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ABSTRACT
Extensive research in telecommunications and especially inwireless
systems assisted by reconfigurable intelligent surfaces (RIS) has
emerged at the forefront of cutting-edge wireless communications
nowadays. RISs are composed of several arrays of passive elements,
where their purpose is to receive the transmitted signal and send
it to the corresponding receiver. One of the main disadvantages of
RIS, due to the various processes performed in the RIS controller,
is the channel estimation time. Therefore, research has focused on
optimized channel estimation algorithms inmultiple input- multiple
output (MIMO) systems to reduce channel overhead and estimation
time. In a previous publication, we presented themethodologies that
have been used for channel estimation and our goal in this research
is to simulate the proposed algorithms on a common system and
common parameters. The presentation of the operation mode of
the optimal channel estimation methodologies is implemented in a
multiple input- single output (MISO) system and in a Base Station
(BS) -RIS-user channel. Then we will present in detail the results of
the comparison of the methods and mention future scenarios that
can be tested.
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1 INTRODUCTION
The reconfigurable intelligent surface (RIS) comprising a large
number of passive reflective elements is emerging as a promis-
ing technology to realize an intelligent and programmable wireless
propagation environment through software-controlled reflection
[1]. That is, RIS with reconfigurable reflection arrays can direct
beams to intended users to achieve similar energy beamforming
(EB) gains as massive MISO systems involving active arrays [2].
Each element in an active array [3] has its own radio frequency
(RF) chain that includes multiple active elements and these can
operate in receive mode so that they can receive incident signals to
help estimate the base station (BS)-RIS channel and the RIS-user
channel. Furthermore, by properly adjusting the phase shifts of the
passive elements, the reflected signals can be consistently added to
the desired receiver to improve the signal strength [1].

The transmitted signal, due to the two different paths it fol-
lows, creates losses in the signal and delays in the time the user
receives the signal. To mitigate the phenomenon, as we analyzed
in a previous publication [4] and as resolved in [5], different meth-
ods have been developed for MISO RIS-aided systems. Also, in [6]
the strategies for mapping computational and network require-
ments in virtual telecommunication systems have been analyzed.
For single-user narrowband MISO RIS-aided systems, as reported
in [1], [2] and [7] use well-known mathematical models for channel
estimation in the ON/OFF method. Therefore, in this paper we will
assume a MISO RIS-aided system with minimal channel losses and
attenuate the final received signal with different techniques. The
techniques that will be used to mitigate the signals are the Least
Square (LS) Method, the Kronecker product and the Khatri-Rao
product.

The rest of the paper is organized as follows: Section 2 presents
system model for channel estimation in MISO RIS-aided system and
presents the proposed algorithm for simulating methods. Section 3
presents the simulated results, and some concluding remarks are
drawn in Section 4.

2 SYSTEM MODEL
In this section we will present the MISO system model that we used
to implement the simulation.

The notations will be followed is, ⊗ is the Kronecker product.
The notation (·)𝑇 each stands for the transpose operator. The diag
(a) denotes an n × n diagonal matrix that consists of the elements
of vector a. 𝑏 ∼ CN(0, Σ) is the symbol for a circularly symmetric
complex Gaussian vector with zero mean and covariance matrix
Σ, 𝜆 is the wavelength.
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2.1 MISO Channel Model
The system and channel models for the considered RIS-aided MISO
communication systems are like those in [1], [2] and [8]. We con-
sider a RIS- aided MISO system with N antennas at the BS, commu-
nicating with a user. RIS is equipped with M reflecting elements
for signal transmission. Each m-th reflective element of the RIS has
a reflective coefficient 𝜉𝑚 . The reflectance matrix of the RIS panel
can is depicted as Θ = diag(𝑎1𝜉1,. . ., 𝑎𝑚𝜉𝑚), where 𝑎𝑚 denotes the
amplitude reflection coefficient and 𝜉𝑚 = 𝑒 𝑗𝜃 𝑗 with 𝜃𝑚 denoting
the phase shift of m-th element of RIS. The reflection amplitude
and phase shift coefficients are changed by a PIS-controller, which
is connected and programmed by the BS. All channel models follow
the Rician distribution. Researchers use different methods to calcu-
late BS-RIS-user channels for the MISO system. RIS is considered
by some as a large vector like [2], [7], [9] and others consider it as
a uniform planar array (UPA) like [1], [10].

ℎ𝑆𝑈 ∈ C𝑁×1 is the direct channel from BS to the UE, 𝐻𝑆𝐼 ∈
C𝑁×𝑀 that from BS to RIS and ℎ𝐼𝑈 ∈ C𝑀×1 that from RIS to the
UE. The corresponding effective channel from the transmitter to
the UE would be ℎ𝑇 Δ

= ℎ𝑇
𝑆𝑈

+ ℎ𝑇
𝐼𝑈

ΘHSI.
The channels matrix ℎ𝐼𝑈 , ℎ𝑆𝑈 between the RIS-user and BS-user,

respectively are donated as

ℎ𝑖𝑘 =

√︄
𝛿𝑖𝑘K𝑖𝑘
1 + K𝑖𝑘

ℎ𝐷𝑖𝑘
+ |

√︄
𝛿𝑖𝑘

1 + K𝑖𝑘
ℎ𝑆𝑖𝑘 (1)

∀ 𝑖 ∈ {𝑆, 𝐼 }, 𝑘 ∈ 𝑈 , where 𝛿𝑖𝑘 is the distance dependent path-loss
factor and shadowing based large-scale fading, K𝑖𝑘 is the Rician fac-
tor. ℎ𝐷𝑖𝑘

are deterministic vectors containing specular components
and ℎ𝑆𝑖𝑘 are complex Gaussian random vectors with independent
and identically distributed (IID) zero-mean unit-variance entries.
Similarly, the baseband equivalent of Rician fading for BS-to-RIS
channel is represented by 𝐻𝑆𝐼 ∈ C𝑁×𝑀 . For more information see
[2], [7], [9].

Suppose that the RIS is an𝑀𝑥 ×𝑀𝑦 UPA.𝐻𝑆𝐼 the BS- RIS channel
can be modeled as

𝐻𝑆𝐼 =

√︄
𝑁𝑀

𝛿𝑆𝐼

𝐿∑︁
𝑙=1

𝜌𝑙𝑎𝑟 (𝜃𝑙 , 𝛾𝑙 ) 𝛼ℎ𝑡 (𝜑𝑙 ) (2)

where 𝛿𝑆𝐼 denotes the path-loss between the BS and RIS, L is the
number of paths, 𝜌𝑙 denotes the complex gain associated with the
𝑙-th path, 𝜃𝑙 (𝛾𝑙 ) denotes the azimuth (elevation) angle of arrival
(AoA), 𝜑𝑙 is the angle of departure (AoD), 𝑎𝑟 and 𝑎𝑡 represent the
receive and transmit array response vectors, respectively.

The channel matrix ℎ𝐼𝑈 , between the RIS-user is donated as

ℎ𝐼𝑈 =

√︄
𝑀

𝛿𝐼𝑈

𝐿∑︁
𝑙=1

𝑎𝑙𝑎𝑟 (𝜃𝑙 , 𝛾𝑙 ) (3)

where 𝛿𝐼𝑈 denotes the average path-loss between the IRS and the
user, 𝑎𝑙 denotes the complex gain associated with the 𝑙-th path, and
𝜃𝑙 (𝛾𝑙 ) denotes the azimuth (elevation) AoD [1].

𝑎𝑟 (𝜃𝑙 , 𝛾𝑙 ) = 𝑎𝑥 (𝑢) ⊗ 𝑎𝑦 (𝑣) (4)

where 𝑢 = 2𝜋𝑑 cos𝛾𝑙/𝜆, 𝑣 = 2𝜋𝑑 sin𝛾𝑙 cos𝜃𝑙/𝜆, 𝑑 denotes the an-
tenna spacing, and

𝑎𝑥 (𝑢) = 1√
𝑀𝑥

[
1, 𝑒 𝑗𝑢 , . . . ,
𝑒 𝑗 (𝑀𝑥−1)𝑢

]𝑇
,

𝑎𝑦 (𝑣) = 1√
𝑀𝑦

[
1, 𝑒 𝑗𝑣, . . . ,
𝑒 𝑗 (𝑀𝑦−1)𝑣

]𝑇 (5)

For more information see [1], [10].

2.2 Proposed Methods
Although researchers use different mathematical models to analyze
how to calculate the received signal to the user and the estimation of
this channel, the form of the equation is shown below. The received
signal 𝑦𝑢 to user k is

𝑦𝑢 =

(
ℎ𝑇𝑆𝑈 + ℎ𝑇𝐼𝑈Θ𝐻𝑇

𝑆𝐼

)
𝑓𝑎𝑥𝑒 +𝑤𝑢 , (6)

where representing the unit-norm linear precoder or active energy
beamforming vector at BS by 𝑓𝑎 ∈ C𝑁×1, with its transmit energy
signal being 𝑥𝑒 ∈ C, having power |𝑥𝑒 |2 = 𝑝𝑒 and 𝑤𝑢 is the
received additive white Gaussian noise (AWGN) with zero-mean
and variance 𝜎2𝑤𝑢 .

The details of the proposed algorithm for simulating the different
methods, which are optimized by LS Method, Kronecker and Khatri-
Rao product are presented in Algorithm 1.

Algorithm 1 simulating methods
Initialization number of BS antennas, number of passive RIS
elements, fixed variables, distances between BS antennas,
distance between BS-RIS-user
Iteration T: for t = 0, 1, . . . , do

Compute channels ℎ𝐼𝑈 , ℎ𝑆𝑈 and 𝐻𝑆𝐼

Compute Θ reflectance matrix of the RIS
Compute 𝑓𝑎 beamforming vector, 𝑥𝑒 tran smit energy signal
for each received signal in user, do

use of methods LS Method, Kronecker and Khatri-Rao product
end
final received signal in user

end
creating diagram

end

3 SIMULATION RESULTS
In this section, we present simulation results to evaluate the perfor-
mance in the algorithm proposed in [1], [2]. We assume that the BS
employs a uniform linear array (ULA) with N = 10 antennas and the
RIS is a UPA consisting of M = 10×10 passive reflecting elements. In
our simulations, we set NG = 64, MG,x = 20 and MG,y = 20. The num-
ber of paths for mmWave channels 𝐻𝑆𝐼 and ℎ𝐼𝑈 are respectively
set to L = 3, where the AoA and AoD parameters are uniformly gen-
erated from [0, 2𝜋]. Also, 𝑝𝑒 = 30dBm, 𝜎2𝑤𝑠= 𝜎2𝑤𝑢

= 𝜎2= 10-20 Joule
(J), 𝜂 = 0.7, 𝛿 = 3×108

2𝑓 with 𝛿 being the inter-element separation at
PIS and PB, 𝑓 = 915 MHz being transmit frequency and 𝜌=2 is the
path loss exponent [1].
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Figure 1: Validating the performance of the proposed algo-
rithms for t=100 iterations for 4 simulations

In Figure 1, we plot the received signals of respective algorithms
in [1], [2] as a function of T, where the signal-to-noise ratio (SNR)
is set as 10dB. In Figure 1 in subplot 1, we see that LS method
does not have large exclusions from the received signal without
optimization. Also, the signal is more resistant to interference and
losses that can affect the signal. In contrast, the signal in subplot 2
using the Kronecker and Khatri-Rao product exhibits larger outliers
than the unoptimized signal is more susceptible to interference. The
amplitude of the signal using the Kronecker and the Khatri-Rao
product is constant around 0, while the signal with the LS method
varies at each iteration.

4 CONCLUSION
In the above research we studied the optimized algorithms pre-
sented in [4] and conducted simulation experiments on a common

MISORIS-aided system andwith common parameters such as anten-
nas and specific constants. From the simulation results we observe
that minor differences that exist between the main proposed models.
In our future research we will study more methods for estimating
channels and focus on methods that use artificial intelligence. Also,
in our own MIMO system we will implement and study the channel
estimation and the way the signal is transmitted.
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