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- 1 METHOD FOR RAPI D DETERM NATI ON OF AN ASSI GNED REG ON X8soci ATED WWhidad AokrY
EOCATI ON ON TEE EARTH 5 Field of the Invention The
present invention relates generally to the field of radi o conmunication
and, nore particularly, to the field of associating a |location on the Earth
mnth a defined area 10 having specialized-functions and defi ned
privileges. Background of the Invention 15 Wrel ess conmuni cati on

systens have hi st or TEIBOP pEQR |RRABID 5 PETERMINABION] O d AN ASSIENEDYy a

| ocal service proviREGIONUASSOTIATEY SWITH CANHOUABLHS C IO STHEN BARER €SS
by extending services only to subscriber units actively registered and

current in other obligations such as in 20 paynent of user fees. |In these
typical systems, subscriber units nay freely mgrate throughout the system
and accesgs is only bounded or res ed ¢b h transm ssi on

limtation of a commrunication systen1 uch Tocal systems have even been
extended by the use of 25 negotiated roam ng agreenents wherein a

t S t r n
subscriber unit nme gaeRERtA 1hkréhﬁ:ﬁégug%i§§2§t§2§m@néi;%{ﬁf%cic a’\%}ﬂe %\%dﬁﬁfg d

serviced by the visited.system
freely acccnﬁﬁéiﬁ 9&&&9&#%%&Pnuﬁpﬁs Bﬁ%?a???ﬁﬁ?%¥¢ﬁ¥Y¢tﬁﬂ|th§y§F€#§-W¢thout
regard to thessoqiraddimge al doehitton36n ther Bafth wine e de BiheD @Rl cat i on

systens gecqi Gl P lecialized functions and defined privileges.

Background of the Invention

15 Wireless communication systems have historically been
local systems governed and controlled by a local service
provider. Such local systems control subscriber unit access
by extending services only to subscriber units actively
registered and current in other obligations such as in

20 payment of user fees. In these typical systems, subscriber
units may freely migrate throughout the system and access is
only bounded or restricted by_%he spatial transmission
limitation of a communication system.

Such local systems have even been extended by the use of

25 negotiated roaming agreements wherein a subscriber unit may
access a visited system when roaming into the region serviced
by the visited system. All such systems, both local and
visited, freely accommodate subscriber units opérating within
their systems without regard to their precise location

30 therein. However, as communication systems become global,
other non-service provider restrictions are imposed upon
subscriber units. Individual countries may impose
restrictions and prohibit subscriber units from operating
within their boundaries. Even though the global

35 communication infrastructure may be present in these
countries, observance of their restrictions must be observed
and respected. Furthermore, for efficient routing of
communication with a subscriber unit, a global communication



ot her non-service provi der restrictions are inposed upon subscriber units.
Fndi vi dual countries may inpose restrictions and prohibit subscriber units
fromoperating within their boundaries. Even though the global 35

comuni cation infrastructure may be prese®-in these countries, observance
of their restrictions nust_be observed and respected. Furthernore, for
efficient roS¥Vsk§moflegdrabhy o anilacationyaeepb¥whetnin, a ssyhnriber

conmmuni cat-i Ognit i8- 16¥&ted €esidally e rFikeeatl onaareec wherein a
subscri ber unit is_Iogated to Iopq%%y nd etf|C|entI¥ di rect conmuni cati ons
only into a COREUPIRALIRRS; by 'a g agea tmedtabelYunit. 5

It is apparesturrbahdingaagsulhsdrilspmumidat i on system a subscriber unit's

| ocati on st be t ] te t Vi extend and the
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nore conput asubBekriber unit’s location must be evaluated against an

10 authorized service area map. Such maps generally are stored
in databases for computerized searches and evaluation. Known
technologies use databases of vectors to define a#&as on the
Earth. Use of these technologies require more computational
time to search a very large database.

15 - Thus, what is needed is a method for generating a
database for correlating a present location of a subscriber
unit on the Earth with a location area enabling an efficient
localized interface between a global communication system and
a subsériber unit. Also, what is needed is a method for

20 searching a database for correlating the present location of
the subscriber unit with the location area corresponding to
the subscriber unit. What is yet needed is a method for
generating a database for correlating a present location of a
subscriber unit on the Earth with a service area having

25 uniform operating privileges for a subscriber unit and
controlled by a communication service provider. Finally,
what is needed is a method for searching such a service area
database and determining a service area for a subscriber unit

by correlating the present location with a service area.
30

Brief ] ot £ the Drawi

35 A more complete understanding of the present invention
may be derived by referring to the detailed description in
claims when considered in connection with the Figures,
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time'to search a very | arge database. 15 Thus, what is needed is a
met hod for generating a database for correlating a present |ocation of a
subscriber unit on the Earth with a | ocation area enabling an efficient

| ocalized interface between a gl obal comBni cation system and a subscri ber
unit. Also, what is needed is a nethod for 20 searching a database for
correl ati ng YhRrekResdde mafareareonumhersussferbke similay trunmbers ocation
area correspemebigh tthd B8 RiHRICARAGr unit. Wiat is yet needed is a nethod
for generating a database for conrelatin% present |ocation of a

a
subscriber unit oft¥hel BMWS v Hagraa prc&hgr Earkhvang 3ssemiaterdn

operating prpattigiemiimy of dwsseuirfacelint agoéréanéé ol dypreferred
is needed is a nethod for

comuni cat i og ,Ser Vi provi.der. Final |, at i
searchin% sJ%H§%:§%$§%é§Pa apﬁgFgﬂgséxgﬁ§@38?9rnining a service area for a
subscriber unit bEIGor? elliustrates fmrevemsaloodit aosemvite casen \baendama. 30

Bri ef Descri&5‘{@%ﬂoﬁé}?ﬁ%\ﬁf&g?%gégegyare?é %&'%ﬁgﬁﬁéﬁeﬁﬁ%t andi ng of

t he present i1nvent]jon na referring _
descri pti on ¥Rk hherafromnsiinepegordapeanetth on prefexred F gures,

REPLACEMENT é&iifildiment of the present invention;

10 FIG. 3 illustrates a hierarchical database for storing
records and facilitating a search of such records, in
accordance with a preferred embodiment of the present
invention;

FIG. 4 illustrates the process for assigning location

15 area designators to equally spaced areas, in accordance with
an embodiment of the present invention;

FIG. 5 shows a flowchart for'generating a location area
database, in accordance with an embodiment of the present

invention;

20 FIG. 6 shows a flowchart for searching a location area
database, in accordance with an embodiment of the present
invention;

FIG. 7 illustrates a graphical evaluation of a
subscriber unit’s present location and a probability
25 associated therewith for determining a service area to
associate with the subscriber unit, in accordance with a
preferred embodiment of the present invention;
FIG. 8 shows a flowchart for generating a service area
database, in accordance with an embodiment of the present
30 invention; and '
FIG. 9 shows a flowchart for determining a service area
for assigning to a subscriber unit, in accordance with a
preferred embodiment of the present invention.
The exemplification set out herein illustrates a
35 preferred embodiment of the invention in one form thereof,
and such exemplification is not intended to be construed as
limiting in any manner.
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-3- wherein like reference numbers refer to sinilar nunbers through the
Figures and: FIG 1 shows a diagramof the Earth and associ at ed .
partitioning of its surface in accordance with a preferred 5 enmbodi ment of
the present invention; FIG 2 illustrates-4raversal of a service area
boundary data through equally spaced areas and the partitioning resulting
therefrom in accordance wwth a preferred enbodi nent of the present

i nvention; 10 FIG 3 illustrates a hierarchipal dat abase for storing
records and facilitating a rch of such.records cordance with a
preferred enbodi nent of the tes the

process for assigning |location 15 area deS|gnators to equally spaceﬂ ar eas,
in accordance wit res i nvent i G 5 shows a
flovm:hartgf or genre&‘r %{]Ipng %g:tgggl%legg %&e%‘p ‘f’ﬁ asaénoqgn 058’5’5 &bf‘rﬁ‘gs\'/vi #h an
embodi ment omethed feregenenating om;dPabase of HiGragchliond meédodshfst for
searching a |aa1atidges BRLebieloddt bl Y %fﬁ%bw pdP GHPOALRPfe OF the

pr esent i nventi on; Fl ustrates a grap i cal evaluation of a
subscri ber urfartl fj’r’“@?eﬁt lpgrbiPRERR WPHEHAIRG dbyya communication

service provider. The location areas denote functionally

10 uniform operable regions wherein a communication service
provider may uniformly employ parameters such as a single set
of communication channels, direct the same. set of#ipaging
messages to that local, or direct a call destined for a
particular subscriber unit to a location area thus allowing

15 some roaming area'for a subscriber unit. The database is
preferably generated by partitioning the Earth into a
plurality of equally spaced areas, and then overlaying

~ service area boundary data denoting service areas controlled

by the communication service providers within the equally

20 spaced areas. Then when one of the equally spaced areas

' contains any service area boundary data, the eQually spaced
area is further partitioned into additional smaller equally
spaced areas recorded in the next level of the database.
Finally, when the equally spaced areas do not contain any

25 service area boundary data, a location area is assigned and
recorded for each of the equally spaced areas.

The present invention also provides a method for
searching a database to correlate a present location of a
subscriber unit on the Earth with a location area

30 corresponding to said present location. The database is
preferably searched by receiving the present location of the
subscriber unit, and computing which of the originally
partitioned plurality of equally spaced areas encompasses the
present location. The database is then indexed and traversal

35 of the hierarchical database continues when a record
indicates more than one location area for that record. The
resolution of the database or the hierarchy is then traversed



25 associated therewith for determning a service area to associate with
t'he subscriber unit, in accordance with a preferred enbodi nent of the
present invention; FIG 8 shows a flowchart for generating a service area
dat abase, in accordance with an enbodi memS-of the present 30 invention; and
FIG 9 shows a flowchart for determning a service area for assigning to a
subscri ber ukPta Mmeredaiaddied laved antids epecafckhedhberareiiicale present

i nventi on. Th@c@i@émié:{d@ Id)%ﬁ@tleOllch%riShnatéaustTﬁé efoda o i ried

enbodi nent the i.nventi ip one formthe such exe lification
is not int en o LY taquﬂesgg.gﬁeﬁ tPnk ?nsﬁh§cﬁhh"n’érun1 ind ¥ aj | ed
Descriptlon pfesémt[lanntupﬂi The present invention provides anong

th t hi a se of _hie hpcal records
?oregorrle ati ng gf%élgr n%érf%?ar}f%%#lo%’ ge‘l k’%g%llﬁgf ﬁnﬁ"?{-‘%“ﬁ& Jr;% Earth with a
| ocati on ar egerewating & dptabasemfior cariredatingi aeppesenidelocaitiod afatd on
areas denot esuﬁﬂgefiﬁéwliditlgxwﬂﬂeo@m eB:.aL'Ehe rsgic{?ﬂée“@féf'&bﬁm a

communi cati on service provi unl paraneters suchlr as a
singl e set region having uniform operatlng pr1v1leges for the subscriber

unit. The data base is generated by searching a location

10 area database having hierarchical records wherein some of the
records have service area boundary data. Each of the records
of the location area database that have boundary data are
then duplicated into the service area database.

Finally, the present invention provides a method for

15 determining a service area for a subscriber unit by
correlating a present location of the subscriber unit on the
Earth with a service area defining a region having uniform

~operating privileges for said subscriber unit. - The sérvice
area is preferably determined by generating a present

20 location probability region about the present location by
defining the present location as the origin of the
probability region. The service area database is then
searched for entries or records encompassed by the present
location probability region. The service area is then

25 resolved ffom these database records. ,

FIG. 1 shows a diagram of the Earth and associated
partitioning of its surface in accordance with a preferred
embodiment of the present invention. In a space based or
global communication system the present location of a

30 subscriber unit must be estimated, and this location must
then be associated with an area on the surface of the Earth
100. This area may be defined by a service area (SA) denoted
by the boundaries of a country for purposes of system access
or billing, or it may be a location area'(LA) designated by

35 the system for purposes of defining an area about which a
subscriber unit may move and still be found by the system for



of ‘communi cation channels, direct the sane set of pagi ng nessages to that
IFocal, or direct a call destined for a particular subscriber unit to a
| ocation area thus allowi ng 15 sone roam ng area for a subscriber unit. The
dat abase is preferably generated by partitéoning the Earth-into a plurality
of equally spaced areas, and then overlaying service area boundary data
denoti ng ser\RuPQsesaoicgderbingdthy swese iund dhadepp dacpmangders
within the eqgll i 2Petipdngd areas. Then when one of the equally spaced
areas contai ns any_servic areg_ioundary data, the equally_ spaced area is

3 e

further partitiond®s % PEPEAIEY SRE| PUPSSHIRET W e&hgré8§aFé€Brded
in the next |ax off a eedtainabdsbe Gpdated . frdpierntls .eqThliky inpatasd GhgesS

d t t ai . i d d I ti i .
sl oned 3n o the Mocet 5 Wreda"fii8y nhe et Tiard IS, BLr EER0RE i
invention al ssone @yistemsa ndllod fonroxder cto mpximisenthee use ofr sgbter a
present 'Ocatfégblﬁfqe%,S%ﬂ%CEEQFgofntﬁeOf%%&dﬂg?;%ﬁ&@ tghoR1konat fig1§) ca 30

correspondi ng to sal d present cat i on. ase i s preferably séarched
by receivi ng ¥eflfdagedn podargendeantiiy ibskagaldionmreasandThsnpuesent
whi ch of the iveditidd Yepoibtbboagtabases! fdy sdaretidld ¥ndPaeedrii 8Pfg
enconpasges t e resent |ocation. The datqgﬁﬁf S tgﬁﬁblggeﬁed gng ]
traversat-~35 & &5as: LPEnpESPMRabinG GRS FORP-EBBFISPRULCSt es
nore t han onetd caddsicaribereanfits.t hat record. The L
' Referring to FIG. 1, the Earth 100 is divided“into L
equally spaced areas 125 and 130. Latitude partitions or
bands 105 and 110 are defined, in the preferred embodiment,
15 having an equivalent height. -Equally spaced areas 125 and
130 are defined as having roughly equivalent areas. In order
for equally spaced areas 125 and 130 to have equal area with
an approximately constant height, the width must be varied as
a function of latitude. Latitude partition 115 located
20 nearer a pole, will have equally spaced areas that are
approaching a pie-shape. If the height of the pie-shaped
area remains consistent through all latitude partitions, then
the width of each equally spaced area is a function of the
latitude of the latitude partition. A longitude partition
25 115, unique to latitude band 110, creates equally spaced area
130, while a longitude partition 120, unique to latitude
partition 105, creates equally spaced area 125. It should be
apparent that the quantity of equally spaced areas on
latitude partition 105 exceeds the quantity of equally space
30 areas on latitude partition 110. The quantity of L equally
spaced areas are chosen by weighing the desire for high
resolution and the requirement to keep the size of the
database small.
FIG. 2 illustrates traversal of a service area boundary
35 data through equally spaced areas and the partitioning
resulting therefrom, in accordance with a preferred
embodiment of the present invention. Four equally spaced



resofutibn of the database or the hierarchy is then traversed -5- to a
nore detailed I evel until one of the hierarchical records denotes a single
|l ocation area. The location area is then retrieved and assigned to the
subscriber unit and its present |ocation.-75 The present invention
yet provides a method for generating a database for correlating a present

| ocati on of %r%%%s%¥¢tﬁhownﬂw1thwq|a@rﬂapehamp@hbauadanyc@§Eaeapﬁgf|niﬁg a
regi on havi ngravéfoing A ¥t thePldatiala9e sphekat Aeasbs ok @;?{1 Ngaceld'e
data base is energgg% b searchiﬁﬁﬁa Iggaplon 10 . area_d%ta ggeELaV|ng

hi er ar chi cal 2FeJr40 \ﬂf@/e@]ﬂ- S5 SPOYPhYLEBEYE 3K SR E1eS | akea R ar y
data. Each oflatdetraeardgingftidrethaoaghon ar Qacdai@iga&ﬁeé Eﬁhnl{)’bl's’iv’ej.s{)(ﬁundary
data ared he | ed.into e service_area database. Fin , e
present i%ve%??%%%‘?g%ﬁ giens eag"r?étqﬁo&pia&e 188 V8PH hEnt an%%?’?ﬁ%‘@‘%ﬁeé% for
a subscri beronnbisegtesd helserivigen apeas bounderyt dabaof Eqeablpsapadei unit
on the Earthg¥y av f Loin egLop i r rating
privil eges f%ﬁ%ﬁ agﬁaés/crl Za:n%ﬁrﬁi?. a%h%hgg{rlv?c_e %@_ |%S’E§He%(g_r@0é%§&o
det er mi ned bYrERnkl Andderatdoseareno #2), oxgspeatpvebEbi lity regi on about
the present |ocatWhénhyervice area boundary data 205 traverses equally

10 spaced areas, the present invention further partitions

equally spaced areas into a smaller partitioning or cluster
of equally spaced areas. Upon further partitioning, equally
spaced area 215 no longer is traversed by service area
boundary data 205 and is assigned a location area number,

15 (e.g., location area #3). Nothing prevents equally spaced
area 210 and equally spaced 215 from being assigned the same
location area numbers, thus forming a more irregularly shaped
region.

Upon subsequent partitioning, an equally spaced area 220

20 is no longer traversed by service area boundary data 205 and
is assigned a location area number, (e.g., location area $3).
Yet, upon further subsequent partitioning, equally spaced
area 225 .is no longer traversed by service area boundary data
205 and is assigned a location area number, (e.g., location

25 area #3). Finally, upon'further subsequent partitioning,
equally spaced area 230 is no longer traversed by service
area boundary data 205 and is assigned a location area
number, (e.g., location area #3). Such iterative
partitioning may continue on to the capable resolution, or as

30 in the preferred embodiment, a present size of each
iterativly partitioned equally spaced area is evaluated
against a minimum resolution requirement defining an
acceptable tolerance of approximation of the boundaries of an
equally spaced area. As shown in FIG. 2, an equally spaced

35 area 235 still remains bisected by service area boundary data
205, however, no further partitioning occurs. In the
preferred embodiment, in addition to storing an assigned



defining the present location as the origin of the probability region. The
service area database is then searched for entries or records enconpassed
by the present |ocation probability region. The service area is then 25
resolved fromthese database records. FIG84 shows a diagramof the Earth
and associated partitioning of its surface in accordance wwth a preferred
enmbodi ment ofladafioncaaen humberiand servicpawedavwbesy, ghebamallest
conmuni cat i Ofp34Gon' M tRiRSCRA iﬂ&féé Herbtihg 3%5%&@,@@&139' bgmust be

estimated, and this Iocatlon nmust e associ at’e an area on the
surface of tReT¥EAe 2168, °‘Fﬁ$i§r1§r‘§%t¢m§p%e afeiaied By ihgephpdedarea (SA

denot ed by tf&qmllfyd@pae&doéréacOUMiﬂii/mli:ﬁJrréB&]ﬁﬂﬁ.QﬁlSOflnS)f_ﬁbeﬁréﬁéﬁﬁédor
billing, i t be.a_|location a mﬁﬁ'ﬁ Ailgﬁg%gnated by 35 the systemfor
pur poses gf &?ﬁ¥%%ﬁ§n§na5Feﬁpgﬁgﬁf Fth ‘criber unit nmay nmove and
still be found by Ashearsexammleer assuné- thmt pdse Banfthalier divg delie iaubsedy ber
unit that an [J n | hty O u riber
units, the | oe%: aﬂTXn%P%gL;(L)]f hgeﬁgegéngh be %031&41%(?”%%1611 ¥'? bi’l’ﬁ?g i mpl i es
that 5 the | dddqiqeoither suzfagst ofethe nparih mrqpnnmaﬁeﬁnééammnhmn
square kilometers, this results in an area of 3899 km2 for

10 each square, or a square width approximately 62.4 km on a
side. For this example, this area would then be subdivided
or re-partitioned at most four more time to arrivé<at a
minimum resolution requirement of approximately 4 km per
side. )

15 FIG. 3 illustrates a hierarchical database for storing
records and facilitating a search of such records, in
accordance with a preferred embodiment of the present .
invention. Each area in database 350 represents an equally
spaced area with the shaded area representing an equally

20 spaced area having service area boundary data located within
the equally spaced area. A level 0 table 300 contains
records having no service area boundary and records
containing service area boundary data. A record 301 points
to a level 1 table 310 which further divides the area into

25 four sub-areas, also known as equally spaced areas. In this
level 1 table 310, records 311 and 312 contain service area

~boundary data and pointers to level 2 tables 320. Each of
these level 2 tables contain 4 records. Records 321 and 322
in turn point to a level 3 table 330 having records 331 and

30 332 which point to a final level 4 table 340 having records
341-344. Records 341-344 each contain an entry denoting
service area boundary data and an assigned location number.
Also, a service area number may be assigned and stored within
records 341-344.

35 Not all records fanout to a higher level. A record 302
on level 0 table 300, points to a record 313 in level 1 table
310 which in turn terminates in records in level 2 table 320.



sone ‘'systens. Also, in order to maximze the use of system resources, the
size of the location areas should be small, resulting in a |arge quantity
of location areas. The present invention generates databases for searching
and determning 10 these areas for accomfodating efficient and conpliant
service to subscriber units. Referring to FIG 1, the Earth 100 is

di vi de& i nt oThesquievel sdareeprds gontadn, the] geme| dnfoymatpontasiehe or

bands 105 angeddd 2readfd i Mesbrdd ddiimrRieabedeenbodi ment, 15 having an
equi val ent height._ Equally spaced areas 125 and 130 are defiped as having

roughl y equi val enFIGr eds111nstrafess ridie Rppdasy d9xc8854PB4RI138CaRICR30 t o
have gqual a]?eea\/\@iébigifﬂawm_ 0&% rmjliﬁmyccywmd afreaght i_nt a?cmtdaigcabmtme
varil e a a uncti on. atLt e. atl tude artition cat . hearer
o, o ) BRI ShbAgMEnt A IS prllddle NGO O pi B R BF ERriBEE" T
t he hei ght offorhaspigning pkokatisn raares rlesdigmaitsrentot equaghyasbatedi t ude
artitions, t ' f éfﬁib S fupck t he
Ioat i tude of thﬁgafaggnﬁ%gﬁ%%?tslt | on.éa%-l‘{gaJ bﬁg‘é%ga?t%i%?i'oang' Bflﬁ%ﬁ)&g;

trt ongitu uni que

to latitude BARdSHEH, methed dised AT psgiandadalegation akeRenUNbeEgi 1Rde
partition 12@ccHridHeet WitRtdh UsifbdtBintdrdt @F e piefair@edeiHdbhyispaced
area 125 It _should be apparent that fhe anti,ty of equally spaced. areas
on a1 tHie. BAPRLLYoRDAGRY ot APNHAS ERIRAP 50 B555LFF Shaoopasniarta;
on | atitude gathi prefei#dbly die apsigrndd/ lefcatieguales numbers by
applying a series of queries to determine the location area-
number assigned to an adjacent equally'spaced area that does
not contain boundary data. First, an equally spaced area
15 having service area boundary data assumes the location area
number of a non-boundary equally spaced area immediately to
the left. Secondly, when an equally spaced area having
service area boundary data does not have an equally spaced
area without service area boundary data immediately to the
20 left, an equally spaced area having service area boundary
data assumes the location area number of a non-boundary
equally spaced area immediately to the right. Thirdly, when .
an equally spaced area. having service area boundary data does
not have an equally spaced area without service area boundary
25 data immediately to the right, an equally spaced area having
service area boundary data assumes the location area number
of a non-boundary equally spaced area immediately to the top.
Fourth and finally, when an equally spaced area having
- service area boundary data does not have an equally spaced
30 area without service area boundary data immediately to the
top, an equally spaced area having service area boundary data
assumes the location area number of a non-boundary equally’
spaced area immediately to the bottom.
In the preferred embodiment, a service area number and a
35 location area number are preferably stored in the database as
an array of 2K elements, one for each of the equally spaced
areas (e.g., 217 in the previous example). Each element of



spacéd areas are chosen by weighing the desire for high resolution and the
requi rement to keep the size of the database small. FIG 2 illustrates
traversal of a service area boundary 35 data through equally spaced areas
and the partitioning resulting therefrom-10r accordance with a preferred
enbodi mrent of the present invention. Four equally spaced -7- areas are
shown with a e arxayaprefesabdir yeduires 0an tentxy sfory a docatioheargaal | y
spaced areas.pnaBEd ) Y %@%.@e%‘féé ﬁﬂnﬁbéfd Zid &7 ﬁﬂf?—ﬂ“tw BhayLhapy

service area boundary ta traversing t erethroug | ocation area nunber
i s 5 assi gnedSPWH ]éﬁhg-lqvﬁ sBﬁcédNHEEaP%%FPJthQ% %Jtewa@ér gedeoin the
bi sected by s@rmdye area boundary data EquaIIy spaced service area 210 and

211 are shown as i ng assi g me tion a | ocatj on. area 2
respectivaly. W‘regF etV i QFV B é% é??%t gh

spaced areas sp&neqnaxaas:rbpteaEnbedfmst$quaxesx|maxn&iuanmathyeiyabed ar eas
into a small ef; fAld idd A RIOboLY £5 & R drahachd die e%art}{pogh%§e

further part|t|on|ng Iy spac area onger is traverse
service area HH%¥§16§F53§G§ andre§0h3§1@pmnﬁ¢rIthﬁuhqmdeasea Baabegrid

point may have a shape other than the squares described above

10 associated with it. For example, each grid point may have a
circle associated with it, so that a radius would be-.stored
with each grid point. : e

FIG. 5 shows a flowchart for generating a location area
database, in accordance with an embodiment of the present
15 invention. A generate location area database process 500
generates a database having a plurality of hierarchical
records for correlating a present location of a subscriber
unit on the Earth with a location area controlled by a
communication service provider. The location area denotes a
20 functionally uniform operable region for a communication
service provider.
A task 505 defines the geometry of equally spaced areas.
In the preferred embodiment, equally spaced areas are defined
to have equal latitude parameters, and varying longitudinal
25 parameters to facilitate an approximately equal area for each
of the equally spaced areas.
A task 510 partitions the Earth into a plurality of
equally spaced areas. This partitioning generates a level 0
table 300 (FIG. 3) for initial searching and for further
30 partitioning. A task 515 enters this initial partition into
the database record.
A task 520 defines service area boundary data 205 (FIG.
2) denoting a boundary having differing access privileges and
restrictions for a subscriber unit. 1In the preferred
35 embodiment, service area boundary data represents
communication service provider boundaries, which facilitate
billing and access control. Service area boundary data



15 (é g., location area #3). Nothing prevents equally spaced area 210 and
equal | y spaced 215 from bei ng assigned the same |ocation area nunbers, thus
formng a nore irregularly shaped region. Upon subsequent partitioning, an
equal | y spaced area 220 20 is no | onger tiddversed by service area boundary
data 205 and i.s.,assigned a |ocation area nunber, (e.g., location area #3).
Yet, upon fuP@ﬁéFlgﬁ %Eﬁd@ﬁf §ﬁﬁ¥QQ|§nﬁQﬁ}r1@GG§Iﬁ?cggacéqrﬁléa @peais no

| onger travewhedebl &ecswbSErAiaR ﬂﬁlﬁlq.%r Yrdntidi 28a @i‘ém' é?éfétﬂﬂ&%)?
| ocation area_nupber ocat 25 area #3% Fi na upon further
subsequent pﬁFFV%Fﬁn?ﬂéa é&ﬁﬁé day; &er¥egept georehikicalaversed by
service areabbnnddalgsdhavuﬁﬁﬁhnmqhé:bp@%%kgbﬁdréqhmeémeﬁﬂsaéﬁa nunber,

e.g., at | Such iterative partitioning may continue on to
Ehe capaqfe ?§§8?i§ld§§gor as 30 in the preferred enbodi nent, a present

si ze of each |terétF¢$¥ P35 tovenkays emrtice 9paaeboandarysdataluntedch
agai nst .a m Bfnﬁﬁérﬁ@fﬂi&ﬂ S £ WY A8 s ARk ng@ﬁﬂ@fﬁf@i&%&é&}f ance

of approxi mafion_ of the boundaries of "an_ equal spated area
FIG pg an e VSF’r?/be%c@ae%%r%hléfa oppirg by graphiaalby sgenetabing i ce

area boundar gqual By 26i5acdd Ve an supeiigboBahl 5bPRis8 LFEA Boundhtye

preferr eﬂ) 9”88{?5 n@ﬂéreér? a%'&de%%r ttoa.sﬁct % on%vagug%gls gthc(a:I equally spaced
area with the superimposed service area boundary data to
determine if boundary data is contained therein. When
service area boundary data is contained therein, a query task
535 evaluaﬁgs a present size of one of the plurality of

15 equally spaced areas against a minimum resolution
requirement. The minimum resolution requirement defines an
acceptable tolerance of approximation of the boundaries of
the location area.

When the minimum resolution requirement has not been

20 exceeded, a task 540 further partitions the equally spaced
areas into additional ones of equally spaced areas. Further
partitioning, in the preferred embodiment, takes the form of
subdividing an equally spaced area into . four relatively equal
sized sub-parts also known as equally spaced areas, but

25 npothing limits subdividing into other numbers of partitions
or shapes. A task 545 enters a record entry for each of
these further divided equally spaced areas into the database.
Processing then returns to query tésk 530 for further
evaluation.

30 When an equally spaced area does not contain any service
area boundary data or when evaluation of a minimum resolution
of an equally spaced area has been met, a task 550 records
the location area assigned to the equally spaced areas. A
task 555 repeats the steps 530-550 for each of the equally

35 spaced areas. A generate service area database process 800
(FIG. 8) then proceeds.



-8- location area number and service area number, the smallest partition
retains an indicator denoting the bisection of service area boundary data
205, as noted by the shaded equally spaced area. M ninumresolutions in the
preferred 5 enbodi nent are approxi mtely =32 km As an exanple, assune that
the Earth is divided into 217 equally spaced areas so that L woul d be equal
to 131, 072. Since EMe Sushews of flpwcharthfor sgprehinmtae|lpcationi hirean

square ki | onmejfiabadd)i 9n %&eb&aaheeaala& e&n UnRAhdi® Jo rthéoprségﬂtsquar e,
or a square width gpproximately 62.4 kmon a side. For this exa

area woul d t HEWSR-19mdi & 6@8’-’6? fecakien taksn fakabase PF‘GGPSF?DEBOU me to
arrive-at a rsedrohes @sdatthbaBer €61 ¢SFEALatOin mprpvesmitellbcétmnpsf §i de.

15 FIG. 3. i l.Lustrat er i cal dat as for storing records
and faci| Pt atT IS &L, 4 fogugherg &b With 4 & o‘i’a&&ﬁ’ i eh a preferred
enbodi nent ofcarrespoaskding ltnvsaidopremtl oaation catdaleasndérdiledebyeaent s
an equal |y _SRafffhrAlcE 1t Belhfcs &élgat MR ORRI0G egqﬁéhafeg

spaced area having service area o ndar a € equa
spaced area. fanahignadlysynifouy @Bﬁ%‘%\b ?%mfdsfqua\ﬁhﬁ’g cﬁmmyewateoar ea

boundary and ge&alcés proRtidell. NUAS86 Y| €Ke LB IR dpl1drafitgcged 301

points 10 hierarchical records representlng a plurality of equally
spaced areas partitioned on the Earth. The equally spaced
areas being overlayed with service area boundary data and
controlled by a communication service provider as described
in FIG. 5. _

15 A task 605 receives the present location of the
subscriber unit for determination of a corresponding location
area. A task 610 computes which of the plurality of equally
spaced areas partitioned on the Earth include the present
location. This computation initially begins at the level 0

20 table detailed in FIG. 3. Subsequent computations
potentially evaluate level N table records.

A task 615 indexes one of the hierarchical records that
include said present location. A query task 620 determines
if one of the hierarchical records denotes more than one

25 location area, or a designator denoting a non-uniform
location area or a non-terminal node. When query task 620

- denotes a non-uniform location area or a higher resolution
pointer pointing to a more detailed level, a task 625
increments the resolution of the hierarchical records to a

30 more detailed level and processing returns to task 610 for
further computation and indexing.

When query task 620 determines a record to contain a
uniform location area designating a terminal node, a task 630
retrieves the location area assigned to the present location

35 for processing. Such processing includes evaluation of call
routing and delivery in the communication network.



to a level 1 table 310 which further divides the area into 25 four
sub-areas, also known as equally spaced areas. In this level 1 table 310,
records 311 and 312 contain service area boundary data and pointers to

| evel 2 tables 320. Each of these |evel 213ables contain 4 records. Records
321 and 322 in turn point to a level 3 table 330 having records 331 and 30
332 which point tBI@. {7 nkllyshxates @algrarbigapaevaduatien daf 3 1- 344.

Records 341- gdds&pber Qi 1 Predeinty 160801bAYaRE" ¥ sRoBdEL fagpndary data
and an assigned | pcat ryice area punber nmay be

[ on nunher. SQ, .a sery
o e anRStor bired TharSidal £ors feramminkns a b e e Wa o ds
fanout to a asghetateweith the eubstriBeronntieyeinlatadtdadd® wikhi s to a

record 3 [ I i i t ] [ rohS:
| cvel 2 Papl Brafifred Sibdinght ¥ the) Brbdshn ThURREIGE, | FOf R EAd
i nfor mati on purposes el senvilslee negtaidtionser ibeils abegeired Gn global

Il lustrates LE£55 gggﬁ ' tLo desd : qual l'y
spaced ar eas?%%ccor da[{n%rg W t g%l %% %’%d?ngﬁ?gg?etﬁééag%%l?%%%nt i on.

Rul es may bevibhiagrespnpdacation 788a0fon srbgcriReyabEs tHinkpual |y
spaced ar eas166&tEbni ASkHMM ARG A O3 haprdaisedabasubb&ridedanoies

10 location is only known accurately within a radius defined by
a present location probability region 710 or 720. Hence, it
may be probable that a subscriber unit’s service area may be
reported as a list of candidate service area with an
associated probability for each candidate. For compliant

15 operation, all service aieas intersecting the present
location probability region must be computed. This-
computatiop requires the development or generation of a
service area database. The service area database, in the
preferred embodiment, only contains the lowest resolution

20 records describing equally spaced area, such as equally
spaced area 235, containing service area boundary data 205

 from the location area database (FIG. 5).

FIG. 8 shows a flowchart for generating a service area
database, in accordance with an embodiment of the present

25 invention. A generate service area database process 800
generates a database for correlating a present location of a
subscriber unit on the Earth with a service area controlled
by a communication service provider. The service area
defines a region having uniform operating privileges for the

30 subscriber unit.

A task 805 searches a location area database having a
plurality of hierarchical records wherein some of said
plurality of records have service area boundary data. The
location area database includes a plurality of hierarchical

35 records representing a plurality of equally spaced areas
partitioned on the Earth. The equally spaced areas are



one such method used for assi gning |l ocation area nunbers in accordance with
an enbodi ment of the preferred invention. 10 Equally spaced area records
contai ning service area boundary data preferably are assigned | ocation area
nunbers by applying a series of queries tdd4deternine the |ocation area
nunber assigned to an adjacent equally spaced area that does not contain
boundary dat PVeikasted yithgservicepared bowndary idatianyiddy bovadaryadata

ooated ar on i Tecalten HACShlolahePt IUERSr Gl SRNTIOUPHCEN SHUALLY
aced area i medi_ate e . Secon , /
?\gvi ng service arda d%laf?‘dgll fef “ﬁB?Sh%%‘éhaﬁlf efcft%lﬂq&‘r%f}@dO& ea
W t hout serviktiemrhiltalndacprdat a Whaese dingdey) Vtddsk 610 Z%tleﬁnl &ne_antﬁguaahy

d a ' i assunes,the .l ocation area
Shnbor of Sa iy Shdced EER PRUIGALY SEIEE TS HaltratYhaarh it
Thirdly, wherkagk &dfaldupligated bhearecerdgfsm ilee lmcad ibouateay data does

not have an efiialdabesRatedtRbCSetiBOUres #itebalLa boundary 25 data
i medi ately to the right, an-equally spaced area having service area

boundary data assdiffs AR PdciBPoRLEFRELRYiMEhisTar shicadomreardsehaxuing
spaced area ismirtliseireliyet arbaebbgﬂdarl] atdéilé%,?;&d%ded]@@(ﬁo, ﬁfggﬂgﬁngﬁﬂgﬁéy
spaced 355ar SF R pRuthecPofaliy BESN pidRs ARt addarer £ Ehe Lop.
an equal |y saued lar spacedi agessrdencted doy brthengduraddtty agshiesatrbRical
location area-dudiy nakifig"88rPPHRde Y AMAldry data. e
FIG. 9 shows a flowchart for determining a service area
for assigning to a subscriber unit, in accordance with a
15 preferred embodiment of the present invention. A determine
service area process 900 determines a service area for a
subscriber unit by c¢orrelating a present location of the
subscriber unit on the Earth with a service area controlled
by a communication service provider. The service area
20 defines a region having uniform operating privileges for the
subscriber unit. '
A task 905 generates a present location probability
region about the present location of the subscriber unit.
The present location probability region defines an
25 uncertainty region about the subscriber unit’s location that
must be considered in determining the privileges to extend
and the restrictions to impose upon a subscriber unit
operating in this region. Present location probability -
region may take on many shapes or dimensions to bound such a
30 region. These regions preferably appear as circular
probability contour, elliptical contour, or a polygon
contour.
A task 910 searches a service area database for entries
or records encompassed by the present location probability
35 region. The service area database includes a plurality of
records with each having service area boundary data. These
plurality of records are derived from a plurality of



spaced area i mediately to the bottom In the preferred enbodi nent, a
service area nunber and a 35 |l ocation area nunber are preferably stored in
t he dat abase as an array of 2k elenents, one for each of the equally spaced
areas (e.g., 217 in the previous exanpl eyl5Each el enent of -10- the
array preferably requires an entry for a | ocation area nunber, a service
area nunber , hheBarchical sreqards Heprasentdapusi phurality oof WALl oi nt er

for a term ngbaﬂédeatéhé hea ¥ #&bned on the Ln:ar%n thherpave sadedi ment, the
above grid of egfall%éﬂféged ar.eas repriﬁ§g a squares, nay

al ternativel §V8 SEIFiGE A0 d@ﬁ t ABt@urface of the Earth,
where the grid i nareasksoin amhb[tesortrmeanﬁﬂiesbomdeeeorﬁacéngomﬂasﬂémt
may have ape, ot her tha uar.e bed above 10 assocjate
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t hat a radi usrwewl df beexvire s rbtnmﬂargr idatpoast i1Fustratefions AIG. 7.
flouchart TOR GRER' 336 Ndednd MG IHLAIRA E&l@%ﬁ abBefiSEQr dgnce w th an

enmbodi nrent o Eresent 15 1 nventi on. enerafe | ocation area dat abase
process 500 BERARPH tenal by rvkaht r%anlh@fa S]§‘I16’r gptﬂ;egf. hiveen 2 hpeamned

entry is bounded by the present location probability region,

10 the service area information in that entry will be used to
determine and resolve the service area associated with the
present location of the subscriber unit.

A task 925 resolves the service area corresponding with
the present location of the subscriber unit. Resolution of a

15 service area may include resolving a seivice area list
comprising a plurality of potential service areas present in
the present location probability region. Also, this list may
be weighted according to a probability associates with each
entry of the service area list.

20 In summary, the present invention provides an improved
method for generating a database of hierarchical records for
correlating a present location of a subscriber unit on the
Earth with a location area controlled by a communication
service provider. The present invention also provides a

25 method for searching a database to correlate a present

- location of a subscriber unit on the Earth with a location
area corresponding to said present location. The present
invention yet provides a method for generating a database foi
correlating a present location of a subscriber unit on the

30 Earth with a service area defining a region having uniform
operating privileges for the subscriber unit. Finally, the
present invention provides a method for determining a service
area for a subscriber unit by correlating a present location
of the subscriber unit on the Earth with a service area

35 defining a region having uniform operating privileges for
said subscriber unit.



records for correl ati ng a present |ocation of a subscriber unit on the
Earth with a location area controlled by a conmuni cati on service provider
The |l ocation area denotes a 20 functionally uniformoperable region for a
conmruni cation service provider. A task 504.6tefines the geonetry of equally
spaced areas. In the preferred enbodi nent, equally spaced areas are defined
to have equal | atiTheleoxesentetiovention hasybegn| describkdaibde pearthret er s
to facilitat P X I achy, | d
areas. A tasﬁréﬁ% par%(t%tr??é%fﬁggégr ?ﬂBSBHBQﬁt@] ur a‘fwet‘{/&gf q;g%%ael %3]/&2%%8 d
areas. This phetthe Afthyiddnaesognisge| that @hmmsa b madigicetipes mayti al

sear chi ng andbé afiaddirihaihed@ prefekiredl adbodihasts SR depalits ngNiftbal
partition |nt he dat abtg%_(j]& REFrd A.task 520 defi nes service_ area
e

boundary dat a* SScﬂcfﬂeG PREta lBX‘EWH’a‘?? hERh FXARS i F§O5€cess
privil eges anskikked iiat |tdres afrtr wd13ubpprediatentliat lthe hpraaigkerred 35

o ovi dor  bourla Se i SN er ARk b REAS AN T ERRIES Hrin’ "y Be.

provi der bou ari es, access ¢
- area boundar Wmﬂaierald&dlvtalré@dl Willﬂrayaqbiemsa eqwivalsndd fancedonser vi ce

area These and other changes and modifications which are obvious
10 to those skilled in the art are intended to be included
within the scope of the present invention.

What is claimed is:



wherein a subscriber unit is prohibited from operating or service area
boundary data may represent geopolitical boundaries h
requirements or 5 restrictions. A task 525 overlays service area boundary
data on each of the plurality of equally-$paced areas. pﬂmuu H"w“ﬂ m
Overl ayi ng preferably occurs by graphicall¥ enerating

area and superi nposi ng servi ce area bounda 93 dat a t héreon.* ery

task 530 eval uates the equal |y spaced area with the superlnposed serV|ce
area boundary dat de er pe i f boundar Ls contained th

servi ce area boun ar ﬂ%.%p ?Enﬂ?ﬂ?ﬁé}ﬁﬂggPe%%% afifte Vfﬁgka5§§uﬁﬁg¥5%tes
a present sio#f hi.enamcbicahecepiardﬂ Ifior aorielatdqngl hyprpaert hoeaisiamgahst
2 U 1 eS0kUbL A BEEA AT -l Glfiol AT G5 3bUbL 08, S TN
defines an acce | 'erance of approxi mation O aries of the

| ocation ar egoanehleﬂebm i eammEs tidno seryd ger preMidads -ﬁ@ld bbeeaipn

exceeded, a hagk ééﬁoiﬂﬁ?hﬁrfﬂﬁﬁﬂléﬂdll§-%&&f%&ﬁabb&réBQéeﬂeéiéﬁsféftéhld
addi ti onal ones of equa ?ac areas, Further partitionin h

preferred enﬁSﬂWHBﬁFat%%Ré¥3 q(ﬁ@ﬁ%ﬁ*@hb&@&ﬁdmﬁﬁhaﬁ @ﬂﬂﬁ?*?lgﬁéggﬁ area

into four rek@kp¥edby:equal sized sub-parts al so known as equally spaced

ar eas 25 nothin sub I nt other f Ltions

or shapgg; A task(§A58a£# g%}r gb q%ﬁ&: %' uﬁPE? Sof e&&éii§
spaced areas;

(b) for each of said plurality of equally spaced areas,
overlaying service area boundary data denoting service areas
controlled by said communication service provider within said

15 each of said plurality of equally spaced areas; -

(c) when one of said plurality of equally spaced areas
contains any of said service area boundary data, further
partitioning said one of said plurality of equally spaced
areas into additional ones of said plurality of equally

20 spaced areas;

(d) when said plurality of equally spaced areas do not
contain said service area boundary data, recording said
location area assigned to said one of said plurality of
equally spaced areas; and

25 (e) repeating steps (c¢) and (d) for each of said
plurality of equally spaced areas.

2. The method as recited in claim 1, wherein step (a)
further comprises the steps of:
30 defining said plurality of equally spaced areas having
equal latitude parameters; and
defining said plurality of equally spaced areas having
varying longitudinal parameters to facilitate an
approximately equal area of said plurality of equally spaced
35 areas.



f hese furlther di vided equal |y spaced areas into the data .

then returns to query task 530 for further evaluation. 30
equal |y spaced area does not contain any service area bounﬂmuﬂm E'EHIMﬂIH
eval uation of a mninumresolution of an &dfiral |y spaced ar Sl .
a task 550 records_the | ocation area a$sianed to the equally spaced areas.

A task 555 repeat st helRg dethoshassgeritedatn glaipel edthaneimsteppdbad
areas. A gentumitlers eyoniprd seseshdassdpser process 800 (FIG 8) then

pr oceeds. -12- . ows a.flowehart for searching.a |ocation area
dat abase, in accor‘icjéaﬁcne&vaS &pgﬁ%é'%oa nEAtd P T Vs Pqundary; gﬁ.taAas
sear ch | ocat iarregteid®adalbacespr sersicé 0drazarsaigs @smtidmzﬂeabeéﬁs h
correl ati gg t Cail.lron ; 5 [ her, unidt . t th a
| ocati on gr e?ﬁﬁ%&gjﬁ %&If?'glgéi énp?ﬁéésge)%%%e?"a% :gogr?'da%&btcso% E% I _381 ylﬁ
communi cat i orPERIted fepmdeperghingocati on area denot es a functionally
uni f orm operabl e region for the conmunication service provider. Al so, the

dat abase has a pluyali of .10 hierarchical records representing a
plurality of quaI‘{y %gﬁti?gagspﬁ‘??ﬁ?‘gnﬁa SHpihel Eahereiphsteguibdy

spaced further comprises the step of:

10 defining said service area boundary data to represent
geopolitical boundaries. .
5. The method as recited in claim 1, wherein step (b)
further comprises the step of:
15 defining said sérvice area boundary data to represent

communication service provider boundaries.

6. The method as recited in claim 1, wherein step (c)
comprises the steps of:
20 when one of said plurality of equally spaced areas
' contains any of said service area boundary data, evaluating a
present size of said one of said plurality of equally spaced
areas against a minimum resdlution requirement, said minimum
resolution requirement defining an acceptable tolerance of
25 approximation of said boundaries of said location area; and
when said minimum resolution requirement has not been
exceeded and when one of said plurality of equally spaced
areas contains any of said service area boundary data,
further partitioning said one of said plurality of equally
30 spaced areas into additional ones of said plurality of
equally spaced areas.



areas being overlayed with service area boundary data and controlled by a
conmmuni cation service provider as described in FIG 5. 15 5
receives the present |ocation of the subscriber unit for Jiu!lmmm‘\mlmﬁnmna
correspondi ng location area. A task 610 cdioutes which of thecpluratitsy of
equal l'y spaced areas partitioned on the Earth include the present |ocation.
Thi s computation itit iThel pebbginasarechtedeir| chalm 14 hereis stepd (dd FI G

3. Subsequerty4H@U 3R scBOtRAt kBbpYoeyal uate level N table records. A
task 615 i ndexes one Qf the hierarchical records that include id
'-H%tﬁleéfzée&@?

53 d_present
| ocation. A query % RINBsSPEVLRE 3FSR RSNy widh sgdsk ds
denot es nor e grwdendnNdodatibacahtdudederitihin asdliad i @rated sadidoplagadity

non-uni f ogm | t] Qr .a -terni pa d e ry.task

denot es agnor?&tcj%dfu%:i%glr %%SF anagggg’ o%g]é&h+% e]t"’eer e%/%gut@ﬁ' n)|c'()i'(§1|gnt§’ ef g%g'loﬁt i ng
to a nore dethaviagy ueidlormaoperaténag pniviheges fome sadsh|awbsgridert bait.

hi erarchical records to a 30 nore detailed | evel and processing returns to
task 610 for further computation and i ndexi ng. \When query task 620 .
deternines a recor® t & &thed fgruserErhpgcat dakabage HREiprReIRfiag 2

term nal nodgresdmskoea@ioa! bifexesub8eribeat idit abeaas Wagited wieht Be

Present LGRS an, oL BE RS ang R BEPE HER AR MlER R on
controlled by a communication service provider, said location
area denoting a functionally uniform operable region for said
communication service provider, said database having a
plurality of hierarchical records representing a plurality of

15 equally spaced areas partitioned on the Earth, said plurality
" of equally spaced areas being overlayed with service area

boundary data and controlled by a communication service
provider, said method comprising the steps of:

(a) receiving said present location of said subscriber

20 unit;

(b) computing which of said plurality of equally spaced
areas partitioned on the Earth include said present location;

(c) indexing in response to said computing step one of
said plurality of hierarchical records that include said

25 present location; _

(d) when said one of said plurality of hierarchical
records denotes more than one location area, incrementing
resolution of said plurality of hierarchical records to a
more detailed level;

30 (e) until said one of said plurality of hierarchical
records denotes a single location area, repeating steps (b-
d); and

(f) retrieving said location area corresponding to said
present location of said subscriber unit.



-13- FIG 7 illustrates a graphical evaluation of a subscriber unit™ s
present. | ocation and a probability associated therewith fqy i Tl
service area to associate with the subscriber unit, in acamﬂmﬂulmdlgjﬂml
preferred enbodi nent of the present inventén. For billing *purposessa *
service restrictions, it is required in global conmmunication systemto
conpute a service #-ecaThesmethoddasi recited ddermlaige £ sherginostegp (4d)

subscri ber Lnﬂfurtgh&c%ohggggggntg@t§%é§rgﬁg<3n I's inprecise, a subscriber
units 10 location is_only known accuratelf w thin a radius defined bé a
bl e

present |ocation prRYSddRting pehigher 1¥egplutipon Rojnter din,g§p1c0pf 0B

that a subscridadid plulradis¢r £ CRi&r&ickitgabardcids popiatiagl t6tsa@id more
candi date servj ce .grea mﬁtﬂ an associ ated probability for each candi date.
For conpliant gﬁ@r&FiS ; all service areas intersecting the present

| ocation probability region nmust be conputed. This- conputation requires

t he devel opnent or nenpat i f S | q§ﬁ§ﬁ%ﬁ£. e L Cpsarea
dat abase, in the pﬁggerPégbgﬁggdfﬁﬁn?%ﬂ%ﬁfﬁﬂ%%ﬁ%alns t he F§&ég§§?éggﬁbt on

20 records dés@resen§ dqaatignsphcrdsubscribarinid egukhryEaphbedith e
235, contai ni neSAIKE a@ed’ 88nPPYNTEN Yol & ctfifunication service provider,

10 said service area defining a region having uniform operating

privileges for said subscriber unit, said method comprising
the steps of: e
(a) searching a location area database having a
plurality of hierarchical records wherein some of said
15 plurality of hiefarchical records have service area boundary
data, said location area database having said plurality of
hierarchical records representing a plurality of equally
spaced areas partitioned on the Earth, said plurality of
equally spaced areas being overlayed with said service area
20 boundary data; and
(b) for each of said plurality of hierarchical records
having said service area boundary data, duplicating said
plurality of hierarchical record into said database.

—
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fron1the |l ocation area database (FIG 5). FIG 8 shows a flowchart for

génerating a service area database, in accordance with an enbodi nent of the

present 25 invention. A generate service area database process 800
generates a database for correlating a pFé@ént | ocation of a subscri ber

unit on the Earth with a service area controlled by a comruni cati on service

provider. The service area defines a region having uniform operating

privileges for the JETEQBs FOBeRARID . DETERMINFILLQME 2 OFheBNa AJBEENER ar ea

dat abase having a ph‘q%ﬁ'dﬂ yAﬁEoEiI%&QJIFh ¢ rﬁcggg?ﬂyﬂﬁt N SPEE Siasa d

plurality of record ave service area oundary e location area
dat abase includes a plurality of hierarchical 35 records representing a

pluralitysof equally spaced areagbgaracti ofiethendideldsantdr. The equal |y
spaced areas are -14- overlayed with service area boundary data with

boundary data being |ocated in only a portion of the equally spaced areas.

A query task 810 évalwdiads cemmhnibathenpbmshérhtmusﬁ domgplyr ofiithelserodioeds.
Uher Sucr LAk Releh Bhagcoblhe il nEUAL brAGad s orpehuces
| ocati on aregestrlctlve boundaries. 'The location of a subscriber unit
10 must be correlated to a service area region for identifying
and extending appropriate restrictions and services. The
Earth is partitioned into equally spaced areas (125, 130)
with entries stored in database records. Service area
boundary data (205) overlays the equally spaced areas (125,
15 130) to assign each equally spaced area to a location area
enabling efficient use of the commuhication system. Equally
spaced areas (125, 130) are iteratively subdivided to form a
hierarchical database (350) when service area boundary data
(205) bisects an equally spaced area (125, 130). Figure 5 to
20 accompany abstract.
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dat abase into the service area database. For each of the plurality of
hierarchical records having said service area boundary data, a task 820
records service 10 areas of the equally spaced areas |ocated adjacent to
the equal ly spaced areas denoted by the plurality of hierarchical records
havi ng servi ce area boundary data. FIG 9 shows a flowchart for determning
a service area for assigning to a subscdﬂﬂﬁ unit, in accordance with a 15
preferred enbodi nent of the present invention. A determ ne service area
process 900 determines a service area for a subscriber unit by correlating
a present |ocation of the subscriber _y the Earth with a service area
controlled by a comruni cation s& & service area 20

defines a region having uni or the subscriber
unit. A task 905 generatg ¥ ‘ regi on about the
present |ocation of thg \ONn probability
regi-on defines an 25 & unit's

| ocation that nust J ni kg % to ext end
.and the restrictiofis to i npose upon a subscri ba i inthis

FI1G. 1

LA2 LA1
LA2 LAY LAM|  LA3
LA2 LA1
LA2|LA1|LAT[LA1|LA1 [LA2|LA3|LA3
LA2
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contour. A task 910 searches a service area database for entries or records
enconpassed by the present |ocation probability 35 region. The service
area dat abase includes a plurality of records with each having service area
boundary data. These plurality of records are derived froma plurality of

hi erarchical records representing a plurality of equally spaced areas
partitioned on the Earth that have been @&l ayed with service area
boundary data. A task 915 assenbles the entries or records enconpassed 5 by
the present |ocation probability region into a contiguous array of service
area boundary data as illustrated in FIG 7. A task 920 scans the entries
fol l ow ng assenbly to proportionally weight each of said entries. \Wen a
scanned entry is bounded by the present Iocatlgﬁggrobabll|ty region, 10

the service area i nformation in that entry used to determ ne and

resol ve t ocatll
subscri berj unit. A task 925 resol ves the SfﬂM% rea jcorrjesponding with
t he prese | ocation of the subscriber unift. utidn off a 15 ervice
area may ijncl ude resolving a service arealli I i a plurallity of
potenti)altl servi ce areas p?esent I n LA% L% 3 235" P d
LA3
313
| LA3 g
220 LA3|230 g .
LA1 3
225 LA3 3
LA3S
LA3 3
LA3 3
210 25 3
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the present |ocation probability region. Also, this |ist my be weighted
according to a probability associates with each entry of the service area
list. 20 In summary, the present invention provides an inproved

nmet hod for generating a database of hierarchical records for correlating a
present |ocation of a subscriber unit OEU he Earth with a | ocation area
controlled by a comuni cation service p I der. The present invention also
provides a 25 nethod for searching a database to correlate & dskug

| ocation of a subscriber unit on the Earth with a |ocation aMze M »y

correspondi ngdq.said present | n_ The_present_inventlon W& lgf ovi des
a nmethod foF péref ht dhf 3 i offdlfafih orp$dnt | | p¢dtfi pn of a
subscri ber n the |3 Edur|t seqilce hld4d Hef i niinp relgl on ©
havi ng uni @r M| atilnial pri yill the¢ IsjupsEtijbler pmiftl | F| hgl |l /“tﬁe
present inwentilgn| prpVijdef a]me deq dqrinl n| g selilck p1ga for a
subscri ber Tngt 190% TTeratdT ocat rof- ST e unit on

the Earth with a serjvice afea 35/ defi fng aegion 2vin ni form
operating priWw |l egeg for smid sdbscrifier t. - 16- e present
i nvention has been fescri ped gbove A th
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references to preferred enbodi nents. However, those skilled in the art wll
recogni ze that changes and nodifications may be made in these preferred

- enbodi ments wi thout departing from5 the scope of the present invention.

For exanple, those skilled in the art will appreciate that the precise
processes, tasks and task sequencing described herein, may be considerably
vari ed while achieving equival ent functiffff. These and ot her changes and
modi fi cations which are obvious 10 to those skilled in the art are intended
to be included within the scope of the present invention. Wiat is clained

I'S: -17- CLAIMS 1. A net f = D Al rality
of hierarchical records forgggr'rg E M C E f B

subscriber unit on the Earth with a location area gontrolled by a

conmruni cati on service provider fTHqtional |y
uni f or m oper abl e region for s gg M@t%uﬂﬁvwﬂlmk& aid

nmet hod conprising the steps of: 10 (a) part{g}onlng the Earth into a
plurality of equally spaced

510 ~{ PARTITION EARTH AND EQUALLY SPACED AREAS

y
515~ENTER LEVEL O RECORD

Y
520~ DEFINE SERVICE AREA BOUNDARY DATA

!

525-JOVERLAY SERVICE AREA BOUNDARY DATA
ON EQUALLY SPACED AREAS

530

BOUNDARY
DATA IN AN EQUALLY
SPACED AREA

EVALUATE
IF MINIMUM RESOLUTION
REQUIREMENT EXCEEDED

YES

510
FURTHER PARTITION EQUALLY SPACED AREA

v
545~ ENTER LEVEL N RECORD

y
RECORD ASSIGNED LOCATION AREA [~550

'

REPEAT FOR EACH PARTITIONED_\555
EQUALLY SPACED AREA

(GENERATE SERVICE AREA DATABASE)~800

FIG. 5



(b) for each of said plurality of equally spaced areas, overlaying service
area boundary data denoting service areas controlled by said comrunication
service provider within said 15 each of said plurality of equally spaced
areas; (c) when one of said plurality of equally spaced areas contains any
of said service area boundary data, further partitioning said one of said
plurality of equally spaced areas into a@{ffti onal ones of said plurality of
equally 20 spaced areas; (d) when said plurality of equally spaced areas
do not contain said service area boundary data, recording said |ocation
area assigned to said one of said plurality of equally spaced areas; and 25
(e) repeating steps (c) and (d) for each of said plurality of equally
spaced areas. 2. The nethod as recited in claim1, wherein step (a) further
conprises the steps of: 30 defining said plurality of equally spaced
areas having equal latitude paraneters; and defining said plurality of
equal | y spaced areas having varying |ongitudinal paraneters to facilitate
an approxi mately equal area of said plurality of equally spaced 35 areas.

600~(SEARCH LOCATION AREA DATABASE)

4

605-] RECEIVE PRESENT LOCATION
OF SUBSCRIBER UNIT

oy ;
COMPUTE WHICH PARTITIONED EQUALLY SPACED
AREA INCLUDES THE PRESENT LOCATION
Y

615~ INDEX HIERARCHICAL RECORD
CONTAINING PRESENT LOCATION

625
3

INCREMENT RESOLUTION
IN HIERARCHICAL DATABASE

620

RECORD DENOTES
NON—TERMI§AL RECORD

RETRIEVE LOCATION AREA 630
ASSIGNED TO PRESENT LOCATION [

FIG. 6



-18- "3. The nethod as recited in claim1l1, wherein step (b) further
conprises the step of: defining a portion of said service area boundary
data as a restricted access service area, said restricted access 5 service
area defining an area wherein said subscriber unit is prohibited from
operating. 4. The nethod as recited in claim1, wherein step (b) further

conprises the step of: 10 defini n@f§ai d service area boundary data
to represent geopolitical boundaries. 5. The nmethod as recited in claiml,
~ wherein step (b) further conprises the step of: 15 defining said
- service area boundary data to represent communi cation service provider
boundaries. - 6. The nethod as recited in claiml, wherein step (c)
conprises the steps of: 20 when one of said plurality of equally

spaced areas contains any of said service area boundary data, evaluating a
present size of said one of said plurality of equally spaced areas agai nst
a m ni num~<gesol ution requirenment, said m ni m@dD esol ution requirenent

defining an acceptabl e tol erance of 25 app
sai d Iocat*on area; and when said mninmmre
been
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exceéeded and when one of said plurality of equally spaced areas contains
any of said service area boundary data, further partitioning said one of
said plurality of equally 30 spaced areas into additional ones of said
plurality of equally spaced areas. 7. The nethod as recited in claim1,
wherein step (d) further conmprises the step of: further recording a service.
area associated with said present Ioca1|2%7| ncluded within said one of said
plurality 5 of equally spaced areas, said service area defining a region
havi ng unlforn1operat|ng pr|V|Ieges for sald subscriber unit. 8. A nethod

for searching a dajeba 3 ation of a subscri ber
unit on the E&UU GENERAEE ISLEEHIIGE .‘ C.AH-MI g to said present

. location and controlTed Dy @ Munt gats or e provider, said |ocation
area denoting a fun oRa -' OF-F-ope eg-ehA— Or sald comuni cati on
servi ce provi d805sp8 ‘REAHD*JA=ASE:rnerarchlcal records
representing a plur e Sqerore ma Tas—partitioned on the
Earth, said plurality Ofdﬁ. aIIy sp.ed areas belng overl ayed with service
area boundary data and c ed .y a cexyuni cation service provider, said

net hod COITpI’i Si ng t he step RECORD CONTAINS NO
SERVICE AREA BOUNDARY
DP:?TA

YES

gi5-]  DUPLICATE RECORD FROM
LOCATION AREA DATABASE

T

820~ RECORD SERVICE AREAS ASSIGNED TO
ADJACENT EQUALLY SPACED AREAS

. FIG. 8

900~( DETERMINE SERVICE AREA )

!
905~{ GENERATE PRESENT LOCATION PROBABILITY REGION

!

910~ SEARCH SERVICE AREA DATABASE FOR RECORDS
WITHIN PRESENT LOCATION PROBABILITY REGION

R

" g15-~{ ASSEMBLE_RECORDS INTO CONTIGUOUS ARRAY
OF SERVICE AREA BOUNDARY DATA

y
920~ SCAN RECORDS

T
925~ RESOLVE SERVICE AREA CORRESPONDING
TO PRESENT LOCATION OF SUBSCRIBER UNIT|

FIG. ©




N _9701633=§
(a). receiving said present |ocation of said subsgriber . (b) 1POS coby
conputing which of said plurality of equally spém artitioned on

the Earth include said present location; (c) in Aﬂ e to said
conputing step one of said plurality of hierarchical® reéc A i ncl ude

said 25 present location; (d) when said oAB-of said plurality *of

hi erarchi cal records depotes nore than one_l.oocatiqQn area, ingrenentin

resol ution of saidpl uf2f PFtBPdnRe r EeTHiedhIin &d6ias & oWheEBIR FeRR |
| evel ; 30 furthe} uoinplrisas delomestadp oF:d plurality of hierarchical

x usinpkises: _ hi er ar chi o
etr eving said | oltPLiR AR e A YRR O T L oA PE B SFAR oAbt

sai d subscri beaidnpiluralitgof dhigtaxraluidadd resordsi peinting| tad nsdd,d wivaresi n

step (d) fgrtheh ceaRrhsgsithe step of: evaluating a higher resolution
pointer in said one of sald plurality of hierarchical records pointing to
said nore 5 detailed |evel

10. A method for generating a database for correlating
a present location of a subscriber unit on the Earth with a
service area controlled by a communication service provider,
10 said service area defining a region having uniform operating
privileges for said subscriber unit, said method comprising
the steps of:
(a) searching a location area database having a
plurality of hierarchical records wherein some of said
15 plurality of hierarchical records have service area boundary
data, said location area database having said plurality of
hierarchical records representing a plurality of equally
spaced areas partitioned on the Earth, said plurality of
equally spaced areas being overlayed with said service area
20 Dboundary data; and
(b) for each of said plurality of hierarchical records
having said service area boundary data, duplicating said
plurality of hierarchical record into said database. '

25 11. The method as recited in claim 10, further
comprising the step of :

(c) for each of said plurality of hierarchical records
having said service area boundary data, recording service
areas of said plurality of equally spaced areas located

30 adjacent to said plurality of equally spaced areas denoted
by said plurality of hierarchical records having said service
area boundary data.

12. A method for determining a service area for a
35 subscriber unit by correlating a present location of said
subscriber unit on the Earth with said service area
controlled by a communication service provider, said service

REPLACEMENT SHEET
0 2 JUN 1998




10. A nmethod for generating a database for correlatl pre | ocati on
of a subscriber unit on the Earth with a service ar

conmruni cation service provider, 10 said service af ea* J%E' I on
havi ng uni form operating privileges for said subscriber uri t hod
conprising the steps of: (a) searching a-2bcati on area database®h ng a
plurality of hierarchical records wherein sone of said 15 plurality of

hi er ar chi cal aresoflgfining adregiqn avingoyndieymdeperating nesitliegesar ea

dat abase haviceg said Bhbsekiker afniti eaiehmetholeeam s BRf aaRNtdtip
plurality of gqually spaced areas partltloned on the Earth, said plurality

of equally sPaced areas being overlayed with said service area 20 boundary
data; and (b) for (adchgeheratiingl arptedentoflduatianc probabil ity dsedibon ng

sai d servgce 5 | i catl i u ' f-hd.er.archi ca
record into sa% dggg@g@%&%@ﬁ %O&Boﬂ. Eaﬁ.ﬁeﬁ%gﬁgg %géér%%?r?ed |1§{%g§i m
10, further eonprigingfehesai®pugseny dochsiopaphobsbilbity preginnity of

hi erarchi cal recorgys h%é'a%h&ﬁ{;d sséwfé'e AR RRLABALY ¢8tareEsrgsdi ng
service areas of said plural |é% equal |l y spaced areas_| ocated 30 adjacent

to said pl ur&PFP?‘Pstsééu]aY | §2 &:‘@F%%&ch&ﬁeﬁearﬁ?a%hlﬁtlplliﬁ%mfby sd
hi erarchi cal segtoedsahasi Agtslodse ML aaptarbdibgasy Bedédrds with each

10 having service area boundary data, said plurality of records
being derived from a plurality of hierarchical records
representing a plurality of equally spaced areas partitioned
on the Earth, said plurality of equally spaced areas being
overlayed with said service area boundary data; and

15 (c) resolving said service area corresponding with said
present location of said subscriber unit.

13. A method as recited in claim 12, wherein step (a)
further comprises the step of :
20 bounding said present location probability region by an
ellipse having an origin about said present loction.
14. A method as recited in claim 12, wherein step (a)
further comprises the step of :
bounding said present location probability region by a
25 ploygon having an origin about said present location.

15. A method as recited in claim 12, further comprising
the step of : .
assembling said records encompassed by said present
30 1location probability region into a contiguous array of said
service area boundary data.

16. A method as recited in claim 15, further comprising
the step of :
35 scanning said records following said assembling step to
proportionally weight each of said records prior to said
resolving step.
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12. A-nmethod for determining a service area for a 35 subscriber unit by
correlating a present |ocation of said subscriber un
said service area controlled by a comruni cation serV|ce
~ servi ce REPLACEMENT SHEET -21- area defining a regi !\m‘ﬂ;ﬁmﬂm
operating privileges for said subscriber-88t, said ne Ish he
steps of: (a) generating a present |ocation probability reglon 5 about said
present |ocation, said present |ocation defining an origin for said present
| ocation probabi | ity T a0 hioEbhsSPaELREN% R SR A% ,ai@ardahabass i@f
records enconpassed by aid res [ocation probability region, said
service area B§§§ |ﬁ5 furallty of records with each 10 having
sFrvife are? Eoundary d&%@&v&ﬁggsahdreérﬁybéﬁamﬁﬁQFﬁ$aFding?erhbeﬁlﬁﬂﬂﬂla
plurality.o ierarchica [ epresentlng a plurality of equally
spaced argasl‘ f%atlgﬁ¥&c8n2¥§% said plurality of equally spaced
areas being overlayed with said serV|ce area boundary data; and 15

() _resol ving sai sery ik 1Rkeascobteearnsh o i N7 2kheRbgneah 00t | on

of said subscriber un
resolving step further comprises the step of :

weighting said service area list according to a
10 probability associated with each entry of said service area
list.

r-"
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13. A pethod as recited in claim12, wherein step (a) further conprises the
step of : 20 boundi ng said present |ocation probability region by an
el li pse having an origin about said present loction. 14. A nethod as
recited in claim12, wherein step (a) further conprises the step of
boundi ng said present |ocation probability28egion by a 25 pl oygon having an
origin about said present |ocation. 15. A nethod as recited in claim12,
further conprising the step of : assenbling said records enconpassed by
said present 30 | ocatMETHODOMEGOR | (RAPITE g DEFERMINATIONt DEUAN ASSHRCNEDsai d

service area boundar ﬁﬁ@% A8 5odIIRIEY Owddn' 6F! Lgéhiﬁggd ?% | e f pARRSY

conprising the step 0 scanni ng sald recor oW ng sai d
assenbling step to proportionally weight each of said records prior to said

resol ving step. 17. A nmethod aapseehtedof ntled aviedfosuMeerein step (c)
conprises the step of : resolving said service area of said subscriber unit
5 into a service area |ist.

A global communication system must comply with service
restrictions when operating across political and other
restrictive boundaries. The location of a subscriber unit

10 must be correlated to a service area region for identifying
and extending appropriate restrictions and services. The
Earth is partitioned into equally spaced areas (125, 130)
with entries stored in database records. Service area
boundary data (205) overlays the equally spaced areas (125,

15 130) to assign each equally spaced area to a location area
enabling efficient use of the communication system. Equally
spaced areas (125, 130) are iteratively subdivided to form a
hierarchical database (350) when service area boundary data
(205) bisects an equally spaced area (125, 130). Figure 5 to

20 accompany abstract.
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'18.° A method as recited in claim 17, wherein said resolving stép furtH&S <©*4
conprlses the step of : weighting sald servi-ce area list according to a 10
probability associated with each entry of gﬁjd service area |ist.

system desirably knows a location area wherein a subscriber
unit is located to locally and efficiently direct
communications only into a location area immediately
surrounding a subscriber unit.

5 - It is apparent that in a global communication system, a
subscriber unit’s location must be determined to evaluate the
services to extend and the efficient localized delivery of
those services to a particular subscriber unit. Therefore, a
subscriber unit’s location must be evaluated against an

10 authorized sexrvice area map. Such maps generally are stored
in databases for computerized searches and evaluation. Known
technologies use databases of vectors to define areas on the '
Earth. Use of these technologies require more computational
time to search a very large database.

15 Thus, what is needed is a method for generating a
database for correlating a present location of a subscriber
unit on the Earth with a location area enabling an efficient
localized interface between a global communication system and
a .subscriber unit. Also, what is needed is a method for

20 searching a database for correlating the present location of
the subscriber unit with the location area corresponding to
the subscriber unit. What is yet needed is a method for
generating a database for correlating a present location of a

‘ subscriber unit on the Earth with a service area having

25 uniform operating privileges for a subscriber unit and
controlled by a communication service provider. Finally,

U ' what is needed is a method for searching such a service area

database and determining a service area for a subscriber unit

by correlating the present location with a service area.
30

Brief I ipti ¢ the Drawi

35 A more complete understanding of the present invention
may be derived by referring to the detailed description and
claims when considered in connection with the Figures,
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