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NS SY, DF
ENVIRONME

Field of the Invention

This invention relates in general to a communications system in a
multicellular environment, and more particularly to a communications
system and a method for determining handover in a multicellular
environment including an overlay and underlay of macrocells and microcells.

Background to the Invention

In a cellular communications system, a service coverage area by a
base station is called a cell. In a multicellular environment, a larger cell, or
macrocell, may be further divided into smaller cells, or microcells in order to
increase capacity. An overlay of macrocells may be implemented over the
same area that an underlay of microcells are implemented. Thus, a
microcellular network includes a plurality of microcells which may be
partially disposed within at least one macrocell. A mobile station may be
located in an area that is serviced by both a macrocell and a microcell.

In digital cellular communications systems, such as the GSM (Global
System for Mobile Communications), system objectives for a.mobile station
in idle mode in a microcellular network include during a cell selection
process, having mobile stations select a microcell in preference to a macrocell
and during subsequent cell re-selection, having fast moving mobile stations
camp on to macrocells and slow moving mobile stations stay on the
microcellular network.

The first objective can be met by modification of path loss criterion
parameter C1 as defined in GSM recommendations.

In phase 2 of GSM a second parameter C2 is defined in the cell
selection/reselection algorithm, which enables the phase 2 mobile station to
camp on to right type of cell (microcell or macrocell) depending upon the
speed of the mobile. This satisfies the second objective.

The parameter C2 is only defined as part of GSM phase 2 feature.
Existing phase 1 mobiles do not implement this enhanced cell
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selection/reselection algorithm and therefore cannot select the right sort of
cell based on speed of the mobile.

There are currently a number of microcellular networks which will
have a majority of phase 1 mobiles (no phase 2 mobiles are available at
present). Therefore, it is essential that a process is defined which will
enable current phase 1 mobiles to work efficiently in the microcellular
network.

Currently there is no method for phase 1 mobiles to differentiate
between microcells and macrocells depending upon speed of the mobile.

In the existing networks, due to existing installed base of phase 1
mobiles, it would be very difficult to of change the mobile software.
However, there is scope to change the software in the infrastructure which
will enable slow moving mobiles to remain on microcell and fast moving
mobiles to be put on macro cells.

Thus, it is desired to have a communications system that includes a
method in the base stations for determining handovers in a microcellular
environment based upon the speed of the mobile station that will handover a
fast moving mobile station to a macrocell and a slow moving mobile station
to a microcell.

Summ he Inventi

According to the present invention, there is provided a
communications system for a multicellular environment having at least one
macrocell where partially disposed in the at least one macrocell is a plurality
of microcells, each cell having a base station for communications with at
least one mobile station, the communications system comprising an overlay
location area wherein at least one macrocell is located within the overlay
location area and a plurality of underlay location areas at least partially
disposed within the overlay location area wherein at least one microcell is
located in each underlay location.

In an alternative embodiment of the present invention a method is
provided for planning a multicellular environment of at least one macrocell
and a plurality of microcells wherein the microcells are at least partially
disposed within a macrocell, including the steps of assigning a first number
of macrocells to an overlay location area and assigning a second number of
microcells to an underlay location area.
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In a further embodiment method is provided for determining a
handover for a mobile station in a multicellular environment having at least
one overlay location area including at least one macrocell and a plurality of
underlay location areas each underlay location area having at least one
microcell, the underlay location areas are at least partially disposed within
the overlay location area, each cell includes a base station, the method
comprises the steps of measuring time between messages received at a base
station for the mobile station and determining a handover in dependence
upon the measured time.

Brief Description of the Drawing

FIG. 1 illustrates a multicellular environment according to the
present invention.

FIG. 2 is a flow chart for a method for preferred embodiment of the
present invention.

Referring to FIG. 1, a communications system 20 having a plurality of
macrocells 1, 2, 3, 4, 5 where at least partially disposed in at least one
macrocell 3 is a plurality of microcells 10, 11, 12, 13, 14. Each macrocell and
microcell has a respective base station for communications with at least one
mobile station. A fast moving mobile station 17 is shown being serviced by a
macrocell 3 and a slow moving mobile station 15 is shown being serviced by
a microcell 10.

The multicellular communications systems 20 of FIG. 1 further
includes an overlay of at least one location area 25 that comprises a number
of macrocells 1, 2, 3, 4, 5 that are located within the location area 25 and
shown by right to left diagonal shading across macrocells 1, 2, 3, 4,5.

A plurality of underlay location areas 27, 28, 29 are shown disposed
within the overlay location area 25 and particularly disposed within a
macrocell 3, each underlay location area 27, 28, 29 comprises at least one
microcell. Thus, there is a topology of at least one overlay location area 25
comprising of macrocells 1, 2, 3, 4, 5 and ﬁnderlay location areas 27, 28, 29
comprising of microcells 10, 11, 12, 13, 14.

Particularly, underlay location area 27 comprises of one microcell 11
and is shown in FIG. 1 by horizontal shading. Underlay location area 28
comprises of two microcells 12, 13 and is shown by left to right diagonal
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shading. Underlay location area 29 comprises of two microcells 10, 14 and is
shown by vertical shading. The number of microcells that are included in an
underlay location area may be smaller than then the number of macrocells
included in an overlay location area. The minimum number of microcells
that are included within an underlay location area is one. The smaller
number of microcells in an underlay location area allow for detecting more
location update requests for a fast moving mobile station.

Thus, a method of planning a multicellular environment having
overlay and underlay location areas according to an embodiment of the
present invention includes assigning a first number of macrocells to an
overlay location area and assigning a second number of microcells to an
underlay location area where the second number may be smaller than the
first number.

Referring to FIG. 2 a flow chart is shown for a method of determining
a handover for a mobile station in a multicellular environment as described
above including the steps of measuring time between a message received at
a base station for the mobile station and determining a handover in
dependence upon the measured time. In a preferred embodiment of the
present invention the message is a location update request also known as
LU REQ in GSM specifications.

At some point in the planning of the topological networks including
the overlay and underlay location areas as described above there must be
some assigning of a first number of macrocells to an overlay location area
and a second number of microcells to a first underlay location area and a
third number of microcells to a second underlay location area where the
second number and the third number may be smaller than the first number.
There is also a determination or an identification of which location area or
type of location area that the mobile station is located within. For example,
whether the mobile station is being serviced by the microcellular network
and thus in an underlay location area or being serviced by the macrocellular
network and in an overlay location area.

The flow chart of FIG. 2 shows, according to a preferred embodiment
of the present invention, that when a mobile station is powered up and in
normal idle mode operation as in step 101, it waits until a location update
(LU) is requested. For example, in normal idle operation, step 101, when a
mobile crosses a location area and there is a better cell in that area, it will
camp on to that cell and request a location update.
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If a location update is requested as in step 102, the infrastructure will
analyse the request. Ifit is determined that the request is not a location
update from a microcell to another microcell, then the normal update
procedure is followed as in step 106 (and as defined in GSM specifications).

If the infrastructure determines that the location update is from a
microcell to a microcell, then the time between the last location update
request is determined by the base station 103. Ifit is the first location
update request then the base station stores the time and waits until the next
location update request to determine time between requests. Similarly, a
rate of time may be determined between requests as well as over a number
of requests to get an average rate. The location update rate is determined
with respect to time. Thus, time may be measured between location updates
to get a location update rate.

If the time between location update requests is above a predetermined
threshold as decided in 104, then the mobile station i1s handed over to a
macrocell as in step 105.

If the time is below a predetermined threshold as decided in step 104,
then the mobile follows the normal location update procedures.

The process to force the mobile station on to the macrocell can be
achieved in several ways. One possible implementation is as follows:

1) Mobile send LU request for next microcell.

2) Infrastructure determines that the mobile needs to be handed over
to the macrocell network.

3) Infrastructure sends LU accept for the microcell.

4) The infrastructure forces the mobile to handover to macrocell cell
network using normal handover procedures.

The present invention defines a process in a base station or BSS
which enables slow moving mobiles to stay on the microcellular network,
whilst fast moving mobiles are put on the macrocellular network. It uses
rate or time between location update requests (within microcells) from a
mobile station to indicate the speed of the mobile. Mobile stations
requesting location updates often are deemed to be moving quickly and are
moved to an available macrocell. Mobile stations requesting location
updates less often are kept on microcells.

It is also important that the C1 settings and the RF planning ensures
that microcells are stronger candidate cells than macrocells. The invention
proposes that there is an underlay/overlay of location areas assigned. The
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macrocell location areas maybe created as normal, with for example 20 cells
per location area. The microcellular network will have fewer cells per
location area. The minimum number will be typically one cell per location
are in densely populated urban areas.

The signalling traffic will not be significantly affected by this microcell
location area topology as the invention works to move mobile stations with
high location update rates on to macrocells. Thus, it is likely that the
location update rate will not be significantly higher than that of a standard
network.

The cell reselect hysteresis for location areas needs to be made high
for the macrocells so that once a mobile has moved on to the macrocell it is
difficult to move back on to the microcell. Mobile stations are encouraged on
to microcells by the favourable signal levels and C1 settings. If they are
moving quickly they will be moved to macrocells by the network and held
there by the process of cell reselect hysteresis.

This invention enables operators of existing GSM phase one networks
to increase the capacity of the network by adding a microcell underlay
network. The operation of the existing infra-structure and phase 1 mobiles
is unaffected. The present invention offers an opportunity to build a
network underneath an existing network GSM digital cellular network and
efficiently use valuable spectrum allocation. The present invention provides
a method of efficiently planning and implementing handovers for mobile
stations in such multicellular environments.
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Claims

1. A communications system for a multicellular environment having at least
one macrocell where at least partially disposed in the at least one macrocell
is a plurality of microcells, each cell having a base station for
communications with at least one mobile station, the communications
system comprising:

an overlay location area wherein at least one macrocell is located
within the overlay location area; and

a plurality of underlay location areas at least partially disposed
within the overlay location area wherein at least one microcell is located
within each underlay location area.

2. The communications system of claim 1 wherein the number of microcells
in each underlay location area is smaller that the number of macrocells in
the overlay location area.

3. A method of planning a multicellular environment of at least one
macrocell and a plurality of microcells wherein the plurality of microcells are
at least partially disposed within the at least one macrocell, the method
comprising the steps of:
assigning a first number of macrocells to an overlay location area; and
assigning a second number of microcells to an underlay location area.

4. The method of claim 3 wherein the second number is smaller than the
first number.

5. A method of determining a handover for a mobile station in a
multicellular environment having at least one overlay location area
including at least one macrocell and a plurality of underlay location areas
each underlay location area having at least one microcell, the underlay
location areas are at least partially disposed within the overlay location
area, each cell includes a base station, the method comprising the steps of:

measuring time between messages received at a base station for the
mobile station; and

determining a handover in dependence upon the measured time.
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6. The method of claim 5 wherein the message is a location update request.

7. A method of determining a handover for a mobile station in a
multicellular environment including an overlay of at least one macrocell and
an underlay of a plurality of microcells wherein the underlay is at least
partially disposed within the overlay, the method comprising the steps of:

assigning a first number of macrocells to an overlay location area;

assigning a second number of microcells to a first underlay location
area and a third number of microcells to a second underlay location area;

determining whether the mobile station is in the underlay location
areas;

measuring a time between location update requests for the mobile
station in the base station; and

determining a handover in dependence upon whether the mobile
station is in the underlay location areas and the measured time between

location update requests.

8. The method of claim 7 wherein the second number and the third number

are smaller than the first number
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