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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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CROSS REFERENCE TO RELATED APPLI CATION  This application contains subject
natter related to U S. Patent No. 5,369, 681 i ssued:Novenber 29, 1994, in
tthe nanmes of Al ain Boudreau et al., entitled "Cellul ar - Conmuni cati ons

System Utilizing Paging Areas," assigned to the assignee of the
present application. '
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i r he Pri Ar

Cellular radio communications is, perhaps, the

x)

fastest - growing field in the world-wide
telecommunications industry. Its growth has been such
5 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
10 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)
15 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,
20 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
25 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
30 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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q}her demands on the systen1 For exanpl e, conmmuni cation between the radio
base stations within the systemand the nobile stations within the systen1'
are divided into a plurality of voice or speech channels and at |east one
access or control channel, which may be either analog or digital and which
nmay have any data rate. An illustrative one of such access or control
_chapnels is referred to as the forward cofttol channel (FOCO) . Each
nqbllg s}atlonbrhlch is operating within a cellular conmunications system
nmust be | ocat abl e ' :
to ennga particular location. The practice results

7 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

5 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
10 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.
15 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,
20 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
25 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
30 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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cal'l is received by the systemwhich is intended for that station. A nobile .
station is |ocated by broadcasting«a paging signal directed to the nobile
and requesting it to respond if it receives the page. Wen the nobile
br.oadcasts its page response signal to the page signal it is then placed on
a voi ce channel by the base station and the call intended for the nobile
can be connected to it through that voice ¢hannel . Cel I ul ar

t el econmuni cati ons systens enploy a control channel such as the forward

control chamel Ae%0) B MBI, Brid PR PRb RIS R BRI
station. 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
5 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
10 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

15 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

20 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

25 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

30 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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Thus, the nore paging within a systemthe nore radio traffic there is on
theé FOCC of the system The conti nued subscriber growth within
cellular systens along with t he conti nued i nt roduction of

addi'tional functionalities wthin the system wll wundoubtedly greatly

i ncrease the paging |oad within each systen&and
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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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pl ace an even hi gher denand for FOCC capacity within each system
The capacity of the control channel, -such as the FOCC, within a system may
be limted because of at | east
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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
S 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
10 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
15 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
20 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
25 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
30 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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two reasons. For exanple, the data rate over certain forward contro
channels is restricted to a rate on the order of 8-10K bits per second
which is a speed Iimtation inposed by the technol ogy used in that
|nplenentat|on Secondly, the control channel nust also be utilized to
transmit other messages to the nobile stations, including, for exanpl e,
voi ce channel designations, directed reify orders system ordered rescan
si,gnal s and system overhead nessage trains each of whi ch use substanti al
control channel capacit eaph ti ansnitted.  Thus, Eﬁlg Is a

th
requirenment to GMBYSREREREINE B < n‘é?f]c‘é{) EFNR YRt ViERR:

v whlch the system ~of the present invention

1mplemented

With contlnulng reference to FIG. 1, a plurality

5 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

nﬁmber'_of mobile stations will be much larger in

practice and will invariably greatly exceed the number

10 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

15 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.

20 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

25 illustrative base stations B1-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

30 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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manner as possible in order to spread its |limted capacity across as many
fdnctions as possi bl e and enabl e the service of as nmany subscribers as
possible with the defined resources. I n conventional cellular radio
systens, the paging process within each systemis enployed to serve not
only its own paging needs but also the pagi ng needs of the various
cooperatlng exchanges whi ch seek to | ocate¥mbil e subscribers within the
exghange in response to call requests within their own exchanges. The
paging process 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.

5 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

10 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

15 "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. '

20 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.

25 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

30 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
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provides the service of attenpting to |ocate a nobile station's whereabouts
wi'thin the exchange in order to set up a¢all to that nobile station.
AVENDED SHEET
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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

5 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.

10 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

15 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

20 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,

25 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

30 102, 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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4 - More specifically, the paglng process in nobile cellular
radio systens attenpts to identify the specific -
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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

5 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

10 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

15 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.

20 Referring next to FIG. 3, it can be seen 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

25 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

30 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
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cell containing that nobile,
pagi ng process.

as descri bed above in connection with the

During the execution of this ptrocess,

the nobile sw tching

. center (MSC) searches for the nobile by sending a sequence of paging
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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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mobi | e can be paged at any given tinme. This I|n1tat|on on ceIIuIar system
cdpacity has been i nproved by the definition of "location areas” (LA s)
wherein the entire service area of an exchange is divided into a plurality
of. different |ocation areas. Each LA may consi st of one or nore individual
cells within the system Each nobile inforns the systemas to its specific
LA identification either periodically or Wimever it crosses a | ocation
area border by nmeans of registration access within the system The
stemthereb

Conser vi ng pagi M ELPHRTES, dEEAFAEE. Shafl PEPAIR (STt PaY oy
station tolbe from multiple registrations or from locatlon updatlng
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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| ocated is known then a page nmessage for that. nobile is sent only within
that particular LA. As a result of this nodification of the pdgi ng process,
several different nobiles, as many as there are |ocation areas, may be

paged sinmultaneously within the system which greatly increases the paging
capacity of the system
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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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5 - When a page remai ns unanswered by the nobile station which
gought, the page nust: be repeated. This repetition can be either

a |location

area previously paged or within an area surroundi ng or

associated with the location area, referred to as a
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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:

N (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

I —————

eet Has Been Replaced

S
w thin

Tl

REPLACED

THIS SHEET HAS BEEN




pagi ng area (PA), or within the entire service area (SA) of the system
The present practice within cellular radio systens is to enploy the paging
process to handl e incom ng page requests on a "first cone, first served"
basis. Depending upon whether the l[ocation area (LA) of the requested
nobile station is known or not, the anpunt of paging capacity allocated to
serve a particular page request is the saf€- That is, if the LA of the
mpbil e station is known then the first page attenpt is within the LA

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
5 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
10 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

15 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
20 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

25 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

30 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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Qtherwise, it is within the service area SA which includes all of the LA s
within the exchange. If no responase is received to the page, the page is

repeated either within the LAitself or within the SA

EP Pat ent

Application No. 0,454,648 A2 and GB Patent Application No. 2,193,861 A

di scl ose a paging system wherein a home exchange for a subscrlber mai nt ai ns
alist of a plurality of possible exchangéd®-in which the subscriber may be
| qcat ed. The |isted exchanges include those exchanges where t he

subscri ber pre\adausl

tion, the priority subscribers are to be given an
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30

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

) S
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regi stered, originated calls, or sent a page response. Paging is then
ihitiated in response to an incoming call in accordance with the maintained
list. Such paging may occur simnultaneously, sequentially, or in

conbi nati on.

-20-

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
5 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
10 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
15 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
20 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
25 subscriber is a priority-subscriber, each paging

priority will be increased by 1 resulting 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
30 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

R
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6 - The object of the invention is the optim sation of the control
channel pagi ng capacity. This object s achievedswith the nethod
according to Caim1l and the system according to Cl aim 8. SUMVARY OF THE
| NVENTI ON

-21-

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

5 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

10 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,

15 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

20 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

25 decisions:

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

S 2. Identification and definition of the possible

" 30 paging fields which make up the paging extents, 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.

-
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| n- one aspect of the invention, nobile stations within a cellular
t el ecommuni cati on 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 exanple, the
degree of certainty with which the |location of the nobile station is known,
whet her the | ocation area of the nobile sﬁ%@ht after is known or unknown,
et.c. Each of the received page requests is al so assigned a pagi ng extent
designation to be asgggiaﬂé%grmination 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
5 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.
10 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.
15 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
20 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
25 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
'30 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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with one or nore page attenpts and representing the geographic area within
.the systemto which each page attenpt is to be broadcast. Each—page attenpt
is further assigned a paging priority based on the assigned group
designation and extent designation. Each page attenpt is then executed
W t hin t he tel econmuni cation systemin a_sequential order based upon its
assigned paging priority. BRI EF DESCR PfPON OF THE DRAW NGS

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.

5 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

10 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
15 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
20 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
25 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

30 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.

35
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For a nore conplete wunderstanding of the present invention for
fUrther objects and advantages thereof, reference may now be had to the
foll ow ng description

-24 -

If at 168, there are not any more page request groups
v 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
5 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

10 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

15 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

20 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

25 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

30 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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7 - taken in conjunction with the acconpanying draw ngs, in which:

FI'G 1 is a pictorial representation of a cellular radio communication
systemincluding a nobile switching center, a plurality of base stations,
and a plurality of nobile stations;
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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.

[

Sheet Has Been Replaced

L T

—



FIG 2 is a block diagram illustrating the organization of an
exenpl ary cellular radio service area partitioned into | ocation areas,
pagi ng areas, and service areas; FIG 3 is a block diagram
iJTustrating possible sources of page requests within a cellular radio
system

-26-

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

5 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,

10 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

15 ‘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

20 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

25 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

30 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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FIG 4 is a table listing various possible groups of page requests received

by a cel lul ar

syst em
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radi a-syst em FIG 5 is atable listing possible
pagi ng extents within a cellular radio system FIG 6 is a table
listing exenplary pagi ng paranmeter associations within the cellular

~-27-

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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FIG 7 is a flowchart illustrating the manner in which paging paraneters
are assi gned corresponding to the identity of the originating cooperating
exchange; FIG 8A-8Bis a flowchart illustrating the manner in
whi'ch desi gnated paging paraneters are applied to page requests comng into
't he system and 28

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

5 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

10 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.

15 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

20 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

25 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

30 ‘scope of the invention as defined in the following
claims.
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8 - FIG 9 is a diagramillustrating the handling of page requests in
atcordance with the system of the present invention.

- This Sheet Has Been Replaced

WHAT IS CLAIMED IS:
* 1. A method of paging mobile stations within a

cellular telecommunications system comprising:
assigning to each page request received by said
5 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;

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

15 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

20 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

25 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:

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

paging priority assigned to said attempts.

+ €c L M S *

THIS SHEET HAS BEEN
REPLACED




DETAI LED DESCRI PTI ON CF THE PREFERRED ENBODINENHEL——$@4{¥++ﬂg—+TTST to FIG

15 there is illustrated a conventional cellular r n cq aPnS system
of the type to which the present invention gener ‘s h FIG 1,
an arbitrary geographic area may be divided into cont I guous
radi o coverage areas, or cells Cl1-C10. Wile. t FI G 1
is illustratively shown to include only 180cells, |t should '
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
5 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
10 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

15 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.

20 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

25 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:

30 said paging priorities are modified by increasing

or decreasing the paging priority of each page attempt

A
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be-clearly understood that in practice, the nunber of cells wll be much

| dr ger. Associated with and | ocated wthin each of the cells Cl1-Cl10
is a base station designated as a correspondi ng one of a plurality of base
stdations Bl-B10. Each of the base stations B1-B10 includes a transmtter, a
receiver, and base station controller as are well known in the art. In FIG
1, the base stations B1-Bl10 are illustrat+¥ety | ocated at the center of
each of the cells Cl1-Cl10, respectively, and are equi pped with

omi -directional _, . ] ) _
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
5 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.

10 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:

15 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
20 also includes:
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antennas. However, in ot her configurations of a cellular—+adio—system the
base stations B1l-B10 may be | ocated near the periphery, or rﬂ& e away

t
fromthe centers of the cells Cl1-Cl0O and nay i |1 unth Ct RS DR RGP 1- C10
u ﬂrefore,
ur poses

with radio signals either omi-directionally or'diri &
terminating the execution of page attempts in

the representation of the cellular radio system of
of illustration only and -32-

~
<

* association with a particular page request in response
to the receipt of a page response from the mobile
station being paged.

5 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

10 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
15 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
20 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
25 control channel of said system in sequential order
based upon the paging priority assigned to it.

1A DG
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is not intended as a limtation on the possible +nplerentations—of—
the cellular radio systemw thin which the system of theT%r§ﬁeq&_£nv ntion
1s Sheet Has Been

is inplenented. 1 Replaced
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13. A method of optimizing the allocation of

-33-

- control channel resources within a cellular
telecommunications system as set forth in claim 12
wherein said step of assigning a paging priority of a

5 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
10 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
15 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.

20 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

25 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

30 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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Wth continuing reference to FIG 1, a plurality of nobiTé stations—vi=ML0
may be found within the cells Cl- Cl10. Again, only Iﬁmﬂﬂ&ih&fﬁ&ﬂ&&ﬁ&? are

shown in FIG 1 but it should be understood that the
nobil e stations will be much larger in practice and. qu Hﬂ greatly
exceed the number of base stations. Mreover, while n il e

stations ML-MLO may be found in sone of thesgells Cl-Cl0, the presence or
absence of the nobile stations ML-MLO in any particular one of the cells
C1- C10 shoul d be understood to depend, in practice on the individual
desires of the nobil e 18 at idrsyNsnifidpupaging melhlier @hadiensoattthvm ian t he

cellular telecommunications system comprising:
means for assigning to each page request received
by said system a page request group designation based
5 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
10 ‘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
15 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

20 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
25 also includes:

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

30 19. A system for paging within ‘a cellular
telecommunication system as set forth in claim 16 in
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cel'l to another or fromone cell to an adjacent cell or neighboring cell,
and even fromong cellular radio system served by an MSC to another such
system Each of the nobile stations ML-MLO is capable of initiating or
recei ving a tel ephone call through one or nore of the base stations Bl-B10
and a nobile switching center MSC. A nobile switching center MSC is
connected by communication links, e.g., caBbes, to each of the illustrative
base stations B1-B10 and to the fixed public switched tel ephone network

PSTN, not shown, or a similar . )
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

5 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.

i0 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:

15 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
20 also includes:

Sheet Has Been Replaced
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fixed network which may include an integrated systemdigital network (I SDN)
fagility. The rel evant connections between the nobile swi tching center MSC
and t he base statrm&xedBHaﬂe@hR lacddet ween the nobile switching center MSC

MR || | Ilflilm P

means for 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.

5 22, A 5ystem 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

10 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:

15 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
20 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
25 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
30 also includes:
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16 FIG 1 but are well known to those of ordinary skill in the art.
Simlarly, it is also kpnown to include nore than one nﬁETT???ﬁﬁTTﬁﬁ?ﬁiﬂ—_——

center in a cellular radio systemand to connect each aggi$tiecniat BarnBerlaged -

switching center to a different group of base stations ar i-le

switching centers via cable or radio |inks. PR & _
-37- g : nl

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.

5 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

10 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
15 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
20 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
25 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

30 wherein said means for assigning a paging priority of
a page attempt includes:
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Each of the cells Cl1-Cl0 is allocated a plurality of voice or speech
channel s and at | east one access or control channel, such as a forward
control channel (FOCC). The control channel is used to control or supervise
t hbe operation of nobile stations by neans of information transmtted to and
received fromthose units. Such information may include incom ng cal
signals, outgoing call signals, page signralss, page response signals,

| acation registration signals, voice channel assignnents, mai nt enance
instructions, and "handoff" instructions as a nobile station travels out
of the radio 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

5 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
10 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.

15 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

20 mobile station to which the page is directed is known.
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cgverage of one celfT and into the radio coverage of another cell. The
control or voice ChaYe fadM¥: RpRLAT € either in an analog or digital node

or. a conbination th IR ferring next to FIG 2, there is shown a
bl ock di agr am of aﬁ"ﬂ%ﬂlﬂ*ﬁm%el I'ul'ar radi o systemserved by a
particular MSC in : ' illgustrated in FIG 1, are organized

I nto groupings to enable the nore ef fi'ci er@9-utilization of the system
resources. In FIG 2, there are defined a plurality of |ocation areas 101,

30. A sYstem for optimizing the allocation of

. control channel resources within a cellular

telecommunications system as set forth in claim 28 in

which said means for executing said page attempts

5 includes: . _
' means for storing 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

10 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;

15 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

20 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
25 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

30 request is known.

N
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iblustratively shown as being thirty-two in nunber and numhered 0 ?1 Each
I*ocation area (LA) 101 mpy include one or nore individual cells.
addi ti on, each location ThlsSheetHasBeenR laced

.

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

5 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

10 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

15 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
assigning said values.

36. A method of paging mobile stations within a
20 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;
25 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
30 cellular telecommunications system as set forth in

AR




1r area 101 is surrounded by an additional grouping of location

af eas which together conprise a paging area (PA) 102. For exanple, the
pagi ng area 102 surrounding |ocation area "3" includes location areas 1, 2,
3, 13, 14, 15, 4, 5 and 0. Finally, all of the location areas 101 t aken

t oget her conprise the service area (SA) 103 of the system The grouping of
| ocati on areas into paging areas and t he "dd€ thereof in enhanci ng pagi ng
efficiency

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
5 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.

10 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

15 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:

20 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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I m a cellular communi cati on systemnmay be as set forth in U S. patent No.
5, 369, 681 i ssued Novenber 29,-1994 in the nanes of Al ain Boudreau et al.
entitled "Cellular Communi cations Systef®Utilizing Paging Areas," assigned
to the assignee of the present invention. As shown in FIG 2, the

entire service area SA 103 is divided into reas
LAs 101, for exHE¥BOFED ARLOGATION \OF RAGIAG ?ﬁ‘\(}% a[?' {;%Iﬁéﬁ% WI%EIﬁIﬁ E‘(‘%@figure.
Each nobile station informs the systen1of its current LA identification
nunber by broadcasting that ABST THE DIS

A method of and system for paging mobile stations

(M1-M10) within a service area (103) of a cellular

telecommunication system wherein the allocation of

5 control channel paging capacity is optimized. Each

page request (PR) for a mobile station (M1-M10)

received by the system is classified into a

predesignated page request group (PRG) based upon the

characteristics of the request, such as the degree of

10 certainty with which the location of the mobile is

known and the origin of the page request (PR). In

accordance with the page request group (PRG) to which

the page request (PR) is assigned, each page request

(PR) is assigned a paging extent (PE) designation to be

15 asgsociated with one or more page attempts and

representing the geographic area of.the service area

(103) to which each page attempt is to be broadcast.

A paging priority is then assigned to each page attempt

based upon the previously assigned page request group

20 (PRG) and paging extent (PE). Each page attempt is

executed within the system according to its designated
priority.
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I dentification nunber either perlodlcally or whenever the nobile crosses a
| Scation area border and is caused to dp o goy known registration access
processes. The definition of the |ocation areas 101 allows sel ective paging
wi.thin the system That is, if the location area of a particular nmobile -
station desired to be located i s known then the pagi ng nessage”is only sent
within that particular |ocation area. Thus, as many as thirty-two nobile
stations may be paged sinmultaneously within the service area 103,
illustratively shown in FIG 2

b4
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An- unanswer ed page is generally repeated. Hé()vever, this repetition can be
répeated within either the 2 of 9 : 12

1

o

101 102 101
\ ./

16| 17 (18 19 o3
31015 45 6|20

30 | 14 3 0'7 21
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GROUPS OF PAGE REQUESTS
PRG| CHARACTERISTICS

LA IS KNOWN, MOST PROBABLE LOCATION.
LA IS UNKNOWN, MOST PROBABLE LOCATION.
LA IS KNOWN, ALTERNATIVE LOCATION.

LA IS UNKNOWN, ALTERNATIVE LOCATION.

FIG. 4
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|l ocation area already paged, within the area surrounding the location area
101, i.e. the paging area 102, or withip 4¢hg entire service area 103. FI G~
2 illustrates the conposition of the varlous paging fields conprising the
| ocation areas 101, paging area 102, and service area 103. For exanple, if
initial paging is perfornmed within | ocation area "3" and no response is
obt ai ned, the next page could be broadcast within the paging area 102
surrounding | ocation area "3", and if still no response is obtained from
the nobile, the paging could be repeated

POSSIBLE PAGING EXTENTS
PAGING PAGING FIELDS
EXTENT (PE) 1ST 2ND 3RD
0 (NULL)
1 A - -
2 A LA -
FIG. 5 30 | A L PA
4 LA LA SA
5 A PA -
6 A SA -
7 LA SA PA
8 PA - -
9 SA PA -
10 SA - -
11 SA SA -
PAGING PARAMETER ASSOCIATIONS
COQP. PAGING PRIORITY
EXCHANGE | PRG| PE| 1ST 2ND 3RD
CHICAGO 1 | 0 | 3 4 5 5
-1 11 3 0 -
2| 4 7 71 1
FIG. 6 sl ¢ - -
TORONTO 2 | O | 4 6 6 3
1Y% 20 - -
A24y741 1 3 6
31 1 5 2 -
VANCOUV 3 | 0 | 4 7 7 1
I
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wthin the entire service area 103,
0+31. If, however,
which is desired to be | ocated,
entlre service area 103 |nclud|ng al
0-31.

field, i.e.,
chgnnel

FIG. 7

_'48\C START )
Y

DETERMINE IDENTITY OF
COOPERATING EXCHANGE TO
WHICH PAGING PARAMETERS

ARE TO BE DEFINED

covering all
no particular locatiohgfr8a is known for—the nobile

t he pagi ng nust be by definition within the
thirty-two of the | ocation areas

It could be observed fromFIG 2 that the breadth of the paging
LA, PA or SA generally represents the extent of the control
capacity required to broadcast the pagi ng nessage to the nobile

of the | ocation areas

162
/

ASSIGN DESIRED PAGING
PRIORITY TO SECOND
PAGE ATTEMPT

E"

SELECT PAGE REQUEST
GROUP (PRG)

y

ASSIGN DESIRED PAGING
EXTENT (PE) TO SELECTED
PRG AND COOPERATING EXCHANGE

156

DOES
PE CONTAIN ANY

NO

YES

164

DOES PE
DEFINE A THIRD

PAGE ATTEMP
166
YES P,

ASSIGN DESIRED PAGING
PRIORITY TO THIRD
PAGE ATTEMPT

168

ANY MORE
PAGE REQUEST GROUPS
T0 WHICH PAGING PARAMETERS
ARE TO BE
DEFINED

PAGING FIELDS~”

158
\ YES

ASSIGN DESIRED PAGING
PRIORITY TO FIRST
PAGE ATTEMPT

160

NO

YES

170

ANY MORE
COOPERATING EXCHANGES
T0 WHICH PAGING PARAMETERS
ARE TO BE
DEFINED

NO
( e }vﬁ'z :

DEFINE A SECOND
~ PAGE ATTEMPT =~

YES
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W|t.h|n that field. For exanple,

broadcasting a page within the entire

setvice area requi -es pagi ng capacity fogp @ | of the base stations in the

exchange,

base stations and so forth. Referring

whil e paging within one paging area requires capacity from fewer

next to FIG 3, it can be seen

that the request for paging service by an exchange can originate from

vari ous possible sources. For exanpl e,

pagi ng may

‘BO\C START )
" !

a page request may originate from
wi t.hin the same system 110 perform ng the pagi ng operation.

Addi tionally,

ACCEPT INCOMING PAGE REQUEST
INTO THE SYSTEM

182 ~

y

FIG. 84

CLASSIFY PAGE REQUEST INTO
ONE OF PAGE REQUEST GROUPS

184

IDENTIFY ORIGINATING

NO

COOPERATIVE
EXCHANG

188

y

RETRIEVE PAGING
PARAMETER DEFINED
TO SERVE
"OWN EXCHANGE

190~

PAGING PARAMETERS ™
DEFINED FOR PAGE REQUEST
'GROUP AND COOPERATING
EXCHANGE
194
YES )
RETRIEVE DEFINED RETRIEVE SYSTEM
1921 PAGING PARAMETERS DEFAULT VALUES
y
196
DOES
THE PAGING
EXTENT CONTAIN ANY - 1138
PAGING FIELDS 3L
-RECUEST
ADJUST PAGING PRIORITY FOR R
202 -]  ANY "SUBSCRIBER PRIORITY C RETURN )\200
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9 FROM FIG. 8A

INITIALIZE THE PAGE ATTEMPT
BY-ACCEPTING A PAGING FIELD

_~ 204

y

PLACE PAGE ATTEMPT IN
APPROPRIATE SYSTEM BUFFER
ACCORDING TO THE PAGING PRIORITY

_~ 206

v

PAGING ORDERS TRANSMITTED
TO BASE STATIONS DEFINED
IN PAGING FIELD

FIG. 8B
_~ 208

v

AT THE CONTROL CHANNEL THE PAGE
ORDER IS PLACED IN ONE OF TWO
BUFFERS ACCORDING TO THE
PAGING PRIORITY

L~ 210

THE CONTROL CHANNEL AIRS HIGHER
PRIORITY PAGE ATTEMPTS BEFORE
LOWER PRIORITY ONES

_~212

y

PAGE RESPONSE TIME SUPERVISION

BEGINS WHEN ALL PAGE ORDERS

TOWARDS INVOLVED BASE STATIONS
ARE TRANSMITTED

- 214

DESIRED MOBILE
STATION DISCLOSE ITS
LOCATION BY RESPONDING
TO THE PAGE

YES

220
/

PAGING PROCESS
TERMINATES WITH
1 SUCCESSFUL PAGE

RESPONSE

ANOTHER
PAGE ATTEMPT
DEFINED,

YES

PAGING PROCESS TERMINATES WITH
UNSUCCESSFUL ANSWER
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be requested in response to: calls initiated through roamer ports 111;
calls originating from other coopertppg exchanges or other networks
112 coupl ed ‘'t hrough a hone | ocation register 113; calls originating from
ElIA exchanges or networks 114; calls from other non- hone | ocation register
sources 115; and calls fromthe PSTN 116. It is very likely that a
particul ar operator of a cellular system my w 0 all ocate a certain
pricority to the execution of a page regue iQn of the source
fromwhi ch the page request was recei wsd rator may find
that an inordinate nunber of page request il ved from a
pacticul ar cooperati ng
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exchange with a correspondingly very small number
responses belng recei ved from nobiles in reply tot

feConon1caIIy desirable to limt the priority of thefphge rL@ﬁ'gpé re
from such an exchange. It is al so understood thatf pa

subscri bers nay be allotted various clasfes of ser
certai'n subscribers; e.g., energency veh

10

15

20

%res, may mﬁsh

IMPROVED ALLOCATION OF PAGING CAPACITY IN CELLULAR APPLICATIONS

ABSTRACT OF THE DISCLOSURE

A method of and system for paging mobile stations
(M1-M10) within a service area (103) of a cellular
telecommunication system wherein the allocation of
contreol channel paging capacity is optimized. Each
page request (PR} for a mobile station (M1-M10)
received by the system is classified into a
predesignated page request group (PRG) based upon the
characteristics of the request, such as the degree of
certainty with which the location of the mobile is
known and the origin of the page request (PR). In
accordance with the page request group (PRG) to which
the page request (PR) is assigned, each page request
(PR) is assigned a paging extent (PE) designation to be
associated with one or wmore page attempts and
representing the geographic area of the service area
(103) to which each page attempt is to be broadcast.
A paging priority is then assigned to each page attempt
based upon the previously assigned page request group
(PRG) and paging extent (PE). Each page attempt is
executed within the system according to its designated
priority.

(Figure 5)



thObtaI ﬁa%k.l ghgest priority in being located within REPLAQEN&WH‘SHEET
_'respon g call. Such subscribers who are payiln for—an
enhanced vice with respect to priority of |ocatji gn

a@corded f priority when page requests are beijng &}ﬁg@gigﬁb

for execution mnthln the system - 114 should be understqod_that the

factors i nfluencin agi ng extents or priorities may includd others in
. g ]PMP%!O\?ED ALLOCATION OF PAGING ACITY .%N

CELLULAR APPLICATIONS

CROSS REFERENCE TO RELATED APPLICATION

5 This application contains subject matter related to
. U.S. Patent No. 5,369,681, issued November 29, 1994, in the
names of Alain Boudreau et al., entitled'-"Cellular

Communications System Utilizing Paging Areas," assigned to
the assignee of the present invention and hereby

10 incorporated by reference herein.

BACKGROUND OF THE INVENTION
Field Of The Invention
The present invention relates to paging within cellular
15 communication systems, and more particularly, to optimizing
the allocation of CONTROL CHANNEL paging capacity in a
cellular communication system.
History o he Prior Art
Cellular radio communications is, perhaps, the fastest
20 growing field in the world-wide telecommunications industry.
Its growth has been such that in recent yéars the capacity
of existing systems has been severely stressed to serve all
of the subscribers who would like to have access to the
system, particularly in major metropolitan areas. Moreover,
25 cellular radio technology is currently moving from analog
based systems, in which each subscriber communications
channel is allotted to a single radio channel, to digital
based systems in which a plurality of subscriber channels
can be assigned to each radio channel through time division
30  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
35 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
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mobile stations within the system are divided into a

o

-2-

plurality 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

5 one of such access or control channels is referred to as the
forward control channel (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

10 station. A mobile station is located by 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

15 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

20 mobile station. Thus, the more paging within a system the
more radio traffic there is on the FOCC of the system. The
continued subscriber growth within cellular systems along
with the .continued introduction of additional
functionalities within the system will undoubtedly greatly

25 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

30 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
mesgages to the mobile stations, including, for example,

35 voice channel designations, directed retry orders, system
ordered rescan signals and system overhead message trains
each of which use substantial control channel capacity each

¥ THIS SHEET HAS BEEN
REPLACED




gizven herei.n_as beln exe Iary Finally, there ar=RF A&IﬂgENZVSHEBT
of cert ai R Sheptbk he | ocation of a nobile statio

within a sﬂ, a subscriber's |ocation des g1a0fbﬁCWHW9ﬁe
recently veg n, as a result of a recent

whi ch case the nDblle statlon |s very likely to answer a

\

be known

—

r=g|strat|0n

o)

in

pbage€ Droadcast

that |l ocation. Such a location is referred to as the nostiprobabl e

| ocati on.
of

10

15

20

25

30

35

AcigrNehbyehye EBEnBASESed O Bl itdledd 116y aRigei Rahedk @6at T on

utilize the control channel capacity in as an efficient
manner as possible in order to spread its limited capacity
across as many functions as 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 area border by means of registration access
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paging within the system thereby conserving paging capacity

resources. That is, if the LA of a mobile station to be
located is known then a page message for that mobile is sent
only within that particular LA. As a resfult 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 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 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 -
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 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.

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 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.
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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 locdtion 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. Each of the received page
requests is assigned a pagihg 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 origin 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 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-assigned paging parameters when a page request is
identified as having been received from a particular
cooperating exchange.
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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 service 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 service
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 page attempt. Paging capacities are -

assigned to the 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 a cellular
radio communication system including a mobile switching
center, a plurality of base stations, and a plurality of
mobile stations;
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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

5 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;

10 FIG. 6 is a table listing exemplary paging parameter
agssociations 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;

15 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

20 invention; and

FIG. 10A-10B is a flow chart illustrating the manner

in which paging requests are handled, including the

utilization of paging areas in accordance with the system
of the present invention. '

25
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. 1In
30 FIG. 1, an arbitrary geographic area may be divided into a
plurality of contiguous radio coverage areas, or cells Cl-
C10.. 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.
35 Associated with and located within each of the cells
 C1-C10 is a base station designated as a corresponding one
of a plurality of base stations B1-B10. Each of the base
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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 Cl1-C10, respectively, and
5 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-C10 and may
illuminate the cells C1-Ci0 with radio signals either omni-
10 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 implementations of the cellular
radio system within which the system of the present
15 invention is implemented.

With continuing 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

20 stations will be much larger in practice 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 C1-Cl10, the presence or absence of the mobile
stations M1-M10 in any particular one of the cells C1-Ci10

25 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

30 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-B1l0 and a mobile switching center
MSC. A mobile switching center MSC is connected by

35 communication links, e.g., cables, to each of the
illustrative base stations B1-B10 and to the fixed public

switched telephone network PSTN, not shown, or a similar
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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 mobile 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 in a cellular radio sYsteul 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 (FOCC). 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 include incoming call signals, outgoing call .

signals, page signals, pagde 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
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(sA) 103 of the system. The grouping of location areas into
paging areas and the use thereof in enhancing paging
5 efficiency in a cellular communication system may be as set
forth in U.S. Patent No. 5,369,681, issued November 29,
1994, in the names of Alain Boudreau et al. entitled

"Cellular Communications System Utilizing Paging Areas,"
assigned to the assignee of the present invention and
10 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

15 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

20 system. That is, if the location area of a particular
mobile station deéired to be located is known then the
paging message is 6nly sent within that particular location
area. Thus, as many as thirty-two mobile stations may be
paged simultaneously within the service area 103,

25 illustratively shown in FIG. 2.

An unanswered page is 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

30 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
response is obtained, the next page could be broadcast

35 within the paging area 102 surrounding location area "3",
and if still no response is obtained from the mobile, the

paging could be repeated within the entire service area 103,
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desired to be located, the paging must be by definition

within the entire service area 103 including all thirty-two
5 of the location areas 0-31. T
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 the control channel capacity required to
broadcast the paging message to the mobile within that
10 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.
15 Referring next to FIG. 3, it can be seen 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 performing the .

paging operation. Additionally, paging may be requested in
20 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
25 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 was received.
That is, an operator may find that an inordinate number of
30 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
35 attentive to the issuance of accurate page requests thus
making it economically desirable to limit the priority of

the page requests received from such an exchange.
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subscribers may be allotted various classes of service. For
example, certain subscribers, e.g., emergency vehicles, may
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 1level 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 1location is referred to as the most probable
location. Alternatively, the basis for a belief in the
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 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 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 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,
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that is, engaged in service area paging. Paging 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
5 generating too many page requests within the ce€llular system
for which the mobile response rate is 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
10 exert control over the amount of paging capacity allocated
to various telecommunications networks which generate page
requests within a cellular system results in inefficient
operation of that system.
(c) Priority subscribers do not receive a fair
15 service response since page requests directed to 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
20 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

25 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

30 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

35 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
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within the paging area PA. \WWereas, in paging extent
attenpts are specified with

levels of paging priority with page aﬁempts hairing 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
5 with the priority value assigned to the subsériber, i.e.,
their paging priority is either increased ot  decreased
accordingly. In this exemplary embodiment, priority
subscribers receive an increase in priority wvalue of, for
example, one priority value. The goal is to determine the

10 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

15 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

20 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, paging extent #3 (LA, LA,
PA) specifies that there are to be three successive page

25 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.

30 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

35 cellular system. These factors include:
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(a) the cost of the paging, e.g., location aread

paging is generally less expensive and may be given higher
priority over serxrvice area pégihg;
(b) - the number of previous page attempts, e.g.,
5 the third attempt may receive a higher priority 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
10 exchanges with lower priority, particularly when another
operator is generating an excessive number of paging
requeéts with a low degree of responses thereto; and
(d) priority subscribers, i.e., a priority
subscriber should be given a higher priority than non-
15 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:

20 (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
25 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

30 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

35 page attempts with priority value of 0 are to have the
lowest priority. 1In addition, the priority subscribers are

———_——_’_—_____________'
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(b) the i ous page attenpts,
receivel ijfMity over the second attenpt and
over th npt, etc.; -1g{c) the orig|n

request, e.g., it
to be given an increase in their paging priorirty—valrue or
1.

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

First, an incoming paging request is classgified 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
10 being sought is known and the degree of certainty with which
It should be
understood that these requested characteristics can be
FIG. 4 shows
an illustrative possible list of groups, referred to as page

the actual location of the mobile is known.
expanded and not limited to these two alone.

15 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 location. PRGl is a classification in .
which the specific LA is unknown yet this area is believed
20 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.
25 Next,
extents representing the wvarious paging costs within the
5, paging
extents 0-11 are illustrated with paging extent 0 comprising

within the system a set of possible paging

cellular system is defined. Referring to FIG.

no paging fields, paging extent 1 including only a first
30 field comprising the location area; paging extent 2 includes
two successive pages 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
35 to the wvarious cooperating exchanges within the cellular
FIG.
6 illustrates a table of assignments of possible paging

system network depending upon the page request groups.
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parameter association values. For example, page requésés'

originating from Chicago system 1 which fall under "page

request group 2 and receive a paging extent #4 (LA, LA, SA)

are assigned paging priorities 7, 7 and 1, respectively for
5 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

10 page request originates from 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

15 of 4, 5 and 5, respectively. In addition, since the
subscriber is a priority-subscriber, each paging priority
will be increased by 1 resulting 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

20 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

25 repeated 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

30 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.

35 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
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(d) priority subscribers, i.e., a pH(BEBQACENﬁQHW&HEET

application of related paging parameters during the paging
process. The system may supply default values 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 extents, 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.

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
céntrol channel.
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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 procedure begins at

5 148 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

10 156, the system asks whether the assigned paging extent

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,

15 there are 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

20 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

25 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 are to

be defined and, if not, to 170 and asks whether there are

any more cooperating exchanges to which paging parameters

30 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. If, however, at 160 the paging

extent is found to define a second page attempt, the

35 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
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di scussed above, one enbodi mpnt_qf_the system pf
|on assunes that the dggree of cerfainty that a nobife

s believed to be in a
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. If so, the system returns to 152 to continue
the procedure for the next page request group. If at 168,
there are not any more page request groups to which paging
parameters are to be defined, the system moves 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 selected 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
gsystem 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

| THIS SHEET HAS BEEN |
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priority. In addition, the

retrieves a set of default values instead.

Thereafter,
both cases the system proceeds to 196. Referring back to
the inquiry at 186, if the page request does not identify
from which cooperating exchange it originates, the procedure

5 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

10 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

15 198 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

20 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 "subscriber

25 ©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

30 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.

35 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
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base station, the page message is placed in oné 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
5 .number (even or odd) of the mobile stations ‘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

10 214, the page response time supervision is begun at the MSC
when the page order towards all involved base stations is
givén. The page attempt is then considered to be in a
"waiting for page response" state. The system proceeds to
216 where it asks during the "waiting for page response"

15 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

20 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

25 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. .

30 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

35 FOCC, in accordance with the goal of optimizing the use of
those facilities.
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illustrative dlagram 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 thé 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
gystem 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 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 (FOCC) 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.

Referring next to the flow chart of FIG. 10A-10B, it

is there illustrated how the system of the present invention

REPLACED
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request is accepted into the system. Thereafter, at 304 the
system recalls from its memory the location area from where
the desired mobile station last registered. Next, at 306,
a timer is started to establish how long one will wait for
a response to a page request that will be transmitted to the
specified location area where the mobile station last
registered. At 308, the system sends a page request to the
specified location area where the mobile station last
registered. The system then asks at 310 whether a page
response has been received from the desired mobile station.
If a page response has been received from the mobile
station, the system proceeds to 312 where the timer is
stopped. Next, at 314, the system connects the mobile
station to the requesting calling party. Thereafter, at 316

the system records the identity of the location area from -

which the response was received and where the mobile station
last registered for statistical purposes. These statistics
will be utilized in further optimizing the coverage of the
location areas and the paging areas. The paging process
ends at 318.

If at 310, a page response is not received from the
mobile station, the system proceeds to 320 where the timer
expires. Next, at 322 the system asks whether paging area
paging has been enabled. If paging area paging has not been
enabled, the system proceeds to 338 where it is determined
whether or not service area paging is enabled for the
system. If service area paging has not been enabled, the
system proceeds to 342 where the calling party is informed
that the mobile station cannot be reached. _The paging
process then ends at 344. '

If, at 322 it is determined that paging area paging has
been enabled, the system proceeds to 328 where the system
retrieves from its memory the paging area parameters
associated with the location area where the mobile last

registered. Next, at 330 the system retrieves the list of

¢h
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the particular location areas defined by the specifiedr
paging area parameters. Thereafter, at 332 a second timer
is started to establish how long one will wait for a
response to a page request which will be transmitted to the
5 specified paging area. At 334, the system sends a page
request to each of the location areas within the defined
paging area. The system asks at 340 whether a page response
has been received from the desired mobile station. If so,
at 366 the second timer is stopped; thereafter, the system

10 at 368 connects the calling party to the desired mobile
station. At 370 the system records the location area from
which a page response was received and where the mobile
station last registered for statistical purposes. The
paging process ends at 372.

15 If at 340, a page response 1s not received by the
system from the desired mobile station the second timer will
expire at 336. The system then asks at 338 whether service
area paging has been enabled for the system. If service |
area paging has not been enabled the system proceeds to 342

20 where the calling party is informed that the mobile station
cannot be reached. The paging process then ends at 344.

If at 338 service area paging has been enabled for the
system, then, at 346, a third timer is started. Thereafter,
at 348 the system sends page requests to all location areas

25 within the system area. The system then asks at 350 whether
a page response has been received from the desired mobile
station. If yes, at 352, the third timer is stopped. Next,
at 354 the calling party is connected to the desired mobile
station; and, at 356 the system records the location area

30 from which the response was received and where the mobile
station last registered for statistical purposes. The
paging process then ends at 358.

If, at 350 a page response is not received from the
desired mobile station, at 360 the third timer will expire.

35 Next, at 362 the system will inform the calling party that

the mobile station cannot be reached. The paging process
then end at 364.
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In summary, the paging process optimizes the use of the
control channel capacity by first sending a page request to
the last known location of the desired mobile station. If
no response is received within a specified time period, page

5 requests are sent to a group of predetermined location
areas, i.e. a paging area, which includes the location area
where the desired wmobile station last registered and a
plurality of location areas wherein the mobile station would
be statistically 1likely to be found if it had last

10 registered within the previously paged location area. This
paging area includes more than one location area and less
than the total of all location areas within the system area.
A paging area may also extend into and include location
areas within a contiguous neighboring cellular system. If

15 a response is still not received from the mobile station
after the paging area page, then a service area page will
be transmitted.

It should be noted that the statistical information |.
gathered by the system relating the location area in which

20 a mobile was actually located (based upon a response to
either a paging area page or a service area page) to the
location in which it last registered forms a basis for the
grouping of location areas into paging areas. That is, the
idiosyncratics of the geographic terrain and obstructions

25 of a system will affect the reception of radio signals in
different cells and location areas thereof and these
statistical data enable an operator to configure both
contiguous and overlapping paging areas to optimize the
likelihood of locating the mobile while minimizing the load

30 on the control channel capacity of the system.

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

35 optimized use of system resources, such as control channel
(FOCC) space allocation, and at the same time enables the
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Paging extents and paging priorities are then assi

page request groups. FIG 6 illustrates a table of pc ssi bl e
paging paraneter association values. For exany page requestfs

originating from Chicago system 1 which fall under st==gr oyp 2 and
receive a pagi ng extent #4 (LA, LA, SA) “are assigred pa gl ng prioritiles 7, 7

and 1, reSpe%rtslt\é%\l %pggétfgﬁh 891% riglgﬁtlff%spons:l.ve 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

5 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.
10
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Xglng' mobile stations within a
cellular telecommunications exchange comprising:
storing a set of own exchange page request group
5 designations, paging extents and paging priority parameters
for paging requests from uncooperating exchanges;
assigning to each page request received by said
exchange a page request group designation based upon the
characteristics of the page request, said characteristics
10 of said page request including indications of a most
probable location and an alternative location of the mobile
station to which the page is directed;
assigning to each of said page requests received a
paging extent designation to be associated with one or more
15 page attempts and representing the geographic area within
the exchange 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 designation and the paging extent designation,
20 of said page request;
retrieving said own exchange paging parameters in the
event the page request is received from an uncooperating
exchange causing the foregoing steps of assigning to fail;
and
25 executing each page attempt within said
telecommunications exchange in a gequential order based upon
its assigned paging priority.

2. A method of paging within a cellular

30 telecommunication exchange as set forth in claim 1 in which

said characteristics of said page request include
indications of a source of said page request.

3. A method of paging within a cellular
35 telecommunication exchange as set forth in claim 1 which
includes the additional step of:
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storing each of said page attempts within a buffer
memory in sequential order in accordance with the paging
priority assigned to said attempts.

S 4. A method of paging mobile statiorns within a
cellular telecommunication exchange comprising: -
selectively preassigning a set of page request group
designations, paging extents and paging priority parameters
to each of a plurality of cooperating exchanges from which
10 said telecommunication exchange expects to receive page
requests;
retrieving said preassigned paging priority parameters
in response to identification of a page request as having
been received from a particular cooperating exchange;
15 otherwise:
assigning to each page request received by said
exchange a page request group designation based upon -
the characteristics of the page request, said
characteristics of said page request including
20 indications of a most probable location and an
alternative location of the mobile station to which
the page is directed;
assigning to each of said page requests received
a paging extent designation to be associated with one
25 Oor more page attempts and representing the geographic
area within the exchange 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
30 to the page request group designation and the paging
extent designation, of said page request; .and
executing each page attempt within said
telecommunications exchange'in a sequential order based upon
its assigned paging priority.
35
5. A method of paging within a cellular
telecommunication exchange as set forth in claim 4 in which

s
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designations, paging extents and paging priority parameters

are stored and which also includes:
retrieving said default paging priority parameters in
5 response to a cooperating exchange the identity of which

cannot be determined.

6. A method of paging within a cellular
telecommunication exchange as set forth in claim 1 which
- 10 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.

15 7. A method of paging within a cellular
telecommunication exchange as set forth in claim 6 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 service.
20
8. A method of paging within a cellular
telecommunication exchange as set forth in claim 1 in which:
each page request 1is assigned a paging extent
containing a plurality of page attempts and each attempt is
25 directed to either a location area, a paging area or a
service area. '

9. A method of paging within a cellular
telecommunication exchange as set forth in claim 1 which
30 also includes:
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.
35
10. A method of paging within a cellular
telecommunication exchange as set forth in claim 4 in which

REPLACED
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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
5 received from mobile stations in respense to page requests

generated by said cooperating exchanges.

11. A system for paging mobile stations within a
cellular telecommunications exchange comprising:

10 means for storing a set of own exchange page request
group designation, paging extents and paging priority
parameters;

means for assigning to each page request received by
said exchange a page request group designation based upon

15 the characteristics of the page request, said
characteristics of said page request including indications
of a most probable location and an alternative location of -
the mobile station to which the page is directed;

means for assigning to each of said page requests

20 received a paging extent designation to be associated with
one or more page attempts and representing the geographic
area within the exchange to which each page attempt is to
be broadcast;

means for assigning to each page attempt in response

25 to said page request a paging priority which is related to
the page request group designation and the paging extent
designation, of said page request;

means for retrieving said own exchange paging priority
parameters in the event the page request is received from

30 an uncooperating exchange and the plural means for assigning
fail; and -

means for executing each page attempt within said .
telecommunications exchange in a sequential order based upon
its assigned paging priority.

35

12. A system for ©paging within a cellular

telecommunication exchange as set forth in claim 11 in which
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indication of a source of said page request.

13. A system for paging within a cellular
telecommunication exchange as set forth in claim 11 which
also includes:

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

14. A system for paging mobile stations within a
cellular telecommunication exchange comprising:
means for selectively preassigning a set of page
request group designations, paging extents and paging
priority parameters to each of a plurality of cooperating
exchanges from which said telecommunication exchange expects
to receive page requests;
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; otherwise:
means for assigning to each page request received
by said exchange a page request group designation
based upon the characteristics of the page request,
said characteristics of said page request including
indications of a wmost probable location and an
alternative location of the mobile station to which
the page is directed;
means for agsigning 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 exchange to which each page
attempt is to be broadcast; and
means for assigning to each page attempt in
response to said page reqﬁest a paging priority which

is related to the page request group designation and
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the paging extent designation, of said page request;
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and

' means for executing each page attempt within said
telecommunications exchange in a sequential order
based upon its assigned paging priority. '

15. A system for paging within a cellular
telecommunication exchange as set forth in claim 14 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.

l16. A system for paging within a cellular
telecommunication exchange as set forth in claim 11 which -
also includes:

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

17. A system for paging within a cellular
telecommunication exchange as set forth in claim 16 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 service.

18. A system for paging within a cellular
telecommunication exchange as set forth in claim 11 in
which:

each page request 1is 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
service area. |
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19. A system for ©paging within a cellular
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telecommunication exchange as set forth in claim 11 which
also includes:

means for terminating the execution of page attempts
in association with a particular pége requesf in response
to the receipt of a page response from the mobile station
being paged. '

20. A system for paging within a cellular
telecommunication exchange as set forth in claim 14 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 cooperating exchanges.

21. Within a cellular telecommunication exchange, a
method for optimizing the allocation of control channel
resources in the execution of paging attempts to mobile
stations in response to page requests from at least one
source, . said method comprising the steps of:

classifying page requests into groups based upon the
characteristics of each request, said classifying step
further comprising:

analyzing the certainty with which the location
of the mobile station sought in said page request is known;
and

obtaining an indication of the source of said page
request;

assigning a value to various possible paging patterns:
based upon the relative costs of execution of said paging
patterns wherein said paging patterns include the directing
of page attempts into different geographic regions within
said exchange comprising location areas, paging areas and

service areas wherein the more economically efficient ones

I
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of said paging patterns are given preference over the others

when assigning said values;
assigning paging priorities to each of said page
requests based upon its associated characteristics and the
5 wvalue 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.
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Second, the. system operator S reqw red to assign paging paranmeters to t he
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the paraneters to be used whenever the cooperating ex ;\Za ge identity ils not
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whi ch paging paraneters are to be defined, the system noves 1%E LAKE@Q&Q;&HEET’
whet her any nore cooperating exchanges exist to which pagi ng|pgraneters are
to be defined. If yes, the systemw || return to 150 and, if|npt 13 MAR 2000
_procedure ends at 172. As can be seen, the procedure shopwn in the
flow chart of FIG 7 enables the operator of a cellular systpmcontarntmg
the system of the present invention to initially select and fipe the

pagi ng parameters to be enployed within the system One set of paraneters
s IMPROVED ALLOCATION OF PAGING CAPACITY IN CELLULAR

APPLICATIONS

CROSS REFERENCE TO RELATED APPLICATION

This application contains subject matter related to U.S.
Patent No. 5,369,681 issued November 29, 1994, in the
names of Alain Boudreau et al., entitled "Cellular
Communications System Utilizing Paging Areas,"

assigned to the assignee of the present application.

BACKGROUND OF THE INVENTION

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 like to have access to the system, particularly
in major metropolitan areas. Moreover, cellular radio
technology is currently moving from analog based systems,
in which each subscriber communications channel is
allotted to a single radio channel, 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.
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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
plurality 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 reférred to as

the forward control channel (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 located by broadcasting a
paging signal directed to the mobile and requesting it to

respond 1if it ©receives the page. When the wmobile

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 wvoice 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 wvarious 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 subscriber growth within cellular systems along
with the continued introduction of additional
functionalities within the system will undoubtedly

greatly increase the paging load within each sgystem and
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defined for each cooperating exchange wh ch is to interfacelyﬂﬂyimmﬂ%ﬂ:SHEﬁ
D Q0 [ ™)

operator's system Referring next to the flow chart
it is there illustrated how the system of the present invenf
the designated paging paranmeters selected and defined ip
with the procedures of FIG 7 to a page reglest com ng |nt3

The procedure begins at 180 and at 182 an incom ng page re

t

FrG—oA—0o;

o4 HBR At

system

uest is accepted

P

into the system Thereafter, at 184

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 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.
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the accepted page request is classified into one of a plura
request groups based upon the characteristics of the pa

Next, at 186 the system asks whet her the page request identi

whi ch cooperating exchange it originates. If yes, the syste
188 whether there are any pagi ng paraneterssal ready defined
particul ar page request type and this particular cooperatin

REPLACEMERTOSHEET]
! Les fron&@p
for this

) exchange. |f

yes, at 192 the set of previously defined pagi ng paraneters

are retrieved

| f, however, the and@e i spesidticeddy.t héheyspamingt r peoessa seéh ofnobeflaul t

val ues 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) wherei

service area of an exchange is divided into

n the entire

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

area border by means of registration access within the

system. The definition of LA's allows sele

ctive paging

within the system thereby conserving paging capacity

resources. That is, if the LA of a mobile s

tation to 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 greatly

increases the paging capacity of the system.
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i nstead. Thereafter, in both cases the system proceeds to 196:

Referring

back to the inquiry at 186, if the page request does not i dj
whi ch cooperating exchange it originates, the procedure pro

I AGRNENG SREET

where the paging paraneters defined to serve the operator's
are retrieved, and the system proceeds to 196 also. At 196,|t
established a set of paging paraneters to be associated wt

Exchange

he1%\/mmw@s

he page

request bei ng processed, either those assigned to a
exchange by the operator, cooperating exchange default val yes

pUI u.L | ||u
or val ues

associated wth paggvhre%q%espts fromt.he

age remalns unanswered by the mobile station

which 1is sought, the page must be repeated. This

repetition can be either within a 1location area

previously paged or within an area surrounding or

associated with the 1location 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

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
capacity allocated to serve a particular page

the same. That is, if the LA of the mobile

of paging
request is

station is

known then the first page attempt is within the LA.

Otherwise, it 1is within the service area

SA which

includes all of the IA's within the exchange. If no

response is received to the page, the page is repeated

either within the LA itself or within the SA.

EP Patent Application No. 0,454,648 A2 and GB Patent

Application No. 2,193,861 A disclose a paging system

wherein a home exchange for a subscriber maintains a list

of a plurality of possible exchanges in which the
subscriber may be located. The listed exchanges include
those exchanges where the subscriber previously

registered, originated calls, or sent a page response.

Paging is then initiated in response to an incoming call

in accordance with the maintained list. Such

paging may

occur simultaneously, sequentially, or in combination.

]
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26 operator's own exchange.

The system t hen asks whether the
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The object of the invention is the optimisation of
the control channel paging capacity.

This object is
achieved with the method according to Claim 1 and the
system according to Claim 8.

SUMMARY OF THE INVENTION

In one 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,

unknown,

whether the
location area of the mobile sought after is known or
etc.

Each of the received page requests is also
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 further

assigned a paging priority based on the assigned group
designation and extent designation.
Each

page attempt is then executed within the
telecommunication system in a sequential order based upon
its assigned paging priority.
BRIEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of the
invention for further objects

present
and advantages

thereof,
reference may now be had to the following description

I
:
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pagi ng extent value within the paging paraneters contains any
fields. If not, the system proceeds to 198 to reject the page
noves to 200 and returns to 180 to again begin the procedure

i ncom ng page request. If at 196, the pagi ng extent do
paging fields, the system proceeds to 202 where the system ad
paging priority if the system subscriber being s ought by the

REPLACEMENT SHEET
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p
ag Cbﬁﬁxiﬁﬁﬂ
uglLs the

page request

is a "priority subscriber."” The system naintains a tabl e cont!

&-H-Rg—t-he

taken in conjunction with the accompanying drawings, in

which:

FIG. 1 is a pictorial representation of

a cellular

radio communication system including a mobile switching

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 1is . a block diagram illustrating possible

sources of page requests within a cellular radi

o system;

FIG. 4 is a table listing various possible groups of

page requests received by a cellular radio syst

em;

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;

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

g
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adj ust ment val ues by which a paging priority is to be adjus
or decreased), for each of a plurality of assi gn
priorities.” Thereafter, the system noves to 204 wher
attenpt is initialized by the acceptance of a paging fisg
the page attenpt is placed in an apprgpriate systemf
to the paging priority established for that page attenpt. |
page attenpt awaits its turn to be broadcast within the sys
orders to air the pagi ng nessage given to all of the base

ted (increased

Y-Ye R T T VT S - T-Y -
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tations involved

'n the defined pagigge 1181 ds o AP 1010 raP2Hg Al

U%%Hﬁling of

page requests 1in 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 piesent invention generally pertains.
In FIG. 1, an arbitrary geographic area may be divided
into a plurality of contiguous radio coverage areas, or
cells Ci-C1i0. 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.

Agsociated with and located within each of the cells
Ci-C10 is a base station designated as a corresponding
one of a plurality of base stations B1-B1l0. 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-Bl0 are illustratively
located at the center of each of the cells C1-C10,
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 C1-C10 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

hY
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contained within the system buffer are serviced before | ower h €
att enpt s. At 208, paging orders are transmtted towar ds A @Eﬁﬂ?SHEET
stations carrying the associated paging priorities. Thereaftger| at 210, an
at the control channel within the base station, the page neskage 13 MiRagRg
in one of two buffers, either "Stream A" og "Stream B," accprfling to

is not intended as a limitation on the possible
implementations of the cellular radio system within which

the system of the present invention is implemented.

With continuing 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 practice 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-Cl0, the presence or
absence of the mobile stations M1-M10 in any particular
one of the cells C1-Ci10 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 1links, e.g., cables, to each of the
illustrative base stations B1-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 mobile switching center

MSC and the PSTN or ISDN, are not completely shown in
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FIG. 1 but are well khown to those of ordinary skill in
the art. Similarly, it is also known to include more than
one mobile switching center 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-C10 is allocated a plurality of
voice or speech channels and at least one access or
control «channel, such as a forward control channel
(FOCC). 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 include incoming call signals,
outgoing call =signals, page signals, page response
signals, location registration signals, voice channel
assignments, maintenancg 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,
thefe 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
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stations being paged. Next, at 212, the control channel sel B:E‘E‘ACEMENI&HEET

Stream A/ Stream B buffers the higher priority page nessages| before the
lower priority page nessages and broadcasts the page nessage (ﬂ:ﬁMARémﬂbht
after nobile into the system At 214, the page response ti super vi si.on
is begun at the MSC when the page order towards all involvgd base statTorms
Is given. The page attenpt is then considered to be in a iting for page
response” state. The system proceeds to 216 where it asks during the

"wai ting for pagea edfdnsés ssareouhdelierby heanmlesiddd ikl e gilcipiony has
?gsglzgsed 'ts ll%ccaattli%r}l b reraesS pw nfél?gtég?eél‘tleer pggtr?priée yaesbaéglggsgiggm(g%\;es

102. For example, the paging area 102 surrounding

location area "3" includes location areas i, 2, 3, 13,
14, 15, 4, 5 and 0. Finélly, all of the location areas
101 taken together comprise the service 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 system may be as set forth in
U.S. patent No. 5,369,681 issued November 29, 1994 in the
names of Alain Boudreau et al. entitled "Cellular
Communications System Utilizing Paging Areas," assigned

to the assignee of the present invention.

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
s0 by known registration access processes. The definition
of the location areas 101 allows selective paging within
the system. That is, if the location area of a particular
mobile station desired to be located is known then the
paging message is only sent within that particular
location 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 is generally repeated. However,

this repetition can be repeated within either the




where the paging process termnates with the recei pt of a succ

response. The systemthen noves to 224 where it returns to 180;t
the procedure for the next incom ng page request. I f, howevr
the desired nobile station does not disclose its location by rks
the page attenpt, the system asks at 218 whet her anot her page fjt

LACEMENT SHEE]
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opt _has

been defined. If yes, the systemreturns to 204 to initialize fhis second
page attenpt. If at 218 another page attenpt is not defined, tHe—procede— —

noves to 222 whecatiba patfianplrendsspaged; nutithini ttheutasee cessranddiay
224 the systempgtujfgatodBlata " a¥a 5 hS PEACCPURIQ" lS "TEL, or

I ncom ng

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 response is obtained, the next
page could be broadcast within the paging area 102
surrounding location area "3", 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 the 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 seen that the
request for paging service by an exchange can originate
from wvarious possible sources. For example, a page
request may originate from within the same system 110

performing the paging operation. Additionally, paging may

oo ARSI LS
W
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page request. As illustrated in FIG 8, the system of tREMAGEMENT SHEET
I nvention utilizes the various paging paraneters which have bpe—assrgned

by associating sel ected ones of them
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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 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 issuance of accurﬁte 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, may wish
to obtain the wvery 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
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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 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 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 system.

Overall, the system of the present invention
overcomes numerous drawbacks inherent 1in the current
technique of allocating paging capécity in accordance
with a "first come, first served" basis. These 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
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with each page request. This provides a priority to each page aﬂ@[yACE\MENPSHEE
is used to allocate systempaging facilities, such as FOCC, in {adqCordarce
with the goal of optimzing the use of those facilities. Refe{{smﬁgﬁu
nowto FIG 9, there is shown an overall illustrative diagram depic

handl i ng of page requests by the systeminjshe present inventi¢ni-At—nade
250, the system accepts an incom ng page request along with it$ particular
characteristics and deternm nes the designation of a page request group: —
The page requestapacity 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 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 telecommunications
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 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

H
H]
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along with its associ ated page request group designation, procREB]s.ACEMEN’iéSHEET

252 at which the system determ nes whether the identity of thdq dooperating
exchange from which the page request originated is available. |Iff np&,MARQUG0
systemw || retrieve the paging paraneters defined to serve the|"Owm .
Exchange." If the identity of the cooperatijgg exchange is availl abte—the
systemw || either retrieve the paging paraneters defined] for that

particul ar originating cooperating exchange or retrieve preselected gefaort
val ues suppl i etbych hetky st pagef peguegtpar aretedinge hayagheg beepviebi nadg

' ' o T e request, and its
for that parti Causlsai.rgr?eoci) &I aa%c':cn&cfa).(rfchear}ngieth tq1eeipra elative 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 wvalue 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 value
assigned to the subscriber, i.e., their paging priority
is either increased or decreased accordingly. In this
exemplary embodiment, priority subscribers receive an
increase in priority value of, for example, one priority
value. The goal is to determine the paging extent and the
priority for each page request. The first step in this
procedure is to classify incoming ﬁage 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
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associ at ed pagi ng paraneters proceeds to node 253 where the p P QEMENT SHEET
paraneters are conbined with the subscriber characteristics,

subscri ber priority, and beconmes a page attenpt which is trangmitted t& tiﬂ@b
MSC 254 and placed in the paging buffers associated with the dpprobdi MAR

| ocation areas. There is one buffer for eacfiyl ocation area. hie MSC_254
then transnmts the page attenpt from each of the appropriate puffers to
their associated |ocation areas 260 within the regi on being | —

the system as illustrated for typically representative

values in FIG. 5. For example, as shown in FIG. 5, paging
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 1is 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 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

s sp oo
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each location area 260. At each control channel, there are twe—hutf
stream A and stream REPt N'FCSHEET
18 ' 13 MAR 2000
(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 addition, the
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B, which are utilized to place the page attenpts into the contR@P_LA
(FOCC) for broadcast according to the assigned page attenpt prijo Sl IO
MSC 254 enters and remains in a state of waiting for a page regppn 3} rom

the tine a page order is sent to the base stations. If no page rsa AR; 2000
received within a designated tine period the MSC 254 will resgt & and
await new page attenpts. As can be seen fromthe above description,
t he

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
location. PRG1 is a classification in which the specific
LA is unknown yet this area is believed to be ﬁhe 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 1location area is

unknown and this is also an alternative location.

Next, within the system a set of possible paging
extents representing the wvarious paging costs within the
cellular system is defined. Referring to FIG. 5, paging

extents 0-11 are illustrated with paging extent 0
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present invention enables page requests to be handled by a ce REPEACEMEBHMSHEET
in a logical and orderly manner based upon the econom c reali S
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[ im stem resources, such{ag tro
operation. It enables optimzed use of sy t :Q‘;’;E‘P@#UUD
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channel (FOCC) space allocation, and at the same tine enables
operation to be highly responsive to pagi ngapequests which nef
treat nent.

such.

comprising no paging fields, paging extent 1 including
only a first field comprising the location area; raging
extent 2 includes two successive pages 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 wunder page request group 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 incpming page
requests according to the priority value assigned to the
particular paging parameters. By way of further
illustration, if a page request originates from 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
resulting in priorities 5, 6 and 6, respectively for each

of the three page attempts. The first page attempt will

W e o taraem s
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wait for its paging service in an appropriate page
request buffer according to the paging priority ns.w
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
for the next page attempt, i.e., again within the
location area, with a priority of 6, and so forth. In the
meantime, if another request with similar characteristics
arises from Toronto2, then the paging extent #4 (LA, 1A,
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 values for all cooperating exchanges when
this feature is introduced initiall{r, 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:
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cellular tel ecommuni cati ons exchange (254), said nethod charactd &EﬁﬂﬂﬂfSHﬂ
the steps of: assigning (152) to each page request recei vedq ™% e
exchange a page request group designation based upon the charadtqgristics

of the page request, said characteristics of said pade| *3dd&R2000

I ncl udi ng indications of a nost probkable |ocation and an
alternative location of the nobile station to which the page is |diTected,
assigning (154} to each of said page requests received a pagi ng lextent _
desi gnation to be adsocildeadifiichttiloa nanferdefiphgbont tefhpithd 0 reguired
effected and

'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 extents, which is
also wusually done with the assistance of the system

designer.

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

.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 pfiority values that are to be associated with the
related page attempts and an examination of how these
values can be changed in order to sexrve the wvarious

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
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representing the geographic area within the exchange to which
page attenpt is to be broadcast; assigning (158, 162, 166
attenpt to be effected in response to each of said page requeptp a pagin
priority which is related to the econonics of the system and |s| bdskeMABNZU00
t he page request group designation and thesgagi ng extent desipnption, of
sai d page request; and executing (212) each page attenpt Wtrhin sard

t el econmuni cati ons exchange in a sequential order based upon |ts_assigned

paging priorityystem 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 procedure 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 extent 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 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
pagé 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
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said characteristics of said page request including indicatid Lﬁm (SgEET
of said page request. '
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parameters are to be defined and, if not, to 170 End-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.
If, 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. If so, the system returns to 152 to
continue the procedure for the next page request group.
If at 168, there are not any more page request groups to
which paging parameters are to be defined, the system
moves 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
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a paging priority is characterized by the step of: stori MPLMKDHEET
of said page attenpts within a buffer nenory in sequential orldgr Tn
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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
selected 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 i'equest 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 inquiry at 186, if the page
request does not identify from which cooperating 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
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4. The nethod as set forth in claim1l wherein the step of as{ s E.I?
paging priority is further characterized by the step of: :.u}”‘SHE
(202) the paging priority assigned to each page attenpt as a flufctron of a
priority of service assigned to the nobile station to which tHeipapd MAR 2000
request is directed. 5. The nethod as sgg forth in claim4iwjerein the
step of nodifying is arranged to change said paging priority T

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 s ought 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 "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.

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
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priority paging service. 6. The nethod as set forth in cl aijtEH
the step of assigning a page request group designation is chaga
the steps of: classifying (184) page requests into groupstgb§
the characteristics of each request s said classifying %
conprising the steps of; analyzing the certainty with whi e
| ocation of the nobile station sought in said page request i siknown ™"

the paging priority. The particular buffer IwwwSl=CEed

depending on the least significant bit of the
identification number (even or odd) of the mobile
stations 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 prage order
towards all involved base stations is given. The page
attempt is then considered to be in a "waiting for page
response" state. The system 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 vyes,
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.

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
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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 praging parameters defined for that
pérticular' 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 254 then transmits the page
attempt from each of the appropriate buffers to their

asgociated location areas 260 within the region being

—t
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32 7. The nethod as set forth in claim6 wherein the step off REPEAGEMENT SHEE

pagi ng extent designation is characterized by the step of: agsrontRe—a

val ue to various possible paging patterns based upon the rel ati]v QﬁﬁéflﬁEMr

execution of said paging patterns wherein said paging patterns|imnclut _A v

directing of page attenpts into different ggographic regions wjthin said

exchange conprising location areas, paging areas and servicg¢ areas

wherein the nore —
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 (FOCC) 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 ié 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.
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economcally efficient ones of said paging patterns are given preference

over the others when assigning said values. 8. A system of
stations (M-M) within a cellular telecomunications exchang
system characteri zed by; means for assigning (152) to eac

received by

upon the characteristics of the page request, said characteript|cs of said

page request

i

page request
said exchange a page regguest group desighafi 6/3 MARSZIUN

CLAIMS

M

1. A method of paging mobile stations (MI-M9) within a
cellular telecommunications exchange (254), said method
characterized by the steps of:

assigning (152) to each page request received by

said exchange a page request group designation based upon

the characteristics of the page request, said
characteristics of said page request including
indications of a most probable location and an

alternative location of the mobile station to which the
page is directed;

assigning (154} to each of said page requests
received a paging extent designation to be associated
with the number of page attempts to be effected and
representing the geographic area within the exchange to
which each such page attempt is to be broadcast;

assigning (158, 162, 166) to each page attempt to be
effected in response to each of said page requests a
paging priority which is related to the economics of the
system and.is based on the page request group designation
and the paging extent designation, of said page request;
and

executing (212) each page attempt within said
telecommunications exchange in a sequential order based

upon its assigned paging priority.

2. The method as set forth in c¢laim 1 further
characterized by said characteristics of said page
request including indications of a source of said page

request.
_

O
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i ncl udi ng indications of a nost probable |ocation and an alter REPLA@EMENT SHEET
| ocation of the nobile station to which the page is directed; Heas

for assigning (154) to each of said page requests receifved '
extent designation to be associated with the nunber of page atterrpf‘s‘%‘g# @Eﬂﬂ

effected and representing the geographic arza within the exchande to which |
each such page attenpt is to be broadcast; - nmeans for assi¢gning (158,
162 and 166) to each page attenpt to be effected in response te—each—of i
sai d page requedts aTpaghaghedieei egtwhPehhi dnr elaind 1t whee iec erdil cstad

the systemand &f Basqd 9 N BAGEnECWERrity is characterized by the

step of:

storing (206) each of said page attempts within a
buffer memory in sequential order in accordance with the

paging priority assigned to said attempts.

4. The method as set forth in claim 1 wherein the step
of assigning a paging priority is further characterized
by the step of:

modifying (202) the paging priority assigned to each
page attempt as a function of a priority of service
assigned to the mobile station to which the page request

. 1ls directed.

5. The method as set forth in claim 4 wherein the step
of modifying is arranged to change said paging priority
for each page attempt directed to a mobile station which

subscribes to a priority paging service.

6. The method as set forth in claim 1 wherein the step
of assigning a page request group designation is
characterized by the steps of:

classifying (184) page requests into groups based
upon the characteristics of each request, said
classifying step compriging the steps of;

analyzing the certainty with which the location of
the mobile station sought in said page request is known;
and |

obtaining an indication of the source of said page

request.

oo c L M S *
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7. The method as set forth in claim 6 wherein the step
of assigning a paging extent designation is characterized
by the step of:

assigning a wvalue to various possible paging
patterns based upon the relative costs of execution of
said paging patterns wherein said paging patterns include
the directing of page attempts into different geographic
regions within said exchange comprising location areas,
paging areas and service areas wherein the more
economically efficient ones of said paging patterns are

given preference over the others when assigning said

values.
8. A system of paging mobile stations (MI-M9) within a
cellular telecommunications exchange (254), said system

characterized by;

means for assigning (152) to each page request
received by said exchange a page request group
designation based upon the characteristics of the page
request, said characteristics of said page request
including indications of a most probable location and
an alternative location of the mobile station to which
the page is directed;

means for assigning (154) to each of said page
requests received a paging extent designation to be
associated with the number of page attempts to be effected
and representing the geographic area within the:exchange to
which each such page attempt is to be broadcast;

means for assigning (158, 162 and 166) to each page
attempt to be effected in response to each of said page
requests a paging priority which is related to the

economics of the system and is based on the page request

* c L M N *
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of said page request; and nmeans for executing (212) each{ _ I@EMEN’ptSHEE'[
Wi thin said tel ecommuni cati ons exchange in a sequenti al or?er ﬁa-gu uprw
its assigned paging priority. 9. The system as set ort [ im.
8 further characterized by said characteristics of said page requzéﬁ“\_ﬁ i
I ncluding indications of a source of said pgge request.

group designation and the paging extent designation,
of said page request; and

means for executing (212) each page attempt within
said telecommunications exchange in a sequential order

based upon its assigned paging priority.

9. The system as set forth in claim 8 further
characterized by said characteristics of said page
request including indications of a source of said page

request.

10. The system as set forth in claim 8 wherein said
means for assigning a paging priority comprises:

means for storing (206) each of said page attempts
within a buffer memory - in sequential order in
accordance with the paging priority assigned to said
attempts. .
11. The system as set forth in claim 8 wherein the means
for assigning a paging priority comprises:

means for modifying (202) the paging priority
assigned to each'page attempt as a function of a priority
of service assigned to the mobile station to which the

page request is directed.

12. The system as set forth in c¢claim 11 wherein the
means for modifying is arranged to change said paging
priority for each page attempt directed to a mobile

station which subscribes to a priority paging service.

13. The system as set forth in claim 8 wherein the means

for assigning a page request group designation comprises:

* ¢ L M § *
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10. The systemas set forth in claim8 wherein said neans for | G -
pagi ng prigrity conpri ses: means for storing (206) each of {53 ﬁE@&%ﬂ?SHEﬁ
attenpts within a buffer nenory in sequential order i@ dgccordance
with the paging priority assigned to said attenpts. 11. The ystéh%dbM%émm
forth in claim8 wherein the means for asskgning a paging priofify
conpri ses: means for nodifying (202) the paging priofity

means for classifying (184) page requests into
groups based upon the characteristics of each request,
said means for classifying comprising;

means for analyzing the certainty with which the
location of the mdbile station sought in said page
request is known; and

means for obtaining an indication of the source of

said page request.

14. The system as set forth in c¢laim 13 wherein the
means for assigning a paging extent designation
comprises:

means for assigning a value to various possible
paging patterns based wupon the relative coats of
execution of said paging patterns wherein said paging
patterns include the directing of page attempts into
different geographic regions within said exchange
comprising location areas, paging areas and service areas
wherein the more economically efficient ones of said
paging patterns are given preference over the others when

assigning said values.

I

L
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assigned to each page attenpt as a function of a priority of seryigce

assigned to the nobile station to which the page request is di rem
The systemas set forth in claim1l wherein the neans for nodifyi & AQE%TSHE
arranged to change said paging priority for each page attenpt diirécted to a

mobi | e station which subscribes to a priorjfy paging service. 13. THMAR 2660
systemas set forth in claim8 wherein the neans
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means for classi fying (184) page requests into groups based.ipon the _
characteristics of each request, said neans for classifying co P ! r
means for analyzing the certainty with which the |ocation of tﬁs.%@.E@ENT SHEE
station sought in said page request is known; and  neans fo btip.i gg

an indication of the source of said pag®/zequest. 14. The syt b 2uhy
forth in claim213 wherein the
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means for assigning a paging extent

means for assigning a value to various possible paging patterng
the relative coats of execution of said paging patterns wherei
patterns include the directing of page attenpts into different
exchange conpriggz ng | ocati on areas,

and service areas wherein the nore economcally efficient one
pagi ng patterns are given preference over the others when assitgrrg-sald

regions wthin sai d

val ues.
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