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The power coverage of wireless communication is crucial for the quality of communication and cell network evaluation. In this
letter, by taking the layout of Reconfigurable Intelligent Surface (RIS) into count, the power coverage area is proposed for a
typical outdoor scenario, which has many rectangular buildings. In this approach, via designing the deploying angle, we
introduce finding the optimal horizontal and elevation angles of RIS; we adjust RIS so as to get more power coverage. Since the
computational complexity of the optimal solution is very high, a low-complexity method is proposed for solving the
optimization problem. More specifically, the coverage is showed in the urban environment with RIS assisting. Presenting the
numerical results, we can find the power coverage notably improved. It clearly indicates that our experiment is useful to solve

the coverage problem for wireless communication.

1. Introduction

The communication efficiency of wireless networks has
greatly improved in the last decade thanks to technological
advancement, including millimetre-wave (mmWave) com-
munications. However, the technology faces the practical
limitation of shadow effect. The receiving power of receivers
behind buildings will reduce 12dB than receivers with no
obstructions at 28 GHz [1]. The Reconfigurable Intelligent
Surface (RIS) is proposed as a promising new solution to
address the challenging problem [2-4].

RIS is a planar array composed of a large number of
cheap, nearly passive, reflecting elements with parameters.
The work [5] maximizes the bit-per-Joule energy efficiency
in the downlinks by seeking the RIS phase matrix and the
optimal power allocation at the base station (BS). [6] tackles
downlink transmitting power minimization for a RIS-aided
multiple access network by optimizing both the transmit
beamformers at BS and the phase shift matrix at the RIS.
To work out the maximization problems of the spectral effi-
ciency in RIS-aided communication systems, [7] presents
maximizing the spectral efficiency by optimizing the beam-
former at the access point and the RIS phase shifts.

In recent years, the power coverage of mmWave commu-
nications attracts more and more attention. Many solutions
have been proposed to enhance the coverage area of the
RIS-aided communication systems. We present a brief litera-
ture review below.

(i) A Subset of the Blockages [8]. The basic idea of this
solution is drawing multiple useful system levels. It
can enhance objects that act as blockages for the
communication links, such as buildings or trees,
the coverage probability of the cellular network
through providing extra indirect line-of-sight (LoS)
links.

(ii) An Achievable Rate Region [9]. By means of investi-
gating the capacity region of a multiple access chan-
nel (MAC) with two users sending independent
messages to an access point (AP), aided by RIS, it
derives a capacity region outer bound for the
centralized deployment and the capacity region in
closed form for the distributed deployment.

(iii) Reflection Probability [10]. Given the environmental
objects modelled with the modified random line
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FiGure 1: Transmission model in the urban scenario based on the mmWave communication.

process of fixed length and random orientations and
locations, they propose a new analytical framework
that offers one with the probability of a reconfigur-
able metasurface covering, which is regarded as a
reflector for a given transmitter and receiver.

In this letter, we consider the effect of RIS laying angles
on the power coverage area in urban communication. Com-
pared to the schemes mentioned above, we propose the
design of RIS as well as power coverage that reflects the effect
of RIS deploying. We quantify the area which receives energy
to get the optimal power coverage area. Specifically, a simple
approach is mentioned to solve the problem of finding the
optimal angle. Moreover, the contribution of this letter is to
replace the RIS with a direction antenna in the urban envi-
ronmental simulation. This implies that the proposed
method is actively yielding a promising solution for the RIS
system from deploying.

2. System Model

In this section, we present a RIS-aided single-input single-
output (SISO) communication model. We also describe the
targeted receiving power problem formulation.

2.1. Path Loss Model. The results and discussion may be pre-
sented separately, or in one combined section, and may
optionally be divided into headed subsections. As shown in
Figure 1, we consider the transmission model in the urban sce-
nario [11]. The receiving power area of finding the RIS’
deploying angle is divided into two areas, and we set the height
of receivers as 2m, where the range of the receivers is from
-55m to -5m and 5m to 55m on the X-axis. The width of
the receiving power area is 60 m. In this letter, we define the
coverage radius of a BS as the geographic area within 350 m.
The RIS is envisioned to be installed on the top of a high
streetlamp at point A in the figure and in the direct LoS
of the BS at point B. Therefore, we assume the RIS of the
model on the high point where the position of RIS is (LI

S,, LIS, LIS,). BS is level with RIS, and the position of BS
is (Tx,, Tx,, Tx,). In the same way, the i position of the
receivers is regarded as (Rx,, Rx,, Rx,), and all of the posi-

tions form a set C. The receiving power Py, (dBm) can be
expressed as

Ppy=Pr + G —PL(L;) + G = PL(L,) + Gpy»

PL(L)=-101g (—(;;L),

where PL(L,) and PL(L,) are, respectively, the path loss
from the transmitter to RIS and RIS to the receiver. P,
denotes the power of the receiver. G, G, and Gg,, respec-
tively, are the gains of transmitting antennas, RIS, and
receiving antennas. A is the wavelength.

(1)

(2)

2.2. Receiver Power Estimation. Figure 2 shows the example
of propagation. In allusion to the communication system,
the propagation is considered in the far field. When the
maximum phase difference of the received signal on the
antenna array exceeds 71/9, we regard the transmitter in the
far field. As long as the phase angle of the incident channel
offsets the reflection channel’s, the receivers can get the max-
imum power [12]. The received power Pp, (mW) can be
written as [13]

_ PTthGrGMZdexdy)LZF(et’ (Pt)F(ew (Pr)Az

Pr, (3
643 (L, L, )’ o ()

Rx

where d, and d,, respectively, represent the size of each unit
element which are within A/10 and A/2. RIS has M rows and
N columns unit elements. A is the amplitude attenuation of
RIS. F(0,,¢,) and F(6,,¢,) represent the incident and
reflected normalized power radiation patterns of RIS in the
spherical coordinate system, respectively. The normalized
power radiation pattern is as follows:

cos’d Oe [0, g] , @ €0, 27],
F(0,9) = (4)

0 66(%,71},4)6[0,27[},
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F1GURE 2: A RIS-aided communication system.
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where 0 and ¢, respectively, denote the elevation angle and
horizontal angle:

S-S

CcosS Qt: M’ (5)
[Suis S+l
Ss-S

cos 0, = 5 _“Rx (6)

" ISl Swal”

where S, ;¢ denotes the unit normal vector to the RIS plane.
Sty and Sg, are, respectively, the direction vector of the trans-
mitter to the RIS and the receiver to the RIS.

3. The Angle of RIS Design

In this section, acting up to the previous principle, we rotate
RIS to acquire the optimized horizontal angle and elevation
angle in steps, then layout the RIS in the communication
environment.

3.1. The Angle of RIS. As shown in Figure 2, «, f3, and 7,
respectively, are the angle between the X-axis, Y-axis, Z
-axis, and the unit normal vector of the RIS plane. If 6 € [0,
7/2], Sty Si1s> and Sy, are given as

S = (Txx—LISx, Tx},—LIS},, TXZ—LISZ) R (7)
Si1s = (cos a, cos 3, cos y), (8)
Spx = (Rx,~LIS,, Rx,~LIS , Rx,~LIS, ). (9)

Once the positions of the transmitter and RIS are chosen,
the next step is to rotate RIS to get the maximum power cov-
erage area. After rotating RIS Q around normal direction
vector e, Sg, can be expressed as

S5 = cos () [SLIS—(ﬁLIS . e) e} +sin (Q) (ﬁLIS X e) + (ﬁLIS - e) e,

(10)

where S ¢ is the initial normal direction vector of RIS. While
we search the horizontal angle, e is the vertical vector. So long
as we find the optimal horizontal angle, the horizontal angle
will be fixed and e becomes the horizontal vector in the next
step, when we search the elevation angle.

3.2. Low Complexity Approach. As we see in (3) and (4), the
coverage area function of (2, and therefore, it can be maxi-
mized by optimizing the rotating angle. The optimal angles
of the RISs can be obtained through the following optimiza-
tion problem:

maximize Z Pr ()
ieC

11
s't'PRx N Pgl)feshold ( )

-90° <0 <90°.

We assume the bounds of Q as Q,; <Q<Q_ .. 1Itcan
be shown that (11) is a convex problem, and we can solve it
efficiently. In Algorithm 1, the bisection method is put for-
ward to solve the problem. In simulation results, the perfor-
mance of the proposed approach is close to the optimal

solution found by exhaustive search. For the first step, the
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FIGURE 3: The position of transmitter and RIS in the communication environment.

initialized value of (2 is given to find the optimal in the range.
In the second step and third step, the rotating angle is com-
pared and replaced. Only |Q,..—Q,..| <1, the processing
would be stopped. Since we need to find horizontal and ele-
vation angles, the processing should be executed twice to find
the angle.

3.3. Parameter Optimization. As shown in Figure 3, the posi-
tions of the BS and RISs, respectively, are (0, 0, 20) and (0,
130, 20), (0, 200, 20), (0, 270, 20), and (0, 340, 20). Due to
the complex propagation environment and the better effects
of receiving power, we consider the receiving power thresh-
old Pireshld from 93 to -99dBm, every two RISs apart
2 dBm. Receivers are arranged every one metre. In practice,
the material of buildings is concrete.

Furthermore, we observe the power coverage area in the
communication environment. The geometry is generated
using the Remcom Wireless InSite ray tracing software [2].
In the simulation, we choose the direction antennas [14] to
replace the RISs. Note that RISs are deemed to receivers in
the BS-RIS links. However, RISs are regarded as transmitters
which transmit signals to receivers in the RIS-receivers links.
If we ignore the miscellaneous effects that have hardly any
influence on the results, Py, can be expressed as [15]

Py, = M*N*PLg,,

(12)

where PLy, denotes the receiving power with no phase when
the direction antenna replaces the RIS. When it comes to
computing, what counts is cancelling the direction antenna
gain. The data rate C in the coverage area is calculated
according to the Shannon formula:

p
C=Blog, <1+;Rx> ,
N,B

where N, denotes the noise power spectral density. B is the
bandwidth.

(13)

4. Simulation Results

Numerical results are provided in this section to demonstrate
the effectiveness of the proposed deploying the RIS in the
aspect of modulating the angle.
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FiGure 4: RIS (0, 200, 20) rotate around the horizontal vector. The
receiving power is greater than the threshold.
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FIGURE 5: Power coverage: the optimal horizontal angle of RIS at (0, 0)
is 0°. The X-axis and Y-axis depend on the positions of receivers.
Shaded areas are buildings.

4.1.  Parameter Selection. There are 56 buildings
(50 m x 10 m x 60 m), and every two adjacent buildings are
60 m apart. The width of the street is set as 10 m. The carrier
frequency is 28 GHz, and P, is 20 dBm. We choose the half-
wave dipole antenna as the antenna of BS and receivers. And
the gain is 2.15dBm. G and A are zero. M and N are 100. d,
and d,, are A/2. Then, replace the 1 m x 1 m power area with
one receiver. N, equals to -174 dBm/Hz, and B is 40 MHz.
As shown in Figure 4, we rotate the RIS (0, 200, 20) and
find that the optimal angle is 0°. Figure 5 shows the power
coverage of RIS (0, 200, 20). The various colour is connected
with receiving power. For all of the RISs, the coverage comes
to maximum when the horizontal angle is 0°. In other words,
the power coverage area becomes maximum as long as BS
and RIS are face to face. After getting the optimal horizontal
angle, the horizontal angle would be fixed so as to find the
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F1GURE 6: Horizontal angle is set as 0°. RIS (0, 200, 20) rotate around
the horizontal vector. The receiving power is greater than the
threshold.
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FIGURE 7: Power coverage: the optimal elevation angle of RIS at
(0, 0) is -25°.

optimal elevation angle. Via rotating RIS (0, 200, 20) right
along, we get the power coverage area varying with the rota-
tion angle in Figure 6. Once again, the power coverage is
chalked up in Figure 7. According to the abovementioned
principle, the optimal horizontal angle of the RIS (0, 130,
20) is -27° and the rest of RISs are -25°. By the proposed algo-
rithm calculation, the angle is approached to the rotating
angle. The error is within one degree.

In particular, we consider SLIS as (0, -1, 0). Simulta-
neously, it is given as the direction vector of no adjusting
RIS. It is worth pointing out that we take the receivers for
blind spots, whose power is less than -100dBm behind
buildings. However, provided the power of the area greater
than -100 dBm, we regard the area coated [16].

4.2. Result Analysis. Figure 8 shows the power coverage area
of BS. Our proposed alternative approach allows us to prove
that it is feasible to use one direction antenna instead of all
direction antennas on account of ignoring the short distance
influence, only if we regard one antenna as the whole anten-
nas when we calculate. In Figure 9, it is depicted the power
coverage in the communication system where 4 RISs are
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F1GURE 8: The power coverage of BS. The black point represents BS.
The X-axis and Y-axis depend on the positions.
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FIGURE 9: The power coverage of joining 4 RISs. The red points
represent RISs.

TasLE 1: The performance of different scenarios.

Compared scenario Scenario

P NoRIS  Noadjust RIS  Adjust RIS
Coverage rate 66.24% 86.23% 90.53%
Blind spots 12029 4873 3328

mounted. Specifically, the coverage rate of the whole area
reaches 44.89% when we join the 4 adjusting RISs. According
to comparing Figures 8 and 9, it can be clearly observed that
the coverage performance of joining 4 RISs is more effectively
improved as compared to no RIS. For performance compar-
ison, it can be considered that the compared area is from
-55m to 55m on the X-axis. We demonstrate the perfor-
mances of various scenarios in the Table 1, which proves that
the power coverage area can be aggrandized by adjusting the
angle of RIS. The coverage rate is that the coated area divides
by the compared area which is 32400 m?, and it increases
4.3% by adjusting RISs than no adjusting RISs (the angles
of RISs are initial). Furthermore, the blind spots fell a great
deal along with adjusting angles in the compared area. As
shown in Figure 10, comparing the data rate of optimal angle
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FIGURe 10: Data rate performance of a RIS-aided system. X
coordinates represent the positions of receivers where the y
coordinate is 190 m and x coordinates are from -40m to 40 m in
Figure 9.

and initial angle, where y-coordinate is 190 and x-coordinate
is from -40 to 40 in Figures 8 and 9, it brings out that RIS,
adopting an optimal angle, has remarkable effect.

5. Conclusions

In this work, we introduced a layout RIS method, considering
the deploying angle of RIS, to improve the power coverage.
Then, the power coverage area that evaluates the perfor-
mance of signal is expressed in many buildings” environment,
laid out in an orderly fashion. Furthermore, we analysed the
numerical results to confirm that adjusting the deploying
angle can achieve more power coverage. Once we know the
positions of BS and RISs, we can get the optimal angles.
The layout of RIS can be envisioned to be an important
energy efficient technology for the future RIS practical
applications.
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