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In actual mobile communication networks, the distribution of users’ locations in a service
area is not uniform. In the daytime, they are concentrated in specific cells that cover business
areas, and at night they are concentrated in cells that cover residential areas. The users’
locations, the number of mobile communication users, and their behavior change depending
on the time zone. This dependency affects the cell traffic; thus, the allocation of Base Stations
(BSs) in the service area is an important problem to be investigated. In this paper, we propose
a new model for allocation of BSs in mobile communication networks, taking account of user
distribution, user movement, channel occupancy, and handover. On the basis of this model,
we developed a simulation system and carried out many simulations to evaluate the system
performance. Our system uses a queuing model with many service stations and customers
identified by their locations. For simulations, we consider the actual location of road network
and the population distribution in Yamagata City, Japan. By using the simulation system,
we can generate various networks with different patterns of BS allocations and evaluate the
networks’ performance. In this paper, we consider only the Japanese Personal Handy-phone
System (PHS). However, the same model can easily be applied to large scale mobile networks.
We carried out many simulations for various numbers of BSs, various numbers of channels in
a BS, and various allocations of BSs. The performance evaluation based on the simulations
shows that the cell size is an important factor in the efficiency of mobile communication
networks, especially in starting a new business. Various BS allocation scenarios show that a
trade-off exists between the users’ Quality of Service (QoS) and the size of the area covered.
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1. Introduction

Recently, mobile communication networks
have developed very rapidly, opening up a new
era in personal communication. Wireless com-
munication networks are expected to become a
new radio-based infrastructure in many coun-
tries. The reason is that the construction of
wireless loops in communication networks re-
quires less investment than the subscriber loops
in public communication networks. With sub-
scriber loops, each user location and switching
center must be connected individually, whereas
with wireless loops, it is only necessary to
construct transmitting Base Stations (BSs) to
cover users’ mobile terminals.

In Japan, mobile communication networks
have adopted the micro-zone system in which
a large service area is covered with a number of
small cells, to make efficient use of radio chan-
nel frequencies. In such mobile communication
networks, the BS locations have a strong effect
on the network performance.
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In actual mobile communication networks,
the distribution of users’ locations in a service
area is not uniform. In the daytime, they are
concentrated in specific cells that cover busi-
ness areas, and at night they are scattered in
cells that cover residential areas. The users’ lo-
cations, the number of mobile communication
users, and their behavior change depending on
the time zone. This dependency affects the cell
traffic; thus, the allocation of BSs in the service
area is an important problem to be investigated.

In Ref. 1), two simple Markov chain models
are introduced to estimate the call loss and time
congestion rate. These models can serve as ba-
sic mathematical models for analytical perfor-
mance evaluation. The partition of location ar-
eas for paging domain is discussed in Ref.2).
A new scheme is introduced for partition and
tracking of mobile users. Many papers have
also dealt with mobile communication systems,
but, to the best of the authors’ knowledge, only
a few papers have discussed how to cover the
service area efficiently %), Ref.3) presents an
overview of the application of teletraffic meth-
ods for the planning of mobile communication
networks. It is shown that an accurate spatial
traffic description is necessary in order to per-
form demand-based planning. In Ref.4), by us-
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ing a novel representation technique, it is shown
how the geographical information can be used
to estimate the teletraffic demand in the net-
work design process.

Some related works are proposed in Refs. 6)—
8). In Ref.6), a mathematical formulation is
developed for the random movement of a mo-
bile station in a cellular environment. This
model is used to characterize different mobility-
related traffic parameters in cellular systems,
such as the distribution of the cell residence
time of both new and handover calls, the chan-
nel holding time, and the average number of
handovers. In Ref.7), the distribution of chan-
nel occupancy time in a cellular radio system is
studied. In Ref.8), a basic model for the Per-
sonal Handy-phone System (PHS) is developed.
It is shown that the distribution of customers
in a service area is not uniform. This is an
important conclusion for allocation policies in
mobile communication networks. Therefore, in
Refs.9) and 10), the authors developed a new
model to take account of realistic situations in
mobile communication systems.

In this paper, we propose a new model for the
allocation of BSs in mobile communication net-
works, taking account of user distribution, user
movement, channel occupancy, and handover.
On the basis of this model, we develop a simula-
tion system and carry out many simulations to
evaluate the system performance. Our system
is based on a queuing model with many service
stations and customers identified by their loca-
tions. The mobile communication users arrive
one by one in the service area. The location
of each new user is determined according to a
given probability distribution. A user can make
a call when his or her location at that moment
is covered by a BS. But if the user is not cov-
ered by a BS, the user has to move to another
place within radio range of a BS.

In this case study, we consider the actual lo-
cations of roads and the population distribution
in Yamagata City, Japan. By using the simula-
tion system, we can generate various networks
with different patterns of BS locations and eval-
uate the networks’ performance. In this paper,
we consider only Japanese PHS. However, the
same model can easily be applied to large scale
mobile networks. We carried out many simula-
tions for various numbers of BSs, various num-
bers of channels in a BS, and various allocations
of BSs. The performance evaluation based on
the simulations shows that our policy results in
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a good allocation of BSs, thus increasing the
users’ Quality of Service (QoS).

The remainder of this paper is organized as
follows. The next Section introduces the con-
siderations for simulations. In Section 3, we
present a simulation flowchart. In Section 4, we
discuss the simulation parameters. In Section
5, we deal with the BS allocation procedure.
The simulation results are discussed in Section
6. Finally, our conclusions and plans for future
work are stated in Section 7.

2. Considerations for Simulations

For our simulations, we consider Yamagata
City in Japan. The service area is a rectan-
gle with a size of 14.4 x 17.4km, as shown in
Fig. 1, and has a population of 200,000 inhab-
itants. The population of this service area is
concentrated in the center and along the roads.
Thus, the location of roads strongly affect the
user distribution. In our simulations, therefore,
we consider prefectural roads, national roads,
and expressways.

In simulations, the users are generated ran-
domly and move freely in any direction. When
a mobile user wants to make a call, he or she
first dials a number and then pushes the “send”
key. In this way, a control message is sent to
the nearest Mobile Switching Center (MSC).
The MSC determines which BS has the highest
signal strength, and on the basis of this infor-
mation decides in which cell the mobile user is
located. After a BS has been selected by the
MSC, this BS allocates the channels simulta-
neously. If none of the BSs tried has any free
channels then the call fails. When the call fin-
ishes, the radio channels are released.

If a mobile station moves from one cell to an-
other one (this can happen many times, because
the cells are small), the MSC should transfer
the call via a different BS appropriate to the
user’s new position. To ensure a smooth tran-
sition of a call from one cell to another a hand-
off or handover process is carried out. It can
be initiated by an active BS or by the mobile
station when the relative strength of signals re-
ceived at all the nearest stations falls below
a pre-determined threshold or when the signal
strength of an adjacent BS is stronger than the
signal strength of the present BS. The handover
area is shown in Fig. 2. The MSC establishes
a duplicate radio and telephone channel in the
new cell. After the call has been established, a
new radio path is transferred to the mobile ter-
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14 km

handover area

Fig.2 Cell handover area.

minal. When the new channel is confirmed by
the new BS, the original connection is closed.

3. Simulation Flowchart

The simulation flowchart is shown in Fig. 3.
The simulation starts at time zero. The users
arrive randomly according to a Poisson distri-
bution. Their locations are selected randomly
according to the user population in the service
area. The channel occupancy time is generated
according to an exponential distribution.

When a user is inside a cell, he begins to talk
if there is a free channel in the BS. While the
user is talking, he can move in one direction,
but when he goes into the handover area of the
cell, a free channel of the nearest neighbor BS
is allocated for him. After finishing talking he
leaves the system. When a user is generated
outside of the cell, his call fails and he leaves

17 km

Fig.1 Map of a service area.

Time = 0 min.
—
—
— .
New user arrival | t=ti
e+ Failed call
—
Is the user inside
the cell ?
> Failed call Free channel?
No
Yes
>
- t = ti + talk_time
¢ Failed call
L
Time = 600 min. End

Fig.3 Simulation flowchart.

the system. During the handover, if the BS
has no free channel, the user call fails. When
the simulation time “t” is greater than 600 min
(10hours), then the simulation stops. Other-
wise, the remaining users continue to be gener-
ated, talk, and leave the system.
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Fig.4 Example of a population distribution.

4. Simulation Parameters

4.1 User Parameters

The user arrival interval has an exponential
distribution with mean 1/360 min. This value
means that about half of the inhabitants have
mobile stations and use their terminal once in a
simulation. We consider two distribution types
for the user holding time. The first type con-
sists of users who have a long holding time, and
the second one consists of users with a short
holding time. As first-type users, we consider
people who use mobile stations for business pur-
poses, and as second-type users, we consider
young people who talk for more than 20 min.

The short-holding-time users have an expo-
nential distribution with an average holding
time of 4min, while long-holding-time users
have an exponential distribution with an av-
erage holding time of 20 min. The two types
of users are selected with probability 0.1 and
0.9, respectively. We assume that the users can
move in one direction and that they are se-
lected randomly. The users’ movement speed
has an exponential distribution with a mean
speed 80 m/min.

4.2 Distribution of Mobile Communi-

cation Users

The user location distribution is determined
by a weighting function based on the user dis-
tribution in the service area of Yamagata City.
To generate a population, we used the customer
distribution of the Public Telephone Network

Table 1 Cell size.

Cell Size rl r2
L type 360m | 300m
M type 200m | 160m
S type 80 m 60 m

(PTN) and the actual population distribution
in Yamagata City. The complete service area
is divided in 4800 (60 x 80) rectangles, each
divided in 100 smaller rectangles. The popula-
tion distribution in the service area is shown in
Fig. 4. We give eleven weights (0, 0.1, 0.2, 0.5,
1, 2, 4, 8, 16, 32, 64) for each rectangle. To en-
sure a smooth population distribution, we cal-
culate the moving average of weights for each
rectangle with the weights of neighboring rect-
angles. The picture color varies from bright
color to dark one according to the number of
users in the rectangles.

4.3 Cell Parameters

We use three cell sizes: Small (S), Medium
(M), and Large (L). The cells have a circular
shape and the BS is located in the cell center,
as shown in Fig.2. The radius of each cell is
r1, while the distance between the BS and the
handover area is r2. The parameter values of
rl and r2 are shown in Table 1. We assume
that all BSs have the same performance, but
different numbers of channels (each BS has 3 or
10 channels).

5. BS Allocation Procedure
We allocate the BSs according to the follow-
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Table 2 PU types.

Type Number of PU
a type 100
b type 500
c type 1000
d type 2000
e type 4000

ing procedure. At the beginning of the sim-

ulations, we consider that each user may be in

covered or uncovered state. Let us consider PU
to be the number of uncovered users in a cell.

This parameter is used as a weight in order to

decide the degree of selection probability for BS

allocation.

(1) First, there are no BSs in the service area
and none of population is covered by a
BS.

(2) Next, the location of a new BS is selected
to maximize the weight (uncovered pop-
ulation) of the area that the BS covers.

(3) Then, subtract a value PU from the
weight.

(4) Repeat steps 2 and 3 until all BSs are
allocated.

Table 2 shows the number of PU used in our
simulation. When PU is large, many users are
able to use the BS, and as a result, the other
rectangles which do not have a BS will tend to
be selected in the next allocation phase.

6. Simulation Results and Discussion

We carried out the simulation for about
10 hours considering the users’ distribution and
their talking time. At the beginning, we ran the
simulation for three hours and then collected
data on the user distribution and the number
of users who had not finished talking. This is
considered as the initial state for the real sim-
ulation.

The user arrival interval is generated by an
exponential distribution function, and the pa-
rameter A is 1/360. The total number of gen-
erated users (in 10 hours) is about 215000. For
each new user, one point in the service area
is selected according to the population number
given for each small rectangle. A new user can
use a free channel of the nearest BS if this BS
covers the user location.

We consider various scenarios for BS alloca-
tion policies. To explain the meaning of the
scenario names, let us consider the scenario
“Lel00”. The first letter “L” represents the cell
size, which in this case is large, “e” shows the

[{P%2)

type of potential user, which in this case is “e
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$d500 (PU =2000, 500 BSs)

Fig.5 Example of BS allocation: Sd500 scenario.

Md100 (PU =2000, 100 BSs)

SEEEE

Fig.6 Example of BS allocation: Md100 scenario.

type, and 100 indicates that 100 BSs are allo-
cated inside the service area.

6.1 BS Allocation

In this subsection, we show some BS alloca-
tion scenarios. In Fig. 5, there are 500 BSs allo-
cated in the service area, and PU is assumed to
be 2000. The radius of each cell is 80 m, which
is close to the actual size of PHS cells. Five
hundred BSs can cover only 4% of the service
area. When this BS allocation scenario is used,
34.7% of the population is covered. It should
be noted that each user is counted only once,
even if he is covered by more than one cell. In
Fig. 6, only 5% of the service area is covered by
100 BSs and 40% of the population is covered
by a cell with a radius of 200 m. For mobile
communication system such as PHS, even 1000
BSs might not be enough to cover the service
area.

Figures 7 and 8 show how PU affects the
BS allocations. In Fig. 7, where PU = 100, the
BSs tend to cover the downtown area, where
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La100 (PU =100, 100 BSs)

Fig.7 Example of BS allocation: Lal00 scenario.

Le100 (PU =4000, 100 BSs)

Fig.8 Example of BS allocation: LelOO0 scenario.

the population density is high. In this case, the
BSs can cover 75% of the population. In Fig. 8,
a value of PU = 4000 is used to scatter the BSs
throughout the service area. Here, 99% of the
population is covered by the cells, though users
must share the BSs with other users and finding
free channels will be difficult.
A simulation example for the “Ld100” sce-
nario is shown in Fig.9. The background of
the figure shows the population distribution.
The lines inside the figure show expressways,
national roads, and prefectural roads. The cir-
cles show the cells, and BSs are located in the
cell centers. To cover the users better, the BS
allocation procedure tries to allocate more BSs
in the parts where population distribution is
high (dark and black areas). Thus, the users’
QoS can be improved.
6.2 Evaluation Parameters
To evaluate the proposed BSs allocation pro-
cedure, we consider the following parameters:
° UTotal
the total number of generated users;

L d UComplete
the number of users who completed their
calls during a simulation;

L4 UOut

the number of users who tried to make a
call outside the cell but failed;

° UC’hannel

the number of users who failed to talk be-
cause there were no free channels;

Fig.9 Simulation example.
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Fig.10 Number of BSs and Rcompiete-

° UStop
the number of users who failed to find a free
channel when they moved to another cell.
On the basis of the abovementioned parame-
ters, the following call rates are calculated:
L4 RComplete = UComplete/(UTotal - UOut)
the call rate for calls that finished normally;
e Rou = UOut/UTotal
the call rate of users who tried to make a
call outside the cell but failed;
L4 RChannel = UC’hannel/UTotal
the rate of failed calls for users who did not
find a free channel;
L4 RStop = UStop/UTotal
the rate of failed calls during handover.
6.3 Cell Size and Rcompicte Parameter
Figure 10 shows the relation between the
cell size and Rcompiete When the number of
channels for each BS is 10. When the num-
ber of cells and the cell size are both large, the
number of users who failed to find free channels
and of users who tried to start their calls outside
the cells decreases and Rcompiete becomes high.
In the case where the cell size is “L” for 500
BSs, more than 90% of users completed their
calls, while in the case where the cell size is
“S”. only 30% of users completed their calls.
This result indicates the difficulties in starting
a mobile communication business such as PHS.
6.4 Cell Size and Rg;,, Parameter
The relation of the number of BSs and Rgiop
is shown in Fig. 11. For three different cell sizes
“S” “M”, and “L”, we have changed the num-
ber of BSs from 100 to 500 and measured the
Rgiop parameter. When the cell size is “S”, the
use of 500 BSs can decrease Rgyp by only 5%
in comparison with the case in which 100 BSs

Feb. 2001
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Fig.11 Cell size and Rg;op-
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Fig.12 Number of channels and Rg;op-

are used, whereas, when the cell size is “M”,
the Rgiop for 500 BSs is 17% and for 100 BSs
decreases to 38%. For “L” size cells, the values
of Rgiop for 500 BSs and 100 BSs are 4% and
18%, respectively. These results show that the
larger the cell size is, the greater the effect is on
the users’ QoS.

6.5 Number of Channels and Rg;,, Pa-

rameter

Figure 12 shows the relation between num-
ber of channels in a BS and the Rgt,, parameter
for “La” and “Ld” scenarios. The Rg;0p param-
eter is always greater for cases with 3 channels
than for cases with 10 channels. When the num-
ber of channels is 3, the Rgsy,, parameter for the
“La” scenario is lower than that for the “Ld”
scenario. This is because many users in the
downtown area fail to find free channels during
handover. When the number of channels is 10
and the number of BSs changes from 100 to 200,
most of the BSs are allocated in the downtown
area in both “La” and “Ld” scenarios. There-
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fore, the Rsiop parameter is almost the same.
When the number of BSs is changed from 200
to 500, the Rgyop value for the “Ld” scenario is
lower than that for the “La” scenario. This is
because many users in the downtown area can
find free channels during handover. In the “Ld”
scenario, BSs are scattered around the service
area, while in the “La” scenario, the BSs are
concentrated in the service area. Thus in “Ld”
scenario, even when users are moving in other
cells, they can find free channels.

6.6 BS Allocation and Rcpenne Param-

eter

Figure 13 shows the relation between the
allocation of BSs and Rcpanner- The ratio of
failed users who did not find a free channel is
small for “La” scenario and large for “Le” sce-
nario. This means that in “La” scenario, the
BSs are concentrated in a specific part of ser-
vice area where many users exist, while in “Le”
scenario, the BSs are scattered throughout the
service area. This result indicates that there
are trade-offs between the users’ QoS and the
size of the area covered. This is very important
for mobile communication companies, because
they are interested in covering a large service
area and also in increasing the users’ QoS.

6.7 BS Allocation and Rp,; Parameter

The Roy: parameter denotes the percentage
of users who could not start to talk because they
were outside the cells. This percentage depends
on the number of BSs and on how BSs are allo-
cated in the service area. The number of chan-
nels in a BS is not affected by the Ro,: param-
eter. Figure 14 shows the distribution of BSs
in the service area. When PU is large, Royt
decreases and the BSs are scattered through-
out the service area. When PU is small, Roy
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value increases and the BSs are concentrated in
a specific part of the service area.

7. Conclusions and Future Work

In this paper, we have proposed a simulation
system for BS allocation in mobile communica-
tion networks, taking account of the user dis-
tribution, user movement, channel occupancy,
and handover. The proposed system is based
on a queuing model with many service stations
and customers identified by their locations. Us-
ing the simulation system, we generated vari-
ous networks with different patterns of BS al-
location and evaluated the networks’ perfor-
mance. In this paper, we only considered PHS.
However, this model can easily be applied to
large scale mobile networks. For simulations,
we considered the actual locations of road net-
work and population distribution in Yamagata
City, Japan. We carried out many simulations
for various numbers of BSs, various numbers
of channels, and various allocations of BSs. To
evaluate the system performance, we considered
many scenarios and parameters. From the sim-
ulation results we conclude that:

e the PU parameter affects the BSs’ alloca-
tion: when PU is large, the BSs are widely
scattered and a large area can be covered;

e assuming PU to be 2000, 500 “S” size cells
can cover only 4% of the service area and
34.7% of the population, while 100 “M” size
cells can cover 5% of the service area and
40% of the population;

e when PU is 100, the BSs tend to cover the
downtown area, where the population den-
sity is high: for the “Lal00” scenario 75%
of the population is covered;

e for the “Lel00” scenario when PU is 4000,
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the BSs are scattered throughout the ser-
vice area and 99% of the population is cov-
ered;

to obtain a better covering of users, the BS
allocation procedure tries to allocate more
BSs in the parts where the population dis-
tribution is high, thus improving the users’
QoS;

when the number of cells and the cell size
are both large, the number of users who fail
to find free channels and of those who try
to call outside the cells decreases;

in the case where the cell size is “L” for
500 BSs, more than 90% of users completed
their calls, while in the case where the cell
size is “S”, only 30% of users completed
their calls;

the larger the cell size is, the greater the
effect is on the users’ QoS;

if the number of channels in each BS is
small, a user call may fail because the chan-
nels are already occupied by other calls;
there are trade-offs between the users’ QoS
and the size of the area covered;

the handover failure rate depends on the
number of BSs and how the BSs are allo-
cated in the service area.

In the future, the authors plan to address the
following issues:

1

2

3

extension of the model in order to take ac-
count of users’ movements along roads;
consideration of specific cases such as con-
centrations of users in stadiums and sta-
tions where the traffic can be increased in
a specific period of time;

consideration of scenarios that include var-
ious cell sizes;

expansion of the model for Code Division
Multiplexing (CDM) and mobile data com-
munication;

use of intelligent algorithms for flexible
handover.
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