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The multipath fading and Doppler effect are well-known phenomena affecting channel quality in mobile wireless communication
systems. Within this context, the emergence of reconfigurable intelligence surfaces (RISs) brings a chance to achieve this goal. RISs
as a potential solution are considered to be proposed in sixth generation (6G). The core idea of RISs is to change the channel
characteristic from uncontrollable to controllable. This is reflected by some novel functionalities with wave absorption and
abnormal reflection. In this paper, the multipath fading and Doppler effect are characterized by establishing a mathematical
model from the perspective of reflectors and RISs in different mobile wireless communication processes. In addition, the
solutions that improve the multipath fading and Doppler effect stemming from the movement of mobile transmitter are
discussed by utilizing multiple RISs. A large number of experimental results demonstrate that the received signal strength
abnormal fluctuations due to Doppler effect can be eliminated effectively by real-time control of RISs. Meanwhile, the
multipath fading is also mitigated when all reflectors deployed are coated with RISs.

1. Introduction

Before the 6G mobile communication system, people are
always exploring physical layer (PHY) technologies to
improve system performance as fundamentally as possible,
such as orthogonal frequency division multiplexing (OFDM)
technology, massive multiple-input multiple-output (MIMO)
technology, and millimeter wave (mmWave) communication
[1]. The famous Nobel Prize winner George Bernard Shaw
told us “Reasonable men adapt themselves to their environ-
ment; unreasonable men try to adapt their environment to
themselves.” As we all know, the wireless channel is the
medium of information transmission. Traditional technolo-
gies cannot bring revolutionary ideas in improving PHY
layer solutions, and they are at best a supplement to existing
technologies. Hence, researchers have started research on
revolutionary ideas from beyond 5G, especially on 6G tech-

nologies [2]. In this era, people expect new communication
solutions could bring high spectral, energy efficiencies, reli-
ability, and so on to satisfy the potential demands of various
users and applications in future wireless communication sys-
tems, particular at the PHY.

Back to essence, the final goal of modern wireless
communications is to build truly propagation channel and
provide interference-free connection and high quality-of-
service (QoS) to multiple users. The uncontrollable and ran-
dom channel of wireless propagation environment is the cul-
prit for the deterioration of communication performance,
including multipath fading, severe attenuation, Doppler effect,
and intersymbol interference. To overcome these difficulties,
many modern PHY technologies are proposed in the next
several decades [3]. However, the overall progress is still rel-
atively slow as of the random behavior of wireless channel. In
the past researches on wireless channel, researchers often
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assume it is an uncontrollable entity and brings a negative
effect on the performance of wireless communication system.
Fortunately, the progress of electromagnetic (EM) material
brings the dawn of victory. This technology facilitates the
emergence of reconfigurable intelligent surfaces (RISs),
which are manmade surfaces composed of EMmaterial. RISs
have unique functions on wave absorption, anomalous
reflection, phase modification, and wave regulation for EM
wave transmission. In addition, the structure of communica-
tion system is simplified when RISs can replace the complex
baseband processing and radiofrequency (RF) transceiver
operations [4]. The novelty paradigm of intelligent commu-
nication environments is exploited on the communication
efficiency and the QoS. In short, the major contributions in
this paper can be summarized as follows:

(1) The novel and specific mathematical model is pro-
posed to analyze the received signal in mobile com-
munication environments facing multipath fading
and Doppler effect. Specifically, the amplitude and
phase are considered to represent signal information
in process of exploring the new paradigm

(2) The analysis of multiple reflectors and RISs-assisted
communication cases are discussed on the proposed
mathematical model when the transmitter is moving.
For these cases, the directed transmission signal and
multiple signals stemming from multiple reflectors
or RISs are included in mobile communication
environments

(3) By comparison, the corresponding model is also pro-
posed and discussed to analyze the received signal
when the directed link between the transmitter and
receiver is blocked in the multiple reflectors and
RISs-assisted systems

(4) The results on the multipath fading and Doppler
effect are verified in simulation environments for
reflectors-/RISs-assisted communication environ-
ments. And the specific analysis are provided in the
received signal strength when multiple reflectors
are coated with RISs

The rest of this paper is organized as follows: Section 2
describes the related works that the PHY layer technologies
solve the high spectral efficiency, energy efficiency, transmis-
sion reliability, and so on in 6G wireless communication sys-
tems. Then, the system scenario and the analysis model of
received signal in the case of multiple reflectors are designed
to depict the multipath fading and Doppler effect in Section
3. Meanwhile, the solution is also give out by using the real-
time tuneable RISs. In Section 4, we provide analysis of elimi-
nating Doppler effect throughmultiple RISs when the directed
transmission link is blocked between transmitter and receiver.
In Section 5, simulation results display the performance anal-
ysis of the received signal on complex envelope magnitude.
The specific effects on signals due to the number of RISs
are discussed and analyzed specifically. Finally, Section 6
concludes this paper and gives the future research work.

2. Related Works

There are many modern PHY technologies, including mod-
ulation technology, coding, nonorthogonal multiple access
(NOMA) technology, cooperation communication, beam-
forming, and smart antenna array to overcome wireless
propagation problems, such as deep fading, propagation
attenuation, and Doppler effect, in the presence of harsh
communication environments. These problems lead to the
slow progress from 1G to 5G networks. Meanwhile, they
will bring challenges in the beyond 5G and 6G networks.
In essence, the random and uncontrollable propagation
environment degrades the received signal quality and com-
munication QoS [5]. In traditional wireless networks,
researchers make great efforts on transmitter and received
ends to explore enhancing communication efficiency and
QoS by setting a negative factor term in the communication
process [6, 7].

Recently, the emergence of RISs reshapes the random and
uncontrollable communication environments to improve the
performance of mobile wireless networks. Meanwhile, RISs
provide a new paradigm in 6G communication, denoted as
RISs-assisted wireless networks. An unreasonable communi-
cation entity and distinguishing feature, including passive
units, reconfigurable mechanism, and simple deployment,
attract the attention of researchers in RISs-assisted wireless
networks [8]. The main objective of this paper is to challenge
signal quality and QoS by exploiting this intelligent communi-
cation networks. To achieve signal quality and QoS, rich
channel information is a really good way in communication
environments. [9, 10] and [11] propose novel physical mod-
ulation technologies to exploit reconfigurable antennas or
scattering wireless environments. Furthermore, the change
of wireless communication environments could improve
communication quality by adopting reflector and scatter
such as intelligent walls [12], programmable metasurfaces
[13], reconfigurable intelligent antenna array [14], and intel-
ligent metasurfaces [15]. These works affect complexity,
power consumption, and performance analysis of wireless
networks.

The concept of RISs as a controllable device enhance
aforementioned function as of its controllability on propaga-
tion environments. Many works focus on link transmission
metric [16–20], channel estimation [21–24], PHY security
[25–27], and practical applications [28–30] to analyze per-
formance of RISs-assisted systems. Specifically, [16] opti-
mizes transmission power and reflection coefficient to
achieve sum-rate maximization when each mobile user has
QoS guarantee. Considering link budget guarantee of a user
in downlink communication, [17] proposes an energy-
efficient scheme by joint optimization transmission power
allocation and RIS phase shift. Combined with transmitter
and receiver, [18] optimizes beamforming vector, combining
vector, and phase shifts at transmitter to maximize SNR at
the receiver. When interference is introduced to user, the
transmit power is allocated in [19] by joint active and pas-
sive beamforming to improve the performance of RISs-
assisted wireless networks. When facing transmission dis-
tance, the quantitative analysis with wireless coverage and
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SNR gain is presented in [20] for RISs-assisted system. These
works require to acquire accurate channel information in
application. Two efficient channel estimation schemes are
proposed in [21] in RISs-assisted multiusers communication
systems. Then, [22] proposes a pilot-assisted method to
solve channel estimation problem in receiver. To reduce
training overhead, [23] exploits the channel information by
using the inherent sparsity and [24] designs a low complex-
ity channel estimation method to attain the separate channel
state information in MIMO system. For PHY technologies,
security is also an important issue, beside RISs-assisted net-
works. In [25], RISs as a backscatter device to process scatter
jamming signal in secure transmission when the transmitter
is radiofrequency source. And [26] proposes an effective
conjugate gradient algorithm to enhance PHY security by
joint optimization the active and passive beamforming in
downlink communication. For adopting channel state infor-
mation, RIS units are investigated in [27] to improve the
secret key capacity in RISs-assisted secret key generation.
The performance analysis of RISs-assisted system on physi-
cal technologies has been extensively discussed in ideal con-
ditions in prior works. Considering practical applications,

[28] studies phase shift model by capturing the phase-
dependent amplitude variation in RISs-assisted system. Fur-
thermore, [29, 30] study minimization power problem in
downlink communication and channel aligning on cell-
edge users in communication systems.

The existing works have brought us momentum on PHY
technologies in RISs-assisted systems. In this paper, we focus
on the multipath fading and Doppler effect in RISs-assisted
wireless networks. They are ubiquitous in wireless networks
and have huge impact on network performance. Hence, the
in-depth discussion on multipath fading and Doppler effect
mitigation is important in RISs-assisted systems.
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Figure 1: A simple multiple reflectors-/RISs-assisted mobile wireless communication systems.

Table 1: Summary of system parameters.

Parameters Value

Initial distance (s) 800,600,400,200½ �m
Carrier frequency (f c) 3 × 109 m/s
Speed 10m/s

Number of reflectors [1–4]
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3. Scenario Description and System Model

3.1. Scenario Description. A communication transmission
between vehicle S and vehicle D in ITS is considered in
Figure 1(a). The vehicle S moves along the street from west
to east at speed v in urban. A signal from the vehicle S is trans-
mitted to the vehicleD, which is waiting for red traffic lights in
crossroads. The transmission paths include a directing link
(line of sight, LOS) and multiple reflecting links (nonline of
sight (NLOS)). The corresponding geometric plan is plotted
in Figure 1(b). We assume the vehicle S departure from loca-
tion ð−s, 0Þ, s ≥ L/2 and the vehicleD stays at position ð0, L/2Þ
(for convenience of description and calculation, the location
of the vehicle S andD are denoted specially in coordinate sys-
tem. However, this method in this paper is not limited to a
specific location.). Hence, the distance of LOS path between
the vehicle S and the vehicle D is

d0 =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s2 + L

2

� �2
s

: ð1Þ

The N reflectors are evenly and linearly deployed on
the each side of wall, and the distance between adjacent

reflector is defined as w. In practice, the deployment cost
of reflectors is a factor to consider, especially for RISs.
Without loss of generality, a short distance near the intersec-
tion can be applied to deploy reflectors/RISs in Figure 1(a).
Based on geometric relations from Figure 1(b), we assume
the reflector deployed near the corner of the traffic inter-
section is denoted as 0. Hence, the position of the ith
reflector is ð−ðiw + L/2Þ,−L/2Þ, i = 0, 1,⋯,N . Then, the dis-
tance of NLOS path based on ith reflection point can be
given by

d1 =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s − iw + L

2

� �� �2
+ L

2

� �2
s

,

d2 =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
iw + L

2

� �2
+ L2

s
:

8>>>>><
>>>>>:

ð2Þ

In addition, the angles formed, respectively, by the trans-
mission direction and the horizontal direction, θ and φ, from
the vehicle S signal for the LOS link and the NLOS link are
written by
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Figure 2: Doppler shift of the received signal for varying number of multiple reflectors at different initial distances. Geometry diagram of
vehicle-to-vehicle communication for two reflectors without LOS path.
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θ = arcsin−1 L/2
d0

� �
,

φ = arcsin−1 L/2
d1

� �
:

8>>><
>>>:

ð3Þ

From the Figure 1(b), the location of the vehicle S
changes with its movement at time t. Therefore, the distance
with Equations (1) and (2) can be rewritten by

d tð Þ = d − v′t, ð4Þ

where d represents the initial value of distance and v′ is
the speed in the direction of signal transmission. Meanwhile,
when the reflection point i is different, the θ and φ change
accordingly over time t.

Apparently, the Doppler shift occurs due to movement
during the signal transmission of the vehicle. When the car-
rier frequency of signal is f c, the Doppler shifts in different
directions can be given by

f di =
v
λc

cos θi = f c
v
c
cos θi,

f ri =
v
λc

cos φi = f c
v
c
cos φi,

8>><
>>: ð5Þ

where c is the speed of light.

3.2. Mathematical Model of Transmission Signal. The trans-
mission signal is from the moving vehicle S, and it is an
unmodulated RF carrier signal, denoted as sðtÞ. Hence, the
initial expression of this signal can be written by

s tð Þ = A cos 2πf ct +Ψ0ð Þ, ð6Þ

where A is amplitude of sðtÞ and we define A = 1 for the
convenience of analysis, and f c is the carrier frequency of
transmission signal, and Ψ0 is the initial phase.

Generally, the amplitude and phase include all informa-
tion of the transmission signal. Hence, the Equation (6) can
be represented by a simple complex baseband form when it
passes through the low-pass filter as follows:
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Figure 3: Doppler shift of the received signal for varying number of multiple reflectors when vehicle S moves from different distances.
Doppler shift of the received signal for varying number of multiple reflectors at different initial distances.
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s tð Þ = exp jΨ0ð Þ: ð7Þ

3.3. LOS and Multiple NLOS Transmission without RISs.
From Figure 1(b), the vehicle D can receive multipath
signals, including LOS (S⟶D) and multiple NLOS
(S⟶ Ri ⟶D) signals. We assume that all incident wave
can be reflected and received in received terminal as of rea-
sonable angle of reflection. Hence, the received combined
signal is given by

r tð Þ = r0 tð Þ + 〠
i=N

i=1
ri tð Þ: ð8Þ

where r0ðtÞ and riðtÞ represent LOS link signal and the i
th NLOS link signal, respectively.

Due to the vehicle S movement, the transmission signal
will encounter multipath fading and Doppler spectrum shift
in communication. We assume the LOS signal and NLOS
signal have almost constant amplitudes when they have rap-
idly varying phase terms. We focus on the multipath fading
and Doppler spectrum shift at the receiver by observing
complex envelope of signal [31, 32]. It is given by

rc tð Þ =
λc
4π

e−jkcd0 tð Þ

d0 tð Þ + 〠
N

i=1
σi tð Þ

e−jkc d1i tð Þ+d2i tð Þð Þ
d1i tð Þ + d2i tð Þ

 !
, ð9Þ

where kc is the transmission coefficient, denoted as kc
= 2π/λc and σi is the reflection coefficient of the ith reflec-
tion link through reflector.

3.4. Multipath Fading and Doppler Shift for Communication.
Normally, we assume N reflectors are deployed on one side
of the wall and the reflection coefficient is one. The vehicle
D receives multipath transmission signals. We focus into a
vary short time interval with Figure 1(a). Hence, the com-
bined signal in the received D based on Equation (9) can
be given by

rc tð Þ =
λc
4π

e−jkcd0 tð Þ

d0 tð Þ + 〠
N

i=1

e−jkc d1i tð Þ+d2i tð Þð Þ
d1i tð Þ + d2i tð Þ

 !

= λc
4π

e−j 2π/λcð Þ d0−v cos θi tð Þ

d0
+ 〠

N

i=1

e−j 2π/λcð Þ d1i−v cos φi tð Þ+d2ið Þ
d1i + d2i

 !

= λc
4π

e−jΦ0+j2πf d cos θi t

d0
+ 〠

N

i=1

e−j Φ1i+Φ2ið Þ+j2πf r cos φi t
d1i + d2i

 !
,

ð10Þ

where Φ0 = ð2π/λcÞd0, Φ1i = ð2π/λcÞd1i , and Φ2i = ð2π/
λcÞd2i .
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Figure 4: Doppler shift of the received signal for varying number of multiple reflectors at different initial distances. Doppler shift of the
received signal for varying number of multiple reflectors when vehicle S moves from different distances.
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Apparently, the constant terms Φ0 and Φ1i +Φ2i in
Equation (10) can be dropped when they are integer multi-
ples of 2π. Hence, the properties of complex exponentials
can be adopted to obtain the magnitude of this complex
envelope. It is given by

r tð Þj j = λc
4π

1
d20

+ 〠
N

i=1

1
d1i + d2i
� �2

 

+ X d0, d1i + d2i , f di cos θi, f ri cos φi

	 
!1/2

:

ð11Þ

In order to get the Equation (11), Equation (10) operates
polynomial perfect square expansion. The total items is
N + 2
2

 !
, where N + 1 items are their respective square

item, and X items are product between any two items that
are not repeated for N + 1 items mentioned before and two
times the product of cos 2πf di cos θit and cos 2πf ri cos φit
is corresponding coefficient for each item (in this paper,
f di and f ri are different for different transmission reflection

paths. We assume f di cos θi and f ri cos φi are basically
unchanged when θ and φ change slowly). To sum up, X
includes ððN + 2Þ/ð2 ·N!ÞÞ −N − 1 items.

3.5. Eliminating Multipath Fading through RISs. The differ-
ent distances of multipath transmission cause difference in
the arrival time and phases of the reflected waves. The super-
position of multiple signals with different phases at the
receiving end makes the amplitude of the received signal
change sharply to produce multipath fading. When the
reflector is RISs, the direction of the reflected beam can be
adjusted arbitrarily through controller (i.e., FPGA). In this
paper, we assume the reflection coefficient of an RIS is a
time-varying and unit-gain. Hence,

σ tð Þ = ejψ tð Þ, ð12Þ

where ψ is the phase of RIS.
For multiple RISs case, the vehicle D receives multi-

path transmission signals. Hence, the combined signal in
the received D based on Equations (9) and (12) can be
rewritten by
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Figure 5: The magnitude of received signal in the presence of multiple reflectors when vehicle S moves from different initial distances.
Doppler shift of the received signal for varying number of multiple reflectors at different initial distances.
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rc tð Þ =
λc
4π

e−jkcd0 tð Þ

d0 tð Þ + 〠
N

i=1
ejψi tð Þ e

−jkc d1i tð Þ+d2i tð Þð Þ
d1i tð Þ + d2i tð Þ

 !

= λc
4π

e−j 2π/λcð Þ d0−v cos θitð Þ

d0
+ 〠

N

i=1
ejψi tð Þ e

−j 2π/λcð Þ d1i−v cos φitð Þ+d2ið Þ
d1i + d2i

 !
:

ð13Þ

The received complex envelop for Equation (13) can
be rewritten by

rc tð Þ =
λc
4π

ej2πf di cos θit

d0
+ 〠

N

i=1

ej2πf ri cos φit+jψi tð Þ

d1i + d2i

 !
: ð14Þ

When the magnitude of rðtÞ is maximized, the phases
of direct and multiple reflected signals are aligned, that is,
by adjusting. For the sake of simplicity and without loss of
generality, the phases adjustment of multiple RISs under
different transmission links are handled as the phases
accumulation of multiple RISs. Hence, the magnitude of
rcðtÞ is maximized when the jointed phase of RISs is

〠
N

i=1
ψi tð Þ = 2π 〠

N

i=1
f ri cos φi − f di cos θi

 !
t mod 2π, ð15Þ

and then, the complex envelope of the Equation (14) is
computed as

rc tð Þ =
λce

j2πf di cos θi t

4π
1
d0

+ 〠
N

i=1

1
d1i + d2i

 !
: ð16Þ

During our observation interval, the maximized mag-
nitude of Equation (16) can be expressed as

rc tð Þj jmax =
λc
4π

1
d0

+ 〠
N

i=1

1
d1i + d2i

 !
: ð17Þ

The result indicates that the received signal strength
increases when the components of multiple path signals
are superimposed at the receiving end. That is because
the phases of multiple path signals are aligned based on
Equation (15).

3.6. Increasing Multipath Fading and Doppler Shift for RISs-
Assisted Communication. In Section 3.5, the maximization of
the received signal strength by RIS-assisted communication
is the major content on discussion. Unfortunately, the
received signal strength might be deterioration when the
Doppler spread increases as of an unintended mobile user.
And the maximum magnitude in Equation (17) can be
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Figure 6: Doppler shift of the received signal for varying number of multiple RISs at different initial distances. The magnitude of received
signal in the presence of multiple reflectors when the vehicle S moves from different initial distances.
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achieved when the received two signals are in same phase
from Equation (13). Similarly, the jointed phase of RISs in
Equation (14) is following

〠
N

i=1
φi tð Þ = 2π 〠

N

i=1
f ri cos φi − f di cos θi

 !
t + π

" #
mod 2π:

ð18Þ

At this case, the received signal strength decreases when
the components of multiple path signals are superimposed at
the receiving end. By now, the arriving signals are
completely out-of-phase and the complex envelope magni-
tude becomes minimize value, which is

rc tð Þj jmin =
λc
4π

1
d0

− 〠
N

i=1

1
d1i + d2i

 !
: ð19Þ

From Equation (19), the result shows the degradation in
the received combined signal strength is more obvious for
approximate relationship, d0 and ∑N

i=1ðd1i + d2iÞ. However,
this relationship prevents drastic changes in the complex
envelope of Equation (17).

4. Eliminating Doppler Shift through RISs

When the LOS between the vehicle S and the vehicle D is
blocked, the NLOS link is built through multiple RISs as
shown in Figure 1(c). The assumptions of Section 3.1 are
also applied in this section. The Doppler shift on the
received signal is mainly investigated as follows.

4.1. Without Multiple RISs-Assisted NLOS transmission.
From Section 3.4 and NLOS communication case, the
received signals on the vehicle D are from multiple
reflectors-assisted when the reflection coefficient of reflector
is one. The result can be expressed as

rc tð Þ =
λc
4π〠

N

i=1

e−j 2π/λcð Þ d1i tð Þ+d2i tð Þð Þ
d1i tð Þ + d2i tð Þ

, ð20Þ

It can be seen from Figure 1(c) that d2iðtÞ has nothing to
do with the vehicle S speed (the distance between reflection
point and received end is fixed when the reflection point
and received end are fixed in this paper). And d1iðtÞ = d1i
− v cos φit has relationship with the vehicle S speed v. Sim-
ilarly, we ignore the constant term and observe a short travel
distance. Then, Equation (20) is rewritten by
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Figure 7: Doppler shift of the received signal for varying number of multiple RISs when vehicle S moves from different distances. Doppler
shift of the received signal for varying number of multiple RISs at different initial distances.
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rc tð Þ =
λc
4π〠

N

i=1

ej2πf ri cos φi t

d1i tð Þ + d2i tð Þ
: ð21Þ

Apparently, Equation (21) shows that the combined sig-
nal received has a Doppler frequency shift of f ri cos φi Hz on
the ith reflection point due to the movement of the vehicle S.
From Equation (21), although multiple reflections occur
without a LOS signal, the combined signal received magni-
tude at the vehicle D does not undergo a fade pattern when
these reflections own consistent operation during a short
time interval. The specific magnitude of the Equation (21)
is given by

rc tð Þj j = λc
4π〠

N

i=1

1
d1i tð Þ + d2i tð Þ

: ð22Þ

4.2. Multiple RISs-Assisted NLOS transmission. There are
multiple RISs that are able to provide adjustable phase shifts,
denoted as σiðtÞ = ejψiðtÞ and NLOS communication links
without a LOS signal as shown in Figure 1(c). Similar to Sec-
tion 3.5, the combined signal received at the vehicle D can be
expressed as

rc tð Þ =
λc
4π〠

N

i=1

ej 2πf ri cos φi t+ψi tð Þð Þ
d1i tð Þ + d2i tð Þ

: ð23Þ

Equation (23) indicates that the magnitude of the com-
bined signal received at the vehicle D can obtain the same
value as Equation (22) in case of ψiðtÞ = −2πf ri cos φit
mod 2π. The corresponding phase ψiðtÞ can be reached
by adjusting multiple RIS reflection phases.

5. Simulation Results

5.1. Simulation Setup. Given the system model adopted in
Section 3.1 and the nature of mobile wireless environments,
it is critical to analyze the performance of the received signal
due to multipath fading and Doppler effect in propagation
environments. This motivates using the received signal by
reflectors to capture the dependence on the key network
parameters such as the system geometry, the transmitter
location, the number of reflectors or RISs, etc. To do that,
we setup scenario and parameters, to generate the communi-
cation systems. The multiple reflectors are deployed on the
wall that reflects the signal received from vehicle S to vehicle
D. Vehicle D is assumed to be fixed while vehicle S moves
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Figure 8: The maximized magnitude of received signals at vehicle D when the initial distance is fixed in RISs-assisted wireless
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from west to east at any initial position as illustrated in
Figure 1(a). Some critical parameters are given out in
Table 1. The specific analysis on reflectors and RISs cases
will be carried out as follows.

5.2. Analysis on Reflector Case. Obviously, the received signal
at the vehicle D include the LOS signal (S⟶D) and multi-
ple NLOS signals (S⟶ R⟶D). The destructive and con-
structive interference is caused when these signals are
combined at vehicle D. From Equation (11), the received sig-
nal strength fluctuates with a frequency known from X,
which is affected by the path loss. Hence, the fade phenom-
enon of the received signal envelop is observed by this fluc-
tuation. The variation of frequency response is shown in
Figure 2 with different initial distances when different num-
bers of reflectors are deployed at sidewalls. On the whole, the
frequency response gradually increases up to the top point
and then its value gradually decreases for different initial dis-
tance. And from Equation (10), the corresponding Doppler
shift which deviates from the center of carrier frequency f c
can be verified by the received signal in Figure 2. With
increasing distance from 200m to 800m, the frequency
response caused by the driving of the transmitter is weak-
ened. The corresponding result variation is from about 39
% to about 36% when N = 1 to N = 4. Hence, the spacing

between the curves at the two ends is reduced for different
number of reflectors. In this process, Figure 3 displays the
variation of frequency response at different numbers of
reflectors when vehicle S moves along street from different
initial distances.

From the perspective of receiver, the magnitude of com-
plex envelop with respect to time at different initial distance
are displayed in Figures 4 and 5 for different numbers of
reflectors. The results are corresponding to fixed initial dis-
tance and varying distance in real time, respectively. Specif-
ically, the magnitude of complex envelope appears slow
climb with time cost for different initial distance and num-
ber of reflectors in Figures 4 and 5. It is noted that the mag-
nitude of complex envelope has significant rise with
increasing of reflectors. In Figure 4, the magnitude of com-
plex envelope is from about -42.5 dB to -48.6 dB when the
initial distance changes from 200m to 800m for N = 1. This
result has changed from about -40.5 dB to -46.7 dB for N = 4.
Similarly, the magnitude of complex envelope climbs from
about -42.5 dB to -41.5 dB with increasing time for N = 1
when the initial distance is 200m from Figure 5. And this
result is about -48.6 dB to -48.1 dB in initial distance
800m. When the number of reflectors is N = 4, the corre-
sponding result changes from about -40.5 dB to -39.5 dB
with increasing time for 200m. And this result is from about
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-46.5 dB to -46.1 dB for 800m. Compared with Figures 2 and
3, the magnitude of complex envelope has significant
improvement in Figure 5 when vehicle S moves along street
in the communication process.

5.3. Analysis on RIS Case. The analysis of received signal on
vehicle D is discussed when the transmission signal is
reflected through reflectors. When all reflectors are coated
with RISs, the received signal envelope is derived from Equa-
tion (16). It shows that the received signal strength can be
eliminated appropriately as diversity gain produced by mul-
tipath transmission. Meanwhile, the corresponding multi-
path fading and Doppler shift can be mitigated through
real-time tunable RISs. The simulation results are plotted
in Figures 6 and 7. In Figure 6, we depict the frequency
response of received signal at vehicle D when vehicle S
locates different initial distances. With vehicle Smoves along
street, the change in frequency response is illustrated in
Figure 7. Compared with Figures 2 and 3, the frequency
response values increased are demonstrated on RISs-
assisted networks by Figures 6 and 7.

Apparently, the frequency response takes RISs for the
received signal to improves more. At different initial dis-
tances for 200m, 400m, 600m, and 800m, the variation in
the frequency response is relatively small when N = 1. How-

ever, the frequency response increases by about 2% when the
initial distance is 200m for N = 2 and this case will increase
to about 6% for N = 4. In addition, the RIS technology can
play a greater advantage for long initial distances. Observing
Figures 2 and 6, the frequency response increases by about
1% when the initial distance is 800 m for N = 2 and its gain
will reach to about 8% for N = 8. Furthermore, the results
also prove that the multipath fading is alleviated in this pro-
cess with increasing distance.

The maximized magnitude of the complex envelope of
received signal on vehicle D for the case of movement of vehi-
cle S is displayed in Figure 8. For different initial distances of
vehicle S, the 2πf di cos θit is zero under different numbers
of RISs. In other words, the phases with LOS signal and NLOS
signal are aligned assisted by RISs when multipath signals are
combined at vehicle D. Conversely, the minimize magnitude
of the complex envelope of received signal is also plotted in
Figure 9. The results illustrate the phases with LOS signal
and NLOS signal have inverted phase when they are combined
at vehicle D. It can be seen that RISs bring an intuitive impact
on the received signal in RISs-assisted communication envi-
ronments after it acts on the transmission signal.

Observing the magnitude gain of received signals from
RISs, when vehicle S moves along street from the initial dis-
tance 200m, the maximized magnitude of received signals
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Figure 10: The magnitude of the received signal on vehicle D at case of different initial distance for Equation (22). The minimize magnitude
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increases by about 1.6% forN = 1 by comparing Figures 8 to 5.
When N = 4, this result increases by about 2.5%. Similarly, we
can observe the gain reaches to about from 1% to 3:6% when
the initial distance is 800m for vehicle S.

When the phase φ is 0 by controlling RISs, the magni-
tude of received signal in vehicle D is obtained from the
Equation (22). With multiple RISs, the magnitude of the
received signal on vehicle D is plotted in Figure 10 for differ-
ent initial distances of vehicle S. From the initial distance
change from 800m to 200m, the magnitude of the received
signal on vehicle D is enhanced in multiple RISs-assisted
systems. This ascribes the path loss to sudden decreases in
signal transmission. Furthermore, the corresponding magni-
tude of the received signal at vehicle D is also displayed in
Figure 11 when vehicle S moves from different initial dis-
tances. With increasing number of RISs, the magnitude of
the received signal is enhanced in Figure 11 due to signals
combined from multiple RISs-assisted links. Meanwhile,
the smaller initial distance of vehicle S, the bigger magnitude
of the received signal on vehicle D.

6. Conclusions and Future Work

In this paper, we have discussed the multipath fading and
Doppler effect of mobile communications. Specifically, the

signal is analyzed on the received terminal when the multi-
ple reflectors are deployed in designed propagation scenar-
ios. Then, we provided several methods by utilizing the
RISs in eliminating and mitigating multipath fading and
Doppler effect. The specific analysis models with reflec-
tors-/RISs-assisted communication are proposed in this
paper. Furthermore, the specific analysis on the received sig-
nal is given out in multiple RISs-assisted wireless communi-
cation systems when the LOS signal is blocked. All solutions
on eliminating and mitigation multipath fading and Doppler
effect are verified in simulations, and the performance of
networks is improved in RISs-assisted mobile wireless com-
munication systems.

All communication terminal are assumed to be in the
same horizontal position in a two-dimensional (2D) envi-
ronment in this paper. Without loss generality, the methods
are suitable for a three-dimensional (3D) environment in
mobile wireless networks. In future work, we will further
analyze multipath fading and Doppler effect in RISs-
assisted communication paradigm. The communication
mechanism and data information processing are focused in
the 3D environment. Furthermore, the deployment cost
and system complexity should be caused attention to
researchers for actual engineering application scenarios that
require massive deployment of RISs.
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