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RELATED APPLI CATI ON Thi s apphi cati on-.contai ns. subject natter related to
copending U.S. Patent Application Serial No. 5 07/881,598, filed May
12, 1992, in the naneof K Raj Sannmugam entitled "Inproved Al ocation of
Pagi ng Capacity in Cellular Applications," assigned to the assignee of the
present invention and incorporated by refeﬁence herein. 10 BACKGROUND OF
THE I NVENTION Field O The Invention The pfesent invention relates to
pagi ng within cellular communication systens, and nore particularly, 15

to the efficient allocation of paging distribution within a cellular
conmuni cation system Hi story of the Prior Art Cellular radio

communi cations is, perhaps, the fastest gr ow ng field in t he
wor | d-w de 20 t el ecommuni cations industry. |Its growth has been such
that in recent years the capacity of existing systens -2 - has been

severely stressed to serve all of the subscribers who would |Iike to have
access to the system particularly in najor nmetropolitan areas. Moreover,
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5 07/881,598, filed May 12, 1992, in the name.of K. Raj
Sanmugam, entitled "Improved Allocation of Paging
Capacity in Cellular Appllcatlons," a551gnéd to the
assignee of the present invention and 1ncorp;orated by
reference herein. '

10
BACKGROUND OF THE INVENTION
Field Of The Invention
The present invention relates to paging within
cellular communication systems, and more particularly,
15 to the efficient allocation of paging distribution
within a cellular communication system.
Hist £ the Pri Art
Cellular radio communications is, perhaps, the
fastest growing field in the world-wide
20 telecommunications industry. Its growth has been such

that in recent years the capacity of existing systems



communi cations channel is allotted to a single radio channel, to digital
based systens in which a plurality of- subscriber channels can be assigned
td each radi o channel through time division nmultiple access (TDVA) 10
radi o technol ogy. In TDVA radi o each channel is divided into a plurality
of time slots and a digitized portion of eagh subscriber channel is
broadcast in a different tinme slot. However, despite the use of digital
technol ogy, 15 such as TDMA to increase cellular radio system

capacity, the treHEQdOHéeﬂe”Qé‘@ef:@iyceéﬂ‘ééée&?dw SEEMLe 481 PIGCi RGOt her
demands on the system For exanple,”comunication between the radi o base
stations within t#absgsibarandvhde wetHid eldkst | Bhs Bavieni ACERES20tC theystem

are divided into gystemndl i pareicPasEyOrisPaRtibr hatiicpsantal larsls .one
access or control channel,\Mﬂfi%$gyiéﬁ_eith§% inalog or digéyﬁl and, whi ch
may have any dat a¥PEERVe%n §F AR rECERCSRBK 48 cBYEr Gt o MG
channel is beferrgdoino axmliche Yaxadr dy@bems, dontwlolclcheackl suEECE)iberach
nobil e station whj |. S catLn I.t.AkN .3, C C ni han .St em
nmust be Iocatablee§ﬂgﬁﬁéggaﬁgﬁ%sgpé%éggedg%fﬁtkgh%%%tgﬁ?&hﬁgﬁbpg ?ﬁ?%%ﬂed
for that stationchannel, nypidigitalatiased isystiegeatiod whirhg@ plurality

broadcasting a pageng,$sdiadbed Bl ddif BRLLESiGREAT 8URIKN & ddid O
respond if it recelves the page. Wen the pobile broadcasts its page
response signal tBhERBEPafHTOUGTaItine | Q1Y HRIOD| BELHIBha BFGREE | by
the base siation gadibhecéd@hhoisdgndedrhorTdme rmfiile eagéh 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,
15 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
20 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 channel is referred to as the forward
25 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
30 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



-3- be connected to it t hrough that voice channel. Cellular
t el ecommuni cati ons systens empl oy a eontkol channel such as the forward
control channel (FOCC) as the neans by which paging signals are broadcast

into 5 the various cells of the systemin order to |ocate a particul ar
mobi | e stati on. Thus, the nore paging W|t3h| n a systemthe nore radio
‘traffic there is on the FOCC of the system ~ The conti nued subscri ber
growth within cellular systens along with the continued 10 i nt roduction

of additional f ungti Ogﬁglhte'c%%d""' R Ny tthettyn%ﬁél%q Wigha tundoybicedloh Gigat |y

i ncrease the paging | thin each sys place an even hi gher denmand

f or. FOCC capaci t y CRiLiHlATe &EH eSPRMBMichRTd A BYIELHF eHRlernfr dontkiinel |

such as the 15  chEQRE] Wukhi Bed t5s FoPwERA hodtrsl ehderausgarc)atad east
two reasons. For _exanpl e, .the data rate over ce tal n f%[rward Ci”tg{gﬁlf
'3 Ste

channels is restrFefed8sh RarthifrR (hRILrdeP1R245 18K
which is a speed thel talricud rqedsed & the sgshewnl dgyowded ito thaiat20 a

i npl emrent ati on. SeeqRdl tlngbgggt r&%ﬁf@{ma TP allt%% blff oy !}Jarzgglqleé

transmt other nesSsagés to the no at1ons, 1nclud
voi ce channel denghhthoasSY%IW@ctl‘eej m@:terwaﬁamertgrafs‘%m Welrsedmeté‘e%m

signals and syst egpe¢eidieathdBspdan [ r arhe %%ﬁ'ﬂlﬁﬁed subscMiier WpRwth
substantial control, channel ﬁré‘ acity each tine they are transmtted. Thus,

it is desirable t ¥l zeethulagnt ?Xﬁtéﬂénnéio’&ﬁpa‘ﬂ’f}} itheys cantemyed ent

10 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

15 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

20 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

25 of which use substantial control channel capacity each
time they are transmitted. Thus, it is desirable to
utilize the control channel capacity in as an efficient
manner as possible by paging in as localized an area as
possible and still reliably locating the mobile station

30 being sought by the system.

In conventional cellular radio systems, paging
within each system is employed to serve not only its
own paging needs but also the paging neéds of the
various cooperating exchanges which seek to locate



manner as possible by paging in as |ocalized an area as possible and stil
reliably locating the nabile.station.30 ; bei ng sought by the system 1In
conventional cellular radio systens, paging within each systemis enpl oyed
to serve not only its own pagi ng needs but also the pagi ng needs of the
vari ous cooperating exchanges which seek to,l ocate -4- nobile
subscribers within the exchange in responsé4fo call requests within their
own exchanges. Pagi ng provides the service of attenpting to |locate a

mobil e station's : eab i ¢ [ change.j rder: t up a
‘call to that nobi %@Eéggt ?g%.gc\l%rkg%gpg%?ﬁéal_ ?1;% Pet}éﬁgla% | r}(f;1 %rec%ggglsselsﬁ:to
mobj | e cellul ar raald sysueastsatticipins tBeilderpWh y eXKERARGEEI-f | c Ragyng

contai ni ng that ngb'b{r@de@stﬂ@s@@&b&@ea@zvgtit@nfp&%@cttid)rldeéattfa;_ tEhenddadieng
process. During 1 t he executjon of this process, the mbile mnaﬁblng

center (MSC) sear ERBELPBY St WBeKSBPPULEy withdinfhe sxghange Jf
nmessages onsthe FEEE ap thealistenchad aohile atpagenr.esponse. Cbvi ousl y,

Coveri ng the entire. seloFee SHA TS oy S rpifaf cRrofsbEndl SUAe the
mobi |l e i s | ocat edceédalaresyadfionheyetemsni gattempit hia tidentysiemtiFEhi s
Implies thal whenghBesyge obePROICUALGARASIY VeRBe Ahlodil® COBET dedhiamied s 1
e exchange is required, only one nobi]e . )
above in comnnection with the paging process. During
10 the execution of this process, the mobile switching
center (MSC) searches for the mobile by sending a
sequence of paging messages on the FOCC of the system
and awaits a page response. Obviously, the page
message must be transmitted to all of the cell sites
15 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 that
when the use of paging capacity on all the control
channels in the exchange is required, only one mobile
20 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
25 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
30 of LA's allows selective 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 result of this modification



20 can be paged at any given tinme. This limtation on cellular system
capacity has been inproved 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 25 consi st of one or nore

i ndi vidual cells within the system Each gnblle inforns the systemas to
its specific LA identification either periodically or whenever it crosses a
| ocation area border by neans of registration access within the system The

definition 30 ' opf LS ghboHs Sslecibye PRSI gkt i ddieny SR itier eby

‘conservi ng pagi ng capacity resources. that is,_if the LA of a npbil
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only within that mabht@@har drdashs waitlesyl treé tBistemdi hdah oyreatly of
t he pagi ng process, as erent nobile sta |%§§ g%gbe paged

si mul t aneousl y as Pﬁﬁ?@sﬁg FgSaPPQﬁngrgﬁgaﬁﬂFﬁlﬁ f%hi ch greatly
increases the pagi ng capapregent systemst etherba page remannprenamﬁwawedens

when a page renai g5 yRANGASY 0 dad it WCe 18 BLLGACINLAD hoqS I nd he

page nust be repeate I'S repetition can mnth ocat1on
area previously pugpeasedn t hfflhlﬁwer%mﬁ‘—%*él@’@r\ﬂaéb h@e@l(t%r oWltlhénsy%t em

The present pract ns%aisqon ardd Nhre¢ebhsl |r ph ao Y ShEFRiAS the &Y e t he

in rocess to handl e inco age re ues on first
paging p serv1ce arearQSialjéJthe ystem f%e present practice

10 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

15 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 is received

20 to the page, the page is repeated either within the LA
itself or within the SA.

When attempting to route a call to a mobile
station, the MSC must specifically know in which cell
the mobile station is located. In accomplishing the

25 task of locating the mobile, the MSC pages the mobile
station in the location area where the mobile station
last registered. This prevents a global or system-wide
page wherein all the cells within an exchange are paged
simultaneously. If the mobile station does not answer

30 the page request in the registered location area of its
last registration, only then is service area or global
paging required in order to locate the mobile.

Experience with the management of cellular
communication systemSwhés shown that a high percentage



cone, first served" basis. Dependi ng upon whether the |ocation area (LA) of
the requested nobile station.is known or;not,,the anpbunt of paging capacity
al-l ocated 15 to serve a particul ar page request is the sanme. That is,
if the LA of the nobile station is known then the first page attenpt is
within the LA Oherwise, it is within the sserwce area SA which incl udes
al’l of the LA's within the exchange. If no response is received 20 to
the page, the page is repeated either within the LA itself or within the

SA.“ Wien attenpting {ng Etg ﬁ;f@%ﬁ &c? mgv?erstféé oﬁ k@r&@cﬁagﬁfﬁg
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mobi | e station i n difkad 0cakl onREea i hidIe Mebiilsresicl | 0Bl aStarlier
regi stered. This rev nts a stemvvld gﬁ wherein all the
cells within an e «?%pé‘@fgi? ‘é?'\%%swli}l f 2ffe 1% sTEPT DN
does not answer 3&our d&lﬁeerage aeeplebdent f ieat bon séedesl (ATDe) oniehea of
its last registra on onI t S [ Vi ea.o I in e red
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causes for this pro I em I rst cont 1 nual exl stence of
earlier stored within the mobile station's memory. If a mobile

10 station moves from one of these four location areas to
another, a forced registration does not occur and the
mobile will not answer the page, thus requiring service
area paging to contact the mobile.

As previously noted, the division of a service

15 area into location areas was deemed advantageous to
alleviate capacity problems within the FOCC, especially
in those situations where the number of subscribers
sexrved by one MSC had reached a level on the order of
40,000 to 50,000 mobile stations. The FOCC cannot

20 efficiently handle all page requesté in - a system
utilizing only system-wide paging since all the cells
within the system area are simultaneously paged. The
division of the system area into location areas, which
include a relatively small number of cells, was created

25 to permit a page request to be directed to a specific
location area if the desired mobile station was known
to be located within that specific location area.

_ Whenever a mobile station crosses the border
between two location areas, it is required to make a

30 registration access to the MSC by means of a bit in the
overhead message of the FOCC. Crossing of the border
is detected by the mobile station due to the fact that
the AID in the overhead messagé on the FOCC from the
new location area is not equal to the AID received in



manuf actured nobil e stations which are able to store 5 four different
area identification codes (ALDs) within their;internal nmenory. Such nobile
sttations will not performforced registration if they remain within the
sanme four |ocation areas corresponding to the four AlIDs stored within the
nobile station's nmenory. If a nobile 10 tation noves fromone of these
-four location areas to another, a forced rédﬁétration does not occur and
the nobile will not answer the page, thus requiring service area paging to

contact the mobilg. Ag;plevy a/ gggg‘,@trtatﬁﬁoﬁ’li Véﬁ&oa’bﬁfg rél SGEYLHGS 1§he
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cr.osses the border bhetween two ation areas, it Is required to make a 30
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registration, because the.MSC will not have an accurate
indication of where the mobile is currently located.
This will continue as long as the mobile station
15 remains within a group of four location areas, whose
AIDs are stored within the mobile's memory, which is

often the case.
The second reason why mobile stations often do not
respond to a location area page relates to "rescanning"
20 by the mobile stations. To ensure optimum performance,
mobile stations access the system (for the purposes of
registration, call initiation, and page responsé, for
example) on the best available control channel. For
this reason, before each access, the mobile station
25 will "rescan" and listen to all the available control
channels to choose the one having the best signal
strength for access. The specification of the cellular
system air interface standard causes the mobile
stations to rescan both before and after every access.
30 For example, when a mobile station detects that it has
crossed a location area (or service area) border, it
conducts a forced registration. The mobile station
rescans for the control channel with the best signal
strength, performs the Fforced registratioh message



new | ocation area is not equal to the AID received in -7 - aprior
forced registration and.stored within the nobjle's nenory. However, if a
nobile station is able to store four AIDs within its internal nenory, as
the ol der nodels are able to do, then when it crosses the 5 bor der.

bet ween | ocation areas whose Al Ds are currer&lly stored within the nenory of
fhe nobile station, a forced registration will not occur since the AlD of
the new | ocation area is the sane one of the AIDs of the prior |ocation

area stored wthi no, o] e "gBEE stiatd ong s T
‘obile station w Ef‘tc%%tr_l%nsé\%? téh%glgeggl?ae%?e kalo.t'he loéc)a}%:llxgﬁ gﬁ Ztah(;o_ | ast
regj stration, becsheskimg mdetlian gwtneayvehanmabileassatignc&omrIFiMmher e
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st.ation 25 wi | rescan”_and li1sten to all_the avalilable contro
the control channel of the location/service area in
10 which it last registered and, thus, become "lost" to
the system. This situation is quite common especially
when a mobile station is moving along a border between
location areas or exchanges. The control channels of
the neighboring location areas or exchanges begin to
i5 compete with each other since both their respective
signals are being received by the mobile station. The
two signals will fade in and out as the mobile moves
along the border.
In other words, if the second control channel
20 belongs to a location area different than the control
channel found when performing the first rescan, and the
mobile is now located in the first location area,
service area paging will be needed to find the mobile
station. If the second control channel belongs to a
25 neighboring exchange, the mobile station will not
answer to any page at all from the first exchange and
will not be able to receive any calls.
A third reason why a mobile station may not
respond to a location area page is related to the
30 addition of more and more subscribers to a mobile
telephony system. In metropolitan areas, where there
is a high concentration of subscribers, the cell radii
are becoming smaller and smaller. The same cochannel
reuse frequencies are being used by cells that are



channel s to choose the one having the best signal strength for access. The
specification of the cellular system.air  interface standard causes the
nobil e stations to rescan both before and after every access. 30 For
exanpl e, when a nobile station detects that it has crossed a |ocation area
(or service area) border, it conducts a forced registration. The nobil e
station rescans for the control channel witT the best signal strength
performs the forced registration nessage -8- exchange and then

restans again, thi s ] C Ki t her t e, S tion
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remai ns tuned to thergesedgradfificoensityhanfbnsy when perfigrming i3y t he
second "rescan.” gld.glshe ¢ icentinlr&ianale faind by tdie rmkkd g siat i on

is different fromthe first, becausethe nobil.e crossed, anot her border1 t he
mobi | e station wi PeaFst B Pered than nereortrldl Wsifheb8r sgme contro

| ocati on/ sesvi ce ahaaned,lGhere @i Che i indditdigtrgicdesr betagdn whese tleeone
"lost" to the sys This_situation is Lte. n_e i-al | n a
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respective signals a[e(%elng recelive y the nobile station. The two |
signals will fademMoRidfd ofReagolnbiempe £hpveapacity problem which is

10 occurring within the available frequencies and the
associated FOCC control channels is that of
geographically closer frequency reuse. A utilization
of both location and paging area paging allows for a
multiple use of the FOCC channel since multiple mobiles

15 can be paged using the one FOCC channel.

Because of the foregoing problems inherent in
existing cellular communication systems, it is
desirable to introduce a system of paging utilizing
paging areas, which allow paging within a greater

20 number of cells than that of a location area without
having to page in the entire service area. Paging
areas serve as a middle step between location area
paging and service area paging and thereby improve the
capacity and the efficiency of the forward control

25 channel. As an example, a service area can be divided
into 16 location areas. If a paging area contains four
location areas, the use of paging area paging reduces
the load caused by a service area page by a factor of
four. Service area paging can still be utilized if the

30 mobile station does not respond to the paging area
page. However, if the paging areas are wisely defined
by the system operator, a very small percentage of the
calls will need service area paging.



along the border. In other words, if the second contro
bel ongs to a | ocation area di.fferent .thap the; control
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channel found when
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composed of a plurallty of location areas provide a
means for locating a mobile station which has not
responded to a location area page without requiring a
service area page.

In another aspect, the present invention includes
a system for paging mobile subscribers within the
service area of a cellular communications system which
comprises a plurality of cells grouped into contiguous
locations areas each having one or more cells. Mobile
subscribers are first paged in the particular location
area within which they last registered with the system.
Thereafter, the mobile subscribers are paged in a
plurality of location areas within the service area of
the system in response to failure of the mobile
subscribers to respond to the particular location area
pages. The location areas from which a page response
is received from said mobile subscribers in response to
said pages within a plurality of location areas are
recorded. The location areas are then arranged in
groups forming paging areas, each containing a
plurality of locations areas and with each paging area
being associated with a particular location area based
upon the previously recorded statistical likelihood of
locating a mobile within the particular group of
location areas comprising a paging area when it last
registered in the associgted location area. The



10 occurring within the avail abl e frequencies and the associ at ed FOCC
control channel s Is. that of geographically closer frequency reuse. A
utilization of both |ocation and paging area paging allows for a nmultiple
use of the FOCC channel since nultiple nobiles 15 can be paged using

t he one FOCC channel. Because of the foregoapg problens i nherent in
existing cellular conmunication systens, I's desirable to introduce
a system of paging ut|I|2|ng pagi ng areas, mhlch all ow paging within a

greater 20 S£a9 f//e' S fcbcaaﬂ: *é}gt a?%a@ WARSLIONGR] &7 Phbh iy Ravi ng

40 page in the en Ire service ar areas serve as a m e step

bet ween | ocati on avescrhiegyR) ankl m&ﬁ,céoérl@a’lﬁlﬁglfﬁglalﬁ@ ttige @sgPanghrtev e
the capacity and ahao%fafﬂl@me%%éaofpard@ fipvassl &rhés! a2§a91ngC|&%@&e|or As
an exanple, a serV|ie %r %} 2g?be d|V|daadia|nt1 15nI0ﬁat|on ?._reasr (ﬁb
pagi ng area cont afh urt RS RGBNL R e’ N1 HRLn o FhG s §RRY 15Fe A5y _
reduces thesl oad ﬁnﬁfggsbymalserglc$ aLea page by g ractor of fgur Servi ce
area pagi ng can sti e utiJli.zed if,the_30 il e_station _doe

respond to the paging 2 £ e, SHRWRTEr 35PET q%églﬁﬁeS?B e ﬁkl%ﬂy
defi ned by the sysnehudpsratsystamvépy paghhgpectad@a@aaﬂidnaawmﬂhxn\aI|
need service areacaghidr to1zb8im Eﬂi%aﬁ%ghgms%t\éw i W AY UL & Can

al.so be |nplenente on a nu t1-exchange basis
cells are arranged 1n location areas and groups of

10 location areas are arranged in paging areas. A call
request for a desired mobile station is redeived from
a calling party, the location area within which the
desired mobile station last registered is determined
and a page request is sent to the location area. The
15 calling party is connected to the mobile station if a
page response is received from the mobile station in
response to the page request. If both paging area
paging and service area paging is not enabled.for the
system and a page response is not received from the
20 mobile station in response to the page request the
calling party is informed that the mobile station is
not available. If paging area paging is enabled for
the system, the paging area which is associated with
the location area where the mobile station last
25 registered is determined. Next, a list of a plurality
of location areas defined by the paging area is
determined and a page request is sent to the plurality
of location areas within the paging area. The calling
party is connected to the mobile station if a page
30 response is received from the mobile station in
response to the page request. If, however, service
area paging is not enabled for the system and a page
response is not received from the mobile station as a
result of the page request, the .calling party is



situation, paging areas may include within their borders |ocation areas

| ocated i n adjacent service 5 areas. ;SUMVARY OF THE | NVENTI ON I n one
aspect of the invention, paging areas conposed of a plurality of |ocation
areas provide a 10 means for locating a nobile station which has not

responded to a | ocation area page w thout Lﬁ%uiring a service area page. In
anot her aspect, the present invention inclUudes a systemfor paging nobile
subscribers within the 15 service area of a cellular communications
syst em whi ch Co”p!thSﬁmédpéﬁg@'ﬂﬁé’ n%fbﬁ%' | ﬁa%%k{/bgg hB 85?125191‘8“5 If,
tocations areas ea aving one or nore BECribers are first
paged in the parthewever) o&:@r\rm aRER \natgmg VitH @rnathi@i Ifon theyisystan

with the system Z0page FLGi&EH t&y ’serfth%d“&l?.'ll Qo%HE%ﬁ' Qﬁé§s%§tlﬁ)ﬁ9%é n a
plurality of Iocatlon areaS within the_service areg he system.in

response to fail uBBT¥ECENBTRBbI | EPSuFSLLIRG PHEY ésspmqlﬁ‘ecdnéﬂ}?&r t5he&ul ar

| ocati on ag s? pagmsblIéestaeabnoasaheas afviadMaitliec i 2 D agRyd W&éish

iS receive ron1sa scrl spopse.to sai es wiithin a
bl ural 1ty of | ocatPbn TRReIves Fht crash, mopife RERE PE, 15 2B i
arranged i n grouptheosermjcpagireg gagas, each containing a plurality of

| ocati ons areas and with each pagi ng area 30. bei ng associated with a
particular | ocation area based upon the previously recorded statistical

| i kel i hood of locating a nobile within the particular group of |ocation
areas conprising a paging area when it | ast



registered in the associated | ocation area. The plurality of |ocation
areas within which the nobile subscri-bers are.paged, followng failure to
respond to a | ocation area page, nay be either a paging area or all of the
| ocation areas within the service area of 5 the system In stil

anot her aspect, the present invention includes a systemfor paging nobile
stations within a cellular tel ecommuni cati ons systemin which groups of
cells are arranged in | ocation areas and groups of 10 | ocation areas

are” arranged in pgg&g? pEGRRIPTAONRLF TREUBRAWIRGS2 desired nmobile station
| )

ts received froma calling party, the_location area within which the
desjred nobile stationFPEsR FEFEscorpdete yacenftieding of fdif REaffdYt s
sent to the |ocatiiaWeataadn ThadlS5for €£atthegy pabiects carbecidBritaddie

nobile station if a response is received fromthe nobile station in
response to the pﬁgg Fg%esfgger??c%omypéb‘?%ggﬁr é’ﬁ‘d;arg‘? nghﬁn Qs,]gﬁﬁw area
paging i s nét enaldeedriptithetalyet ein anshjurEeagieon esiinshe somimpaatei nagd

fromthe 20 ' at .an_in-_response to the page request the calling
party is infor magaghggn?%é %I%bi“}lhgcglt'ation is not available. |If paging area

paging is enabled for FAE.-sysigm RirtqrigihgrepresenhnEhonsofisaoesbiwtRmi t h
the location areargfgbecbiifuiPeit fordlRldt@n i3 udBng a MEBL B& €@l ¢1%in,
determined. Next, a list of axplurall%y of | ocati,on areas, defi_ned Qy he.
; ; center, a plurality of base stations, and a plurality
paging area is -
10 of mobile stations; _
FIG. 2 is a block diagram illustrating the
organization of an exemplary cellular radio service
area partitioned into location areas, paging areas, and
service areas; and
15 FIG. 3A-3B 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.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring first to FIG. 1, there is illustrated a
conventional cellular radio communications system of
the type to which the present invention generally
pertains. In FIG. 1, an arbitrary geographic area may

25 be divided into a plurality of contiguous radio
coverage areas, or cells C1-Cl0. While the system of
FIG. 1 is illustratively shown to include only 10
cells, it should be clearly understood that in
practice, the number of cells will be much larger.

30 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 Bi-
B10O. Each of the base stations B1-B10 includes a
transmitter, a receiver, and base statiéﬂhéontroller as



determ ned and a page request is sent to the plurality of |ocation areas

wi thin the paging area. ,The calling party is connected to the nobile
station if a page 30 response is received from the nobile station
in response to the page request. I f, however, service area paging is not
enabl ed for the system and a page response not received fromthe nobile
station as a result of the page request, tHe calling party is -12-
infornmed that the nobile station is not avallable | f, however, service

area paging is en geqﬂ%ﬂ %%ﬁysigmtqle?aggtr equegt ﬁse&t t
4ocation areas w € service area. The calling party s in orneg t hat
the 5 nobi | e 8tatiiensi sB:hoBl&vaan%bnélustaraﬁagelwesb@ﬁé‘éeds ot the

received from sai deppbi stéabhoaf' RhECSRANEE hachie $REPetR 1A, PAFR
-13- BRIEF DESCRIPTION OF T W NGS Fqr a nore c&gglete understandlng of
t he present |nven?¥%ne%M&P??ﬁ W%ﬁﬁlﬂﬁplo&¥599§¥%%ﬁl e,

reference nay nowiheotiash t codfienirddi@nsngfSa celiﬂemarlmdm QMI rthe
conj unction Wi th Lhg. accompanyisnd P Walohe 18c0EG el Gnd ARty Or i @l

represent ation of "a ce
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,
10 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 invention is
15 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

20 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 Ci-
C10, the presence or absence of the mobile stations Ml-

25 M10 in any particular one of the cells C1-C10 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

30 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-Bl10 and a mobile switching



radi o communi cation systemincluding a nobile switching center, a plurality
of base stations, and a.plurality 10. .of npbile stations; FIG 2 is a
bl-ock diagramillustrating the organi zation of an exenplary cellular radio
service area partitioned into |ocation areas, paging areas, and service
areas; and 15 FIG 3A-3Bis a flo hart illustrating the manner
in which pagi ng requests are handl ed, inclg%'ﬁg the utilization of paging
areas in accordance with the system of the present invention. 20

DETAI LED DESCRI PTI P Fﬁﬁﬁﬁ% qwagl I faopg Li G
4, there is iIIunggggg gggbnﬁgﬁtlona §%E$¥% a ?ggﬁggbgﬁguﬁ%cgé%%%gté%sten1
of the type to whbyh admnysricadrion nigHes ore g@ner 6RP}eper £ @ach i tdhe 1

an arbitrary geoghanhist At8Fd™ad® stationsdinideto iaO t8 thleUrgdtéy of
contiguous radio coyerage .ar lls C1-C10.. \WWile the %ﬁégen1of FI G

as, or. C
177s TITustrativePyRlRGuaiS ohegl (@d <hopel etk BTN AR SR parT y
under st ood Bhat i piatlagefikdd® metwhmrk ofhict haywiinkclbéenaahiheegeatedO

Associated with and | ocated .w_ thin.e 0, - C1Q,
station designat e§YEEER c‘?grgﬁ\e@lg&oﬁ(ﬁtﬁ'%%g(neh#@ gﬁeéuc%i;lﬁ% 0191‘ %%s%e‘g%g%?%ns
B1- B10. Each okonhecbieassbatween Bie Bidbile|swisshingr geshert ¥6C and
receiver, and basgpyl aij0R CQRhE9bhe’ B%-B10;l4%r between the mobile

i switching center MSC and the PSTN or ISDN, are not

10 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 system and to connect each
additional mobile switching center to a different group

15 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

20 - (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

25 response signals, location registration signals, voice
channel assigﬁﬁents, and maintenance 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

30 analog or digital mode or a combination thereof.

Referring next to FIG. 2, there is shown a block
diagram of a portion of the coverage area of an
illustrative cellular . radio system served by a
particular MSC in which the cells, illustrated in FIG.



are well known in the art. In FIG 1, the base stations Bl-Bl0 are
illustratively |located at the center .of each pf the cells Cl-Cl10,
respectively, and are equi pped with omi-directional antennas. However, 5
in other configurations of a cellular radio system the base stations
B1-B10 may be | ocated near the periphery, or _otherw se away fromthe
centers of the cells C1-Cl0 and may i 11umi ndPe the cells Cl-cl0 mnth radi o

signal s either omi-direct | onally or directionally. Therefore, t he
representation of jthe |1 t | p r 0 f
4llustration only dn ]lgg; no ltzggdedﬁé@ §%8§1§5§‘ rﬁ]% a%rll%?\ie Lll'h% S&Erg

possi bl e i npl enene&fiigAensf ut:hblwicm oF rthe @WWNPQSM| &n FRe-

system of the pre%n#hb%ea&éoaefasné& 1P S0P rsﬁdloaxﬁrbﬁ%éaglml
reference to FIG [, plurality of m)blll)

e statlons ML- ML %’ﬁ%\ﬁg f ound
within the cells eiloaroaSAssiLﬁg wptmt%men%%ﬂcﬁ% afﬂléml% kG 1
but it shoulsd be ma&rﬂmtidsmtaféa amt)alldzlo may brghedeobneolnrt emore

stations will be nu gggr ﬁ/g%‘gra% dlg\ﬁl I a:L gbl%oﬁgrgr <_Iiyl&fceed

t he nunber of basé™ lvtl bve T Aohe® o atrons
MI- MLO may be fourg isusooendédt by el I@d@:&tlmﬁl ghreupingende brcabsence

of the nobile stat dY0. i r o) f | s
Cl-C10 should betaun erswhoo to (?epend &“ﬁs%r%%t%cﬁé%ﬂ%hée??%df%?gugﬁﬁ

desires of -the noBiore examlens the WED 4D 3SR rbRn FUBROWREI NG cLOFRRLPA the

cell to anatgher orpdddzomzone fahlads Rradicicetese! 1, 05, N®j ahhoring ¢sl !,
232heven from one 30 8e||u| 1n§¥¥§ingiegks%%yqu)aﬁy%n é%éégaggther
taken together comprise the service area (SA) 103 of
the system.
As shown in FIG. 2, the entire service area SA 103
15 is divided, by way of example, into thirty-two location
areas LAs 101. 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
- 20 is caused to do so by known registration access
processes. The definition of the location areas 101
allows selective paging within the system. That is, if
the location area of a particular mobile station
desired to be located is known then the paging message
25 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. It
should be understood that the paging area within which
a mobile is paged following an unanswered page within
30 a location area may or may not include that location
area depending on the particular circumstances.
An unanswered page 1is generally <repeated.
However, this repetition can be repeated within either
the location area already paged, within the area



system Each of the nobile stations ML-MLO is capable of initiating or
receiving a tel ephone call through one or nore of the base stations Bl-Bl10

and a nobile swtching center MSC. A nobile switching center MSC is
connected by comruni cation links, e.g., cables, to each of the illustrative
base stations Bl-B10 and to the fixed public swi t ched t el ephone network
PSTN, not shown, or 5 a simlar fixed mefwork which may i nclude an

i ntegrated systen1d|g|tal network (ISDN) facility. The rel evant connections
between the nobile smntc ent C and _th ta ' - or
bet ween t he nobil 3 SWi % n% Ckéntlgorca%ge r‘_f%et gog %g%@agfneéj O{ea!LO
conpl etely shown A2k @r 1wminllarehaelentllnr@vwsemy1tdﬁ)saareﬁ bodi na®EIGskid | in
the art. S'mlarlXllh%t&%t@ssotﬁao%rﬁ%éfﬁi&qe —JPrEhEha@aP{@uQD;ﬂdA ing

switching center in ul ar radi o system and to connect each
mobi | e swi tching EéRiEP cOMRTERingr ke Js@birn area YPdse RABMDAF to

8t1h<ér10rrpbl I |g| SWi t@gmg a&ﬁnl tféﬁﬂ¢? agélae 1013 .r adedr | eﬁaﬁplléachfofmltﬁazlel l's

- is allocated a urality_of voice spe channel s east
one access or conP?gF'ngh%eﬂ’?‘}/g%‘ﬁe‘gswétgép\/\gﬁ? It %‘?naﬁ a?(ﬁll

(FOCO) . The contesponhaniel obtsairssi] ttther arextolpayge suqaﬂrdnlg bﬂ'ttac_iqustat i on
of mobile Stat"—"”%ﬁ@}éigg%% %Iarglﬁnﬁcgra(&&é%xogoﬁr%ﬂ%%hhaﬁn 1L iR Aegh from

t hose units Suc rmat € i ncomn
n3n  and if still no response is obtalned from the
10 mobile, the page 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

15 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 (FOCC)

20 capacity required to broadcast the paging message to:
the mobile within that field. That is, 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

25 from fewer base stations and so forth. Various
techniques may be employed to optimize the paging
capacity of the FOCC such as those taught in copending
U.S. Patent Application Serial No. 07/881,598, filed
May 12, 1992, in the name of K. Raj Sanmugam, entitled

30 "Improved Allocation of Paging Capacity in Cellular
Applications" and assigned to the assignee of the
present invention which is hereby incorporated by
reference herein. '



signals, outgoing call signals, page signals, page 25 response signals,
| ocation registration si.gnals, voice-channel assignnents, and mai nt enance
i astructions as a nobile station travels out of the radi o coverage of one

cell and into the radio coverage of another cell. The control or voice
channel s nmay operate either in an 30 apfégg or digital node or a
conbi nation thereof. Referring next to FIG 2, there is shown a bl ock

di agram of a portion of the coverage area of an illustrative cellular radio

system served by a par Q¢4 n{Biekf vhi Gk W ehhit bkl ¥e&l asgGRD R G
le the nore efficient

t
~«16- 1, are organized Into groupings to enable
utilization of thdSsyEhereraddystaated, kpws the mystemyef qéfenfresent

plurality of |ocatirgeniess ifdlShents as RRiged tddudst t wemiAghumeey el .
nunbered 0-31. 5 Each Il qcation area (#A%.lOl a 'igcgggf ne, Qr nore
i ndi vi dual cel | s. S¥FEER ti 0 RBERRCTOtat PEH AP ] 1é9°ls F&h%ﬁ%& B an
addi tional @roupi dgcafmimgrapage aeepesthi Ld togephed compoi thea pesfeny. ar ea
() AP b | ceaeedebe e of gl U WL 53 B Monory 7 o0
of the location atdegslegatiareareagerorerwheneihee desdredr ppbdlarsbats8m 103
of the system As gieWidgidtldred M&KENAY Q66! W G8LA Sotlddkd® to 1S
di.vided, by way 025%&%?%8’ ﬂé&cﬁéﬁgréXét$?1£0%gE£0@or a response to a
| 10 page requeét that will be transmitted to the specified
location area where the mobile station last registered.
At 208, the system sends a page requést to the
specified location area where the mobile station last
registered. The system then asks at 210 whether a page
15 response has been received from the desired mobile
station. If a page response has been received from the
mobile station, the system proceeds to 212 where the
timer is stopped. Next, at 214, the system connects
the mobile station to the regquesting calling party.
20 Thereafter, at 216 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
25 location areas and the paging areas. The paging
process ends at 218.
If at 210, a page response is not received from
the mobile station, the system proceeds to 220 where
the timer expires. Next, at 222 the system asks
30 whether paging area paging has been enabled. If paging
area paging has not been enabled, the system proceeds
to 238 where it is determined whether or not service
area paging is enabled for the system. 1If service area
paging has not been enabled, the system proceeds to 242



areas LAs 101. Each nobile station inforns the systemof its current LA

i dentification nunber by, broadcasting.that identification nunber either
pefriodically or whenever the nobile crosses a | ocation area border and 20
is caused to do so by known registration access processes. The
definition of the |ocation areas 101 all ows §glective paging within the
system That is, if the location area of a 6articu|ar nobi | e station
desired to be located is known then the pagi ng nessage 25 is only sent
W thin that parti | 02t L9101 $h§Apa RS 1 £15: HBO¥EY tRLE! YeHIWmSBPIL ©
stations may be pghqe ?si%?t aneous?ypv?ﬁ tﬁ’isnlthjé sert\nné%e area 103. It s%oul d
be understood t hatStaephgragnak eRewmermicheghi chThe nBBBREg PRGRIE f BREBWI ng
an unanswered pagepudd R 34 . a location area nmay or nmay not include
that | ocation area dep ing,o e.parficul ar circunst.ances. An unanswered
page i s generally repegﬂgd.gﬁbaﬁ%gr}gth*§ 5@%&?95?8 P be PRGOS ¥ TRt hi n
ei ther the I5ocati adcimen hhs ebdgnpapadlead,t e t hpstemaprocebds sio r228di ng
the | ocation area [ ' 1%om © it hi |

service area 103. V&I%]ré gf‘el I%%%eﬁtg?}eés%ﬁéféé%nposwt#%%m&%%%ﬁ/gﬁ%égng
pagi ng fields commdes pgrenetessaatancizieed Wwith Hwyilegasien srea whepe and
service area 103. ¢hdOfiobx88PL8st! kebibtbdbaRagivegtl,S dtersy Mesle Wl Bt 8m

| ocation area "3" and ho resgonse,ls obt ai ned, the n%xt page coul d be
br oadcast retrieves the list of the particular location areas

10 defined by the specified paging area parameters.
Thereafter, at 232 a second timer is staffed to
establish how long one will wait for a response to a
page request which will be transmitted to the specified
paging area. At 234, the system sends a page request

15 to each of the location areas within the defined paging
area. The system asks at 240 whether a page response
has been received from the desired mobile station. If
so, at 266 the second timer is stopped; thereafter, the
system at 268 connects the calling party to the desired

20 mobile station. At 270 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 272.

If at 240, a page response is not received by the

25 system from the desired mobile station the second timer
will expire at 236. The system then asks at 238
whether service area paging has been enabled for the
system. If service area paging has not been enabled
the system proceeds to 242 where the calling party is

30 informed that the mobile station cannot be reached.
The paging process then ends at 244.

If at 238 service area paging has been enabled for
the system, then, at 246, a third timer is started.
Thereafter, at 248 the system sends page requests to



wi thin the paging area 102 surrounding | ocation area "3", and if still no
response i s obtained fromthe 10 qobil e, the page could be repeated
within the entire service area 103, covering all of the |ocation areas O-
31. If, however, no particular location area is known for the nobile which
S de5|red to be | ocat ed, the pagi ng nust be by definition within the
entire service 15 area 103 including all Qanty two of the | ocation
areas 0-31. It could be observed fromFIG 2 that the breadth of the paging
fielfd, i.e., LA P . gdener | re e t o h r ol
shannel (FOCC) 20 Aﬂ Olcoé:p?atf'm ya S%Ei %’ééﬁgn groaggé ?m ﬁ&gga |%8En§ %ggh
the_ nobile within tien fisdsd. aTh250 swhettledcastpage arpsponset Hixa\Sthsen
entire service ar%e§@mae§rM%§g 88REELEYmbboTbakEaRokNE BESGes! abkONS

i n the exchange, e pagin N one paging area requires c gaC|t

from fewer base 2%%ati&he d seimep, iR, Stoprad ous Negthnidfued>taf s

enpl oyed to ©pti md£11eg Pty cagactbiinettkhe E@QMCmeﬁﬂdeﬁlob&ﬂ.ﬁht
in copending U S. Patent Ap li.catio rlal No. 07/88¥b5 & ﬁ Ngé
1992, in the name BF3KEORA %gnnﬁﬁa%P eritlS | BEEERP rec ?%ﬁrﬁ RERECRP on
of Pagi ng Capacit yaren Getdnu lviri chp phiec zbsponse awals asscegitest tand Measas itdpece

of the present invggipn waiaRsbh NofAly ' DEgEBRLILE] Mol o 8LERIECIRET N
purposes. The paging process then ends at 258.

10 If, at 250 a page response is not received from
the desired mobile station, at 260 the third timer will
expire. Next, at 262 the system will inform the

calling party that the mobile station cannot be
reached. The paging process then end at 264.

15 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 requests are sent to a

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

25 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 1include location areas within a contiguous

30 neighboring cellular system. If a response is still
not received from the mobile station after the paging
area page, then a service area page will be
transmitted.



Referring next to the flow chart of FIG 3A-3B, it is there illustrated how
the system of the present invention inplenents a page request comng into
the system The procedure begins at 200, and at 202, an 5 i ncom ng page
request is accepted into the system Thereafter, at 204 the systemrecalls
fromits menory the |l ocation area from\/\/nergthe desired nobile station
|.ast registered. Next, at 206, a tiner is s drted to establish how | ong one

will wait for a response to a 10 page request that will be transmtted
to the specified | ocati ar %%u\yaer ephhe Jmid © shat! orl}ﬂ@st geoistereqd. At
208, the system sends request to the specified ocatlon area

where the nobile sx@£¢bmatagn r@@tb?@?éd thet§9st§M$tﬁ@n yekating21ghe.

whet her a page 15 1ocaf £5R0828aN38 k@GRH afqhoterh £ roan t her 488 yed ormbike
station. If a page, response has been received fromthe nobile station, the

syst em proceeds t o(2ASPQUHRAR eh&eEPRBAS EOSFEJEB@H aNpRging; azea PpHE Q%tem

connects thes mobi £ séaries dped hpagepuest thg taththgnpant yhi2h it last
Thereafter, at 216 the s records, the ident of the_| ocat Lea
Ees 258" Ehe Bl 388aRd

from which the reéﬁ%%%%F re?el% ed Sﬁﬁlﬁh HOBIPa"Et &
regi stered for steaxeaschhto ppagmgsareasTheE‘laatstLat,l shecsdmsyhcraelcs

utilized in furthege od [Qne%g&% e E%X‘:%i‘ﬂeaﬂg Bﬁtét%ﬁctlo#so%t 'ao'éy@’t%%

and the paglng ar eas. e "pagl ng process en at 210 page

response is not retell&ffacsm rﬁﬁ’BPFé°§t8f|5ﬂd1?@1%%]t%rhfbr‘1§‘(fé@(¥§
220 where the ti MeéeEXP B locaiidh arahs?2BelrBBrSunlHeRhagks s83Atistiwaat her

paging area pag'”QdW%? gggglgnggl%%eratoé)égrgknflgure both contiguous
and overlapping paging areas to optimize the likelihood
of locating the mobile while minimizing the load on the
control channel capacity of the system.

15 As can be seen from the above description, the
present invention allows a cellular communication
system operator to create a paging area, associated
with each location area and comprising a plurality of
additional location areas in the region thereof, where

20 a mobile subscriber is most likely to be found if it
must be paged outside the location area of its last
registration. Since each paging area is composed of a
plurality of location areas their use helps overcome
uncertainties in pinpointing the exact location of a

25 mobile station while using the available paging
capacity more efficiently by reducing the requirement
for service area paging;

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

30 foregoing description and, while the wmethod 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



area pagi ng has not been enabl ed, the system proceeds to 238 where it is
determ ned whet her or not. service area paging is enabled for the system |If
service area pagi ng has not been enabl ed, the system proceeds to 242

-19- where the calling party is informed that the nobile station cannot be
reached. The pagi ng process then ends at ggg; If, at 222 it is determ ned
that paging area 5 pagi ng has been enabld, the system proceeds to 228
where the systemretrieves fromits nenory the paging area paraneters
associ ated wi th thgcbpeatdonraees s dhe IS Jeast s L egist . Next ,

at 230 the systemr t%i%gves the |ist o%‘elc% eaggﬁﬁfgﬁe?? }%cgb?oﬁogl?leofsl%
defi.ned by the sﬁié???ed paging area paraneters. Thereafter, at 232 a
second tiner is started to establish howlong one will wait for a response
to a page request which will be transmtted to the specified paging area.

At 234, the system sends a page request 15 to each of the location
areas within the defined paging area. The system asks at 240 whet her a page
response has been received fromthe desired nobile station. If so, at 266
the second tinmer is stopped; thereafter, the systemat 268 connects the
calling party to the desired 20 nobile station. At 270 the system
records the location area fromwhich a page response was recei ved and where
the nobile station |ast registered for statistical



purposeHhe pagi-ng-process ends at 272. If at 240, - a page response i s not

ceiv t he 25 system fromthe desired nobile station the second
tl-ner (ﬂ" " ﬂﬂl"mg The system then asks at 238 whether service
area p bled for the system |If service area pagi ng has not

been enabl ed t he system proceeds to 242 V\/nerg the calling party is 30
i.nformed that the nobile station cannot be Péached. The pagi.ng process then
ends at 244. |f at 238 service area pagi ng has been enabled for the system
then, at 246, a ”ihfz t ed Thereafter, at 248 the system sends
page requests to drzoié“ﬁll‘]* catlon areas within the systemarea. The
system then asks at 250l whetharethashgd pegpogswohitebevhsertbeyedwiEbant he

desired nobile stalOngeldi ¥&€Sarsh 622a (8 INdH ddiiRini SatioRPedystohiext,
at 254 the 5 calling party is connected to the desired nobil e statlon

and, at 256 the sy#ish rdeiadashed oRApr3hitYeL r SRMT cHTOHRSCespBRSe
was receiveds and M&E@l%ﬁ@@bb&tl&h@tlﬁ‘eaé aghchr agiwimg ednefl Gf more

statistical purposes, in cess then ends at 258. 10 I f,
at 250 a page resp‘iﬁ%r‘s]es Eﬁ’o‘? ‘P%cl'g‘? PPN IH2" desired nobile station, at
260 the third tiner vmIpagmmgremdb1hbxt$ubs¢r25ér$he13ystha1mphrtuuhdaw1the

cal ling party thaty3he b Lge3t @iERInCaRICH RedPANAD rd9EPROLATWRERCESS
t hen end at 264.

the system;

10 paging said mobile subscribers in a plurality of
location areas within the sérvice area of said system
in response to failure of said mobile subscribers to

. respond to said particular location area pages;
recording the location areas from which a page

15 response is received from said mobile subscribers in
response to said pages within a plurality of location
areas; and

arranging said location areas in groups of paging
areas, each containing a plurality of locations areas

20 and with each paging area being associated with a
particﬁlar location area based upon the previously
recorded statistical likelihood of locating a mobile
within the particﬁlar group of location areas
comprising a paging area when it last registered in the

25 associated location area.

2. A method of paging mobile subscribers within
the service area of a cellular communications system as
set forth in claim 1 in which said plurality of

30 location areas in the service area of said system
within which said mobile subscribers are pé.ged in
response to failure of said subscribers to respond to
said particular location area pages includes all of the
location areas within the service area of the system.

35



15 —— In-sunmmary, the paging process optimzes the use of the control
channel capacity.by first sending a page request to the |l ast known | ocation

of-t he’ m mﬂﬂlmmwm ation. If no response is received within a
speci fi ' ; ';)age requests are sent to a 20 group of
predeterni ned | otat of areas, i.e. a pagi ng_grea, whi ch includes the

| ocation area where the desired nobile stati“on | ast registered and a
plurality of |ocation areas wherein the nobile station would be

statistical ly Ii kel y to,be fouptds ide BadshaShop¥le subSOLSHEEEC AT
tshe previously paged | ocation area. | agrng area I ncludes nore than one
| ocati on area and thessemeice REepors| aofedlvlap cepmuinigaldeond ehiskerhas

system area. A pagidg HSHBYnAl §Paxt end it ghasd igwl@delhacatitgn areas
wi thin a contiguous 30 , nei ghbor i ng:thcel | ul ar system Lf ar sgonse S

still not recei ved:?73dPRe 8 18t ZMHnSeFVEFet RFSagPhg S8 ¥§EE™t hen
a service arga pageiwhih hhildlansglitt asbbile - 3libskiribehreul dre bepageal edn

| ocati on area i n VITERTRoE | e herE PELFR i shfe R BREE. 58 B5RBanhe s e

to either a pagi ngsaida pageionlsr locatsenvi Gred e@agege) includes| othei on

e oh 0 ey S S8k 8 p g AN o
each of said location areas.

10

4. A method of paging mobile subscribers within
the service area of a cellular communications system as
set forth in claim 1, wherein said step of arranging
said location areas in groups of paging areas includes:

15 maintaining a list of the particular location
areas to be grouped within each paging area and
associated with each location area;

periodically modifying said 1list of particular
location areas in accordance with the recorded location

20 areas from which a page response is received from

mobile subscribers.

5. A method of paging mobile subscribers within
the service area of a cellular communications system as
25 set forth in claim 1, which includes the additional
step of: '
determining whether of not a mobile subscriber has
responded to a location area page by starting a timer
when the page is broadcast and allowing a preselected
30 period of time for the mobile station to respond.

6. A method of paging mobile subscribers within
the service area of a cellular communications system as
set forth in claim 1 in which said step of paging said



of the ‘geographic ter+ai-n and obstructions of a systemw || affect the
reception of radio signals in different 10 . cells and | ocation areas

t her eof numm‘wum&m{tical data enabl e an operator to configure both
contiguL }| A ng paging areas to optim ze the likelihood of

| ocat i ng*t hé nbbil e Wwhi'l e m ni m zing the qu%son t he control channel
capacity of the system 15 As can 'seen fromthe above
description, the present invention allows a cellular comunication system
operator to Createxr PO A ﬁ%er%siﬁcba@ﬁqr\éﬁtilﬂ egEn L6t AN 3653 gRd
conprising a plural Tty of additional Tocation areas in the region thereof,
where 20 a nobréepensscridefaidugestofi lgaid t sobéleowitbsdrikermstope
paged outside the L9sabhan 8heasgidi t pak@sbu e shbahedn Shre@scaghgeadi ng
area i s conposed of a plurality of |ocation areas their use hel ps overcone
uncertainties in ptRpbP¥eFhg the exact |ocation of a 25 mobil e station
while wusings the avaifibse, paging sapacmbpilier eubkbiribetrsl wikhihedhe ng
t he requirenent for servig; greatﬁagin LAt i? hel i eved tgpt t he ﬁp%ggkjon
and construction of YRR HeseRPIFAVENT OIS PT 5e BpParEnt Ponithe

foregoi ng descri ppawing ssalid ndhiile subecridbelredwikhdnapgdr dhes lokadwiocand
described has been,£hgbacam#A2d e ELRY: BEET eyl FOVLYY %;?gwﬁ 3nd

modi fications may %e made therein without departing fromthe spirit an

~29. response to failure of said mobile subscribers to
10 respond to a paging area page.
7. A method of paging mobile subscribers within

the service area of a cellular communications system as
set forth in claim 1 wherein one or more location areas
15 included in one particular paging area are also

included in another paging area.

8. A method of paging mobile subscribers within

the service area of a cellular communications system as

20 set forth in claim 1 wherein one or more location areas
included in one particular paging area are also
included in the service area of an adjacent cellular

communications system.

25 9. A method of paging mobile stations within a
cellular telecommunication system in which groups of
cells are arranged in location areas and groups of
location areas are arranged in paging areas, said
system cowmprising:

30 receiving from a calling party a call request
for a desired mobile station;

determining within which location area said
desired mobile station last reéistered;

sending a page request to said location area;



scope_of the invention as defined in the foll ow ng clains. -23 - VHAT IS

CLAIMED | S 1. A net hod of pagi ng nobile sulscribers wthin the service

ar-ea of ni cati ons system which includes a plurality of
cells g]rlﬂmgul"mmﬂllﬂ(“w contiguous | ocations areas each having one of nore
cells, said nmdthd8d &onprising: paging nobil e subscribers in the particul ar
|.dcation area within which they |ast regisf@ﬁéd with the system 10

pagi ng said nobile subscribers in a plurality of location areas within the
service area of said systemin response_tq faklur [ k e ‘
subscribers to respond to sacfodmp?é:?:t ingu%gl"gl 8%%#%% é‘ir‘%g?pgagggi?elg%}a%ﬁg
the_l ocation areastfatdonwhiifch pagegregponse iestrawived fnoveisadd mobileai d
mobi | e subscri ber%tja&fcﬁ?%%%é&r?@é. d Pagesy %g %%@é{pl ity of location
areas; and arranging sald location areas 1n groups of “paglng areas,_ each
containing a plurality of |cslehardHaingedd peging areawWwaaivdchspaprhdedr ea
bei ng associst ed wdh s%.iﬁa%%'isﬁé{naﬁ.ﬂ acphheNrassendasiaf ddroreldea vieae Firems| y
recorded statistical, |ikeljhood of, |ocating a nobile mﬁtgin the_particul ar
group of |ocation S&éad™ i P p‘é’birré?%‘?ré%e VR P39 | BRYC 1 EgReRT &d in

t he informing said calling party that said mobile

station is not available if said paging area page
paging is not enabled for said system;

10 determining which paging area is associated
with the location area in which said mobile station
last registered if paging area paging is enabled for
said system;

accesging a list including a plurality of
15 location areas defined by said paging area;
sending a page request to said plurality of
location areas within said paging area;
connecting said calling party to said mobile
station if a page response is received from said mobile

20 station in response to said page request;

determining if service area paging is enabled

for said system if a page response is not received from

- said mobile station as a result of said page request;
informing said calling party that said mobile

25 station is not available if said service area paging is
not enabled for said system;

sending a page request to all location areas
within said service area if service area paging is
enabled for said system; and

30 informing said calling party that said mobile
station is not available if a page response is not
received from said mobile station in response to said
page request.



Iocatlon area. 2. A nmet hod of pagi ng nobil e subscribers
vm t hi n the m\‘ f a cellular. conmuni gati ons systemas set forth in
claim1l ‘Wg\\l m rality of 30 | ocation areas in the service
area of stetm wi t hi n which said nobile subscribers are paged in
response to failure of said subscribers to 5gspond to said particul ar

|,ocation area pages includes all of the |ocation areas within the service
area of the system 35 -24- 3. A nmet hod of pagi ng nobil e subscribers

wi thin the service ar eajloof aAcerhé?h?% C QTR %qhgonsﬂmrpmgs seli1fipekh in

elaiml in which said uralit cation as in the serwce area of
sai d system5 &g QGCPWWW“SJQIH FRstes séﬁsc??%er%o‘?ﬁlé fdyedl 9

response to fail unthéfeSai hHUDS Yadiais ta&eraesaﬁadua@ssamd»rear th&bﬂ abne

| ocati on area pag i ncJ udes the | ocation are rrprlsm paging area
associated with egch%'?l%Iél Pt atd aFr%é'&r 1onA ﬁggﬁlﬁd ggaﬁagf"ﬁﬁ

nmobi | e subs@ i ber conttdined hei tdei i i dirssraicea et ul ar communi cat i ons
systemas set forth in claim1, wherein said step of arranging said

| ocation areas in groups of pagi ng areas includes: 15 mai nt ai ni ng
a list of the particul a¥1{ odatdxsten &5 pegbaggmehpde arehianeawhtpagi Ag

area and cellular telecommunication system comprising:

) a plurality of contiguous location areas making up
10 the service area of said system; and

means for defining a plurality of paging areas

within said system each composed of a plurality of

location areas and each paging area being associated

with a particular location area in accordance with the

15 statistical 1likelihood of finding a desired mobile

station in said paging area when said mobile last

registered in said associated location area.

12. A system for paging within a cellular
20 telecommunication system as set forth in Claim 11
wherein said paging area includes more than one
location area and fewer location areas than a service

area.

25 13. A system for paging mobile stations within a
cellular telecommunication system having a plurality of
location areas wmaking up the service area of the
system, comprising:

means for defining a plurality of paging areas
30 each composed of a plurality of location areas; and
means for transmitting a page request to a
selected one of said paging areas in response the said
mobile station not responding to a location area page,



associ ated with each | ocation area; periodically nodifying said |ist of
particul ar—totationareas—tn-.accordance with the recorded | ocation 20

ar-eas fronl onse is received fromnobil e subscribers. 5.
A net hod o @I Ei’?lbscri bers within the service area of a cellular
conmuni cat i set forth in.claim1, which includes the

addi tional step of : determ ni ng whet her of /8t a nnblle subscri ber has
responded to a |l ocation area page by starting a timer when the page |s

Station Lo respondtdt REERELERLCEnd eranofiiafth Br o BadeeliEa e
service area of a &ldl Imtartmmamtwmmmﬁn%}ssm forth in claim 1 in

whi ch said step of paging said -25- nobile subscribers in a plurality of

| ocation areas in response to failure of said pobile ubscrjpers fo re pond
to said particular |ocatdonfregbhpdgQs joRtimieing the utilization pﬁgl ng

sai d nobi | e subscridessrav t:bnnrbtne cgfm]pfréecafceg ariead rofa acaagumgrar ea
and then pagi ng sq%qgno ile subscribers, within t he Iocat'ongi eas
e

W thi n the ServicoeLeamanicat %s?%?ﬁ?% +%s‘ﬁ%h%% F5OPRPI 8 §af§®

ITDbI | e subscri ber satmantfed in despbhdnt areapagnd@rouwes payelocation areas
: are arranged in paging areas making up the service
area, said system comprising:
10 _ receiving from a calling party a call request
for a desired mobile station;
determining within which location area said
desired mobile station last registered;
sending a page request to said location area;
15 connecting said calling party to said mobile
station if a page response is received from said mobile
station in response to said page request;
determining if paging area paging is enabled
for said system if a page response is not received from
20 said mobile station in response to said page request;
informing said calling party that said mobile
station is not available if said paging area page
paging is not enabled for said system;
determining which paging area is associated
25 with the location area in which said mobile station
last registered if said paging area paging. is enabled
for said system;
accessing .a list including a plurality of
location areas defined by said paging area;
30 . sending a page request to said plurality of
location areas within said'paging area;
connecting said calling party to said mobile
station if a page response is received from said mobile
station in response to said page request;



7. A rre_t_h_(;)_'q___gf_____gggi ng nobil e subscribers within the service area of a
cel lul ar comuni cations—system as set.forth in claim1 wherein one or nore

ded in one particular paging area are
Mﬂ ging area. 8. A net hod of paging nobile .

| ocati on 3” '
al so incl ” H"JH
Ice area of a cellular comrunications system as

subscri bers* wi% hitn whes
20 set forth in claim1 wherein one or “ABfe | ocation areas inciuded in
one particul ar paging area are also included in the service area of an

adj acent cel | ul ar comuni Ca.tdec{:@rmsjﬁilﬁ}gg}tftzg?rvice area9ﬁag%ﬁg;§%ggﬂa8ia%i ch

pagi ng nobile stations withimmace el'econmuni cCa em1n
groups of cells arforameddgeystamn d€atipagereespenie gromes secedvadi §konr eas

are arranged in pa&}-r}p e S GYHEM GUBIISI Y el page request;
receiving froma calling party a call re_gyest for a desired Tohile station;
i

det erni ni ng within which | oddtiBmizgdegaddi g24bing RpTiohithets SaEfoRoPide
regijstelrfed; sendi nga iRge ! ﬁguﬁabaipasaédi$0§@firmeaafsa pagi?ﬂ@nﬂﬁthﬁﬂd
said calling party_t ai d. nobi l.e station if a page response is receive
from sai d nobile s?réﬁq?]ts)eré %‘f”? SHShY %0 d page request: determining if
pagi ng area pagi ng i s enabl exkriling af pageardgegstenoi 41h pagatiespansasi s

not received fromgaig MoRLLE YA QL | DrLgSAINSELPi 681 4rBAIGd SN SEs
i enabled for said system; and
10 informing said calling party that said mobile
station is not available if a page response is not
received from said mobile station in response to said
page request.

15 15. A method of optimizing utilization of forward
control channel resources within a cellular
telecommunication system as set forth in Claim 14
wherein said paging area includes more than one
location area and fewer location areas than said

20 service area.

16. A method of optimizing utilization of forward
control channel resources within a cellular
telecommunication system including a plurality of

25 paging areas each composed of a plurality of location
areas, said method comprising:

transmitting a page request to one of said paging
areas when said mobile station has not responded to a
location area page, without requiring the transmission

30 of a page request to all location areas within said
system.

17. A system for of paging mobile subscribers
within the service area of a cellular communications



I nf orm ng._said.-calk-ng—party that sai d nobile station is not available if

sai d pagi ng area paﬁeﬂ@?‘ mg is not enabled fqr said system 10
i

det er m ni nﬂlmmmu‘ ea is associated with the |ocation area in which
sai d nobi | B8 Sl gistered if paging area paging is enabl ed for

said systen] accessing a list including a plyrality of 15 | ocati on
areas defined by said paging area; sending & page request to said plurality
of location areas within said paging area; connecting said calling party to

sai d mobile stati Oéé/ | denf v{ﬁgg:‘i heRQREs %\?p%&f&i:‘.’%.cﬁf Q{Bfl%.@ %x%'ﬁ ki€ iAo
station in respons€ to said page request; determhing i servicé area
pagi ng i s enabl ed derttgneusydosationg paxrRas e SpShs 13 EinmHt onecF eWOrEom

said nobile stati iprss 2 4£84! dy S e abdmprpgingquest; informng said
calling party that said m)bile%S station Li not available if sai
service area paging i s MRANBnabPEd PRFIRG qmePitem SURRATHESESpadB r Effest
to all |ocatson angastithban sbbdaseoni careaaeawithsar vieneéchr eahpggi hgsks
enabl ed for said sesties AN v:;’Oth th tems informng said calling party
that said nobile s 2T on T 50 not avai?g%Y% T a page response is not
recei ved from sai d nobitheassatfican pagiegpeadd tmolkshlel puapscrépesst .in a
plurality of location areas within the service area of
said system in response to failure of said mobile
10 subscribers to respond to said particular location area
pages;
means for recording the location areas from which
a page response 1is received from said mobile
subscribers in response to said pages within a
15 plurality of location areas; and
means for arranging said location areas in groups
of paging areas, each containing a plurality of
locations areas and with each paging area being
associated with a particular location area based upon
- 20 the previously recorded statistical 1likelyhood of
locating a mobile within the particular group of
location areas comprising a paging area when it last
registered in the associated location area.

25 18. A system for paging mobile subscribers within
the service area of a cellular communications system as
set forth in claim 17 in which said plurality of
location areas in the service area of said system
within which said mobile. subscribers are paged in

30 response to failure of said subscribers to respond to
said particular location area pages includes all of the

location areas within the service area of the system.



-27- 10.._A .method __of _paging wthin a cellular telecommunication
systemas set forth in Caim9 wherein said paging area includes nore than

one Ioc?“lﬂﬂ"ﬂ"ﬁﬂ"ﬂ"[""ﬂwer | ocation areas than are 5 contained within
said se system for paging nobile stations within a

cel l ul ar "t efecbmtuni’at®i on system conpri si ngj:(%a plurality of contiguous
| 6cation areas neking up 10 the service-area of said system and neans
for defining a plurality of paging areas within said system each conposed

of a plurality of |ocatjgn afeas. .and each_padin ' i at Wt h
@ particular location a %a [ %%%%aer"élaf%crepv?n%tlﬁgt ﬁ‘é’gﬁg Qﬁb%‘?ﬁ’??és%?c%t%qn
| i kel i hood of findilng sexicisie edremiof]l @ sedilidari comminieaiions gystahas

sai d nobile last rggt (£R0:4ch | BpSabth 43599 alad JIDGAE | QB18M B 1 fy S em
for paging within a cellular 8 . tel ecommuni cation systemas _set forth
in Caim1l wherei hogatdopa@iRpsr é8 iHRe uBEEVIEEe 3¥RA Sfc PBLAL IVFtE®a

and fewer |ogationyatRas tdaicl &R CRoBita. sifbscribers 4%e pagyateam for
pagi ng nobile stations mﬁtth % cellular tel, congynic tiont%ysten1h vuﬂg a
plurality of I ocal FERPARESsERakrAGUER Pheo8df PRBSSFARSP (e RErH
conprising: neans éaiddepantihgudapl ulatatyonf gmer ngragems i3cludesadihe

composed of a pl “r%{:éé’jf&ﬁ 3064 i%ﬁ&%ﬁﬁ - angl, ﬁgsaI:Qé 5&3@@{@%& N9 th
page request to a selected one of sal pa&ing areas I n response e sad
each of said location areas.
10
20. A system for paging mobile subscribers within
the sefvice area of a cellular communications system as
set forth in claim 17, wherein said means for arranging
said location areas in groups of paging areas includes:
15 means for maintaining a list of the particular
location areas to be grouped within each paging area
and associated with each location area; and
means for periodically modifying said 1list of
particular 1location areas in accordance with the
20 recorded location areas from which a page response is

received from mobile subscribers.

21. A system for paging mobile subscribers within
the service area of a cellular communications system as
25 set forth in claim 17, which also includes:
means for determining whether of not a mobile
subscriber has responded to a location area page
comprises a timer which is started when the page is
broadcast and which allows a preselected period of time
30 for the mobile station to respond.

22. A system for paging mobile subscribers within
the service area of a cellular communications system as
set forth in claim 17 in which said means for paging



nobil e station not responding to a | ocation area page, -28- wi thout

requiring the transmissioen-of, a page request to all location areas wthin
sai d sys od of optimzing the utilization of 5 forward
control 1"”"‘%”!@“@”;& within a cellular teleconmunication systemin

whi ch groapscort "€ arranged in | ocati areas and groups of |ocation
areas are arranged in paging areas neking up ‘the service area, said system

conpri sing: 10 _ _ receiving froma calling party a call request
for a desited mOb!Lgigt Adite IEhEEOEIbEgs W 8 WiliER1ACAIHON 1R 154
desired nobile station l'ast registered; s_end‘l ng _a“page reduest to sai

| ocation area; 15 areas in responsenfgecfpidurai af capid maokhle suksagikers

mobi | e station if 86PaeBYRRPONEE daS I 068V EEuT 4P M SR B hLe st aldagrad N

response to said palge request; determning if paging area paging i s enabl ed
for said systemif?d 013%5 Stesponse is not received from 20 sai d nobile
station in rgsponse to waadspage, r Efjues] ; pagiagneagdsaohidel lsubgqrdbers hat

said nobile statiof..iS: val l abl e if Ld_pagi e j i.S; hot
cnabl od for said sosPEH hf Giedcd WecaRidala8Lad 8E°R PESEERAIY Ak
with the location then ipRginchsadddmedtillee sebecohbeust widdlisnt enddl ithesai d
pagi ng area pagi Ng148aeiip! fas within the services area of said system

-

in response to failure of said mobile subscribers to

10 respond to a paging area page.

23. A system for paging mobile subscribers within
the service area of a cellular communications system as
set forth in claim 17 wherein one or more location

15 areas included in one particular paging area are also
included in another paging area.



for said system accessing a list including a pluratity—et—tecation, ar eas
defined by said paging atea; 30 - ,seng |T|*ﬂgsé> péb@ArSeaEﬁk to
said plurality of location areas w thin said_pagi ng areBEPIdGaDecti ng said
calling party to said nobile station if a patye response s Tecerved from
said nobile station in response to said page request; -29 - determning

i f service area pagicRfLiiar EMIURELATIONS BYSTEW BIreRzING PAGAUE ARBAPONSE iS not
received fromsaid nobile station as a result of said page request;

informng said calling party tthMn I s not
available if service area paging 1S not enable sal d system sendls‘n
page request to all | ocht St l%?r“éa§°% {PRGIRG; i lg cStatdons MLgMLR) 5r ea

paging is enabl ed ithsei d ssyskeviaed 1l8rea  (103) . of nferni sglialdr

calling party that ersnpl d nobile station |s nol avai | abl enllf a ggge(gg Eonse
is not received frd cé‘?‘ﬂ“%ﬁ)‘f?tel%’?aﬂ’ﬁ T PESSoRs %0 T pRge g ést .
15 95. Avmitihodref copiposed af uai pilragildtyofoff olegatiennarehs

channel resource\%er)"" thig gr@ate?ieU vl | nﬁee%e)mgaf%{?nlé%é{:?ﬁ%at set

forthln Claimil4 el n sai s nore than one i on
area and fewer | ode@kble a$'é%1§1‘t>lha MéaMélo) When the mobile station (M1-

M10) has not responded to a location area (101l) page

and without requiring a service area (103) page. The

10 system sends a page request to the location area (101)
where the desired mobile station (Ml;Mlo) last
registered. If a response is not received, the system
gsends a page request to the paging area (102) which
includes a plurality of location areas (101) where the

15 mobile station (M1-M10) is likely to be found. If a
page response 1is still not received from the desired
mobile station (M1-M10), then a page request will be
sent to all of the location areas (101) within the
service area (103).
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20 ~service area. 16. A nmethod of optimzing utilization of forward
control channel resqur ces withi-n  a cellular tel ecommunication
systemincluding a plurality of 25 pagi ng areas each conposed of a
pturality of |ocation areas, said nethod conprising: transmtting a page
request to one of said paging areas mhenL?qu nobi |l e station has not

o]

responded to a | ocation area page, wth requiring the transm ssion 30

Of a page request to all location areas system 17. A system
for- of pagi ng nobil e subscribers within/the service\area of a cellular
comuni cati ons -30- system which ingludes a pluralNty of cells grouped
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subscribers in response to said pages within a 15 plurality of |ocation
areas; and means for arranging said |locatjon greas in groups of paging
areeas, each containing a plurality of |ocations areas and with each pagi ng
area bel ng associated with a particul ar Qorfglon area based upon 20 t he
previ ously recorded statistical |ikelyhoo of locating a nobile within
the particular group of location areas conprising a paging area when it

I'ast registered in the associ ated on a. 25° 18. A system
for-pagi ng mobi |l e subscribers wit hSTART he eﬁpece area of a cellular

gomuni cations systemas set forth 1in Claim17 in which said plurality of

| ocation areas in the sery e ! S of thin sa nobi | e
subscribers are paged in 1 ‘Iﬁcdﬂl jgﬁ;’\ | ure of saFg[le-b c%ers to
respond to said particul ar Iocation']ar ea pages includes all of the |ocation
areas within the service ar @ETRRMINENGHE YOCATION -31- 19. A systemfor

pagi ng nobi | e subscri ber s | \REAWAERENPESIRED MOBILE @ﬂZQﬁ a cellular

comuni cations system as s$ett{1p6N DASTREGIBTERES /|1 N Which said plurality of

| ocation areas in the ser em5 wi thin which said
nmobi | e subscribers are paged i faé¢¢]|re of said subscribers to
respond to said particular | ¢caSTART HWER 1pa cludes the location areas
conprising a pagi ng area assocl at edIvvl th
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each of said |location areas. 10 20. A system for paging nobile subscribers
V\Athl n the service area of a cellular Communications systemas set forth in
cl alm 17, wherein said nmeans for arranging said |ocation areas in groups of
pagi ng areas includes: 15 means for maintaining a list of the
patticul ar | ocation areas to be grouped %thl n each paging area and

associ ated with each | ocation area; and S for periodically nodifying
said.list of particular |ocation areas in accordance with the 20

recorded | ocation areas fromwhich a @ fiespense is received fromnobile -
stibscribers. 21. A system for pagi ng nobi subscribers within the service
arear of a cellular comrunl cations system 25

set forth in claim17,

whi ch al so i ncl udegp cgﬁl

subscri ber has res

time 30 for the nobile statio
nmobi | e subscri bers within the ser

systemas set forth in claim17 in mmcms?,mmmogma{for pagi n
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to respond to said particular |ocation areas pages includes: 5

means for, first, paging said nobile subscribers within the group of

| ocation areas of a paging area and then pagi ng said nobile subscribers
within all the | ocation areas within the services area of said systemin
response to failure of said nobile subscribers to 10 respond to a
pagi ng area page. 23. A system for pagipg nobile subscribers wthin the
service area of a cellular comuni cations systemas set forth in claim17

- wherein one or nore |ocation 15 areas included in one particul ar pagi ng
area are al so dencihiatedoMMUNSCKITIORS SYSYEMQTALEZING PAGING AREAS

S CT OF SCLOSUR

A system for paging mobile stations (M1-M10)
within a service area (103) of a cellular
telecommunication system wherein paging areas (102),
5 which are composed of a plurality of location areas
(101), are created to provide a means for locating a
mobile station (M1-M10) when the mobile station (M1-
M10) has not responded to a location area (101) page
and without requiring a service area (103) page. The
10 system sends a page request té the location area (101)
' - where the desired mobile station (M1-M10) last
registered. If a response is not received, the system
sends a page request to the paging area (102) which
includes a plurality of location areas (101) where the
15 mobile station (M1-M10) is likely to be found. If a
page response is still not received from the desired
mobile station (M1-M10), then a page request will be
sent to all of the location areas (101) within the

service area (103).
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