

vF = E
{
F 2
}

= E


 N∑
n=1

|gn|2|hm,n|2 +
∑
i̸=n

gihm,ig
∗
nh

∗
m,n

2
 .

(34)
Then, define J1 =

∑N
n=1 |gn|

2|hm,n|2, J2 =∑
i ̸=n gihm,ig

∗
nh

∗
m,n, and (34) can be rewritten as

vF = E
{
J1

2
}
+ E {2J1J2}+ E

{
J2

2
}
. (35)

For the first term in (35), one has

E
{
J1

2
}
= E

{
N∑
n=1

|gn|4|hm,n|4
}

+ E

∑
i ̸=n

|gn|2|hm,n|2|gi|2|hm,i|2


= 4N +N(N − 1),

(36)

where

E

{
N∑
n=1

|gn|4|hm,n|4
}

=

N∑
n=1

E
{
|gn|4|hm,n|4

}
= 4N (37)

due to E
{
|gn|4

}
= E

{
|hm,n|4

}
= 2, and

E

∑
i ̸=n

|gn|2|hm,n|2|gi|2|hm,i|2
 = N(N − 1) (38)

by using Isserlis’ theorem [21] and E
{
|gn|2|hm,n|2

}
= 1.

For the second term in (35), one has E {2J1J2} = 0 by
using (33). Moreover, for the third term in (35), one has

E
{
J2

2
}
= E

 ∑
i ̸=n,p ̸=q

gihm,ig
∗
nh

∗
m,ngphm,pg

∗
qh

∗
m,q


(a)
=E

∑
i ̸=n

|gi|2|hm,i|2|gn|2|hm,n|2
 (d)

=N(N − 1),

(39)
where (a) is due to the existence of non-zero values only if
i = q and n = p, and step (d) follows (38). Finally, substituting
(36) and (39) into (35), one can obtain vF in (30). ■

Based on (30), F can be approximated as the Gamma
distribution F ∼ Gamma(β′′, θ′′), where β′′ =

u2
F

vF−u2
F

and

θ′′ =
vF−u2

F

uF
.

On the other hand, the harvested energy at the k-th EU is
given by

Ek = ητPtd
−α
SR d

−α
k

∣∣∣∣∣
N∑
n=1

gnhk,ne
jϕ

′
n

∣∣∣∣∣
2

. (40)

Define W =
∣∣∣∑N

n=1 gnhk,ne
jϕ

′
n

∣∣∣2. Similar to the variable
F , W can also be approximated by a Gamma distribution.
Then, the IOP of IUs and the EOP of EUs can be obtained
by using the same method in Subsection III-B.

V. NUMERICAL RESULTS AND DISCUSSIONS

In this section, Monte-Carlo simulations are conducted to
validate our analytical results. Unless otherwise specified, the
simulation parameters are set as follows: η = 0.95 [22],
σ2 = −64 dBm [23], Rth = 10 bit/s/Hz [24], α = 2,
τ = 1 s, a = 5 m, b = 10 m and dSR = 10 m. The
curves labelled ‘Simulation’ are obtained by averaging over
106 random samples.
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Fig. 2. Pth of the BS versus the IOP of the IU with Rth = 10 bit/s/Hz.

Fig. 2 depicts the IOP versus Pth, with N ∈ {30, 40} and
ξ ∈ {0, 0.8, 1.2}. One can see that our ‘Analysis’ curves match
well with the simulation results, showing the accuracy and the
usefulness of the derived expression. It is observed that the IOP
decreases with the increase of Pth, showing an improvement in
the system performance. This is because with the increase of
Pth, the BS can support higher information transmission rate.
Also, for the same Pth, larger value of N leads to better IOP
performance. In addition, larger phase alignment error yields
higher IOP, meaning that high-precision phase shifts are not
negligible for improving the system performance.

Fig. 3 shows the EOP versus L, with N ∈ {10, 50} and
ξ ∈ {0, 0.8, 1.2}. The corresponding ‘Analysis’ curves are
plotted by using (27). One can see that the EOP monotonically
increases with L, as expected. This is because with the increase
of L, the transmitted signals experience long distance from the
RIS to UEs, namely, they suffer a larger path-loss, resulting in
less harvested energy. In particular, by numerical simulations,
we find that the product of θ and Λ in (27) is a small number
compared to λk, and grows slowly with L. As a result, one
can see that the curves in the figure are flat. It is also observed
that for any given L, the EOP increases with the number of
reflecting elements. The reason is that the cascaded BS-RIS-IU
links can obtain N2 order power gain [18], i.e. X ∼ O(N2),
while the BS-RIS-EU links can only obtain N order power
gain [19], i.e. Yk ∼ O(N). As a result, it can be seen from (10)
that the harvested energy by EUs decreases with the increase
of N . In addition, larger phase alignment error leads to a lower
EOP. This is because that higher phase alignment error forces
the BS to increase the transmit power, which increases the
energy harvested by EUs.

In Fig. 4, the performance in the existence of multiple IUs
is illustrated for N ∈ {20, 70, 120}. As shown in Fig. 4(a)
and Fig. 4(c), the IOP and EOP decrease with the increase
of Pt, respectively. This means that enhancing the transmit
power of the BS can improve the performance of both IUs
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Fig. 4. Performance analysis in the existence of multiple IUs.

and EUs. In Fig. 4(b) and Fig. 4(d), one can see that the
IOP and EOP monotonically increase with L, as expected. In
particular, the interval between the curves in each subgraph of
Fig. 4 decreases with the increase of N .

VI. CONCLUSION

In this paper, we have studied the performance of the RIS-
assisted wireless communication system with energy harvest-
ing over Rayleigh fading channels and random EU locations.
In the single IU scenario, we obtain the closed-form expres-
sions of the IOP and EOP by considering the power control of
the BS. One sees that with the increase of reflecting element of
the RIS, the IOP drops while the EOP improves. In addition,
we evaluate the performance in the existence of imperfect
phase alignment. We also analyze the system performance
with multiple IUs. Numerical results have been carried out to
verify the effectiveness of the derived expressions. For future
work, we aim to further analyze the overall performance and
the power allocation strategy of the system where the BS and
user have multiple antennas.
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