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Abstract: In the rural and geographically remote regions of Taiwan, the high cost of establishing
information infrastructure has resulted in significantly lower internet penetration and usage rates
compared with urban areas. To address the network demands in such remote mountainous areas,
the deployment of multiple mobile base stations has become essential. However, the wireless
implementation of base stations can lead to signal interference issues. This research aims to enhance
the signal reception capabilities of end-user devices by utilizing intelligent directional antennas. This
study employs five directional smart antennas, each of which can be independently adjusted to be
active or inactive. Unlike traditional omnidirectional antennas that cause interference in overlapping
coverage areas for end-user devices, our proposed adaptive directional antenna algorithm optimizes
energy consumption by selectively activating directional antennas and concurrently reduces signal
interference problems for end-user devices. The results of this research offer valuable insights
for improving network connectivity and efficiency in remote and underserved areas. Through
experimental simulations conducted in an environment with 10 base stations per square kilometer,
the utilization of smart antennas, as opposed to omnidirectional antennas, results in a significant
improvement of 33.8% in signal coverage.

Keywords: coverage and capacity optimization; smart antennae; power control

1. Introduction

Traditional base stations rely on wired backhaul network technologies, such as fiber
optics, Digital Subscriber Line (xDSL), and Hybrid Fibre-coax, as the backend communica-
tion solutions. Among these options, fiber optic communication networks have become the
primary choice for fixed-point base station backhaul transmission. However, the deploy-
ment of fiber optic networks entails lengthy pre-installation procedures, requiring approval
from local authorities for road excavation or shared pipeline usage. Moreover, access to the
interior of buildings necessitates consent from the property owners, adding to the cost and
time required for fiber optic network implementation due to administrative constraints. As
a result, the construction and scheduling of fiber optic networks often face challenges and
complexities, impeding infrastructure development.

To address these issues, wireless loop solutions have been increasingly discussed
and proposed, leveraging the characteristics of wireless networks to reduce the need for
civil engineering during network deployment. By doing so, not only can the costs of
construction be lowered, but also the speed of base station equipment installation can be
increased. In particular, for communication infrastructure requirements in the mountainous
areas of Taiwan, a wireless backhaul network presents an excellent option, as it eliminates
the need for physically laying cables, facilitating the provision of wireless internet services
to remote regions while ensuring uninterrupted connectivity, even in the face of natural
disasters. Additionally, the same infrastructure can serve as a vital relay point for activities
such as landslide monitoring, forest fire detection, and environmental monitoring.
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In recent years, artificial intelligence methods have been applied in various fields
to solve practical problems. In particular, issues such as network resource allocation
and base station configuration, which belong to the realm of mathematical optimization
theory, can be addressed using deep learning methods [1,2]. The integration of Internet of
Things (IoT) technologies plays a significant role in various applications, relying heavily
on signal coverage rates and data transmission rates in network communications [3–6].
Therefore, this paper aims to investigate the maximization of base station coverage in
wireless backhaul networks. Signal interference remains a primary concern for base stations,
encompassing two main scenarios: inter-cell interference from large-scale base stations [7]
and co-channel interference between micro base stations [8,9]. These interferences can lead
to adverse effects on user network quality, causing delays, disconnections, and signal loss.

To address the first scenario, the 3rd Generation Partnership Project (3GPP) introduced
Enhanced Inter-Cell Interference Coordination (eICIC) to reduce interference between
macro and small cells by implementing the Almost Blank Sub-frames (ABS) mechanism.
However, the issue of mutual interference between base stations has not yet reached a
unified standard approach. Currently, the most common method to control wireless signal
interference between base stations is adjusting the transmission power of the base stations.
Numerous studies have proposed algorithms to mitigate inter-cell interference, with the
ICIC [10] and Coverage and Capacity Optimization (CCO) [11] solutions from 3GPP release
8 being the most representative ones. Furthermore, due to the limited spectrum resources,
some researchers have developed frequency reuse methods to allow the reuse of the same
frequency bands. This is because when adjacent base stations transmit using the same
frequency, it can lead to interference. In situations with limited bandwidth, allocating
the optimal frequency bands to base stations helps mitigate interference among them [12].
However, traditional inter-cell interference coordination mainly focuses on coordinating
interferences between macro base stations and resolving edge interference problems. With
the integration of heterogeneous networks, interferences are no longer confined to macro
base stations, especially in the ever-changing environments where micro base stations
operate. Owing to their ease of installation by ordinary users without professional on-
site testing, micro base stations face much more complex interference environments than
traditional macro base stations. As a result, the probability of user device disconnection and
retransmission significantly increases due to environmental interference and changes in
transmission channels. In this study, we explore this issue and propose potential solutions.

This paper seeks to utilize intelligent antenna technology, allowing base stations
to adapt their antenna radiation patterns and power to reduce the probability of user
interference or disconnection when entering high-interference areas.

2. Small-Cell Interference

In a traditional omni-directional antenna base station network environment, when
user equipment (UE) is located within the overlapping coverage areas of two base stations,
as shown in Figure 1, it will receive transmission signals from both Base Station 1 (BS1) and
Base Station 2 (BS2). This situation leads to signal interference issues for UE1, as it receives
signals from both BS1 and BS2 while being within the coverage range of both base stations.
The same applies to UE2.

One approach to address this type of interference is illustrated in Figure 2. By adjusting
the transmission power of the traditional omni-directional antenna, the transmission power
of BS2 can be reduced. As a result, the overlapping coverage area between BS1 and BS2 will
be decreased, effectively resolving the interference problems experienced by UE1 and UE2.

Reducing the power of the base station can effectively shrink the overlapping coverage
area between base stations, resolving interference issues for user equipment (UE), as
illustrated in Figure 3a. Prior to adjusting the transmission power of Base Station 2 (BS2),
all UEs, including UE1, UE2, . . ., and UE6, were within the coverage areas of both Base
Station 1 (BS1) and BS2, resulting in a 100% overall network coverage rate. However,
due to the interference between UE1 and UE2, lowering the transmission power of BS2
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(as shown in Figure 3b) effectively resolved the interference problem for UE1 and UE2.
Nevertheless, this action also led to a decrease in the coverage rate, as UE5 was no longer
within the coverage range of BS2 and, thus, could not receive signals. Consequently, the
overall network coverage rate dropped to 83%.
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Many scholars have proposed innovative smart antenna designs based on antenna
theory. These designs enable signals to be utilized more effectively during both reception
and transmission, thereby achieving communication or sensing objectives [13,14], In order
to simultaneously maintain a high base station coverage rate and effectively reduce UE in-
terference issues, this study employed intelligent adaptive directional antennas for the base
stations. Unlike traditional omni-directional antennas, where the antenna gain remained
the same at different angles, intelligent adaptive directional antennas can control the signal
strength in different directions, resulting in varying antenna gains for terminal devices at
different angles. Figure 4 represents the intelligent adaptive directional antenna used in
this study. The antenna with only a degree zero sector was activated. This represents the
radiation pattern of the base station’s transmitted signal. Taking the degree zero direction
as an example, it is evident from the diagram that the emission intensity in the degree zero
direction was greater than in the other directions.
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Figure 5 illustrates the solution using intelligent adaptive directional antennas. In
Figure 5a, the traditional omni-directional antenna architecture shows that UE1, UE2, . . .,
and UE6 were all within the coverage areas of BS1 and BS2, resulting in an overall network
coverage rate of 100%. However, interference issues occurred between UE1 and UE2. By
adopting the intelligent adaptive directional antenna architecture shown in Figure 5b, the
transmission power of BS1 and BS2 could be adjusted along with the directional antennas.
This not only resolved the interference problem for UE1 and UE2, but also maintained the
overall network coverage rate at 100%.

Each directional antenna can be adjusted to be on or off, enabling various radiation
patterns. In this study, there were five antenna directions, each of which could be activated
or deactivated. This allowed for a total of 25 = 32 possibilities. Assuming there were N
base stations in the entire network system, each base station had M levels of adjustable
power and C antenna directions. The total number of possibilities was then (M × C)N. The
research objective of this study was to determine the power level and the combination of
antenna directions (on or off) for each base station throughout the network system in a
way that simultaneously achieved a high network coverage rate and reduced UE signal
interference issues.
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3. Methodology
3.1. Modeling

Assuming the entire network system consists of n base stations, denoted as, Si for
i = 1, 2, . . ., n, each base station has j antenna directions. Let Xi

j represent the j-th antenna

direction for the i-th base station. If Xi
j = 1, the antenna in that direction is activated, and if

Xi
j = 0, the antenna is deactivated. Each base station has a maximum power of Pmax and a

minimum power of Pmin. Additionally, each Si can provide a bandwidth of up to B and
can simultaneously serve a maximum of tSi terminal devices.

In the entire system, there are K terminal devices, denoted as u1, u2, . . ., uk, with Bk
representing the bandwidth that uk can be allocated. Pi represents the power of Si, PL
denotes the path loss signal attenuation, γ represents the path loss exponent (where γ ≥ 2),
and dk,Si

indicates the distance between uk and base station Si. A detailed explanation of
the system model parameters is shown in Table 1.

Table 1. System parameter settings.

Si Si (i= 1 , 2, . . ., n) Denote n Small Cells

Xi
j The antenna beam j (j = 1, 2, . . ., m) of small cell Si

Ri
j The coverage area that user k can be served by Si under the smart antenna Xi

j
Pmax Maximum transmission power of each small cell
Pmin Minimum transmission power of each small cell

B Bandwidth of the channel
tSi Number of users covered by Si
Bk Bk = B

tSi
, the bandwidth that user k can use

K Number of total users
pi The transmission power of small cell Si
PL Path loss

dk,Si
The distance between user k and small cell Si

γ Path loss exponent (γ ≥ 2)

3.2. Coverage Model

The calculation of the coverage rate for traditional omni-directional antennas involves
determining the radius within which the base station can transmit at its maximum power.
The area of the circle with this radius is then calculated to represent the coverage area.
However, for intelligent adaptive directional antennas, the coverage area varies depending
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on which antenna directions are activated or deactivated. Therefore, the coverage rate [15]
calculation in this study is represented by Formula (1), as follows:

Coverage rate =
1
K

K

∑
k=1

uk (1)

uk =

{
1, user k under the coverage area Ri

j
0, otherwise

where uk equals 1 if uk is within the coverage range (denoted as Ri
j) of the antenna in

the direction where Xi
j = 1 for Si. We can use the signal-to-interference-plus-noise ratio

SINRk ≥ θ of uk to determine whether it is covered by Si. The coverage rate is calculated
as follows: (number of UE serviced by the base station/number of UE unable to connect to
the base station) * 100%.

3.3. Capacity Model

The calculation of network capacity is based on the Shannon Capacity [16] Formula (2),
where B represents the system bandwidth, received power denotes the power received by
uk, and noise power represents the power of other interference noise

Shannon capacity = B·log2

(
1 +

received power
noise power

)
(2)

In the system model in this study, the capacity for each uk is given by Formula (3), as
follows:

Bk·log2

1 +
pi −

[
PL(d1 ) + 10·log10

(
dk, Si
d1

)γ]
∑h 6=i

{
ph −

[
PL(d1 ) + 10·log10

(
dk, Sh

d1

)γ]}
+ σ

 (3)

where pi is the transmission power of Si, Bk is the bandwidth allocated to uk,
PL(d1 ) represents the signal attenuation value when uk is 1 m away from Si, and

PL
(
dk, Si

)
= PL(d1 ) + 10·log10

(
dk, Si
d1

)γ

represents the signal attenuation value when

uk is dk,Si
meters away from Si. ph represents the transmission power of Sh when h 6= i,

and σ is the Gaussian noise, which considers the interference caused by base stations other
than Si to uk.

Formula (3) calculates the capacity for one uk. To calculate the overall network system
capacity, considering there are K uk in total, after implementing intelligent adaptive direc-
tional antennas, we know that uk is within the coverage range of the j-th antenna (Xi

j = 1)

for Si and can benefit from an additional signal gain represented by Gi
j. Therefore, we can

derive the overall network system capacity shown in Formula (4) based on Formula (3), as
follows:

K

∑
k=1

Bk·{uk·log2

1 +
pi − [PL(d1 ) + 10·log10

(
dk, Si
d1

)γ

] +
(

Xi
j·Gi

j

)
∑h 6=i{ph − [PL(d1 ) + 10·log10

(
dk, Sh

d1

)γ

]}+ σ

} (4)

3.4. Objective Function

Based on Sections 3.2 and 3.3, we can define the objective function, denoted as f(P, X),
in this study shown in Formula (5) as follows:
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f (P, X) = Cov·
K

∑
k=1

uk+

Cap·
K

∑
k=1

Bk·

uk·log2

1 +
pi −

[
PL(d1 ) + 10·log10

(
dk, Si
d1

)γ]
+
(

Xi
j·Gi

j

)
∑h 6=i

{
ph −

[
PL(d1 ) + 10·log10

(
dk, Sh

d1

)γ]}
+ σ


 (5)

P = {pi}, i = 1, 2, . . . , n

X =
{

Xi
j

}
, i = 1, 2, . . . , n; j = 1, 2, . . . , m

where P = {pi}; i = 1, 2, . . . , n represents the transmission power of each base station; and
S1, S2, . . . , Sn, X =

{
Xi

j

}
; i = 1, 2, . . . , n, and j = 1, 2, . . . m represent the antenna in the

j-th direction of the base station Si. If the antenna is activated, Xi
j = 1; otherwise, Xi

j = 0.
Cov and Cap are normalized factors.

The trade-off between coverage and capacity is a well-recognized issue. When opti-
mizing for coverage, it is challenging to achieve the specified transmission efficiency or
capacity. Conversely, when optimizing for capacity, resources are prioritized for users very
close to the base station, resulting in a decrease in coverage. Solutions to this multi-objective
optimization problem have been proposed in research [17]. Our objective is to find a set of P
and X that can maintain a high network coverage rate while reducing UE interference issues.
By optimizing the objective function f(P, X), the goal is to achieve an efficient combination
of transmission power settings and antenna configurations to enhance overall network
performance, which is subject to the following factors:

1. Pmin ≤ pi ≤ Pmax
2. SINRk ≥ θ, ∀k = 1, 2, . . . , K, i f uk = 1,

where SINRk =
pi−[PL(d1 )+10·log10

(
dk, Si

d1

)γ

]+
(

Xi
j ·G

i
j

)
∑h 6=i{ph−[PL(d1 )+10·log10

( dk, Sh
d1

)γ

]}+σ

3. Each small cell can serve, at most, t users
4. There are tSi users covered by Si

5. Bk =
B

tSi

6. γ ≥ 2

7. uk =

{
1, user k under the coverage area Ri

j
0, otherwise

8. Xi
j =

{
1, Antenna beam j turns on the small cell Si

0, otherwise

9. Ri
j =

{
1, i f Xi

j = 1
0, otherwise

3.5. Algorithms

The calculation mechanism for adjusting the on and off functions of the intelligent
directional antenna of the base station and for determining the transmission power value
can now be presented as Algorithms 1 and 2, as follows:
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Algorithm 1 Find user’s servingcell

1. thereshold = T
2. Ncell = 10
3. Nuser = 1000
4. Nsector = 5
5. CM = InitCell(Ncell)
6. UM = InitUser(Nuser)
7.
8. for u ∈ UM do
9. for c ∈ CM do
10. SNR = getSnr(c,u)
11. if SNR >= threshold then
12. R = getRegion(c,u)
13. R.add(u)
14. end if
15. end for
16. end for
17.
18. for epoch = 1 to (Ncell * Nsector) do
19. (C’,R’) = find Max User(CM)
20. for u ∈ R’ do
21. u.servingcell= C’
22. for c ∈ CM do
23. if u is under the region R of c && c 6=C’ then
24. R.remove(u)
25. end if
26. end for
27. end for
28. end for

Algorithm 2 Dercrease each cell’s power

1. threshold = T
2.
3. for c ∈ CM do
4. flag = T rue
5. while c.isN otM inP wer()&&flag = = T rue do
6. c.powerDown(1)
7. for each user u which is under the service of c do
8. S N R later = getSnr(c,u)
9. if S N R later < threshold then
10. c.powerU p(1)
11. flag = =F alse
12. break
13. end if
14. end for
15. end while
16. end for
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4. Evaluation
4.1. Experimental Setup

This research conducted experiments in the parking lot of National Central University,
Taiwan, as shown in Figure 6. The area of the parking lot is 250 m by 200 m. The experiment
involved 31 base stations (BS) and 39 user equipment (UE) items distributed in the parking
lot, as illustrated in Figure 6a,b, respectively.
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The experimental parameters were set as shown in Table 2. The experiment involved
placing K = 39 signal receivers to simulate users within the NCU parking lot, and conducting
trials with n = 31 base stations. Each base station comprised j = 5 directional antennas.
Based on current commercial base station capabilities, the transmission power ranged from
−19 dBm to 30 dBm, with an average data transmission rate of 20 Megabits per second.

Table 2. Parameter settings for simulation.

Area 250 m × 200 m

n 31
j 5

Pmax 19 dBm
Pmin −30 dBm

B 20 Mbps
K 39
γ 2

The antenna configurations (Xi
j) for each direction of Si and the number of covered

UEs are listed in Table 3. This study conducted a small-scale algorithm verification within
the experimental environment of the NCU parking lot. For broader areas and a larger user
base, experiments were simulated to demonstrate the feasibility of extending the research
methodology to other remote mountainous regions.

Table 3. On/off status of antenna Xi
j in the jth direction of Si.

Si
Xi

j=1, Antenna on;Xi
j=0, Antenna off Covered

UsersXi
1 Xi

2 Xi
3 Xi

4 Xi
5

S1 0 0 0 0 0 0
S2 0 0 0 0 0 0
S3 0 0 1 1 0 4
S4 0 1 0 0 0 4
S5 0 1 0 1 0 2
S6 0 0 0 0 0 0
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Table 3. Cont.

Si
Xi

j=1, Antenna on;Xi
j=0, Antenna off Covered

UsersXi
1 Xi

2 Xi
3 Xi

4 Xi
5

S7 1 0 0 0 1 5
S8 0 0 0 0 0 0
S9 0 0 0 0 1 1
S10 0 0 0 0 0 0
S11 0 0 0 0 0 0
S12 0 0 0 0 0 0
S13 0 0 0 0 1 3
S14 0 0 0 0 1 1
S15 0 0 0 0 0 0
S16 0 0 1 0 0 1
S17 0 0 0 0 0 0
S18 0 0 0 0 0 0
S19 0 0 0 0 0 0
S20 0 0 1 0 0 5
S21 0 0 0 0 0 0
S22 0 0 0 0 0 0
S23 0 1 1 0 0 3
S24 0 0 0 0 0 0
S25 0 0 1 1 0 2
S26 0 1 0 1 0 3
S27 0 0 0 0 0 0
S28 0 0 0 0 0 0
S29 0 1 0 0 0 1
S30 0 0 0 0 1 3
S31 0 0 0 1 0 1

Total UEs 39

4.2. Different Numbers of UEs

This research conducted experiments in a test area with dimensions of 1000 m by
1000 m. The number of base stations (BS) was fixed at 10, while the number of user
equipment (UE) items varied from 200, 400, 600, 800, and 1000 to 1200. The experimental
parameters were set as shown in Table 4.

Table 4. Parameter settings for different numbers of UEs case.

Area 1000 m × 1000 m

n 10
j 5

Pmax 19 dBm
Pmin −30 dBm

B 20 Mbps
K 200–1200
γ 2

The results of the experiments are presented in Figure 7, which shows that the coverage
rate ranged from 50% to 80%. This variation in coverage rate was due to the random
distribution of UEs in the test area. Compared with omnidirectional antennas, when
the number of users was 200, the majority of users could be covered adequately using
omnidirectional antennas due to the lower user count. However, as the user count increased
to 1200, simulation results indicated that the proposed approach enhanced coverage by
approximately 23.6%. The CCO algorithm for smart antennas proposed in this study
effectively enhanced the coverage rate of base stations.
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4.3. Different Numbers of BSs

The test area remained at 1000 m by 1000 m, with a fixed number of 1000 user equip-
ment (UE) items. However, the number of base stations (BSs) was varied, including 2, 4, 6,
8, 10, and 12. The experimental parameters were set as shown in Table 5.

Table 5. Parameter settings for different numbers of BSs case.

Area 1000 m × 1000 m

n 2~12
j 5

Pmax 19 dBm
Pmin −30 dBm

B 20 Mbps
K 1000
γ 2

The results of the experiments are presented in Figure 8, which shows that the cover-
age rate increased as the number of BSs increased. This was because, with a higher number
of BS, there were more base stations available to provide service to the UEs. As a result,
UE items had a higher chance of being served by at least one of the base stations, leading
to an improvement in the overall coverage rate. Taking the number of base stations into
consideration, when the base station count increased to 12, utilizing omnidirectional anten-
nas covered only 38.3% of the service area. However, employing smart antennas enhanced
the signal coverage rate to 78.1%. This approach effectively adjusted the radiation pattern
of the base stations, transmitting signals in the direction of users, thereby substantially
improving the signal coverage rate.

4.4. Field Sizes

The test area was adjusted to different dimensions, including 100 m by 100 m, 200 m
by 200 m, 400 m by 400 m, 600 m by 600 m, 800 m by 800 m, and 1000 m by 1000 m. The
number of user equipment (UE) items was fixed at 1000, and the number of base stations
(BSs) remained at 10. The experimental parameters were set as shown in Table 6.
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Table 6. Parameter settings for field sizes case.

Area 100 m × 100 m–1000 m × 1000 m

n 10
j 5

Pmax 19 dBm
Pmin −30 dBm

B 20 Mbps
K 1000
γ 2

The results of the experiments are presented in Figure 9, indicating that the coverage
rate decreased as the test area increased. This is because, with a larger test area and a fixed
number of base stations, the number of base stations available to serve each UE remained
the same. As a result, the probability of UEs being served by a base station decreased,
leading to a reduction in the overall coverage rate as the test area expanded. The simulation
results demonstrated that, in larger testing areas, such as 1000 square meters, compared
with conventional omnidirectional antennas, this method could enhance the field coverage
rate by 42.8%.
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4.5. Case Measurement

This research focuses on conducting automatic road inspections in the remote moun-
tainous areas of Taoyuan, Taiwan. Road tests were performed using measurement equip-
ment to record network transmission rates. The test locations are listed in Table 7 and
primarily cover eight road sections in Fuxing District, Taoyuan City, with a total length of
33.2 km.

Table 7. Road inspection sections in remote mountainous areas.

Line Road Name Length (km) Starting Point Ending Point

1 Tao 113 8.1 0 + 000 8 k + 100
2 Tao 116 10 0 + 000 10 k + 000
3 Tao 112 4.3 0 + 000 4 k + 300
4 Tao 114 3.0 0 + 000 3 k + 000
5 Tao 115 3.2 0 + 000 3 k + 200
6 Tao 117 1.5 0 + 000 1 k + 500
7 Tao 118 2.1 0 + 000 2 k + 100
8 Tao 119 1.0 0 + 000 1 k + 000

The signal measurement results for this mountainous road area are shown in Figure 10,
with the majority of signal transmission rates falling within the range of 5 Mbps to
20 Mbps, which ensures that IoT devices on road inspection vehicles can successfully
transmit relevant road measurement data.
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4.6. Discussion

In this study, three simulation scenarios were analyzed. Unlike traditional omnidi-
rectional antennas that can only modify signal coverage by adjusting base station power
levels, this method introduces a novel approach. When compared with omnidirectional
antennas, particularly in situations with higher user counts, such as 1200, the simulation
results indicate an approximately 23.6% improvement in coverage rate. Moreover, with an
increase in the number of base stations to 12, using omnidirectional antennas covered only
38.3% of the service area, while employing smart antennas enhanced the signal coverage
rate to 78.1%. In larger testing areas, such as 1000 square meters, this method enhanced the
field coverage rate by 42.8%.

The experimental results underscore the capability of this approach to adapt the
radiation pattern of base stations to serve a larger number of users effectively in relatively
spacious environments, even when the number of base stations is limited. This stands
in contrast to conventional methods that primarily rely on adjusting base station power.
This study presents a promising solution for enhancing signal coverage and capacity in
scenarios with varying user densities and base station limitations.

5. Conclusions

In contrast to traditional omni-directional antennas that can only adjust signal coverage
by varying base station power, the intelligent directional antennas used in this study offer
the capability to not only adjust base station power, but also manipulate the five different
antenna directions. This allows the user equipment (UE) within the antenna coverage
area to receive stronger antenna gain signals. Additionally, the algorithm proposed in this
research can determine the appropriate power settings for each base station and determine
which antenna directions should be turned on or off within the entire network system. As
a result, this approach can save energy consumption related to base station transmission
power while simultaneously reducing UE interference.

Through experimentation, it was observed that coverage rates increased as the number
of base stations (BS) increased and decreased as the test area expanded. Consequently, in
practical deployments, it is recommended to increase the number of BS to counteract the
coverage rate decrease caused by larger test areas.

In conclusion, the adoption of intelligent directional antennas with the proposed
algorithm offers a promising solution to address signal interference and improve network
coverage. By optimizing power settings and antenna configurations, the network can
achieve higher coverage rates and better performance.
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