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(57) ABSTRACT

The present invention relates to a handover method in a
mobile communication system having a multilayer radio
coverage, the system comprising at least one microcell (1,2,
3) and at least one macrocell (M). The coverage area of the
microcell (1, 2, 3) is at least mainly within the coverage area
of the macrocell (M), the microcell layer forming a lower
cell layer and the macrocell layer forming a highercell layer.
Acell to be examined andatarget cell are located at different
cell layers in the mobile communication system. In the
method, relative moving speeds of mobile stations (MS) in
the service area of a cell at the lower cell layer are deter-
mined anda traffic load in a cell at the higher cell layer is
monitored. The handover method of the invention is char-
acterized in that in the method the service times are deter-

mined in the service area of the cell at the lowercell layer,
a percentage P of the numberof the service timesrestricted
by a specific pre-set threshold service time R in a selected
service time material is determined, a percentage ofall the
mobile stations (MS) within the service area of the cell to be
examined is handed overto the target cell in the order of the
relative moving speed,and the pre-set threshold service time
R is adjusted to attain a desired traffic load level in the cell
at the uppercell layer.

11 Claims, 2 Drawing Sheets
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HANDOVER IN A MOBILE
COMMUNICATION SYSTEM HAVING A

MULTILAYER RADIO COVERAGE

FIELD OF THE INVENTION

The present invention relates to a handover method in a
mobile communication system of a multilayer radio cover-
age comprising a lower cell layer having at least one
microcell and a higher cell layer having at least one
macrocell, the microcell being at least mainly within the
macrocell, the method comprising the steps of determining
relative moving speeds of mobile stationsinafirst cell at the
lowercell layer, and monitoringa traffic load in a second cell
at the higher cell layer.

The invention also relates to a handover method from a

microcell to a macrocell in a mobile communication system
having a multilayer cell coverage comprising at least one
microcell and at least one macrocell, whereby the microcell
is within the macrocell, the method comprising steps of
determining relative moving speeds of mobilestations in the
service area of the microcell, and monitoringa traffic load in
the macrocell.

BACKGROUND OF THE INVENTION

A radio coverage area in mobile communication systems
is implemented with different cell sizes and often even with
multilayer radio coverages of base stations. A cell having a
very small coverage area, i.e. a microcell, is used for
example in areas which are difficult to cover or require a
high subscriber capacity. A larger coverage area is imple-
mented with a macrocell, which often encompasses the
geographical area of one or more microcells. In a multilayer
radio coverage implemented in this way, macrocells repre-
sent coverage areas of a higher layer and microcells those of
a lowerlayer. The mobile station may move from onecell to
another and register with a new base station. When the
mobile station has a call in progress, switching the call to the
new cell is also involved, in which case switching to a new
base station is referred to as handover.

FIG. 1 of the accompanying drawing discloses an
example of a two-layer radio coverage in a mobile commu-
nication system. The simplified cell areas in FIG.1 illustrate
the areas where the base station of each cell can offer a

sufficient signal level to the mobilestation. In FIG. 1,a large
macrocell M encompassesthe areas of smaller microcells 1,
2 and 3. Amobile station MS located in position x within the
microcell 1, for example, can in principle be served by the
base station of either the macrocell M or the microcell 1.

In radio networks implemented with a multilayer radio
coverage,it is advantageousto utilize the possibilities pro-
vided by the different cell layers by commanding the mobile
stations, on the basis of someclassification, to register with
the most suitable base station, while also avoiding unnec-
essary handovers. One such classification principle is the
speed of a mobile station in a mobile communication
network having one or more microcells whose coverage
areas are entirely inside anothercell, typically a macrocell.
It is known in the art that slow moving mobile stations are
advantageously handed over to a base station of some
microcell to prevent them from unnecessarily load the base
station of the macrocell. On the other hand, it is advanta-
geous to hand fast moving mobile stations over to the base
station of the macrocell to prevent frequently recurring
handovers and even to prevent calls from being lost when
mobile stations move fast beyond the coverage area of the
microcell.

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 2 shows a simplified block diagram of the pan-
European GSM mobile communication system. The units
shown in FIG. 2 are present also in other mobile commu-
nication networks but they may have different names. A
mobile station MS is connected over a radio path to one of
base transceiver stations (BTS), such as BTS1 in FIG.2. The
mobile station MS constantly measures signals of the adja-
cent base stations for a possible handover. A base station
system BSS comprises a base station controller BSC and
base stations BTS under its control. Several base station

controllers BSC generally operate under a mobile services
switching centre MSC. The mobile services switching centre
MSCis connected to other mobile services switching centres
and via a gateway mobile services switching centre (GMSC)
to a public switched telephone network. The operation of the
whole system is supervised by an operation and maintenance
centre OMC. Subscriber data of the mobile station MS is

permanently stored in a home location register HLR and
temporarily to a visitor location register VLR on whosearea
the mobile station MSis located at each time.

WO95/28813 discloses a cellular mobile communication

system where the time the mobile station is registered with
a microcell is measured and the direction of travel of Othe
mobile station is defined. A mobile station is indicated as

being fast if the measured time in a cell is shorter than the
pre-set time limit of this microcell and the entrance direction
of the mobile station to the respective cell is different from
the exit direction.In the prior art system, fast moving mobile
stations are handed over to use a macrocell network. Han-

dover from a microcell to a macrocell is carried out only if
the mobile station has been found to be moving fast in
several microcells. The slow speed of the handover decision
is a problem with this solution. The mobile station has to
pass through several microcells until a decision to carry out
a handoverto a macrocell can be made. Duringthis time, the
network is loaded with too frequent handovers from one
microcell to another. A further problem is a possible block-
ing of a macrocell when all the mobile stations interpreted
as being fast are handed over to the macrocell.

European Patent Application 0 589 278 discloses a
microcell/macrocell system. This prior art system involves
measuring the time a mobile station moving in a macrocell
remains within a microcell inside the macrocell. The prior
art system prevents fast moving mobile stations from being
handed over to a base station of the microcell. Handover

from the macrocell to the microcell is carried out only if the
mobile station is still within the microcell after a predeter-
mined time after its arrival in the microcell. If the mobile

station has already departed from the microcell during the
predetermined time, handover from the macrocell to the
microcell will not be carried out. The slow speed of the
handover decision is a problem with this solution, too.
Handover decision can be made only after a predetermined
time period after the mobile station has arrived in the
microcell. After this time has passed, the mobile stations in
the area of the microcell are interpreted as being slow and
are handed over to a microcell although the mobile station
would be just about to depart from the microcell. During the
waiting time of the handover decision, the mobile station
loads the macrocell. A problem with this solution is also an
erroneous conception of the speed of a mobile station. The
handoveris affected only by the arrival of the mobile station
in the microcell and by the location of the mobile station
after a predetermined time from thearrival. Duringthis time,
a fast moving mobile station may have departed from the
microcell and returned there, in which case the system
carries out a handover from the macrocell to the microcell.
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In one embodimentof the system, the measurementof time
is stopped if the mobile station departs from the microcell,
and it is started again from the beginning when the mobile
station returns to the microcell area. The timer will be reset,
for example, if the mobile station moves beyond the cov-
erage area of a microcell momentarily,or if the measurement
result is erroneous/missing, in which case the mobile station
will not be recognized as being slow.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to implementa fast
and flexible handover decision for transferring a mobile
station from one cell layer to another in a mobile commu-
nication system having a multilayer radio coverage.

This will be attained by a handover method, which is
according to the invention characterized by further steps of
determining the service timesin the first cell at the lowercell
layer, determining a percentage P of the number of the
service times confined by a specific pre-set threshold service
time R amonga selected service time material, handing over
the percentage P ofall the mobile stations within the service
area of the cell to be examinedto the target cell in the order
of the relative moving speed of the mobile stations, the cell
to be examined beingthefirst cell and the target cell being
the second cell, or vice versa, and adjusting the pre-set
threshold service time R to attain a desired traffic load level

in the second cell at the upper cell layer.
The invention is based on the idea that a specific portion

of all the mobile stations within the service area of the cell

to be examined is handed overtoatarget cell at another cell
layer on the basis of the moving speed of the mobile station.
The number of the mobile stations to be handed over is

determined by a long-term statistics on the time the mobile
subscribers stay in a cell at a lowercell layer, i.e. a service
time.

The advantage of the inventive handover from one cell
layer to anotheris that a handoverdecision can be madefast.

A further advantage of the handover method of the
invention is that an optimal utilization of the cell layer is
attained in a flexible and effective manner and unnecessary
handovers are avoided. The utilization of the cell layers can
be adjusted easily and consistently. The handover method of
the invention will adapt to changing traffic levels and
varying speed distributions of mobile stations.

Another advantage of the invention is a simple and
reliable handovercriterion which is suitable for various cell

sizes and also for networks having varying cell sizes. The
use of thelast statistical data on the service times in decision

making increases the stability of the solution.
The inventionalso relates to a handover method as shown

in the preamble from a microcell to a macrocell, which is
characterized by further steps of determining the service
times in the microcell, calculating a percentage P of the
number of the service times shorter than a specific pre-set
threshold service time R among a selected service time
material, handing over the percentage P of all the mobile
stations within the service area of the microcell to the

macrocell in the order of the relative moving speed,starting
from the fastest mobile station, and adjusting the pre-set
threshold service time R to attain a desired traffic load level
in the macrocell.

In addition to the advantages of the above handover
method, an advantage of the handover method from a
microcell to a macrocell is a handovercriterion value which

is easily adjustable and commonto several cells.
In the handover method of the invention, the relative

speeds and service times of mobile stations in the service
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4

area of a microcell at a lower cell layer are defined. The
percentage P of the service times confined by a specific
pre-set threshold service time R is calculated from the
sample of the service times. The calculated percentage
numberof all the mobile stations currently present within
the service area of the cell to be examined will be handed

over to the target cell in the order of the relative moving
speed of the mobile stations. The load in a cell at a higher
cell layer is monitored continuously. When load deviates
from the desired load level, the pre-set threshold service
time R is changed so that the number of mobile stations to
be handed overto the target cell will change into the desired
direction.

In the handover method of the invention from a microcell

to a macrocell, the relative speeds and service times of
mobile stations in the service area of the microcell are

defined. The percentage P of service times shorter than a
specific pre-set threshold service time R is calculated from
a sample of the service times. The calculated percentage P
of all the mobile currently present within the service area of
the microcell will be handed over to a macrocell in the order

of the relative moving speed of the mobilestations, starting
form the fastest mobile station. The load in the microcell is

monitored. When load exceeds the maximum loadlevel, the
pre-set threshold service time R is decreased. When the load
is smaller than the desired load level, the threshold service
time R is appropriately increased.

BRIEF DESCRIPTION OF THE FIGURES

In the following, the invention will be described in greater
detail with reference to the accompanying drawings, in
which

FIG.1 illustrates a two-layer radio coverage of a mobile
communication system,

FIG. 2 is a block diagram of the structure of a mobile
communication system,

FIG.3 is a flow chart of a preferred embodiment of the
method of the invention, and

FIG. 4 shows an example of service time distribution in
a cell.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention can be applied in any cellular
mobile communication system. In the following, the inven-
tion will be described in greater detail with reference, by
way of example, to the pan-European digital mobile com-
munication system GSM. FIG. 2 illustrates the above-
described structure of a GSM network in a simplified
manner. For a more accurate description of the GSM system,
reference is made to the GSM recommendations and “The

GSM System for Mobile Communications” by M. Mouly
and M- B. Pautet, Palaiseau, France, 1992, ISBN:
2-9507190-0-7.

The method of the invention is particularly applicable to
microcell/-macrocell networks. FIG. 1 shows an example of
a microcell/macrocell network having a two-layer radio
coverage. The method is also suitable for use in other
networks implemented with multilayer cell coverages, 1.e.
with more than twocell layers.

The handover method of the invention is most advanta-

geous when mobile stations are handed over from the
microcell layer to the macrocell layer, in which case the cell
to be examined in the method is a microcell at a lower cell

layer and the target cell is a macrocell at the highercell layer.
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