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Abstract—In this paper, we investigate the reconfigurable
intelligent surface (RIS) assisted space shift keying (SSK) down-
link communication systems under the imperfect channel state
information (CSI), where the channel between the base station
to RIS follows the Rayleigh fading, while the channel between
the RIS to user equipment obeys the Rician fading. Based
on the maximum likelihood detector, the conditional pairwise
error probability of the composite channel is derived. Then,
the probability density function for a non-central chi-square
distribution with one degree of freedom is derived. Based on
this, the closed-form analytical expression of the RIS-SSK scheme
with imperfect CSI is derived. To gain more valuable insights, the
asymptotic ABEP expression is also given. Finally, we validate
the derived closed-form and asymptotic expressions by Monte
Carlo simulations.

Index Terms—Reconfigurable intelligent surface, space shift
keying, imperfect channel state information, average bit error
probability.

I. INTRODUCTION

Reconfigurable intelligent surface (RIS) has recently at-

tracted considerable concern thanks to their ability to make

environments controllable [1]. Particularly, RIS is an electro-

magnetic metasurface comprising small, low-cost, and almost

passive scattering elements that can induce a predetermined

phase shift in the incident wave [2]. Consequently, RIS can ef-

ficiently modify the scattering, reflection, and refraction of the

environment cost-effectively, thereby improving the efficiency

of wireless networks [3]. To clarify the impact of multiple RIS

on system performance, [4] investigated the statistical char-

acteristics and modeling of distributed multiple RIS-assisted

wireless systems. In addition, [5] conducted measurements

of the path loss of RIS-assisted wireless communication in

a microwave radio chamber taking into account different

scenarios.

Spatial modulation (SM), or more generally index modula-

tion (IM), has recently gained significant research attention

due to its efficient energy utilization [6]. In particular, IM

offers a solution to this issue by utilizing an index of available

resources, such as transmit or receive antennas and frequency

domain subcarrier, to convey a portion of the information [7].

This allows only a fraction of the energy-consuming resources

to be activated at any given time, making IM a highly energy-

efficient option. For this reason, IM is viewed as a promising

technology for 6G systems [7]. With the aim of focusing

more on spatial domain information, [8] studied the space

shift keying (SSK) scheme by neglecting the symbol domain

information of the SM. Due to the large path loss in the

millimeter wave (mmWave) band, it is difficult to guarantee

the reliability of the received data by utilizing SM techniques

for signal transmission at each time slot. In this regard,

[9] proposed a new quadrature spatial scattering modulation

scheme that exploits the hybrid beamforming instead of a

single antenna in the SM.

In light of the advantages possessed by RIS and SSK,

the RIS-assisted SSK scheme has attracted extensive research

interest from the academic community [10]–[12]. Specifically,

the RIS-aided SSK scheme was presented in [10], where the

antenna is switched and selected at the transmitter side and the

RIS is viewed as a passive relay. In [11], the RIS incorporates

Alamouti space-time block coding, allowing the RIS to send its

Alamouti-encoded data and reflect the incoming SSK signals

toward the target. Moreover, [12] takes the case of a hardware-

impaired transceiver into account and analyzes its impact

on the average bit error probability (ABEP) of the RIS-

SSK scheme. With the aim of studying RIS for mmWave

information transmission, [13] proposed a RIS-assisted spa-

tial scattering modulation scheme and provides a theoretical

analysis with respect to ABEP.

All the above-mentioned RIS-aided literature assumes that

the channel state information (CSI) is completely well-known

at the transceiver. Nevertheless, in reality, the estimated CSI

is imperfect on account of estimation errors and limited

radio resources of the RIS. Although work on RIS-assisted

communication systems under imperfect CSI is common, there

has been no work on RIS-assisted IM schemes under imperfect

CSI in the open literature. Against this background, we intend

to elucidate this timely and interesting topic. To the best of

our knowledge, there is no analytical approach that has been

adopted to investigate imperfect CSI for RIS-assisted SSK

system error performance. For clarity, the contribution of this

paper are summarized as follows: 1) In this paper, we study

RIS-assisted SSK systems, where the base station to RIS (BS-

RIS) channel obeys the Rayleigh fading, while the RIS to

user equipment (RIS-UE) channel obeys the Rician fading.

We consider that perfect CSI estimation can be obtained in

the BS-RIS channel, while perfect CSI cannot be estimated

in the RIS-UE channel. 2) The maximum likelihood (ML)

detection algorithm is used to adjudicate the RIS-SSK scheme

and derive the conditional pairwise error probability (CPEP)

expressions. In addition, we provide the complexity analysis.

By utilizing the central limit theorem (CLT), we derive the
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Notations Definitions

Nt Number of transmit antenna
Nr Number of receive antenna
nt Transmit antenna index
Ps The average transmit power

C
m×n The space of m× n matrics

| · | The absolute value operation
λ Wavelength
diag(·) The diagonal matrix operation

C
n×m The space of n×m complex-valued matrices

(·)T The transpose operator
I0(·) The first kind of zero-order modified Bessel function
I1(·) The first kind of first-order modified Bessel function
N (·, ·) The real Gaussian distribution
CN (·, ·) The circularly symmetric complex

Gaussian distribution
ℜ{·} The real part of a complex variable
Pr(·) The probability of an event
Pb CPEP

P̄b UPEP
∼ “Distributed as”
E(·) The expectation operation
V ar(·) The variance operator
Q(·) The Q-function

expectation and variance of the composite channel. After that,

we derive the probability density function (PDF) from the

BS to UE. 3) Based on the derived CPEP and PDF, we

derive the closed-form solution for the unconditional pairwise

error probability (UPEP) considering the imperfect CSI case.

Further, asymptotic UPEP and ABEP expressions are both

derived. We have exhaustively verified the ABEP expressions

via the Monte Carlo simulations.

II. SYSTEM MODEL

In this section, we study the RIS-SSK system model under

imperfect CSI, where optimal reflection phase of RIS is

considered. It is assumed that the SSK technique is used by

mapping the input bits to the index of a specific transmit

antenna, which is activated to allow the transmit signal to

reach the UE through the RIS. The fading channel between the

nt-th transmit antenna and the l-th reflective element of the

RIS is represented by gl,nt
= αl,nt

e−jθl,nt , nt ∈ 1, · · · , Nt.
Meanwhile, the channel between the l-th RIS reflecting shift

and the receive antenna is denoted by hl = βle
−jψl , l =

1, · · · , L. It is worth noting that the RIS controller can adjust

the reflected phase shift to maximize the SNR by adjusting the

reflecting phase shift based on the acquired CSI. In particular,

it is assumed that the direct link between BS and UE is

not reachable due to undesirable channel conditions and that

communication occurs only through the RIS.

Let us consider the communication system shown in Fig. 1

that utilizes a RIS to assist the communication between BS to

the UE, where the BS consists of Nt transmit antennas, while

the UE is equipped with a single antenna [10]. Besides, the

RIS is comprised of a dimensional uniform linear array (ULA)

with L reflective elements. Due to the existence of blockage,

RIS is deployed to assist the communication between BS and

UE, where the RIS is fixed to the exterior wall of the building,

BS

RIS controller
RIS

UE

BS

RIS

UE

Fig. 1. System model of the RIS-SSK scheme.

thus enabling accurate estimation of the indirect channel by

calculating the slowly changing arrival and departure angles

[14]. In contrast, reflective channels are more challenging to

acquire as the location of the user and environmental factors

change. Considering this, we suppose that the BS-RIS link is

perfect, while the RIS-UE link is imperfect owing to channel

estimation errors [15].

A. Channel Model

In Fig. 1, the RIS-UE channel h ∈ C1×L is modeled as

Rician fading channel, which can be characterized as

h = ζĥ+
√

1− ζ2∆h, (1)

where ζ is the correlation coefficient between h and ĥ,

where ĥ is the information obtained by the channel estimation

technique, and h stands for the practical channel obtained at

the UE side. The corresponding estimation error is denoted

by ∆h. In particular, ĥ and ∆h are mutually uncorrelated.

On the other hand, the BS-RIS channel gnt
can be modeled

as Rayleigh fading channel with non-line-of-sight (NLoS)

components. For the RIS, we set the amplitude of each

reflection element of the RIS to one [18]. Based on this, the

reflection matrix of the RIS is modeled as

Φ = diag(ejφ1,nt , · · · , ejφl,nt , · · · , ejφL,nt ), (2)

where ejφl,nt denotes the phase shift that is related to the RIS

controller connected to the nt-th activated transmit antenna

and the l-th reflecting element.

The reflection estimation channel h can be formulated as

[15]

ĥ =

√

κ

κ+ 1
ĥLoS +

√

1

κ+ 1
ĥNLoS , (3)

where the deterministic line-of-sight (LoS) path matrix can be

modeled as

ĥLoS(ϕ) =[1, ej
2πd
λ

sinϕ, · · · , ej 2πd
λ
l sinϕ,

· · · , ej 2πd
λ

(L−1) sinϕ]T ,
(4)

where l represents the indices of the RIS element. Besides, the

expectation and variance of the magnitude of the path from the



l-th reflecting element to the UE can be respectively expressed

as [16]

E(β̂l) =

√

π

4κ+ 4
e−

κ
2

[

(1 + κ)I0

(κ

2

)

+ κI1

(κ

2

)]

, (5a)

V ar(β̂l) = 1− E2(β̂l), (5b)

where each component of ĥNLoS suffers from CN (0, 1).
On the other hand, the BS-RIS channel can be indicated

as gnt
∼ CN (0, IL×L), that is, the path from the activated

antenna to the l-th reflecting element of the RIS can be written

as gl,nt
∼ CN (0, 1). Accordingly, the mean and variance of

the magnitude on the l-th reflecting element to nt-th transmit

antenna can be evaluated as [16]

E(αnt,l) =
√
π/2, V ar(αnt,l) = (4 − π)/4. (6)

At the UE side, the received signal can be given as

y =
√

PshΦgnt
x+ n0, (7)

where n0 ∼ CN (0, N0) stands for the additive white Gaussian

noise (AWGN). Note that x denotes the Gaussian data symbol,

which is a random variable with zero mean and unit variance

satisfying E(|x|2) = 1. In this scheme, we aim to study the

RIS-aided SSK technique, so the x term can be neglected.

Consequently, the (7) can be re-expressed as

y =
√

Ps
∑L

l=1
hle

jφl,ntgl,nt
+ n0, (8)

where hl = ζĥ+
√

1− ζ2∆h. Further, the (8) can be written

as

y =
√

Psζ

L
∑

l=1

ĥle
jφl,nt gl,nt

+

√

Ps(1− ζ2)
L
∑

l=1

∆hejφl,ntgl,nt
+ n0,

(9)

where ∆h represents the error of channel estimation ĥ of

and obeys CN (0, σ2
e) distribution. Particularly, σ2

e represents

the variance of the estimation error, which depends on the

estimation strategy and the number of pilot symbols employed
1. By adopting orthogonal pilot channel estimation sequences,

the estimation error decreases linearly with the increase in the

number of pilots. According to [17], the correlation coefficient

can be set as ζ = 1/
√

1 + σ2
e . It is worth mentioning that

when σ2
e = 0, ζ = 1 can be obtained, which indicates perfect

channel estimation. The RIS can adjust the phase shift to make

φl,nt
= θl,nt

+ ψl, thus maximizing the energy of the desired

signal of the UE.

B. Detector and Complexity

1) Detector: In this manner, the received signal can be

demodulated by the ML detector, which can be given by

[n̂t] = arg min
nt∈{1,··· ,Nt}

∣

∣

∣

∣

y −
√

Psζ
∑L

l=1
αl,nt

β̂l

∣

∣

∣

∣

2

. (10)

1It is worth noting that σ
2
e denotes the several factor on the CSI due to

limited feedback and channel estimation. Even in the high SNR region, the
channel obtained at the UE is still inaccurate.

2) Complexity Analysis: Note that every complex multi-

plication requires 4 real multiplications and 2 real additions.

Computing the square of the absolute value of a complex num-

ber requires 2 real multiplications and 1 real addition. In (10),

computing
∑L
l=1 αl,nt

βl requires L real multiplications and

(L− 1) real additions. Computing
√
Ps and ζ requires 2 real

multiplications. Subtracting
∑L

l=1 αl,nt
βl from y requires 1

real addition. At this point, with L+2 real multiplications and

L real additions, to detect the transmitting antenna correctly, it

is necessary to traverse and search through all the antennas on

the transmission end. Therefore, the computational complexity

of (10) becomes (L + 4)Nt multiplications and (L + 1)Nt
additions.

III. PERFORMANCE ANALYSIS

In this section, we derive the performance of the RIS-SSK

scheme under imperfect CSI, where the RIS is used to connect

the Rayleigh fading channel on the BS-RIS side and the Rician

fading channel on the RIS-UE side. The CPEP and UPEP

expressions with the optimal ML detector are derived. Further,

the corresponding ABEP expression of the RIS-SSK scheme

with the imperfect CSI is obtained.

A. CPEP Expression

It is assumed that the activated transmit antenna index is

nt and the detected antenna index is n̂t. By exploiting the

decision rules provided in (10), the CPEP can be given as

Pb =Pr{nt → n̂t|αl,nt
, β̂l}

=Pr{|y −
√

Psζ

L
∑

l=1

αl,nt
β̂l|2

> |y −
√

Psζ

L
∑

l=1

αl,n̂t
β̂le

−j(θl,nt
−θl,n̂t

)|2}

=Pr{−2ℜ{y
√

Psζ

L
∑

l=1

αl,nt
β̂l}+ |

√

Psζ

L
∑

l=1

αl,nt
β̂l|2

> −2ℜ{y
√

Psζ

L
∑

l=1

αl,n̂t
β̂le

−j(θl,nt
−θl,n̂t

)}

+ |
√

Psζ
L
∑

l=1

αl,n̂t
β̂le

−j(θl,nt
−θl,n̂t

)|2}.

(11)

To simplify the representation of (11), let us define

η =
L
∑

l=1

αl,nt
β̂l, η̂ =

L
∑

l=1

αl,n̂t
β̂le

−j(θl,nt
−θl,n̂t

). (12)

Substituting (12) into (11), the CPEP can be updated to

Pb =Pr(−2ℜ{y
√

Psζη} + |
√

Psζη|2

> −2ℜ{y
√

Psζη̂}+ |
√

Psζη̂|2)
=Pr

(

2ℜ{y
√

Psζ(η̂ − η)}

+ |
√

Psζη|2 − |
√

Psζη̂|2 > 0
)

.

(13)



Recall that (8), let us define u =
∑L

l=1 gl,nt
ejφl,nt∆hl.

2 By

adopting CLT, the u obeys CN (0, σ2
eL). In this manner, (13)

can be recast as

Pb =Pr(2ℜ{(
√

Psζη +
√

Ps(1 − ζ2)u+ n0)
√

Psζ(η̂ − η)}
+ |
√

Psζη|2 − |
√

Psζη̂|2 > 0)

=Pr(2ℜ{(
√

Ps(1 − ζ2)u+ n0)
√

Psζ(η̂ − η)}
− |
√

Psζη|2 − |
√

Psζη̂|2 − 2Psζ
2ηη̂ > 0)

=Pr(2ℜ{(
√

Ps(1 − ζ2)u+ n0)
√

Psζ(η̂ − η)}
− |
√

Psζη̂ −
√

Psζη|2 > 0)

=Pr (D > 0) ,
(14)

where D ∼ N (µD, σ
2
D). The expectation and variance of

D are represented as µD = −Psζ2|η̂ − η|2 and σ2
D =

2(N0 + Ps(1− ζ2)σ2
eL), respectively. In this respect, the (14)

can be evaluated as

Pb =Pr(−µD/σD) = Q

(
√

Psζ2|η̂ − η|2
2(N0 + Ps(1− ζ2)σ2

eL)

)

.

(15)

B. UPEP Expression

By employing (12), the term of η − η̂ can be written as

η − η̂ =

L
∑

l=1

β̂l
(

αl,nt
− αl,n̂t

e−jω
)

. (16)

where ω = θl,nt
− θl,n̂t

. Since θl,nt
and θl,n̂t

both indepen-

dently and uniformly distributed in (0, 2π), then the PDF of

ω can be given as follows:

fω(x) =











1

2π
(1 +

x

2π
), x ∈ [−2π, 0),

1

2π
(1− x

2π
), x ∈ [0, 2π).

(17)

In this manner, the αl,n̂t
e−jω in (16) can be calculated as

αl,n̂t
e−jω = αl,n̂t

cosω − jαl,n̂t
sinω. (18)

Since the symmetry of cosine and sine function, we have

E[αl,n̂t
e−jω] = 0, (19a)

V ar[(αl,n̂t
e−jω)ℜ] = 1/2, (19b)

V ar[(αl,n̂t
e−jω)ℑ] = 1/2. (19c)

Note that subsequent section requires fitting the distribution

using the CLT, the expectation and variance of each variable

need to be obtained. It is known that the real and imaginary

parts are two independent parts of each other, thus the variance

of αl,n̂t
e−jω is V ar[(αl,n̂t

e−jω)] = 1.

2For two independent random variables X and Y , we can obtain the
expectation and variance of term XY as E(XY ) = E(X)E(Y ) and
V ar(XY ) = V ar(X)V ar(Y ) + V ar(X)E2(Y ) + E

2(X)V ar(Y ),
respectively.

After some simple algebraic operations, we can derive the

mean and variance of αl,nt
− αl,n̂t

e−jω in (16) as

E(αl,nt
− αl,n̂t

e−jω) =

√
π

2
, (20a)

V ar(αl,nt
− αl,n̂t

e−jω) =
8− π

4
. (20b)

Further, the mean and variance of βl
(

αl,nt
− αl,n̂t

e−jω
)

in

(16) can be respectively expressed as

E[β̂l(αl,nt
− αl,n̂t

e−jω)] =

√
π

2
E(β̂l), (21a)

V ar[β̂l(αl,nt
− αl,n̂t

e−jω)] = 2− π

4
E2(β̂l). (21b)

Due to the fact that each reflector element of a RIS is

independent of each other, it is difficult to directly obtain an

accurate PDF for the sum of the reflective elements. To address

this issue, we can use the CLT to approximate the PDF as

a real Gaussian distribution. Consequently, the corresponding

mean and variance can be respectively expressed as

µ =

√
πLE(β̂l)

2
, σ2 =

L[8− πE2(β̂l)]

4
. (22)

Based on (15) and (22), the UPEP of the proposed scheme

can be calculated as

P̄b =

∫ ∞

0

Q

(
√

ρζ2x

2(1 + ρ(1− ζ2)σ2
eL)

)

f(x)dx, (23)

where x = |η − η̂|2, ρ = Ps/N0 stands for SNR, and f(x)
denotes the PDF of x variable. According to [9], we have

Q(x) ≈ 1

12
exp

(

−x
2

2

)

+
1

4
exp

(

−2x2

3

)

. (24)

Substituting (24) into (23), the UPEP can be reformulated as

P̄b ≈
1

12

∫ ∞

0

exp

(

− ρζ2x

4(1 + ρ(1− ζ2)σ2
eL)

)

f(x)dx

+
1

4

∫ ∞

0

exp

(

− ρζ2x

3(1 + ρ(1− ζ2)σ2
eL)

)

f(x)dx.

(25)

Since the variable x represents the non-central chi-square

distribution with one degree of freedom, its PDF form is very

cumbersome. To facilitate the address (25), we resort to [11]

to obtain its moment-generating function as

MX(s) =
1√

1− 2sσ2
exp

(

µ2s

1− 2sσ2

)

. (26)

Substituting (26) into (25), we obtain the closed-form expres-

sion of UPEP as

P̄b =
1

12

√

2(1 + ρ(1− ζ2)σ2
eL)

2(1 + ρ(1− ζ2)σ2
eL) + ρζ2σ2

× exp

( −µ2ρζ2

4(1 + ρ(1− ζ2)σ2
eL) + 2ρζ2σ2

)

+
1

4

√

3(1 + ρ(1− ζ2)σ2
eL)

3(1 + ρ(1− ζ2)σ2
eL) + 2σ2ρζ2

× exp

( −µ2ρζ2

3(1 + ρ(1− ζ2)σ2
eL) + 2σ2ρζ2

)

.

(27)



After some manipulations, (27) can rewritten as

P̄b =
1

12

√

2(1 + ρσ4
eL)

2(1 + ρσ4
eL) + ρσ2

exp

( −µ2ρ

4(1 + ρσ4
eL) + 2ρσ2

)

+
1

4

√

3(1 + ρσ4
eL)

3(1 + ρσ4
eL) + 2σ2ρ

exp

( −µ2ρ

3(1 + ρσ4
eL) + 2σ2ρ

)

.

(28)

C. Asymptotic UPEP

To provide a better demonstration of the impact of the

channel estimation error parameters on the performance of

the considered RIS-SSK system, we evaluate the performance

of this system with respect to the high SNR region. Here, the

asymptotic expression for the UPEP can be calculated as

P̄a = lim
ρ→∞

P̄b =

1

6

√

2σ4
e

8σ4
e + 8− πE2(β̂l)

exp

(

−πLE2(β̂l)

16σ4
e + 16− 2πE2(β̂l)

)

+
1

4

√

6σ4
e

6σ4
e + 8− πE2(β̂l)

exp

(

−πLE2(β̂l)

6σ4
e + 8− πE2(β̂l)

)

.

(29)

D. ABEP

It is worth noting that ABEP is equal to UPEP when Nt is

two, while ABEP is the union upper bound of the scheme if Nt
is greater than two. Consequently, the ABEP of the RIS-SSK

scheme can be characterized as [12]

ABEP ≤ 1

log2Nt

Nt
∑

n̂t=1

Nt
∑

nt 6=n̂t

P̄iN(n̂t → nt), i ∈ {a, b}

(30)

where N(n̂t → nt) indicates the number of error bits between

the true transmit antenna index nt and the decoded judgment

obtained antenna index n̂t.

IV. SIMULATION AND ANALYTICAL RESULTS

In this section, we explore the error performance of the

proposed scheme under imperfect CSI via Monte Carlo sim-

ulation. The simulation involves generating a random data

sequence and transmitting it to the receiver via RIS reflection

after modulation. In simulations, the ABEP value correspond-

ing to each SNR is generated 1 × 106 times and then the

average value is calculated, which is used to validate the

analytical derivations. Unless otherwise specified, Nt and Nr
are set to 2 and 1, respectively, and RIS is a square array.

Additionally, the impact of any large-scale path loss is ignored

as it is already implicit in the received SNR.

In Fig. 2, we plot the ABEP performance of the RIS-

SSK scheme under imperfect CSI, where the Rician factor

κ the error estimation parameters σ2
e are set as 3 dB and 0.1,

respectively. It is worth noting that the simulation results in

(10) and the closed-form expression in (28) start to agree with

the variation of SNR when L is not less than 144 since the

CLT requires at least two orders of magnitude. In addition, we
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Fig. 2. Validation of analytical ABEP via the simulation.
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Fig. 3. Validation of asymptotic ABEP of the RIS-SSK scheme.

observe that the simulation value coincides almost perfectly

with the analytical result in the case of L = 256, which further

validates the correctness of the derived result and shows that

the gap between (25) and the real value is very small and

almost negligible.

In Fig. 3, we validate the correctness of the developed

asymptotic ABEP, where the Rician factor κ and the error

estimation parameter σ2
e are setup at 3 dB and 0.1, respectively.

Specifically, in Fig. 3, the analytical and asymptotic ABEP

curves are plotted, which are generated based on (28) and (29),

respectively. It can be observed that as the SNR increases,

there is not only a significant performance degradation but

also an error floor, which is caused by the channel estimation

error. As the number of reflective elements L increases, the

ABEP of the scheme decreases accordingly. However, for high

SNR regions with imperfect CSI, this is not the case, since

the dominant noise is no longer AWGN, but originates from

channel estimation errors.

In Fig. 4, the Monte Carlo simulation results and analytical

curves of the RIS-SSK scheme with κ = 3 dB and L = 144
are given. Note that the error of channel estimation is set

as fixed values σ2
e = 3, 2, 1, 0.1, respectively, that is, the

correlation coefficients are ζ = 0.500, 0.5774, 0.7071, 0.9535.

As a reference, the corresponding ABEP with the perfect CSI

is also shown with a dashed line for the RIS-SSK scheme.



-40 -30 -20 -10 0 10

SNR (dB)

10-6

10-5

10-4

10-3

10-2

10-1

100

A
B

E
P

Analytical, imperfect

Simulation, imperfect

Analytical, perfect

Simulation, perfect

e
2 = 3, 2, 1, 0.1

Fig. 4. Impact of estimation error σ2

e on ABEP.

0 5 10 15

-factor (dB)

10-6

10-5

10-4

10-3

10-2

10-1

100

A
B

E
P

Simulation, SNR = -26 dB

Analytical, SNR = -26 dB

Simulation, SNR = -28 dB

Analytical, SNR = -28 dB

Simulation, SNR = -30 dB

Analytical, SNR = -30 dB

Fig. 5. Impact of Rician factor κ on ABEP.

From Fig. 4, it can be seen that the RIS-SSK scheme has

good anti-noise performance. According to [17], σ2
e is taken

to be much less than 0.1 to approach the value of perfect CSI,

while in this figure, it is taken to 0.1 to be very close to the

ABEP with perfect CSI.

In Fig. 5, we exhibit the performance impact of the LoS

path of the reflection channel on the RIS-SSK scheme with

imperfect CSI, where the number of reflecting elements is 144

and the estimation error variance of each reflecting element

up to the UE is 0.1. From Fig. 5, simulation and analytical

values match very well. The error can be reduced by increasing

the number of simulations. Moreover, the simulation and

analytical values exhibit a strong correlation. To decrease the

error, one can increase the number of simulations or increasing

the SNR values. A higher Rician factor indicates a stronger

reflected LoS path signal energy, which in turn results in a

higher quality of the received signal on the UE side. As a

result, the ABEP performance can be improved. Additionally,

it is also found that the ABEP performance of RIS-SSK in the

imperfect CSI case is enhanced as the SNR increases.

V. CONCLUSION

In this paper, the performance of RIS-SSK with imperfect

channel estimation is analyzed, where BS-RIS channel suffers

from Rayleigh fading and RIS-UE channel follows the Rician

fading. Based on the ML detector, we derived the CPEP

expression and the PDF of the composite channel with a non-

central chi-square distribution with one degree of freedom.

After that, we derive the closed-form expression and asymp-

totic expression of ABEP under the RIS-SSK scheme with

impact CSI. Finally, all the analytical derivations are verified

by Monte Carlo simulation and it is found that the ABEP

values obtained are closer to the true results as the channel

estimation error is smaller or the Rician factor is larger.
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