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[57] ABSTRACT

A cellular telephone system includes a plurality of cell sites
and a mobile telephone switching office. Call management.
including selection of a cell site most appropriate for a call
associated with a mobile unit, are made based on the
geographic location of the mobile unit as opposed to the
strength of the signal associated with the call. The geo-
graphic location of the mobile unit is precisely determined
using a NAVSTAR global positioning system., or its equiva-
lent. Each mobile unit includes a GPS receiver that receives
information from a geostationary satellite to determine the
precise location of the mobile unit. This position information
is relayed to the cell site initially managing the mobile unit,
and the mobile unit is handed off to a cell site that is most
appropriate for the call. Initial selection of an entrance cell
site is made based on signal strength. but further call
management decisions are made based on location of the

mobile unit.

15 Claims, 13 Drawing Sheets
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CELLULAR TELEPHONE SYSTEM THAT
USES POSITION OF A MOBILE UNIT TO
MAKE CALL MANAGEMENT DECISIONS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

TECHNICAL FIELD OF THE INVENTION

The present invention relates to the general art of cellular

mobile radiotelephone (CMR) technology, and to the par-
ticular field of managing the calls in a cellular system.

BACKGROUND OF THE INVENTION

CMR is a rapidly growing telecommunications system.
The typical CMR system includes a multiplicity of cells,
such as indicated in FIG. 1. A particular geographic area is
subdivided into a multiplicity of subareas, with each of the
subareas being serviced by a stationary transmitter/receiver
setup. The cells are set up to carry signals to and from
mobile units M in the range of the cell. If one cell becomes
too crowded, it can be divided into smaller cells, by a
process known as cell splitting. As can be seen from FIG. 1.
any particular geographic area can become quite compli-
cated with cells overlapping each other, and overlapping
cells of other neighboring cellular systems. It is noted that
the term “cellular” is intended to be a term of convenience.,
and 1s not intended to be limiting. The present disclosure is
intended to encompass any communication system in which
an overall area can be divided into one or more subareas
such as shown in FIG. 1.

A typical CMR set up is indicated in FIGS. 2 through 7,
and will be described so an understanding of the problem to
which this invention is directed can be obtained.

FIGS. 2. 3 and 4 show a typical cellular telephone unit 2
having a unique mobile identification number stored in a
suitable location such as an electrically erasable program-
mable read-only memory (not shown). Telephone units of
this kind are known to those skilled in this art, and thus will
not be described in detail.

The telephone unit 2 includes a handset 4 having a keypad
S as well as a speaker 6 and a microphone 7. A transceiver
8., ordinarily built into the telephone unit 2, exchanges
signals via an antcnna 10 with a mobile telecommunications
switching office or MTSO 12 via a cell site 14. A duplexer
15 connects the antenna to the transceiver. The cell site 14
includes an antenna 16 connected to a control terminal 17
via a transceiver 18. The cell 14 is connected to the MTSO
via a transmission link 20.

Referring to FIGS. 4, 4A and 5, the operation of the CMR
can be understood. The mobile unit M moves about the
geographic areas covered by the various cells as indicated in
FIG. 1. As that mobile unit moves about, it decodes the
overhead message control signals generated by various cell
site control channels. The mobile unit locks onto the cell site
that is emitting the strongest signal. The mobile unit rescans
channels periodically to update its status. If, for example, a
fixed-position land-based telephone T is used to call the
mobile unit, a signal is sent via landlines L, to the central
office CO of a public/switched telephone system (PTSN)
12A. This system then utilizes the switching network SN
associated therewith to call the MTSO 12 via a transmission
link L.1. The MTSO then utilizes its own switching network
and generates a page request signal to all cell sites via
transmission links, such as the transmission link 20. The cell
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sitc which has been notified of the presence of the mobile
unit M sends a signal back to the MTSO via the landlines
alerting the MTSO of the presence of the mobile unit. The
MTSO then orders the mobile unit, via the notifying cell site,
to tune to an assigned channel and receive the call. Billing
and other business information are recorded in the MTSO at
this time.

On the other hand, during call origination. the mobile unit
rescans the control channels to determine which is the best
server based on signal strength. Upon selecting the best
server, the mobile unit transmits call site information on the
control channel receive frequency and then receives a voice
channel to tune to if the mobile unit is authorized to place a

call.

As the mobile unit moves, the signal strength between that
mobile unit and the originating cell site changes, and per-
haps diminishes. Since signal strength is an inverse function
of the square of the distance between the mobile unit and the
cell site, signal strength can change rapidly and drastically
as the mobile unit moves with respect to the cell site and
therefore must be monitored closely. Moreover, signal
strength can be strongly affected by terrain, environmental
conditions as well as interference from other sources. The
MTSO has a signal strength table ST, and signal strength
from the mobile unit is constantly compared to acceptable
signal strength levels in the table. Such a table can be located

in each cell site if desired.

Should signal strength diminish below a preset range, the
MTSO generates a “locate request” signal to all cell sites
that neighbor the original cell site. Each of such neighboring
cell sites receiving a signal from the mobile unit signals the
MTSO, and the signal strength from such neighboring cell
sifes are checked against the signal strength table. The
MTSO makes a decision as to which cell site should control
the call, and notifies the original cell site to order the mobile
unit to retune to a voice channel of the new cell site.

As soon as the mobile unit retunes, the mobile unit
completes the call via the new cell site channel. This transfer
of contro] is known as a handoff.

While this method of making switching decisions has
worked well in the past, the growth and sophistication of the
cellular industry has resulted in severe drawbacks to this
method. First, due to uneven terrain, unpredictable environ-
mental conditions, interference and the like, many cellular
companies have been required to construct numerous cell
sites. These cells often overlap neighboring cell sites and
provide redundant coverage. This 1s extremely expensive.
not only from the standpoint of construction costs, but due
to monitoring and staffing costs as well. Even at this,
conditions can change so rapidly that coverage may still be
inconsistent.

Still further, due to idiosyncrasies in terrain and
environment, a mobile unit may use a cell that is located far
from the mobile unit rather than a cell located immediately
adjacent to that mobile unit. Hilly terrain is a common
example of this problem. While this may not be a technical
problem, it is important because a cellular company cannot
assess long distance charges and/or message units to the
calls. This deprives the cellular company of income that it
could otherwise receive and customers of optimum service.
Communities are also deprived of tax income that might be
assessed against such calls as well.

Still further, since only signal strength is used to make
switching decisions, the location of a caller is not ascertain-
able. This could be important in keeping track of calls.

Other problems that have been experienced in such cel-
lular systems include the inability to completely control the
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cell site transmit signal, crosstalk noise interference,
dropped calls. overlap and an inability to adequately service
arcas with undulating terrain without infringing the borders
of other cellular territories.

Therefore. there is a need for a cellular system that can
provide consistently high quality service, yet can do so with
a minimum number of cell sites in a particular geographic
area. Still further. there is a need for a cellular system that
can accurately assess charges for all CMR services including
message units for calls covering a certain distance within the

geographic area.
OBJECTS OF THE INVENTION

It is a main object of the present invention to provide a
cellular system that can provide high quality service using
only a minimum number of cell sites within a given geo-
graphic area.

It is another object of the present invention to provide a
cellular system that can accurately track a mobile unit within

the geographic area covered by the cellular system.

It is another object of the present invention to provide a
cellular system that can assess charges for calls based on the
geographic location of the call.

SUMMARY OF THE INVENTION

These, and other, objects are achieved by a cellular system
that makes switching and call management decisions based
on the location of a mobile unit rather than on the strength
of the signal associated with that mobile unit. The exact
location of each mobile unit is determined using a Global
Positioning System (GPS). LORAN, or other position deter-
mining system. The NAVSTAR global positioning system.
or GPS., 1s a system employing ultimately eighteen satellites
in twelve hour orbits of 55° inclination. The system 1s being
implemented by the Department of Defense for military use.
However, it has a *“clear access” (C/A) channel that is
available for general civil use. The GPS is a passive navi-
gation system on the part of the user, in that only reception
of satellite-transmitted signals is required by the user to
compute position. The GPS provides a capability for con-
tinuous position determination, and a position can be com-
puted on the order of every second of time, and thus provides
a capability of determining the position of a highly mobile
vehicle. A full discussion of the GPS is presented in
textbooks, such as “Handbook of Modern Electronics and
Electrical Engineering.” edited by Charles Belove and pub-
lished in 1986 by Wiley-Interscience (see chapter 54 thereof,
the disclosure of which is incorporated herein by reference),
and includes a satellite positioned in a geostationary orbit
and communicating with ground-based receivers. Based on
the signals received from the satellite, the exact position in
longitude and latitude. of the ground-based receiver can be
determined with an extremely high degree of accuracy and
precision.

The exact longitude and latitude of the mobile unit is then
communicated to the MTSO, and the cell site that services
that particular position is signalled by the MTSO to carry the
call associated with the mobile unit. The position of the
mobile unit is constantly updated, and call management
decisions, such as handoffs, can be made based on the
location of the mobile unit rather than the strength of the
signal associated with that unit. The MTSO has a look-up
table in its data storage facilities that compares positional
data from the mobile units to data associated with cell site
coverage arcas. Based on a look up in this table, the MTSO

can select the cell site most appropriate to a call.
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Since the position of the mobile unit is known to the
MTSO, the assessment of message units, taxes, and other
charges can be made. The billing will be more consistent
than is possible with present systems. Of course, call routing
will be greatly improved in the system of the present
invention as compared to prior systems.

Still further, since call management decisions are made
based on position of the mobile unit, the number of cell sites
can be reduced as communication is not subject to vagaries
of weather or the like to the degree that call management
decisions based on signal strength are. Even with the
reduced number of cell sites, the quality of calls using such
a system is improved due to proper handoff. The system is
quite flexible, and cell site placement and frequency reuse
are extremely efficient since call management is much more
precise than in systems that use signal strength to make call
management decisions.

The cellular system of the present invention in which call

management decisions are made based on position of the
mobile unit can reduce or eliminate the provision of cellular
service beyond the authorized arca, in effect reducing the
interference to and from neighboring cellular carriers
(reduction of inter-system interference) and more precisely
define the inter-system service boundaries and handoff
parameters. This system also permits precise definition of
service boundaries for individual cell sites thereby allowing
for greater system control and the reduction of intra-system
interference. Still further, accurate and detailed cell site
usage and traffic pattern data can be developed in the present
system, thereby enabling accurate and precise control of
system growth. The present cellular system can also be
real-time tailored based on current cellular use.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

FIG. 1 illustrates a geographic area divided into a multi-
plicity of cells.

FIG. 2 illustrates a typical prior art mobile cellular tele-
phone and its link with a fixed cell site and an MTSO.

FIG. 3 illustrates the mobile unit of the cellular telephone
system shown in FIG. 2.

FIG. 4 illustrates a typical prior art cellular system in
which a mobile unit can be connected with a fixed-position

unit.

FIG. 4A is a block diagram showing systems included in
the MTSO shown in FIG. 4.

FIG. § 1s a flow diagram of a call originated by the PTSN
(public service telephone network) and a mobile unit using
a prior art cellular system.

FIG. 6 is a block diagram of a mobile unit of a cellular
telephone system which incorporates a GPS location deter-
mining system embodying the present invention.

FIG. 7 illustrates a cellular system incorporating a GPS
position locating system for a mobile unit communicating
with other units, such as the fixed-position unit shown.

FIG. 7A is a block diagram showing systems included in
the MTSO shown in FIG. 7.

FIG. 8 is a block diagram illustrating the cellular system
embodying the present invention.
FIG. 9 illustrates a look-up table that is incorporated into

the MTSO of the present invention to make call manage-
ment decisions based on the location of a mobile unit.

FIG. 10 is a block diagram illustrating a landline-to-
mobile unit call in which position data are exchanged
between the mobile unit and the MTSO.
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FIG. 11A and 11B comprise a flow chart illustrating a call
sequence between a mobile unit and another unit in which
switching decisions are made based on the position of the
mobile unit rather than the strength of the signal associated
with the mobile unit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT OF THE
INVENTION

Shown in FIGS. 6, 7 and 7A is a cellular system 20
embodying the present invention. The cellular system 20
uses positional data associated with the mobile unit M’ to
make call management decisions. To this end, the cellular
system 20, while similar in all other respects to the cellular
system illustrated in FIGS. 2 and 3, includes means for
accurately and precisely determining the exact position of
the mobile unit M’, and then further includes means for using
this positional information to determine which cell site is
best suited to handle a call associated with that mobile unit
M'.

The means for accurately determining the precise position
of the mobile unit includes a Global Positioning System. The
GPS includes satellites, such as satellite 22 in geostationary
orbit about the earth. Each mobile unit further includes a
GPS receiver 24 located between the duplexer and the logic
circuitry 25 of the mobile unit. The GPS receiver commu-
nicates with the satellite 22 and the exact longitude and
latitude of the mobile unit are determined. This information
i1s sent to the MTSO via a cell site, and the MTSO uses a
look-up table such as disclosed in FIG. 9, containing the
geographic location of each cell site in the cellular system,
to determine which cell site is most appropriate for use by
the mobile unit. The mobile unit communicates with cell
sites using unused bits of the aforediscussed overhead
messages to send its positional information to the MTSO
when the mobile unit is first activated. This positional
information is relayed to the MTSO by the first cell site to
communicate with the mobile unit. The MTSO then selects
the cell site most appropriate for the mobile unit and hands
that mobile unit off to that cell site. The cell sites transmit
system service boundaries in their overhead messages that
are interpreted by mobile units. The mobile units use the
location information supplied by the GPS receiver as
opposed to signal strength to determine which system to
originate on. Call termination can utilize the paging process
as is currently utilized. A response from a mobile unit
includes the location information, and the designated control
channel instructs the mobile unit to tune to one of its
channels. A call in progress utilizes the overhead message of
the voice channel to communicate location information.
Once a mobile unit that is call processing on a particular site
crosses a cell boundary, it is instructed to perform a handoff
to the cell that 1s to service the new location. It is understood
that the GPS is used as an example of the preferred source
of positional data; however, other sources similar to the GPS
can be used without departing from the scope of the present
invention. All that is required is that the source of positional
data be able to generate precise and accurate locational data
on a fixed or a rapidly moving object. It is also helpful, but
not absolutely required, that the CMR be only passively
involved in the determination of the positional data.

The handoff process is similar to the present handoff
processes, except it will be controlled according to position
of the mobile unit instead of signal strength. This position
information 1s used to determine call rating and taxing for
billing purposes and call routing to make sure that the proper
services for that location are provided.
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A “locate request” signal is not used, since the exact
location of the mobile unit is known to the MTSQ. However,
as indicated in FIG. 8. a signal strength method can also be
used in making call management decisions if suitable. Such
a process would be used if the mobile unit moves into a prior
art cellular system.

A call using the cellular system of the present invention is
illustrated in FIG. 11. Initial communication between a
mobile unit and the MTSO is established using the overhead
communication network described above. The mobile unit
scans marker channels and initially locks onto the cell site
that has the strongest signal. This cell site may not be the
most appropriate cell site for use by that mobile unit, but it
serves as an entréy into the system. Once this initial com-
munication is established, the mobile unit uses the GPS
receiver 24 and GPS satellite 22 and to determine its exact
longitude and latitude. This information is then relayed to
the MTSO using the originating cell site. The MTSO uses
this information in conjunction with a look-up table such as
shown in FIG. 9 to establish communication between the
mobile unit and the cell site most appropriate to that mobile
unit. The mobile unit is then handed off to that cell site. A
call initiated by that mobile unit is routed through the
appropriate cell site.

As indicated in FIG. 11, business information associated
with the call, can be recorded at the MTSO. As indicated in
FIG. 10, the dotted lines represent data transmission that
contains GPS information. It is also noted that since both a
position controlled system and a signal strength system are
included in the cellular system of the present invention, the

MTSO can include a software system in the memory 30
shown in FIG. 8 to use the position controlled system, but to

also test signal strength, and to use a signal strength con-
trolled system if a signal still falls below a predetermined
value when making call management decisions based on the
position of the mobile unit. In this manner, the best of both
systems can be obtained.

The system of the present invention can also be used to
allow a mobile to place calls only on its home system at the
decision of the mobile. The mobile locating features of the
system could also be important in other contexts, such as
emergencies or the like.

It is understood that while certain forms of the present
invention have been illustrated and described herein, it is not

to be limited to the specific forms or arrangements of parts
described and shown.

We claim:

1. A cellular communications system that includes one or
more cell sites and an MTSO, said system comprising:

A) locating means in 2 mobile unit of a cellular commu-
nications system for determining the exact geographic
location of the mobile unit, said locating means includ-
ing means using a satellite communication system for
establishing an exact geographic location of said
mobile unit and for emitting a position signal of said
exact geographic location;

B) means in the MTSO for receiving the position signal
transmitted by the mobile unit and using that position
signal to establish the exact geographic location of the
mobile unit vis [&] & vis cell sites in the cellular
communications [network] system; and

) data storage and comparison means in the MTSO
storing cell site location data giving a geographic
location for each of the cell sites in the cellular com-
munications [network] system and effecting a compari-
son between said position signal and [said) the cell site
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location data and selecting a chosen cell site for use by
said mobile unit based on said comparison and estab-
lishing communication between said mobile unit and
said chosen cell site based on the exact geographic
location of the mobile unit and using the geographic
location of the mobile unit for taxing and billing
wherein said taxing and billing is irrespective of cell
site geographic location.

2. The cellular communication system defined in claim 1
wherein said locating means includes a means for commu-
nicating with a satellite.

3. The cellular communication system defined in claim 2
wherein said means in the MTSO for determining the
geographic location of a cell site includes a look-up table.

4. The cellular communication system defined in claimn 3
wherein said locating means includes a GPS.

5. The cellular communication system defined in claim 3
wherein said locating means includes a GPS receiver con-
nected to logic circuitry in said mobile unit.

6. The cellular communications system defined in claim 3
wherein said mobile unit includes a duplexer.

7. The cellular communications system defined in claim 6
wherein said mobile unit includes a GPS receiver located
between said duplexer and said logic circuitry.

8. The cellular communications system defined in claim 7
further including means for placing location data on voice
and data communication signals.

9. The cellular communications system defined in claim 8
further including means for making call management deci-
sions based on signal strength.

10. A cellular communications system that includes one or
more cell sites and an MTSO.,. said system comprising:

A) locating means in a mobile unit in [a] the cellular
communications system for determining the exact geo-
graphic location of the mobile unit; and
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B) management means in the MTSO for making man-
agement decisions based on the geographic location of
the mobile unit, said management means including
means for storing the geographic location for each cell
site in the cellular communications system and for
comparing the exact geographic location of the mobile
unit to the geographic location of each cell site and for
selecting a chosen cell site for use by the mobile unit
based on such comparison and for call routing to
provide proper services for the mobile unit.

11. A method of making call management decisions in a
cellular telephone system having a plurality of cell sites and
an MTSO comprising:

A) establishing a geographic location for a mobile unit;

B) matching the geographic location of the mobile unit to
a cell site location; [and]

C) using the cell site matched to the mobile unit to handle
calls associated with the mobile unit].] and

D) taxing and billing for the mobile unit irrespective of
cell site geographic location.

12. The method defined in claim 11 further including a

step of handing off the mobile unit to a second cell site based

on the position of the mobile unit.
13. The method defined in claim 12 further including a
step of continuously monitoring the position of the mobile

unit as the mobile unit moves, and handing off the mobile
unit to various cell sites based on the instantaneous location
of the mobile unit.

14. The method defined in claim 13 further including
assessing message unit charges to a call made from the

mobile unit.
15. The method defined in claim 13 wherein said call
management decisions include deciding which cell site will

initially handle a call to or from a mobile unit.

* *k Kk Xk Xk
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