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IMPROVED ALLOCATION OF
PAGING CAPACITY IN

CELLULAR APPLICATIONS

CROSS REFERENCE TO RELATED APPLICATION

This application contains subject matter related
to copending U.S. Patent Application Serial No.
07/882,607, filed May 12, 1992, in the names of Alain
Boudreau et al., entitled "Cellular Communications
System Utilizing Paging Areas," assigned to the
agsignee of the present invention and hereby

incorporated by reference herein.

BACKGROUND OF THE INVENTION
Field Of The Invention

The present invention relates to paging within
cellular communication systems, and more particularly,
to optimizing the allocation of CONTROL CHANNEL paging

capacity in a cellular communication system.
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Cellular radio communications is, perhaps, the
fastest - growing field in the world-wide
telecommunications industry. Its growth has been such
that in recent years the capacity of existing systems
has been severely stressed to serve all of the
subscribers who would 1like to have access to the
system, particularly in major metropolitan areas.
Moreover, cellular radioc technology is currently moving
from analog based systems, in which each subscriber
communications channel is allotted to a single radio
chanhel, to digital based systems in which a plurality
of subscriber channels can be assigned to each radio
channel through time division multiple access (TDMA)
radio technology. In TDMA radio each channel is
divided into a plurality of time slots and a digitized
portion of each subscriber channel is broadcast in a
different time slot.

However, despite the use of digital technology,
such as TDMA, to increase cellular radio system
capacity, the tremendous demand for cellular radio
service is placing other demands on the system. For
example, communication between the- radio base stations
within the system and the mobile stations within the
system are divided into a pluraiity of voice or speech
channels and at least one access or control channel,
which may be either analog or digital and which may
have any data rate. An illustrative one of such access
or control channels is referred to as the forward
control channell(FOCC).

Each mobile station which is operating within a
cellular communications system must be locatable when

a call is received by the system which is intended for

that station. A mobile station is 1located by
/
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broadcasting a paging signal directed to the mobile and
requesting it to respond if it receives the page. When
the mobile broadcasts its page response signal to the
page signal it is then placed on a voice channel by the
base station and the call intended for the mobile can
be connected to it through that voice channel.
Cellular telecommunications systems employ a control
channel such as the forward control channel (FOCC) as
the means by which paging signals are broadcast into
the various cells of the system in order to locate a
particular mobile station. Thus, the more paging
within a system the more radio traffic there is on the
FOCC of the system. The continued subsgriber growth
within cellular systems along with the continued
introduction of additional functionalities within the
system will undoubtedly greatly increase the paging
load within each system and place an even higher demand
for FOCC capacity within each system.

The capacity of the control channel, such as the
FOCC, within a system may be limited because of at
least two reasons. For example, the data rate over
certain forward control channels is restricted to a
rate on the order of 8-10K bits per second which is a
speed limitation imposed by the technology used in that
implementation. Secondly, the control channel must
also be utilized to transmit'other messages to the
mobile stations, including, for example, voice channel
designations, directed retry orders, system ordered
rescan signals and system overhead message trains each
of which use substantial control channel capacity each
time they are transmitted. Thus, there is a
requirement to utilize the control channel capacity in
as an efficient manner as possible in order to spread

its limited capacity across as many functions as
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possible and enable the service of as many subscribers
as possible with the defined resources.

In conventional cellular radio systems, the paging
process within each system is employed to serve not
only its own paging needs but also the paging needs of
the various cooperating exchanges which seek to locate
mobile subscribers within the exchange in response to
call requests within their own exchanges. The paging
process provides the service of attempting to locate a
mobile station's whereabouts within the exchange in
order to set up a call to that mobile station.

More specifically, the paging process in mobile
cellular radio systems attempts to identify the
specific cell containing that mobile, as described
above in connection with the paging process. During
the execution of this process, the mobile switching
center (MSC) searches for the mobile by sending a
sequence of paging messages on the control channel of
the system and awaits a page response. Obviously, the
page message must be transmitted to all of the cell
sites covering the entire service area of the system in
order to ensure that the mobile is located regardless
of where it might be within the system. This implies,
from a processing point of view, that when the use of
paging capacity on all the control channels in the
exchange is required, only one mobile can be paged at
any given time. This limitation on cellular system
capacity has been improved by the definition of
"location areas" (LA's) wherein the entire service area
of an exchange is divided into a plurality of different
location areas. Each LA may consist of one or more
individual cells within the system. Each mobile
informs the system as to its specific LA identification

either periodically or whenever it crosses a location

___-______________——————-——
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area border by means of registration acdess within the
H system. The definition of LA's allows selective paging
within the system thereby conserving paging capacity
resources. That is, if the LA of a mobile station to
5 be located is known then a page message for that mobile
is sent only within that particular LA. As a result of
this modification of the paging process, several
different mobiles, as many as there are location areas,
may be paged simultaneously within the system which

10 greatly increases the paging capacity of the system.
When a page remains unanswered by the mobile
station which is sought, the page must be repeated.
This repetition can be either within a location area
previously paged or within an area surrounding or
15 associated with the location area, referred to as a
paging area (PA), or within the entire service area

(SA) of the system.

The present practice within cellular radio systems
is to employ the paging process to handle incoming page
20 requests on a "first come, first served" basis.
Depending upon whether the location area (LA) of the
requested mobile station is known or not, the amount of
paging capacity.allocated to serve a particular page
request'is the same. That is, if the LA of the mobile
25 station is known then the first page attempt is within
the LA. Otherwise, it is within the service area SA
“which includes all of the LA's within the exchange. If
no response 1is received to the page, the page is
repeated either within the LA itself or within the SA.
30 . In present systems, when the control channel
paging capacity is allocated in response to a page
request, no consideration is given to the origin of the
page request or to the subscriber characteristics or to
the degree of certainty that the subscriber is believed
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to be in a particular location. The practice results
in a substantial waste of the valuable control channel
paging capacity. The system of the present invention
enables optimization of the allocation of FOCC capacity
within a cellular radio system.

SUMMARY OF THE INVENTION

In one aspect of the invention, the paging
capacity of the control channel of a cellular radio
system is allocated in response to the location from
which the paging request originated, the priority of
service of the mobile subscriber being paged, and the
certainty of which the location of the subscriber is
known in order to optimize the use of that capacity.

In another aspect of the invention, mobile
stations within a cellular telecommunication system are
paged by assigning to each page request received by the
system a page request group designation based upon the
characteristics of the page request which may include,
for example, the degree of certainty with which the
location of the mobile station is known, whether the
location area of the mobile sought after is known or
unknoWn, etc. EBach of the received page requests is
assigned a paging extent designation to be associated
with one or more page attempts and representing the
geographic area within the system to which each page
attempt is to be broadcast. Each page attempt is also
assigned a paging priority which may be related, for
example, to the page request group, paging extent
based, and the origih or source of the page request.
Each page attempt 'is then executed within the
telecommunication system in a sequential order based
upon its assigned paging priority. In addition, each
of the page attempts may be stored within a buffer
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memory in a sequential order in accordance with the
paging priority assigned to each of the attempts.

In yet another aspect of the invention, a set of
page request group designations, paging extents and
paging priorities are selectively pre-assigned to each
of a plurality of cooperating exchanges from which the
system expects to receive page -requests. The system
retrieves these pre-assighed paging parameters when a
page request is identified as having been received from
a particular cooperating exchange.

Additionally, a set of default cooperating
exchange page request group designations, paging
extents and paging priorities are stored.  These
default paging parameters are retrieved in response to
a page request wherein the identity of a cooperating
exchange cannot be determined. Further, the paging
priorities assigned to each page attempt are modified
as a function of the priority of sexrvice of the mobile
station to which the page request is directed. For
example, the paging priorities of each page attempt
directed to a mobile station which subscribes to
priority sexvice could be increased. The execution of
page attempts in association with a particular page
request is terminated when a page response is received
from the mobile station being paged or after a pre-
determined period of time has elapsed.

In another aspect of the invention, mobile
stations within a cellular telecommunication system are
paged by defining the amount of paging capacity to be
utilized to execute an incoming page request,
prioritizing the page attempts associated with each
page request and then executing the page attempts based
upon the paging priorities assigned to each pége
attempt. Paging capacities are assigned to the
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incoming page requests based upon the degree of
certainty with which the location of the mobile station
to which the page is directed is known, the relative
cost of executing each of the page attempts within the
system and the origin of the page request.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention for further objects and advantages thereof,
reference may now be had to the following description

" taken in conjunction with the accompanying drawings, in

which:

FIG. 1 is a pictorial representation of alcellular
radio communication system including a mobile éwitching
center, a plurality of base stations, and a plurality
of mobile stations;

FIG. 2 is a Dblock diagram illustrating the
organization of an exemplary cellular radio service
area partitioned into location areas, paging areas, and
service areas;

FIG. 3 is a block diagram illustrating possible
sources of page requests within a cellular radio
system; -

FIG. 4 is a table listing various possible groups
of page requests received by a cellular radio system;

FIG. 5 is a table listing possible paging extents
within a cellular radio system;

FIG. 6 is a table listing exemplary paging
parameter associations within the cellular radio
system;

FIG. 7 is a flow chart illustrating the manner in
which paging parameters are assigned corresponding to
the identity of the originating cooperating exchange;
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FIG. 8a-8b is a flow chart illustrating the manner
in which designated paging parameters are applied to
page requests coming into the system; and

FIG. 9 is a diagram illustrating the handling of
page requests in accordance with the system of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring first to FIG. 1, there is illustrated a
conventional cellular radio communications system of
the type to which the present invention generally
pertains. In FIG. 1, an arbitrary geographic area may
be divided into a plurality of contiguous radio
coéerage areas, or cells C1-Cl0. While the system of
FIG. 1 is illustratively shown to include only 10
cells, it should be clearly understood that in
practice, the number of cells will be much larger.
Associated with and located within each of the
cells Cl1l-Cl0 is a base station designated as a
corresponding one of a plurality of base stétions B1-
B10O. Each of the base stations B1-B10 includes a
transmitter, a receiver, and base station controller as
are well known in the art. In FIG. 1, the base
stations B1-B10 are illustratively located at the
center of each of the cells C1-Cl0, respectively, and
are equipped with omni-directional antennas. However,
in other configurations of a cellular radio system, the
base stations B1-B10 may be located near the periphery,
or otherwise away from the centers of the cells Cl1-Cl0
and may illuminate the cells C1-C10 with radio signals
either omni-directionally or directionally. Therefore,
the representation of the cellular radio system of FIG.
1 is for purposes of illustration only and is not
intended as a limitation on the possible
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implementations of ‘the cellular radio system within
which the system " of the present invention is
1mplemented

With contlnulng reference to FIG. 1, a plurality
of mobile stations M1-M10 may be found within the cells
C1-C10. Again, only 10 mobile stations are shown in
FIG. 1 but it should be understood that the actual
number of mobile stations will be much larger in
practlce and will invariably greatly exceed the number
of base stations. Moreover, while none of the mobile
stations M1-M10 may be found in some of the cells Cl-
C10, the presence or absence of the mobile stations Ml-
M10 in any particular one of the cells Ci-Cl0 should be
understood to depend, in practice on the individual
desires of the mobile stations M1-M10 who may roam from
one location in the cell to another or from one cell to
an adjacent cell or neighboring cell, and even from one
cellular radio system served by an MSC to another such
system.

Each of the mobile stations M1-M10 is capable of
initiating or receiving a telephone call through one or
more of the base stations B1-B10 and a mobile switching

" center MSC. A mobile switching center MSC is connected

by communication links, e.g., cables, to each of the
illustrative base stations B1l-B10 and to the fixed
public switched telephone network PSTN, not shown, or
a similar fixed network which may include an integrated
system digital network (ISDN) facility. The relevant
connections between the mobile switching center MSC and
the base stations B1-B10, or between the wmobile
switching center MSC and the PSTN or ISDN, are not
completely shown in FIG. 1 but are well known to those
of ordinary skill in the art. Similarly, it is also
known to include more than one mobile switching center

___————’_/
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in a cellular radio system and to connect each
additional mobile switching center to a different group
of base stations and to other mobile switching centers
via cable or radio links.

Each of the cells C1-Cl0 is allocated a plurality
of voice or speech channels and at least one access or
control channel, such as a forward control channel
(FOCCQC) . The control channel is used to control or
supervise the operation of mobile stations by means of
information transmitted to and received from those
units. Such information may iﬁciude incoming call
signals, outgoing call signals, page signals, page
response signals, location registration signals, voice
channel assignments, maintenance instructions, and
"handoff" instructions as a mobile station travels out
of the radio coverage of one cell and into the radio
coverage of another cell. The control or voice
channels may operate either in an analog or digital
mode or a combination thereof. '

Referring next to FIG. 2, there is shown a block.
diagram of an illustrative cellular radio system served
by a particular MSC in which the cells, illustrated in
FIG. 1, are organized into groupings to enable the more
efficient utilization of the system resources. In FIG.
2, there are defined a plurality of location areas 101,
illustratively shown as being thirty-two in number and
numbered 0-31. Each location area (LA) 101 may include
one or more individual cells. In addition, each
location area 101 is surrounded by an additional
grouping of location areas which together comprise a
paging area (PA) 102. For example, the paging area 102
surrounding location area "3" includes location areas
i, 2, 3, 13, 14, 15, 4, 5 and 0. Finally, all of the
location areas 101 taken together comprise the service

" ‘This Sheet Has Been Replaced

IIII IIII" "Il III III: 3 THIS SHEET HAS BEEN

REPLACED




10

15

20

25

30

-12-

area (SA) 103 of the system. The grouping of location
areas into paging areas and the use thereof in
enhancing paging efficiency in a cellular communication
gystem may be as set forth in copending U.S. Patent
Application Serial No. , filed

— in the names of Alain Boudreau et al. entitled
tCellular Communications System Utilizing Paging
Areas," assigned to the assignee of the present
invention and incorporated by reference herein.

As shown in FIG. 2, the entire service area SA 103
is divided into many different location areas LAs 101,
for example, the thirty-two as illustratively shown in
the figure. Each mobile station informs the system of
its current LA identification number by broadcasting
that identification number either periodically or
whenever the mobile crosses a location area border and
is caused to do so by known registration access
processes. The definition of the location areas 101
allows selective paging within the system. That is, if
the 1location area of a particular mobile station
desired to be located is known then the paging message
is only sent within that particular locatién area.
Thus, as many as thirty-two mobile stations may be
paged simultaneously within the service area 103,
illustratively shown in FIG. 2.

An unanswered page 1is generally repeated.
However, this repetition can be repeated within either
the location area already paged, within the area
surrounding the location area 101, i.e. the paging area
102, or within the entire service area 103. FIG. 2
illustrates the composition of the various paging
fields comprising the location areas 101, paging area
102, and service area 103. For example, if initial

paging is performed within location area "3" and no
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response is obtained, the next page could be broadcast
within the paging area 102 surrounding location area
n3n,  and if still no response is obtained from the
mobile, the paging could be repeated within the entire
service area 103, covering all of the location areas 0-
31. If, however, no particular location area is known
for the mobile which is desired to be located, the
paging must be by definition within the entire service
area 103 including all thirty-two of the location areas
0-31.

It could be observed from FIG. 2 that the breadth
of the paging field, i.e., LA, PA, or SA, generally
represents the extent of Fhe control channel capacity
required to broadcast the paging message to the mobile
within that field. For example, broadcasting a page
within the entire service area requires paging capacity
from all of the base stations in the exchange, while
paging within one paging area requires capacity from
fewer base stations and so forth.

Referring next to FIG. 3, it can be sean that the
request for paging service by an exchange can originate
from various possible sources. For example, a page
request may originate from within the same system 110
pexrforming the paging operation. Additionally, paging
may be requested in response to: calls initiated
through roamer ports 111; calls originating from other
cooperating exchanges or other networks 112 coupled
through a home location register 113; calls originating
from EIA exchanges or networks 114; calls from other
non-home location register sources 115; and calls from
the PSTN 116. It is very likely that a particular
operator of a cellular system may wish to allocate a
certain priority to the execution of a page request as
a function of the source from which the page request

Sheet Has Been Replaced

Timiw |



)

10

15

20

25

30

-14-

was received. That is, an operator may find that an
inordinate number of page requests are being received
from a particular cooperating exchange with a
correspondingly very small number of resultant page
responses being received from mobiles in reply to those
requests. This might indicate that that particular
cooperating exchange is being less attentive to the
igssuance of accurate page requests thus making it
economically desirable to limit the priority of the
page requests received from such an exchange.

It is also understood that particular mobile
subscribers may be allotted various classes of service.
For example, certain subscribers, e.g., emergency
vehicles, ma& wish to obtain the very highest priority
in being located within the system in response to an
incoming call. Such subscribers who are paying for an
enhanced class of service with respect to priority of
location should be accorded a high level of priority
when page requests are being allocated for execution
within the system.

It should be understood that the factors
influencing paging extents or priorities may include
others in addition to those listed above and the scope
of the present invention is not limited to those
specifically given herein as being exemplary.

Finally, there are varying levels of certainty
within which the location of a mobile station may be
known within a system. For example, a subscriber's
location 'designation may be a recently verified
location, e.g., as a result of a recent registration,
in which case the mobile station is very likely to
answer a page broadcast to that location. Such a
location is referred to as the most probable location.

) Alternatively, - the basis for a belief in the
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anticipated location of a mobile station may result
from multiple registrations or from location updating
of the mobile's position in which case the likelihood
of getting the mobile's response to a page in the
5 anticipated location is considerably less.
Accordingly, the goal of optimizing the use of paging
resources renders it desirable -to allocate the
execution of a page request to the most probable
location of each of the desired mobiles within the
10 system.
| Overall, the system of the present invention
overcomes numerous drawbacks inherent in the current
technique of allocating paging capacity in accordance
with a "first come, first served" basis. ' These
15 drawbacks include:

(a) Page requests directed to known location
areas are not treated fairly if the exchange is at the
same time busy servicing requests with unknown location
areas, that is, engaged in service area paging. Paging

20 capacity should be allocated first to pages where the
mobiles are most likely to respond to the page.

(b) If one cooperating communications
network is generating too many page requests within the
cellular system for which the mobile response rate is

25 low, those actions will have repercussions on the
response rate obtained from the page requests generated
by the other networks since the available paging
capacity to them is reduced. Failure to exert control
over the amount of paging capacity allocated to various

30 Eelecommunications networks which generate page
requests within a cellular system results in
inefficient operation of that system.

(c) Priority subscribers do not receive a
fair service response since page requests directed to
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them receive no special priority over page requests
directed to other subscribers. In addition, the paging
capacity used to serve non-priority subscribers may
also be utilized in vain since they can be denied a
voice channel even after broadcast of a successful page
response.

The system of the present invention optimizes page
response rate while utilizing minimum capacity within
the control channel of the system. This is
accomplished by means of formulating an approach
whereby the extent of the paging capacity of the system
to be used by an incoming page request is defined and
the relative importance of the various page attempts is
expressed and implemented. Any incoming page requests
are then allowed to use the pre-allocated paging
capacity and the order in which the page requests
receive paging service is assigned in accordance with
their relative importance.

In conceptualizing the approach taken by the
present exemplary embodiment of the present invention
it is assumed that the degree of certainty with which
a mobile is believed to be in a given location can be
expressed as either the most probable location or an
alternative location. One exemplary embodiment of the
present system may include eight levels of paging
priority with page attempts having a priority value of
seven being the highest priority and page attempts with
a priority value of zero the lowest. The paging
priority of a subscriber is adjusted in accordance with
the priority wvalue assigned to the gsubscriber, i.e.,
their paging priority is either increased or decreased
accordingly. 1In this exemplary embodiment, priority
subscribers receive an increase in priority wvalue of,

for example, one priority value. The goal is to
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determine the paging extent and the priority for each
page request. The first step in this procedure is to
classify incoming page requests into groups as a
function of the page request characteristics, for
example, the certainty with which the location of the
mobile is known. A possible list of page request
groups classified in this way is shown in FIG. 4.

The allocation of paging capacity within the
system of the invention is defined by means of "paging
extents" which are used to identify the various paging
fields available, i.e., LA, PA, or SA, that are to be
associated with each paging attempt. Implicitly, such
a system also defines the number of paging attempts to
be performed by the system as illustrated for typically
representative values in FIG. 5. For example, as shown
in FIG. 5, paginé extent #3 (LA, LA, PA) specifies that
there are to be three successive page attempts with the
first two attempts occurring within the given location
area LA and the third one within the paging area PA.
Whereas, in paging extent #9 (SA, PA) two attempts are
specified with the entire service area SA being paged
first and then the paging area PA being paged second.

It should also be noticed that the relative
importance of the various paging attempts is expressed
by means of a "weight" referred to as a "paging
priority." The assignment of paging priorities to the
various page requests is based upon several factors
related to the economics of the cellular system. These
factors include:

) (a) the cost of the paging, e.g., location
area paging is generally less expensive and may be
given higher priority over service area paging;

(b) the number of previous page attempts,
e.g., the third attempt may receive a higher priority

-
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over the second attempt and the second attempt over the
first attempt, etc.;

(c) the origin of the page request, e.g., it
may be preferable to handle requests from certain
cooperating exchanges with lower priority, particularly
when another operator is generating an excessive number
of paging requests with a low degree of responses
thereto; and

(d) priority subscribers, i.e., a priority
subscriber should be given a higher priority than non-
priority subscribers.

Thus, for a given page request, the determination
of the paging extents and the paging priorities within
the system of the present invention is based upon the
following criteria:

(a) subscriber characteristics;

(b) page request characteristics; and

(c) the origin of the page request.

The system operator is enabled by the method and
system of the present invention to control each of
these separate parameters in accordance with the
factors which he considers most important in- his
particular circumstances. _

As discussed above, one embodiment of the system
of the present invention assumes that the degree of
certainty that a mobile station is believed to be in a
given location is expressed as either the most probable
location or an alternative location and that there are,
for example, eight possible levels of paging priority
to be accorded to the paging of a particular mobile.
Page attempts with a priority value of 7 are to have
the highest priority while page attempts with priority
value of 0 are to have the lowest priority. In
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addition, the priority subscribers are to be given an
increase in their paging priority value of 1.

In accordance with this embodiment of the system
of the present invention the paging extent and the
paging priority of a paging request are determined as
follows:

First, an incoming paging request is classified
into one of several groups depending upon the request
characteristics. Such characteristics may include, for
example, whether or not the location area (LA) of the
mobile being sought is known and the degree of
certainty with which the actual location of the mobile
is known. It should be understood that these requested
characteristics can be expanded and not limited to
these two alone. FIG. 4 shows an illustrative possible
list of groups, referred to as page request groups
(PRG), and can be illustratively classified in four
subgroups. PRGO is one in which the location area of
the mobile being sought is known and that this location
is the most ©probable 1location. PRG1 is a
classification in which the specific LA is unknown yet
this area is believed to be the most probable location
for the mobile. Similarly, PRG2 is one in which the
location area is known, however, this is an alternative
location at which the mobile may be found. Finally,
PRG3 is one in which the location area is unknown and
this is also an alternative location.

Next, within the system a set of p0551ble paging
extents representing the various paging costs within
the cellular system is defined. Referring to FIG. 5,
paging extents 0-11 are illustrated with paging extent
0 comprising no paging fields, paging extent 1
including only a first field comprising the location
area; paging extent 2 includes two successive pages
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both of which are limited to the location area, and so
forth with paging extent 11 being two successive pages
in the entire system area.

Paging extents and paging priorities are then
assigned to the various cooperating exchanges within
the cellular system network depending upon the page
request groups. FIG. 6 illustrates a table of
assignments of possible paging parameter association
values. For example, page requests originating from
Chicago system 1 which fall under page request type 2
and receive a paging extent #4 (LA, LA, SA) are
assigned paging priorities 7, 7 and 1, respectively for
each paging attempt.

During the execution of the paging process the
system of the present invention serves incoming page
requests according to the priority value assigned to
the particular paging parameters. By way of further
illustration, if a page request originates £rom
Chicagol with a known LA, and the location is a most
probable one, and the subscriber being searched for is
a priority subscriber, the request will fall under
PRGO . The paging process, therefore, will select
paging extent #3 (LA, LA, PA) with paging priorities of
4, 5 and 5, respectively. In addition, since the
subscriber is a priority-subscriber, each paging
priority will be increased by 1 résulting in priorities
5, 6 and 6, respectively for each of the three page
attempts. The first page attempt will wait for its
paging service in an appropriate page request buffer
according to the paging priority "5." When its turn
for sending the page message comes, that message will
be broadcast on the FOCC within the location area
paging field. If a page response is not received
within a predetermined time period, paging is repeated
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for the next page attempt, i.e., again within the
location area, with a priority of 6, and so forth. 1In
the meantime, if another request with similar
characteristics arises from Toronto2, then the paging
extent #4 (LA, LA, SA) would be selected with paging
priorities 6, 6 and 3, which is then increased to 7, 7
and 4, respectively, because of the sought for
subscriber with priority service. The page request is
translated into page attempts and placed into buffers
to be served in accordance with the assigned priority
of each. |

Implementation of the system of the present
invention involves two phases, the definition of paging
parameters by a system operator and the retrieval,
dynamic alteration and application of related paging
parameters during the paging process. The system may
supply default wvalues for all cooperating exchanges
when this feature is introduced initially, or
thereafter to those cooperating exchanges to which
paging parameters have not be assigned.

First, the system operator is required to define
certain fundamental parameters which best suit the
particular network configuration within which the
system is functioning. This includes four basic
decisions:

1. Identification and definition of the required
page request groups which is usually done with the help
of the system designer.

2. Identification and definition of the possible
paging fields which make up the paging éxtents, which
is also usually done with the assistance of the system
designer.

3. Assembly of a list of paging extents using the
possible paging fields.

e
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4. Determination of the paging priority strategy
by analyzing the characteristics of the page request
and the various paging extents. That is, a
determination of the paging priority values that are to
be associated with the related page attempts and an
examination of how these values can be changed in order
to serve the various cooperating exchanges.

Second, the system operator is required to assign
paging parameters to the desired cooperating exchanges.

Finally, the system operator defines the default
paging parameters for the "own exchange" conditions.
That is, the parameters to be used whenever the
cooperating exchange identity is not available, e.g.,
where calls originate/terminate in the same exchange.

During the paging process the assigned parameter
values are automatically retrieved and applied by the
system to optimize the utilization of the paging
capacity of the control channel.

The flow chart of FIG. 7 illustrates how the
system of the present invention implements the
assignment of paging parameters to the various page
requests based upon the various factors discussed
above. The proéedure begins at 148 and at 150 the
identity of the cooperating exchange to which the
paging parameters are to be defined is determined.
Thereafter, at 152 a page request group (PRG) is
selected, and at 154 a desired paging extent (PE) is
assigned to the selected PRG for that particular
cooperating exchange. At 156, the system asks whether
the assigned paging exteﬁt contains any paging fields.
If not, the system moves to 170 and asks whether there
are any more cooperating exchanges to which paging
parameters are to be defined. If not, the system moves
to 172 and the procedure ends. If, however, there are
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additional cooperating exchanges to be processed, the
system returns to 150 to implement the above procedure
from the beginning for the next cooperating exchange to
which paging parameters are to be assigned.

If at 156 the paging extent assigned to the
selected PRG for the particular cooperating exchange
being processed does contain paging fields, the system
moves to 158 and assigns a selected paging priority to
the first page attempt within the paging field of that
particular paging extent. The procedure next moves to
160 and asks whether the assigned paging extent defines
a second page attempt. If not, the system moves to 168
and asks whether there are any more page request groups
to which paging parameters'%re to be defined and, if
not, to 170 and asks whether there are any more
cooperating exchanges to which paging parameters are to
be defined and, if not, the procedure ends at 172.
Again, if additional exchanges to be processed do
exist, the procedure returns to 150 to begin the
process anew for the next cooperating exchange. TIf,
however, at 160 the paging extent is found to define a
second page attempt, the procedure moves to 162 where
a desired paging priority is assigned to the second
page attempt. Thereafter, at 164 the procedure asks
whether the paging extent defines a third page attempt

- and, if not, the procedure bypasses step 166 and

proceeds to 168. If at 164 the paging extent does
define a third page attempt, the procedure moves to 166
wherein a desired paging priority is assigned to the
third page attempt.

At 168 the system asks whether or not there are
any more page request groups to which paging parameters
are to be defined. 1If so, the system returns to 152 to
continue the procedure for the next page request group.

I
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If at 168, there are not any more page request groups
to which paging parameters are to be defined, the
system wmoves to 170 and asks whether any more
cooperating exchanges exist to which paging parameters
are to be defined. If yes, the system will return to
150 and, if not, the procedure ends at 172.

As can be seen, the procedure shown in the flow
chart of FIG. 7 enables the operator of a cellular
system containing the system of the present invention
to initially select and define the paging parameters to
be employed within the system. One set of parameters
is defined for each cooperating exchange which is to
interface with the operator's system.

Referring next to the flow chart of FIG. 8a-8b, it
is there illustrated how the system of the present
invention applies the designated paging parameters
gelected and defined in accordance with the procedures
of FIG. 7 to a page request coming into the system.
The procedure begins at 180 and at 182 an'incoming'page
request is accepted into the system. Thereafter, at
184 the accepted page request is classified into one of
a plurality of page request groups based upon the
characteristics of the page request. Next, at 186 the
system asks whether the page request identifies from
which cooperating exchange it originates. If yes, the
system then asks at 188 whether there are any paging
parameters already defined for this particular page
request type and this particular cooperating exchange.
If yes, at 192 the set of previously defined paging
parameters are retrieved. If, however, the answer is
no at 188, the system retrieves a set of default values
instead. Thereafter, in both cases the system proceeds
to 196. Referring back to the ihquiry at 186, if the

page request does not identify from which cooperating
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exchange it originates, the procedure proceeds to 190
where the paging parameters defined to serve the
operator's "Own Exchange" are retrieved, and the system
proceeds to 196 also. At 196, the system has
established a set of paging parameters to be associated
with the page request being processed, either those
assigned to a cooperating exchange by the operator,
cooperating exchange default values or values
associated with page requests from the operator's own
exchange. The system then asks whether the paging
extent value within the paging parameters contains any
paging fields. If not, the system proceeds to 198 to
reject the page request, moves to 200 and returns to
180 to again begin the procedure for the next incoming
page request.

If at 196, the paging extent does contain paging
fields, the system proceeds to 202 where the system
adjusts the paging priority if the system subscriber
being sought by the page request is a "priority
subscriber." The system maintains a table containing
the adjustment values by which a paging priority is to
be adjusted (increased or decreased), for each of a
plurality of assigned T"subscriber priorities.™
Thereafter, the system moves to 204 where the page
attempt is initialized by the acceptance of a paging
field. At 206, the page attempt is placed in an
appropriate system buffer according to the paging
priority established for that page attempt. In this
buffer, a page attempt awaits its turn to be broadcast
within the system, i.e., for orders to air the paging
message given to all of the base stations involved in

the defined paging field. Higher priority page

"attempts contained within the system buffer are

serviced before lower priority page attempts.

[
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At 208, paging orders are transmitted towards the
base stations carrying the associated paging
priorities. Thereafter, at 210, and at the control
channel within the base station, the page message is
placed in one of two buffers, either "Stream A" or
"Stream B," according to the paging priority. The
particular buffer is selected depending on the least
significant bit of the identification number (even or
odd) of the mobile stétions being paged. Next, at 212,
the control channel selects from the Stream A/Stream B
buffers the higher priority page messages before the
lower priority page messages .and broadcasts the page
message for the sought after mobile into the system.
At 214, the page response'time supervision is begun at

‘the MSC when the page order towards all involved base

stations is given. The page attempt is then considered
to be in a "waiting for page response" state. The
gsystem proceeds to 216 where it asks during the
"waiting for page response" state whether the desired
mobile station has disclosed its location by responding
to the page. If yes, the system moves to 220 where the
paging process terminates with the receipt of a
successful page response. The system then moves to 224
where it returns to 180 to restart the procedure for
the next incoming page request. If, however, at 216
the desired mobile station does not disclose its
location by responding to the page attempt, the system
asks at 218 whether another page attempt has been
defined. If yes, the system returns to 204 to
initialize this second page attempt. If at 218 another
page attempt is not defined, the procedure moves to 222
where the paging process terminates without success
and, at 224 the system returns to 180 to restart the
procedure for the next incoming page request.
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As illustrated in FIG. 8, the system of the
present invention utilizes the various paging
parameters which have been assigned by associating
selected ones of them with each page request. This
provides a priority to each page attempt which is used
to allocate system paging facilities, such as FOCC, in
accordance with the goal of optimizing the use of those
facilities.

Referring now to FIG. 9, there is shown an overall
illustrative diagram depicting the handling of page
requests by the system in the present invention. At
node 250, the system accepts an incoming page request
along with its particular characteristics and
determines the designation of a page request group.
The page request, along with its associated page
request group designation, proceeds to node 252 at
which the system determines whether the identity of the
cooperating exchange from which the page request
originated is available. If not, the system will
retrieve the paging parameters defined to serve the
"Own Exchange." If the identity of the cooperating
exchange is available, the system will either retrieve
the paging parameters defined for that particular
originating cooperating exchange or retrieve
preselected default values supplied by the system if
paging parameters have not been defined for that
particular cooperating exchange. The page request and
its associated paging parameters proceeds to node 253
where the  paging parameters are combined with the
subscriber characteristics, such as subscriber
priority, and becomes a page attempt which is
transmitted to the MSC 254 and placed in the paging
buffers associated with the appropriate location areas.
There is one buffer for each location area. The MSC
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254 then transmits the page attempt from each of the
appropriate buffers to their associated location areas
260 within the region being paged. These page attempts
are sent to each base station 256 within each location
area 260. At each control channel, there are two
buffers 258, stream A and stream B, which are utilized
to place the page attempts into the control channel
(FoCcC) for broadcast according to the assigned page
attempt priorities. The MSC 254 enters and remains in
a state of waiting for a page response from the time a
page order is sent to the base stations. If no page
response is received within a designated time period
the MSC 254 will reset itself and await new page
attempts.

As can be seen from the above description, the
present invention enables page requests to be handled
by a cellular system in a logical and orderly manner
based upon the economic realities of system operation.
It enables optimized use of system resources, such as
control channel (FOCC) space allocation, and at the
same time enables the system operation to be highly
responsive to paging requests which merit such
treatment.

It is believed that the operation and construction
of the present invention will be apparent £from the

. foregoing description. While the method and apparatus

shown and described has been characterized as being
preferred, obvious changes and modifications may be
made therein without departing from the spirit and

‘scope of the invention as defined in the following

claims.
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WHAT IS CLAIMED 1S:

1. A method of paging mobile stations within a

cellular telecommunications system comprising:

assigning to each page request received by said
system a page request group designation based upon the
characteristics of the page request; gaid
characteristics of said page request include the degree
of certainty with which the location of the mobile
station to which the page is directed is known;

assigning to each of said page requests received
a paging extent designation to be associated with oné
or more page attempts and representirng the geographic
area within the system to which each page attempt is to
be broadcast; _

assigning to each page attempt in response to said
page request a paging priority which is related to the
page request group and extent of the page request upon
which it.is based; and

executing each ©page attempt within said
telecommunications system in a sequential order based

upon its assigned paging priority.

2. A method of paging within a cellular
telecommunication system as set forth in claim 1 in
which said characteristics of aid page request include
the degree of certainty with which the location of the
mobile station to which the page is directed is known.

3. A method of paging within a cellular
telecommunication system as set forth in claim 1 which
includes the additional step of:

storing each of said page attempts within a buffer
memory in sequential order in accordance with the

paging priority assigned to said attempts.
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4. A method of paging within a cellular

telecommunication system as set forth in claim 1 in
which a set of page request group designations, paging
extents and paging priority parameters are selectively
preassigned to each of a plurality of cooperating
exchanges from which said system expects to receive
page requests and which also includes:

retrieving said preassigned. paging priority
parameters in response to identif.ication of a page
request as having been received from a particular

cooperating exchange.

5. A method of paging within a cellular
telecommunication system as set forth in claim 4_in
which a set of default cooperating exchange page
request group designations, paging extents and paging
priority parameters are stored and which also includes:

retrieving said default paging priority parameters
in response to a cooperating exchange the identity of
which cannot be determined.

6. A method of paging within a cellular
telecommunication system as set forth in claim 1 which
includes the additional step of:

modifying the paging priorities assigned to each
page attempt as a function of the priority of service
of the mobile station to which the page request is
directed.

7. A method of paging within a cellular
telecommunication system as set forth in claim 6 in
which:

said paging priorities are modified by increasing

or decreasing the paging priority of each page attempt

A
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directed to a mobile station which subscribes to
priority service.

8. A method of paging within a cellular
telecommunication system as set forth in claim 1 in
which:

each page request is assigned a paging extent
containing a plurality of page attempts and each
attempt is directed to either a location area, a paging
area or a system area.

9. A method -of paging within a cellular
telecommunication system as set forth in claim 1 in
which a set of own exchange page request group
designations, paging extents and paging priority
parameters are stored and which also includes:

retrieving said own exchange paging parameters in
response to identification of a page request as not
having been received from a cooperating exchange.

10. A method of paging within a cellular
telecommunication system as set forth in claim 1 which
also includes:
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association with a particular page request in response
to the receipt of a page response from the mobile
station being paged.

11. A method of paging within a cellular
telecommunication system as set forth in claim 4 in
which said sets of page request group designations,
paging extents and paging priority parameters are
gelectively preassigned to each of said plurality of
cooperating exchanges based upon prior experience with
the percentage of page responses received from mobile
stations in response to page requests generated by said
exchanges. '

12. A method of optimizing the allocation of
control channel resources within a cellular
telecommunications system comprising:

receiving page .réquests directed to mobile
stations within said sYstem;

assigning a paging priority to a page attempt to
be executed within said system in response to each of
said requests based upon the expected probability of
receiving a response from the mobile station to which
the page request is directed; and

executing each of said page attempts on the
control channel of said system in sequential order
based upon the paging priority assigned to it.
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13. A method of optimizing the allocation of
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control channel resources within a cellular
telecommunications system as set forth in claim 12
wherein said step of assigning a paging priority of a
page attempt includes the steps of:

assigning to each page request received by said
system a page request group designation based upon the
characteristics of the page request; degree of
certainty with which the location of the mobile station
to which the page is directed is known;

assigning to each of said pagelrequests received
a paging extent designation to be associated with one
or more page attempts and representing the geographic
area within the system to which each page attempt is to
be broadcast; and

assigning to each page attempt in response to said
page request a paging priority which is related to the
paging group and extent of the page request upon which
it is based.

14. A method of optimizing the allocation of
control channel resources within a cellular
telecommunications system as set forth in claim 13 in
which said characteristics of said page request include
a degree of certainty with which the location of the
mobile station to which the page is directed is known.

15. A method of optimizing the allocation of
forward channel resources within a cellular
telecommunications system as set forth in claim 13 in
which said step of executing said page attempts
includes: _

storing each of said paging attempts in a buffer
memory for execution in sequence'in accordance with the

paging priority assigned thereto.
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cellular telecommunications system comprising:

means for assigning to each page request received
by said system a page request group designation based
upon the characteristics of the page request;

means for assigning to each of said page requests
received a paging extent designation to be associated
with one or more page attempts and representing the
geographic area within the system to which each page

‘attempt is to be broadcast;

means for assigning to each page attempt in
response to said page request a paging priority which
is related to the paging group and extent of the page
request upon which it is based; and

means for executing each page éttempt within said
telecommunications system in a sequential oxrder based
upon its assigned paging priority.

17. A system for paging within a cellular
telecomnmunication system as set forth in claim 16 in
which said page request characteristics include the
degree of certainty with which the location of the
mobile station being sought is known.

18. A system for paging within a cellular
telecommunication system as set forth in claim 16 which
also includes:

heans for storing each of said page attempts
within a buffer wmemory in sequential order in
accordance with the paging priority assigned to said
attempts.

19. A system for paging within a cellular
telecommunication system as set forth in claim 16 in
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which a set of page request group designations, paging
extents and paging priority parameters are selectively
preassigned to each of a plurality of cooperating
exchanges from which said system expects to receive
page requests and which also includes:

means for retrieving said preassigned paging
priority parameters in response to identification of a
page request as having been received from a particular
cooperating exchange.

20. A system for paging within a cellular
telecommunication system as set forth in claim 19 in
which a set of default cooperating exchange page
request group designations, paging extents and paging
priority parameters are stored and which also includes:

means for retrieving said default paging priority
parameters in response to a cooperating exchange the
identity of which cannot be determined.

21. A system for paging within a cellular
telecommunication system as set forth in claim 16 which
also includes:
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means for modifying the paging priorities assigned
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to each page attempt as a function of the priority of
service of the mobile station to which the page request
is directed.

22, A system for paging within a cellular
telecommunication system as set forth in claim 21 in
which:

said paging priorities are modified by increasing
or decreasing the paging priority of each page attempt
directed to a mobile station which subscribes to
priority sexrvice.

’ .

23. A system for paging within a cellular
telecommunication system as set forth in claim 16 in
which:

each page request is assigned a paging extent
containing a plurality of page attempts and each
attempt is directed to either a location area, a paging
area or a system area.

24. A sgystem for paging within a cellular
telecommunication system as set forth in claim 16 in
which a set of own exchange page request group
designations, paging extents and paging - priority
parameters are stored and which also includes:

means for retrieving said own exchange paging
priority parameters in response to identification of a
page request as not having been received from a
cooperating exchange.

25. A system for paging within a cellular
telecommunication system as set forth in claim 16 which
also includes:
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means for terminating the execution of page
attempts in association with a particular page request
in response to the receipt of a page response from the
mobile station being paged.

26. A system for paging within a cellular
telecommunication system as set forth in claim 19 in
which said sets of page request group designations,
paging extents and paging priority parameters are
selectively preassigned to each of said plurality of
cooperating exchanges based upon prior experience with
the percentage of page responses received from mobile
stations in response to page requests generated by said
exchanges.

27. A system for optimizing the allocation of
control channel resources within a cellular
telecommunications system comprising:

means for receiving page requests directed to
mobile stations within said system;

means for assigning a paging priority to a page
attempt to be executed within said system in response
to each of said requests based upon the expected
probability of receiving a response from the mobile
station to which the page request is directed; and

means for executing each of said page attempts on
the control channel of said system in sequential order
based upon the paging priority assigned to it.

~.28. . A system for optimizing the allocation of
control  channel resources within a cellular
telecommunications system as set forth in claim 27
wherein said means for assigning a paging priority of
a page attempt includes:
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means for assigning to each page request received
by said system a page request group designation based
upon the characteristics of the page request; the
degree of certainty with which the location of the
mobile station to which the page is directed is known;

means for assigning to each of said page requests
received a paging extent designation to be associated
with one or more page attempts and representing the
geographic area within the system to which each page
attempt is to be broadcast; and

means for assigning to each page attempt in
response to said page request a paging priority which
is related to the paging type and extent of the page
request upon which it is based.

29. A system for optimizing the allocation of
control channel resources within a cellular
telecommunications system as set forth in claim 28 in
which said characteristics of the page request include
the degree of certainty with which the location of the
mobile station to which the page is directed is known.
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30. A sYstem for optimizing the allocation of

P39

control channel resources within a cellular
telecommunications system as set forth in claim 28 in
which said means for executing said page attempts
1ncludes- _

means for storlng each of said paging attempts in
a buffer memory for execution in sequence in accordance
with the paging priority assigned thereto.

31. A method for optimizing the allocation of
control channel resources in the execution of paging
attempts in response to page requests within a cellular
telecommunication system comprising:

Classifying page requests into groups based upon
the characteristics of each request;

assigning a wvalue to various possible paging
patterns based upon the relative costs of execution of
said paging patterns;

assigning paging priorities to each of said page
requests based upon its associated characteristics and
the value of the requested paging pattern; and

executing page attempts in response to each of
said page requests in a Sequential order according to
said assigned priorities.

32. A method for optimizing the allocation of
control channel resources within a cellular
communication system as set forth in claim 31 wherein
one of the characteristics of said groups include
information related to the certainty with which the
location of the mobile station sought in said page
request is known.
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33. A method for optimizing the allocation of

control channel resources within a cellular
communication system as set forth in claim 32 wherein
some of said groups include information related to the
source of said page request.

_ 34. A method for optimizing the allocation of
control channel resources within a cellular
communication system as set forth in claim 31 wherein
said paging patterns include the directing of page
attempts into different geographic regions within said
system comprising location areas, paging areas and
system areas. ,

35. A method for optimizing the allocation of
control channel resources within a cellular
communication system as set forth in claim 34 wherein

the more economically efficient ones of said paging

patterns are given preference over the others when

agsigning said values.

36. A method of paging mobile stations within a
cellular telecommunications system having a control
chanmel with a defined message handling capacity, said
method comprising:

defining the amount of control channel capacity to
be utilized to execute each incoming page request;

prioritizing the page attempts associated with
each of said page requests; and

executing said page attempts based upon the paging
priorities assigned to each of said page attempts.

37. A method of paging mobile stations within a

cellular telecommunications system as set forth in
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claim 36 wherein said step of defining the amount of
paging capacity further includes:

assigning said control channel capacities to said
incoming page requests based upon the characteristics
of the page request, degree of certainty with which the
location of the mobile station to which the page is
directed is known, the relative costs of executing each
of said page attempts within the system and the origin
of said page request.

38. A method of paging mobile stations within a
cellular telecommunications system as set forth in
claim 37 wherein said characteristics of the page
request inélude the degree of certainty with which the
location of the mobile station to which the page is
directed is known.

39. A method of paging mobile stations within a
cellular telecommunications system as set forth in
claim 37 wherein said step of prioritizing said page
attempts further comprises:

modifying said paging priorities assigned to each
of said page attempts based upon the priority of
service of the mobile station to which said page
request is directed.
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