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Abstract: Reconfigurable intelligent surface (RIS) is composed of large quantities of inexpensive
passive elements, which is able to adjust phase and amplitude shifts to reduce the system power
consumption. However, the complex coupling in the RIS-aided system makes the power minimization
(PowerMin) problem more difficult when compared to conventional systems. In this paper, a
three-dimensional (3D) time-varying channel model is proposed for RIS-assisted networks and a
downlink expression between mobile vehicles and users is derived. Additionally, a successive convex
approximation (SCA) method is provided and the transmitter beamformer and RIS phase shifts are
updated simultaneously at each iteration to achieve a satisfactory numerical solution. Ultimately, the
simulation model in MOSEK version 10.1.28 is utilized to verify the effectiveness of analytical results.

Keywords: reconfigurable intelligent surface; power minimization; second-order cone programming

1. Introduction

With the increasing demand for better performance and wider bandwidth in
sixth-generation (6G) systems [1,2], reconfigurable intelligent surface (RIS) is recognized as
a crucial method for communication systems [3-5]. RIS is made up of a planar metasurface
with numerous low-cost passive reflective elements connected to an intelligent control unit.
By making appropriate adjustments to the electromagnetic response of incoming radio
waves, the phase and amplitude of signals are intelligently designed to achieve efficient,
secure, and reliable wireless networks [6].

1.1. Related Work

Recently, various studies have been conducted about RIS-assisted communication sys-
tems, with the aim of enhancing the performance and extending coverage area. The authors
of [7] showed that the coverage performance of the system can be greatly improved by
optimizing beamforming in the RIS-assisted network, which provided an important theo-
retical basis for subsequent research. The authors of [8] further explored the multiple-input
multiple-output (MIMO) channel covariance matrix as well as optimized the autonomous
phase shifts and /or magnitudes of the RIS. The authors of [9,10] investigated how to im-
prove the attainable rates of unmanned aerial vehicle (UAV) scenarios in multiple-input
single-output (MISO) networks. This work studied the application of RIS from the new
perspective of dynamic environments. The authors of [11] proposed a capacity optimiza-
tion algorithm for RIS-assisted MIMO communication systems. In [12], a novel two-stage
channel estimation scheme was proposed, to improve the channel estimation performance
in RIS-assisted communication systems. Furthermore, in RIS-aided large-scale Internet of
Things (IoT) networks, the mean square error (MSE) performance of the channel estimator
and the error probability performance of the active device detection can be significantly
enhanced [13,14].
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Additionally, the research in [15] found that when the beamformings at the input point
and RIS were combined, the security of the physical layer link was greatly improved. It is
noted that RIS is capable of operating in full-duplex mode with no extra power required
for signal amplification/regeneration as well as no complex self-interference cancelling
processing, which is significantly different from traditional active relays. To justify this
point, potential similarities and dissimilarities of the RIS and active relays, as well as the
cost-effectiveness and energy efficiency were analyzed [16]. Additionally, the problem of
power minimization (PowerMin) was further complicated by the coupling effect of RIS
compared to relay-assisted systems. The works of [17-19] investigated the PowerMin
problem in the context of RIS-assisted multi-user single-input single-output (MU-SISO)
downlink, and explored the multi-user single-input multiple-output (MU-SIMO) uplink
system. In [20], the second-order cone programming (SOCP) method was used to optimize
the PowerMin problem in the multi-user MISO (MU-MISO) downlink system.

In order to delineate the characteristics of RIS-assisted communication systems more
precisely, a general three-dimensional (3D) wideband non-stationary channel model for
RIS-assisted MIMO communication systems was proposed in [21]. Subsequently, the
channel model can be used to describe a variety of RIS-assisted communication scenarios
in [22]. In addition, the RIS technique has been demonstrated its unique strengths in areas
such as mmWave mobile systems, vehicle-to-vehicle (V2V) propagation environments,
and UAV communications. The authors of [23] investigated the alternating disappearance
and reappearance of LoS paths, while the research in [24] focused on V2V propagation
environments. In [25,26], a 3D-based MIMO channel model was proposed for the RIS-
assisted UAV communication. Finally, the authors of [27,28] proposed a 3D communication
channel model with dual RIS co-assisted MIMO, which confirmed the advantages of dual
RIS in enhancing communication performance and provided a new idea for the design of
future communication systems.

1.2. Motivations

However, the PowerMin problem in time-varying communication systems has rarely
been compared and analyzed. The described methods are primarily constrained by sim-
plified mathematical models. Although the problem of optimization can be significantly
simplified by alternating optimization, high-performance solutions are not guaranteed
due to the complex coupling between the optimization variables. From the perspective
of the computational complexity, semidefinite relaxation (SDR) [29,30] is not suitable for
large-scale time-varying systems. It motivates us to propose an algorithm with lower com-
putational complexity. By using appropriate model parameters, the designed algorithm
can be applied to the time-varying communication system, and a more effective numerical
solution for the PowerMin problem is finally verified.

1.3. Contributions

A 3D time-varying channel model is proposed for RIS-assisted MU-MISO systems.
The PowerMin problem is then solved using a more efficient numerical solution based on
SOCP. The main contributions can be summarized as follows.

* A 3D time-varying channel model for RIS-assisted MU-MISO systems is established.
The relative positions between Tx, Uy and RIS, as well as the number of RIS units
are considered. Besides, this model not only considers the traditional propagation
path, but also pays special attention to the directional obstruction under the direct
propagation path, which provides a more accurate basis for the subsequent study of
the power control.

* A detailed algorithm is provided for characterizing the transmitted power of the
RIS-assisted channel. However, this problem is not a convex problem, which makes
it challenging to obtain an optimal solution. Therefore, a successive convex approx-
imation (SCA)-based SOCP algorithm is given, and the transmitted beamforming
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and phase shifts are simultaneously updated during each iteration to achieve a better
numerical solution.

¢  To assess the effectiveness of the proposed system, extensive simulation results are
provided. It is indicated in our findings that the SOCP time-varying algorithm is con-
verged by constraining violation parameters and target values. The average transmit
power in high-mobility communication scenarios is significantly enhanced and the
performance of communication between high-speed vehicles and users is improved.

The subsequent sections of the article are organized as follows. Section 2 describes
the proposed MU-MISO time-varying channel model. Section 3 introduces and examines a
time-varying beamforming optimization method based on the SOCP. Section 4 provides
numerical results and discussions. Ultimately, our findings are outlined in Section 5.

Notation: The symbols | - |, ||-||, (-)7 and (-)H signify the absolute value, £, norm,
matrix transpose, and hermitian transpose; R(-), 3(+), CM*N and diag(-) take the real part,
imaginary part, complex-valued matrix of size M x N, and diagonal matrix, respectively.

2. System Model

As illustrated in Figure 1, a typical MU-MISO communication scenario is considered.
The direct path from the mobile transmitter (Tx) to K single-antenna users (defined as Uy) is
obstructed by harsh propagation environments, such as buildings and trees. Consequently,
RIS with N nearly-passive reflecting elements is introduced to enhance the communication
performance. At the same time, Tx is equipped with P antenna units, and the spacing
between adjacent antenna units is represented by é7.
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Figure 1. Diagram of RIS-assisted MU-MISO downlink model.

\

Then, a spatial coordinate system is established as shown in Figure 2. The centre of
the Tx arrays is the coordinate origin. The position of Uy is in the x — 0 — y plane, while RIS
is in the y — 0 — z plane. In this model, the Tx and Uy, are placed on the ground, and RIS is
positioned on a vertical wall, with columns and rows denoted by M and N. The centre of
the RIS is positioned at the coordinates (xgis, yris, N/2), and they are respectively given by

xris = Dy cos 6 sin 6, csc(6, — 6,), 1)

yris = Do sin 6y sin 6, csc(6; — 61), @)
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where Dy stands for the distance from Tx to Uy. 6 is the inclination of the centre of Tx
arrays to RIS with respect to the x-axis, and 6, is the inclination of the centre of Uy arrays to
RIS with respect to the x-axis. Each grid of RIS is represented by the length d, and width
d,. Assuming that m and n are even numbers, and the position of the elements in the grid
can be represented as (xris + (1/2 — m)dy, yris, N/2+ (1/2 — n)d;).

In the following part, Hys(t) € CMN*P and Hy (t) € CK*MN are adopted to character-
ize the physical properties of the Tx-RIS and RIS-Uj subchannels, where ¢ is the movement
time of Tx. Therefore, the channel model is expressed as

G(t) = Hsk(t)q)(t)Hts(t)r 3)

where ®(t) £ diag(¢(t)) € CMNXMN denotes the reflection coefficient matrix, with
P(t) = [elﬂmn( )} " , Omn(t) € [0,27) being the phase shift.
x N
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Figure 2. Proposed 3D time-varying channel model for RIS-assisted MU-MISO communication
scenarios.

It should be mentioned that the expression of the time-variant channel matrix yields

Hy(t) = [hp,(m,n)(t)}Mpr' and the time-varying function in the p—(m,n) link, i.e.,
oy (mm) (), is given by

1 .2
i%fl(sm,n)(f) — ¢ 2y (/A C o eiortcosyr (4a)

1 .
Iy ooy () = \fze i, (4b)

ABp,(m,n) (t)71

K1+ 1 (\/ﬂhs?&/”)( )+ hN(L%Sn)(t))' (40)

hp,(m,n) (t) =

where the p—(m,n) link is divided into line-of-sight (LoS) and non-line-of-sight (NLoS)

links. h;o(fn ”)( ) is LoS link, and i (LOS )( ) is the NLoS link. A is the carrier wavelength,

and x is the Rician coefficient. v and n are the velocity and direction of Tx movement,
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respectively. @q is the random phase angle in the Gaussian distribution with a range of
[—7, 7] By, () (t) is the path loss coefficient in the p—(m, n) link, and it can be given by

. (477/)‘)2(6;1,(771,71) (t))aRls

e , 5)
p,(mn) Gpcos<1/1p,(m,n)(t))

where G, represents the transmission antenna gain of Tx, agys is the path loss exponent of
RIS, and ¢, () (t) and ¢, (, ) () are the time-varying distance and cosine angle, respec-
tively, of the p—(m, n) link. They can be derived from the values of d,, (,, ,(t), that is

xris — mdy +dy /2 — vrtcosyr — kp(sT, 1

dp,(m,n) (t) = YRris — ot sinyr . (6)
N/2—nd, +d,/2

Similarly, the expression of the time-variant channel matrix is Hy () = _h(m,n),k(t)}

KxMN
where f1,, ) () is the time-varying function in (m, n)~k link, and can be written as
HEOS (1) = e s/ e, (7a)
1 .
WS (0 = 2, (7b)

Blmmy k(£
Ry () = \/(mKlT (VRHESS () + I (1), 70

where the (m, n)-k link is divided into LoS and NLoS links. h(L";Sn) i (t) is the LoS link, and

hN LZ) ¢ (t) is the NLos link. B,, ) x(t) is the path loss coefficient in the (m, n)-k link, and it

(m,
is denoted as

470/ A (E o 1 (1)) RIS
Boumelt) = M Coml) e .
chos(lp(m,n),k(t))

where Gy represents the transmission antenna gain of U, and ags is the path loss exponent
of an RIS. §(, ) (t) and 4, ) 1 (t) are the time-varying distance and cosine angle of the
(m, )~k link, respectively. They can be derived from the values of d,, ,) x(t), i.e.,

xRis — mdy +dyx /2 — Dy

) k() = YRIS , )
N/2 —nd, +d, /2

where s;(t) and wy(t) € CK*1 are defined as the information symbol and the respective
transmit beamforming/pre-coding vector from Tx to Uy respectively, and the k-th user
receive signal is given by

yi(t) = gi(t) E]CWl(t)Sl(f) + Wi, (10)
=

where gy (t) is the k-th vector in G(t), and the circular complex symmetric additive white
Gaussian noise (AWGN) at the k-th user is characterized by wy ~ CN (O, U,%). Without
loss of generality, it is supposed that 0 = ¢. Furthermore, to avoid potential problems
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with very small values, normalization is applied to Hs(t) <— Hys(f) /0. Thus, the signal-to-
interference-plus-noise ratio (SINR) is denoted by

_ mmOF -
1+ Y [gdwi)]

viek\{k}

Y (t)

where Yy i\ () 18k (£)wi (£) |? presents the total interference power received from all users
except user k. The fundamental issue of PowerMin is solved through the simultaneous
optimization of w(t) and ¢(t), and thus, the minimum required SINR is achieved for each
user. Specifically, the problem of optimization is described as follows:

minimize ||w(t)|]?, (12a)
w(t)¢(t)
subjectto Y, (t) = I} (t), Vkel, (12b)
e =1, Vm,ne MA, (12)
t=ty+ A, AE=0,1,2,..., (12d)

where the initial time is denoted by t(, and the time interval for updating the channel state
information is At. The minimum value of SINR at Uy is denoted by I} (t), which can be
considered as the minimum acceptable quality of service (QoS).

3. Problem Solution

The primary challenge that must be addressed is clearly presented in Equation (12b).
In this section, the problem is solved by the SCA approach convex approximations. Conse-
quently, we have

|A|I* > 2r{B"A} - |BJ, (132)
R{AMB} = i<|\A+B||2—||A7BH2), (13b)
s{a"8) = (a8~ A +jBI), (130)

where Equation (13a) holds true specifically when A = B. Equations (13b,c) are derived
by expanding the right-hand side (RHS) terms. The concept of SCA is applied to handle
Equation (12b), and it can be equivalently expressed as

g (wi(t)] e )
o 21+WGK2\{H( MOEEORE (142)
su(t) 2 [R{gu(Owi(B)}], V1€ K\{k}, (14b)
Sut) > [S{ewiD)}], ¥ € K\{k}, (14

where slack variables sy (f) and 5, (¢) are introduced to make Equation (12b) equivalent to
Equation (14). Since the RHS of Equation (14a) is convex, g (t)", a(£)™ and by ()™ are
introduced to identify the concave lower bound of |gy (t)wy () % in Equation (14a), which
can be expressed as

g ()" = hy(t)diag(p(H) "™ ) Hys(1), (15a)
a ()™ = g () w ()™, (15b)
()™ = a ()™ (g () "HH +wi(5)™, (15¢)
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where w(t )( and ¢(t ) are values of w(t) and ¢(t), respectively, at the n-th iteration.
Therefore, | g (t)wy(t )| can be transformed into

2

O 2 2%{ (ak(t)(n))Hgk(t)Wk(t)} — |a(n)®
2 S { (e gt s - (™ Yt - i} < e

8] (0 (a0 0]
H
k

0 -]
£ hye(t), ,

2

—
N

where (a) and (c) are due to Equation (13a), and (b) is due to Equation (13b). It is possible
to deduce that /i (¢) is simultaneously concave. Furthermore, by employing Equation (13b) in
conjunction with the absolute value property, Equation (14b) can be expressed equivalently as

su(t) = R{g(owi(0) = | |80 +w) | - [ebo-wo ||, a7
sa(t) = ~R{gehw()} = ¢ [[| ) )|~ g +wio ] am

In order to convexify Equation (17), Equation (13a) is applied with A = gH () — w;(t)

2
and B = gi(t)" — (wi(H)")H — |[gH(t) = wi(1)||"; that i,

ki (t), (18)

where the RHS of Equation (18) is simultaneously optimized with regard to w(t) and
¢(t). Finally, the RHS is defined as py,(t). By following a similar derivation process,
Equation (17b) can be approximated as

su (1) 1[“& —wi(t) H2—2§R{ (gk(t)(") + (Wk(f)(n)>H)

< (810 wil) o+ g0 + o)
Hra (1) (19)

(1>

Similarly, Equation (14c) is equivalently converted into
_ o~ 1 H . 2 H . 2
su(t) = Sgewi(t)} = 5 [ el ) —jwit) | = el +iwmn)| ], @oa)

sa(t) = ~3{auwi(0} = 1|80 +iw) [ - el —wio ] o
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The non-convexity of Equations (20a,b) are caused by the negative quadratic term in
the RHS. By employing the same derivation principle of Equations (18) and (19), a lower
bound of Equation (20) can be established as follows.

< (g (1) +jwz<f>)} W ESORRIO) \ﬂ

£ 1/kl(t)r (21)

Sk (t) >

£ Ty (). (22)

Furthermore, the non-convexity of Equation (12c) is observed. To reduce the com-
plexity, Equation (12c) is initially relaxed into an inequality constraint. Subsequently, the
inequality problem is enforced as an equality problem by introducing a regularization
factor into the target function in Equation (12a), which is derived as follows:

minimize [|w(t)]* — &[¢(t)[%, (23a)
w(t)9(1)
subject to Ie(f) > 1+ Y. (skl(t)2 +§kl(t)2>,Vk c K, (23b)
VIeK\{k}
(18), (19), (21), (22), k1€ K,k #1, (23¢)
‘ew’"'"(t)‘ —1, Ym,n e M, N, (23d)
t =ty + AL At=0,12,..., (23¢)

where ¢ represents a regularization factor, and it is used to determine the constraint
violation convergence. The constraint specified in Equation (23d) becomes binding at
the optimal solution when ¢ is increased to a sufficiently large value. Consequently, the
problem in Equation (23) is converged. Specifically, Equation (23) is non-convex due to
—Z||¢(t)||*. However, Equation (23a) may be convexified by applying Equation (13a). Thus,
the resulting convex approximation sub-problem from Equation (12) can be expressed
as follows.

inimi 2 (m)" _ (m) |2
mimimize[w(t)? = [20{ (o)) "9 | o0 [], s

subject to  (23b), (23¢), (23d), (23e). (24b)

where s(t) = {s(t)} and 5(t) = {5k(t) }. Algorithm 1 outlines the SCA-based approach
to solve Equation (12). It is noted that (P,1) is a typical SOCP problem, and it can be
effectively solved by the 10.1.28 version of MOSEK [31].

Furthermore, in order to replace ||w]|?, slack variables are introduced into the target
function in (Py4+1). Ns is defined as Ns = M x N. Then the size of the optimization
variables (in the real domain) is 2K? 4+ 2KP — 2K + 2N + 1, while the overall number
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of second-order cone restrictions is 4K?> — 3K + Ns + 1. The overall complexity of the
SOCP-based scheme in [32] at each iteration is given by as follows.

Csoce =O [2(4K* + N;)* (K2 + KP + Ni)
(4K° 4 16K>P + 8K*P + 20K P?
+ 8KPN;, + 4N?)]. (25)
In practice, a considerable quantity of units are contained in the RIS:

max{P,K} < N; [33,34]. Therefore, iteration complexity of the recommended SOCP-
based scheme is: Csocp ~ O(NZ?).

Algorithm 1. Proposed SOCP time-varying scheme To solve (12)

1: Input: w(0)?, $(0)¥, 7

2. t=0

3: iterate

4 n=20

5: iterate

6 Solve (P, 11) to get w(0)*, ¢(0)*

7 Update the numerical solution: w(0)"*), ¢(0)"+V)
8 Update iteration: n 4- 1

9 till the ¢ converges:t + 1

10: Output: [w(0)*, w(1)", ... w(t)"]T, [¢(0)*,¢(1)", ..., p(1)*]T

4. Numerical Results and Discussions

In our simulation experiments, the centre frequency of the system is 2 GHz, and the
overall usable bandwidth is 20 MHz. For ease of calculation, the centre of the Tx antenna
arrays is positioned at (0,0, 1), with a velocity being v = 10m/s and an azimuth angle
being 7 = 20°. The planar array centre of RIS is located at (30,30,5) with an adjacent
spacing of A /2. Users with a single antenna are randomly dispersed in a region with the
centre of the circle at (40,40,1.6). A radius of 5 is provided, with a minimum spacing
being 2A. The distributed small-scale Rician fading is modeled for the links based on [35].
The noise power spectral density for each antenna node is assumed to be —170 dBm/Hz,
and the path loss exponent is 2. For ease of calculation, we suppose that I}(t) = I'(f)
for all k € K. The target SINR is set to be 20 dB. When the target SINR is relatively low,
it is easier to satisfy the SINR constraint and similar performance may be achieved by
different optimisation schemes. Thus, more stringent SINR requirements are considered in
the simulations.

The convergence behavior of Algorithm 1 is analyzed for different number of RIS
reflection elements when Ny = M x N =50, Ns = M x N = 100, and Ny = M x N = 150.
As illustrated in Figure 3a, the constraint violation parameter ¢ converges rapidly towards
the transmit power. For all values of N;, 10~% is reached when the iteration value is
70~75, and thus, the predefined accuracy is ensured. The constraint Equation (12) is
essentially satisfied at the optimal solution. This is achieved by normalizing the channel
coefficients and the noise power. Furthermore, as depicted in Figure 3b, the objective value
of Equation (12) converges rapidly under different values of N;, so the effectiveness of
Algorithm 1 is verified.
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Figure 3. Convergence behavior when P = K = 4 and I}(t) = 10dB: (a) constraint violation;
(b) objective value.

Figure 4 depicts the correlation between the standard condition number of G(#) and N.
The condition number can be described as the proportion between the largest and smallest
eigenvalues. The performance is improved when the condition number approaches 1 [36].
Among the channels with the same total power gain, the channel with the highest capacity
is the one with the same singular values. It is generally recognized that lower condition
number signifies smaller distribution of singular values and higher capacity when SINR is
high [37]. As shown in Figure 4, the condition number is reduced significantly with N, and
the capacity of the channel is approached in an almost well-conditioned state. Finally, it is
concluded that the RIS can be effectively used to reconstructure the channel in large-scale
complex networks. When the value of SINR is high, the disparity in each channel’s singular
values can be decreased, and more channel throughput can be provided.

20 T T T

—©— Optimized phase
18 = Ramdom phase

Average condition number

0 . . . . . . . . .
0 10 20 30 40 50 60 70 80 90 100

Number of RIS reflecting elements NS

Figure 4. Condition numbers versus N; when P = K = 4.

The performance of the transmission power versus the noise power 0']3 is investigated
in Figure 5. It is suggested that the transmit power is directly proportional to the increase
of the noise power (7,%. When the noise power (7,% = —160 dBm, the transmit power is
reduced by 49.96% using the SOCP scheme in comparison to the conventional scheme with
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random phase shifts. The SOCP scheme has a power reduction of 68.36% compared to the
conventional scheme without RIS. Moreover, when the noise power is —160 dBm or below,
the transmit power of SOCP is improved significantly, and can be reached the performance
of the system with random phase shifts.

65

60 -

55

ul
o
T

Transmit power (dBm)
N
(&}

—— SOCP
w=fd=—= Ramdom phase shift
Without RIS

30
-180 -175 -170 -165 -160 -1565 -150

Noise power spectral density oi (dBm/Hz)
Figure 5. Transmit power versus noise power spectral density (7,% when P = K = 4.

In order to ensure a rich scattering, it is necessary to increase the distance of the Tx-RIS
link. However, it brings a larger path loss exponent [38]. The effect of the path loss exponent
agrrs on the RIS-Uy, channel is illustrated in Figure 6. Firstly, it can be observed that when
aRrrs is small, a satisfactory average transmit power of SOCP is achieved. Secondly, when
the value of agyg grows, the average transmit power is increased, eventually approaching
the scheme of random phase shift. The results suggest that to achieve both fairness and
high system throughput, the path loss exponent should be reduced. That is to say, shorter
distances and higher coefficient values are required. As a result, the possible spatial
multiplexing benefits must be balanced against channel path loss.

70
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Figure 6. Transmit power versus path loss exponent agig when P = K = 4.

In Figure 7, the relationship between the transmit power and the azimuth angle 77 is
examined. It is discovered that when the angle rises, the SOCP scheme’s transmit power
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is fisrt reduced and then increased. In particular, when the azimuth angle #1 = 20°, the
transmit power of SOCP is reduced by 59.6% compared to the conventional scheme with
random phase shift and by 68.5% to the scheme without RIS. These results indicate that to
achieve a lower transmit power, it is also critical to choose a suitable azimuth angle 7. In
this study, the best power reduction is achieved by an azimuth angle of about 77 = 20°.

44 T

—— SOCP

sl Ramdom phase shift A
42 - Without RIS q

Transmit power (dBm)

w
=

w
S)

30 Il Il Il
0 5 10 15 20 25 30

Tx azimuth angle nT( °)

Figure 7. Transmit power versus Tx azimuth angle 7 when P = K = 4.

In Figure 8, the x-axis coordinate of Uy is constant, and the relationship between the
transmit power and the Tx-Uj distance is investigated. It is observed that when the y-axis
coordinate is 95 m, 64% of the transmit power is saved by the SOCP scheme with respect
to the conventional scheme of random phase shifting. In systems without RIS, especially
when Uy is far from Tx, the transmit power is significantly high due to signal damping.
However, in RIS-assisted MU-MISO systems, the transmit power is initially increased and
subsequently reduced with the horizontal distance.

60
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y-axis coordinates of Uk (m)

Figure 8. Transmit power versus y-axis coordinates of Uy when P = K = 4.

The influence of K on the transmit power is shown in Figure 9. To achieve the required
QoS, the transmit power is increased sharply with the growth of K. With increasing values
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of K, the total interference power received by the users is increased, making it difficult for
the achievement of the required QOoS. It is shown that system coverage and performance
may be enhanced by increasing transmit power. However, a larger K leads to an increase in
the level of interference, which consequently deteriorates the user experience. Therefore,
a balance must be established between transmit power and interference management to
ensure the effective QoS.
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Figure 9. Transmit power versus K when M = N = 10.

Figure 10 shows the correlation between the transmit power and N;. As N; increases,
the transmit power required to maintain the required QoS is decreased. With a larger value
of N;, the RIS can achieve the beamforming that is highly focused, allowing the required
QoS to be enabled at low transmit power levels. On the other hand, when Nj is small,
higher transmit power is necessary to compensate for the signal loss and interference effects
in order to ensure the communication quality.
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Figure 10. Transmit power versus Ns when P = K = 6.

Figure 11 depicts the convergence process using the SOCP time-varying algorithm.
The vehicle trajectory is simulated over a time span of 0 to 4 seconds, with one state updated
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References

at every second. The simulation curve reveals that the transmit power is increased slightly
after each update, although the overall trend is found to be downward. This trend is
represented by the SOCP algorithm, which gradually decreases transmission power during
the optimization phase to achieve the intended result. With this dynamic approach to
optimisation, the beamforming of the system can be dynamically adjusted based on the
vehicle’s real-time position and environmental conditions. Finally, the transmit power
reduced while the required communication quality and service level are maintained at
all times.
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Figure 11. Results of convergence when M = N = 10 and P = K = 4 during the time period of 04 s.

5. Conclusions

In this paper, a 3D time-varying channel model is proposed for the RIS-assisted
MU-MISO systems. The goal is to decrease the transmit power while maintaining QoS
requirements. More precisely, the proposed time-varying SOCP algorithm utilizes the SCA
to update both transmit beamforming and phase shift variations at each iteration. It aims
to achieve a more efficient numerical solution for the PowerMin problem. According to
the findings of simulation results, the proposed SOCP algorithm is converged quickly and
the transmit power is significantly reduced. Stable and high-quality communication in the
scenario of high-speed vehicle movement can be achieved by adapting channel changes in
real time. This is of tremendous relevance for enhancing the communication performance
between high-speed vehicles and users, and is predicted to tackle comparable challenges in
RIS-assisted communication systems.
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