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Abstract. With the development of 5G network, it becomes a hot topic to reasonably plan the siting
of communication base stations in the weak coverage area of 5G network. In this paper, we take
improving the coverage of service volume and reducing the cost of building base stations in the weak
coverage area as the target of siting, and select base station sites among 25002500 points in a
given area under ideal conditions and actual conditions, respectively, and use the less time-complex
clustering method to cluster all weak coverage points. In order to improve the feasibility of the model
in practical applications, we try to develop the base station site selection scheme that benefits the
most for the 5G construction company by setting up a multi-objective planning model based on
multiple constraints. On this basis, the conditions of the multi-objective planning model are changed
and optimized to obtain a new multi-objective planning model based on the requirement that the
communication coverage of base stations is fan-shaped in real life, and the simulated annealing
optimization algorithm based on greedy thinking is used to optimize and solve the listed multi-
objective planning model to obtain a new station site plan.

Keywords: Multi-objective planning, Genetic algorithm based on Pareto ranking, Simulated
annealing optimization algorithm, Matlab.

1. Introduction

5G network brings more and more convenience to people's life, and it becomes the direction of
social workers to spread 5G network to every household. Since wireless networks depend on the
supply of communication base stations, we will plan the sites of mobile communication networks
according to the range of base stations that can be covered and the cost of building base stations[1].

In this paper, we plan the sites in a given area, and for this type of site selection problem, we can
use 0-1 planning to describe whether to choose a site to build a macro base station or a micro base
station. The topic requires achieving 90% coverage of weak coverage points, but we want to improve
the feasibility of our model in practical applications, so here we aim at maximizing the coverage of
weak coverage points and minimizing the cost of building sites Establish a multi-objective planning
model. Based on this, we add two conditions to build a new multi-objective planning model in order
to fit the reality[2].

2. Model assumptions and notation

2.1. Assumptions

1. Assume that walls, tall buildings and other buildings do not cause interference and shielding to
the signal.

2. Assume that the base station signal is not affected by changes in terrain height.

3. Assume that the base station coverage signal is not affected by extreme weather, human
interference, etc.

4. Assume that the cost of the base station is constant during the construction of a large number of
base stations.

5. Assume that the service volume at weak coverage points remains stable over time.
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6. Assume that the base station is built once it is located.

7. Assume that the base station is able to provide signals to its coverage area stably for a long time.
2.2 Notations

Important notations used in this paper are listed in Table 1.

Table 1. Notations

Notations Symbol Description
I Weak coverage point number
Xii Horizontal coordinates of the site
Yii Vertical coordinate of the site
AcerStationi 0-1 variable to determine if a macro base station is built at point i
MicroStationi 0-1 variable to determine if a microbase station is built at point i
Aij 0-1 variable to determine if site j is covered by macro base station i
M 0-1 variable to determine if site j is covered by microbase station i
Traj j point business volume

Coordinate matrix of the distance between base station i and base station j (base

Zi stations - including macro and micro base stations)
Dist; The distance between i and j

pi The angle corresponding to the main direction of the sector

a Relative change angle of the main direction of the sector

o Radius of coverage corresponding to the relative change angle of the main

direction of the sector
label Base Station Type
Radius of coverage in the main direction of the corresponding base station type

Riabel sector

3. Model construction and solving

3.1. Multi-objective planning model
The objective function of the problem([3].

max(iTraji(Aj + Mij)/(Aj +M; )j/iTraj

(D
Binding Conditions.
The threshold for the distance between the new site and the existing site is 10.
Z;10, i,j=12,...,53249 @)
Only one type of base station can be established at point i, i.e.
Acer Station ; + Micro Station |1, i=12,...,53249 3)

According to Euler's formula, it is known that establishing a macro base station or a micro base
station at point i has the limitation of coverage, i.e.

Dist; x A;30x AcerStation;, i, j=1,2,...,53249

Dist; x M;;10x MicroStationi, i, j=1,2,...,53249 )

The correlations between the four sets of decision variables, namely.
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AcerStation A i, j =1,2,...,53249

MicroStation M, i,j=12,...,53249 5)

AcerStation, = A;, 1=12,...,53249
MicroStation, =M,;, 1=12,...,53249

(6)

In summary, a multi-objective planning model for mobile communication network site planning
problem is established.

j=1 i=1

max[zn:TrajZn:(Aj +M; )/ (A +Mij)]/Zn:Traj

Z=F(X)= i i (7)
min(ZlOX Acer Station ; +>_ Micro Station ]
i=1 i=1 i
Z,;210,i, j=1,2,...,53249
Acer Station ; + Micro Station <1, i=12,...,53249
Dist ; x A;<30x Acer Station ;, i, j=12,...,53249
Dist ; x M;<10x Micro Station i, i, j=12,...,53249
Acer Station >A;, 1, j=12,...,53249
sto(X)= Micro Station >M,, i, ]=12,...,53249 ®)

Acer Station ; = A,, 1=12,...,53249
Micro Station ; =M,;;, 1=12,...,53249

Acer Station ;, Micro Station ; =0orl, i=12,...,53249
Ay, M;=0orl i j=12,..,53249

3.2. Improved multi-objective planning model

Assuming that the coverage area of the base station is completely circular, the coverage rate of the
total service volume of the weak coverage points is as high as 98.4% after the reasonable site planning
of 829 macro base stations and 1246 micro base stations. When combined with the actual, i.e., the
communication coverage of the base stations is fan-shaped coverage, can the coverage rate of the
total service volume of the weak coverage points still reach 90%. Add the following two practical
conditions [4].

(1) Each base station is composed of three coverage sectors with linearly decreasing coverage
radius from the main direction toward 120e.

(2) The angle between the main directions of any two sectors of each base station must not be less
than 45°. Variation of the coverage radius of the base station.

(04
r =R, rl-—
a label E 120 j (9)

a is the relative change angle with respect to the main direction of the sector, and r« is the
corresponding radius. We visualize the actual coverage range of the base station in one direction.
Actual coverage area of base station in one direction is shown in Figure 1.
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Figure 1. Actual coverage area of base station in one direction

When each sector of the base station is spaced at 120° in the main direction, we visualize its
coverage area as shown in Figure 2.
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Figure 2. Coverage diagram of communication base stations under specific conditions

Based on the above actual situation, we change and optimize the conditions of the multi-objective
planning model to obtain the improved multi-objective planning model.

max(zn:TrajZn:(Aj + My )/ (A + M, )]/ZH:Traj

Z=F(X)=
min(Zle Acer Station ; +»_ Micro Station ij
i=1 i=1

- (10)
Z;>10,i,j=12,...,53249
Acer Station ; + Micro Station <1, 1=1,2,...,53249
Dist ;; x A;<r, x Acer Station ;,a =1,2",...,60’
Dist ;; x M;<r, x Micro Station ;,a =1,2',...,60°
B, —B,>45,1,J=123and | =]
s.t. p(X) = Acer Station >A;, 1,]=12,...,53249 (11)
Micro Station >My;, 1,j=12,...,53249
Acer Station ;, = A,, 1=12,...,53249
Micro Station, =M., 1=12,...,53249
Acer Station Micro Station; =0orl, i=12,...,53249
A, M;=0o0rl i, j=12,..,53249

3.3. Model solving-simulated annealing algorithm to optimize the model

The simulated annealing algorithm consists of two parts, namely the Metropolis algorithm and the
annealing process, which correspond to the inner and outer cycles, respectively. The outer loop is the
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annealing process, where the solid is brought to a higher temperature (initial temperature T(0)), and
then the temperature decreases in a certain proportion according to the cooling factor alpha, and when
the termination temperature Tf is reached, the cooling ends, i.e., the annealing process ends [5-7].

The Metropolis algorithm is an inner loop, i.e., at each temperature, iterates L times to find the
minimum value of energy at that temperature (i.e., the optimal solution). The figure below shows the
change in the energy of the solid at one temperature for L iterations. At this temperature, the
temperature does not change throughout the iteration and the energy changes. When the energy of the
previous state x(n) is greater than the energy of the next state x(n+1), the solution for state x(n) is not
as good as the solution for state x(n+1), so state x(n+1) is accepted. When the energy of the next state
is higher than that of the previous state, the acceptance probability P, is used to determine whether to
accept it[8].

Suppose the previous state is x(n), and the system changes state to x(n+1) according to a certain
indicator (gradient descent, energy of the previous section),accordingly, the energy of the system
changes from E(n) to E(n+1),define the acceptance probability P for the system to change from x(n)
to x(n+1) as.

1 JE(n+1) < E(n)
P=4J E@m-EM (12)
e 4 LE(n+1) > E(n)

As can be seen from the above equation, if the energy decreases, the transfer occurs immediately,
if the energy increases, it means that the system deviates further from the position of the global
optimum, at this point the simulated annealing algorithm does not discard it immediately, but carries
out a probabilistic operation: first generate a uniformly distributed random number 6 in the interval
(0,2), if & <P, then such transfer is accepted, and vice versa, the transfer is rejected and goes to the
next step, and the cycle repeats. The amount of energy change and T determine the magnitude of the
probability P, so the value of P is dynamically changing, the longer the simulated annealing time, the
smaller P relatively, until the temperature T tends to 8, the end of the algorithm[9].

From the objective function of the multi-objective planning model, we can see that the total
number of independent variables is 3, which refer to the amount of weak coverage point traffic, the
number of macro base stations, and the number of micro base stations, respectively. In solving the
model, we use the principle of simulated annealing algorithm to get the final result.

MATLAB gives a set of optimal solutions for 140 historical data, where the number of macro base
stations and the number of micro base stations are shown in Figure 3, and the line graphs shown in
Figure 4, respectively.
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Figure 3. Simulated annealing algorithm simulates the number of macro base stations folded graph
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Figure 4. Simulated annealing algorithm simulates a line graph of the number of micro-base
stations

The simulated annealing algorithm calculates the number of macro base stations to be 1136, the
number of micro base stations to be 1384, the cost to be 12774, and the coverage rate to be 90.84%.

To sum up: the new base stations can cover 90% of the total service volume of weak coverage
points.

Finally, we visualize the distribution of macro and micro base stations, and use ArcGIS software
to analyze the kernel density of the distribution of macro and micro base stations respectively, and
derive the heat map of base stations, as shown in Figure 5.
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Figure 5. Heat map of the distribution of macro-communication base stations (left) and micro-
communication base stations (right)

4. Conclusion

The multi-objective planning model established can be closely related to the reality, and the
proposed problem is solved from the perspective of the 5G construction company [10], which makes
the model closer to the reality and more general and generalizable; the model is solved using a multi-
objective genetic algorithm based on Pareto sorting, which is relatively new, and the solved results
are more relevant to the reality and objective and accurate ; solving the problem in two rows using a
simulated annealing algorithm based on greedy thinking and probability, the results are closer to the
requirements.
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