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I nfrastructure equi pnent approach usually provides a personal base
station at the subscriber's hone and a wreless private 25 branch exchange
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the wrel ess network, forcing subscribers to purchase new subscri ber
30 nobile units. - Anot her conventional system provides a one
nunber service by requiring manual actilens by subscribers. In this
system a subscriber that transitions froma nobile 35 environnent, such
as in an autonobile, to a residential |ocation WO 97/ 38538
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cause incorrect billing,

This invention relates generally to wireless
communication systems, and more particularly to billing calls
in a wireless communication system.

10
Background of the Invention
A telephone concept known as "One Number" service that
allows a person to be reached at any time, anywhere, by a
single number to provide personal mobility is becoming quite
15 popular. One method of providing such a one number
telephone service is to classify telephone calls as residential,
business, or cellular.

In conventional wireless networks, one number service is

20 typically offered by either using specialized infrastructure
equipment at a subscriber location or by requiring a subscriber
to perform some form of manual intervention. The specialized
infrastructure equipment approach usually provides a personal
base station at the subscriber's home and a wireless private

25 branch exchange at the office. However, the specialized
infrastructure equipment adds extra cost and complexity to the
system. In addition, to support such a service, this system
requires changes to the air interface used by the wireless
network, forcing subscribers to purchase new subscriber

30 mobile units.

Another conventional system provides a one number
service by requiring manual actions by subscribers. In this
system, a subscriber that transitions from a mobile

35 environment, such as in an automobile, to a residential location



such as when a subscriber forgets to take the appropriate action. 10

Accordingly, there is a need for a nmethod and appar at us to provide one
nunber service w thout requiring nanual i ntervention by the subscriber
and reduci ng the amount of speci alized infrastructure equi pnent used
to provide thewoor3ssservice. 15 Sumeggr/o$ezionde

I nvention In order to address this need and ot hers, the present
20 invention praqvides a nethod and an apparatus for billing in a

wirel ess communi cation system The nmethod j#cludes the st eps of
receiving a nobile identification nunber uniquely i dentifying a nobile

unit, performng,; It at LORe lsacag QN 2 s ?ﬂér ed,on a
nonperi odi ¢ si gnalﬁf??glbzgeit\k}gd s?%’#ﬁ Fltletﬂgéﬂéry%&ble}é sugil? ) rg ri g’\%ﬁﬁg a’ | ocation
zone from a menortgkifgs &dmanual actiofe sRshi pe by PRESTRE RETEAN nkAdsepn the
conpari ng thed moﬁut:_tuﬁiati&r alt if#b‘hib@&ﬁiﬂiﬁlﬂf tm@%uvm_atlwcilm_tdimg%mglon
zone, and geper r |

The apparatus inc edgsgsg%:@%hstrgﬁggn?ﬁg{ qucg{el %Eﬁsmrnie{gﬁrde%eﬁt devi ce
and a nenory Pn ddeweNebarelaying on @hsubscribepssmanual a6HONSNEE a processor
responsi ve tOb_t PQn_Eéﬁeetlﬁfbﬁi 'ftﬁﬁ mafy userstﬁlﬁd%H?rﬁatlxsﬁh%d&ﬁ%tsbﬂlihgﬂ bi
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ini £ The I ocati gifee o e, & iihscribef d8rgtis; Bt ke e EPbraptiald, o,

| ocati on action.

10 Accordingly, there is a need for a method and apparatus
to provide one number service without requiring manual
intervention by the subscriber and reducing the amount of
specialized infrastructure equipment used to provide the
service.

15

Summary of the Invention

In order to address this need and others, the present
20 invention provides a method and an apparatus for billing in a
wireless communication system. The method includes the
steps of receiving a mobile identification number uniquely
identifying a mobile unit, performing a multilateration location
measurement based on a nonperiodic signal received from the
25 mobile unit, retrieving a location zone from a memory based on
the mobile identification number, comparing the
multilateration location measurement with the location zone,
and generating a billing record for the mobile unit.

30 The apparatus includes a base station, a location
measurement device and a memory in communication with the
base station, and a processor responsive to the base station and
the memory. The base station receives a mobile identification
number uniquely identifying a mobile unit. The location

35 measurement device performs a multilateration location
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- 3- nmeasur enment based on a nonperiodic signal received fromthe
nobile unit. The menory includes a | ocation zone associ at ed with the
nobile identification nunber. The processor conpares the

mul til at erati onwWiDOZ/a88®n neasurenent with a 5 retrieved | ocRET/U$PTRUAR
and generates a billing record for the nobil e unit.

According to another aspect of the present invention, a Wi rel ess
communi cat’i on systemis provided. The wirele3s 10 conmunication system
conprises a base transceiver station, a nobile unit |ocation nodul e,

transcoder responshugcirgment based %3% nbAPELBUKE sigialt réveivadl from hbi | e

unit | ocation nodule a location e e

| ocati on function m°bllecBth‘r oldrlhé’r memoLy I%@S;@F%%’ ég&ﬁwn fgggpggsamqe@ The
i nvention itsel f, withetiermobile idestificationefumber. adhenPEgESSOFmy best be
under st ood by refe %&Hﬁﬁretso tﬁ@emultllatéﬁltithlBGaﬁ'@ﬁ ajeQSu@ateaiti piitlPna t aken

in COI’]J unction wt

Brief Descript Son g;,tnf:ypéi dpgg\ﬁqixgorg)naen%naggenerm{es a’ bﬁpmg record for the

mobile unit.

According to another aspect of the present invention, a
wireless communication system is provided. The wireless
10 communication system comprises a base transceiver station, a
-mobile unit location module, a transcoder responsive to the
base transceiver station and the mobile unit location module,
and a location storage module comprising a location function
controller and a location cache.

15
The invention itself, together with its intended
advantages, may best be understood by reference to the
following detailed description, taken in conjunction with the
accompanying drawings.
20

Brief Description of the Drawings

FIG. 1 is a block diagram of a preferred embodiment of a
wireless communication system.

25 FIG. 2 is a message flow diagram illustrating an example
of a preferred message flow between the components of the
system of FIG. 1.

FIG. 3 is a message flow diagram illustrating another
 example of a preferred message flow between the components

30 of the system of FIG. 1.

FIG. 4 is a flow chart illustrating a preferred method of
operation of the location function controller of the system of
FIG. 1.
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cohmuni cation system 25 FIG 2 is a nessage flow di agram
illustrating an exanple of a preferred nessage fl ow between the
conponents of the systemof FIG 1. FIG 3 is a nessage

fl ow di agram | WQe#38388i ng anot her exanpl e of a preferredpoeage@ricl ow
bet ween the conponents 30 of the systemof FIG 1. FIG 4 is a
flow chart illustrating a preferred nethod of operation of the
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- 4- . F: G FIG & il @vxﬂshaghaﬂtlﬂmtraahgnﬂ ;ﬁef&reé@rmaﬁoa%hod ?f
opeLaL] on of {1 JSSaiLaP 3 ol ol R SeBhediod " sy, o5 "
net hod of 5 opersysteom off FiGell ocation cache of the systemof FIG 1.
FIG 7 is adi agram | IP1es1 6 851 Aofl6R eXATPRGHafARCa |préfithed methb@' of NE
system of Fl GS ‘operation of the location cache of the system of FIG. 1.
FIG. 7 is a diagram illustrating an exemplary zone layout
for the system of FIG. 1.

Detailed Description of the Preferred Embodiments
10
Referring to FIG. 1, a preferred embodiment of a wireless
communication system 10 including enhanced location finding
to perform location sensitive billing is illustrated. By
performing location sensitive billing the system 10 provides
15 new services, such as one number service. In the preferred
embodiment, the system 10 includes location finding
equipment (LFE) 12, a transcoder (XC) 14, a home location
register (HLR) 16, an operations and maintenance center
(OMCR) 18, a mobile switching center (MSC) 20, a base
20 transceiver station (BTS) 22, and an operator workstation
referred to as an XYTP/GIS 24. The HLR 16 includes various
software components such as a location function controller
(LFC) 26, a location cache (LC) 28, a location sensitive billing
application (LSB) 30, and an HLR application 32. The LFE 12 is
25 a conventional mobile unit location finding system such as the
system described in U.S. Pat. No. §,317,323.

Although the LFE 12 is shown connected to the system
10, it is contemplated that the location finding function could
30 alternatively be disposed in the mobile unit. In this case, the
BTS 22 in communication with the mobile subscriber unit
would request location data from the mobile subscriber unit.
There are many mobile subscriber units including location
finding systems that use multilateration or other location
35 techniques that are known to those of ordinary skill in the art.



Det ai | ed Description of the Preferred Enbodi nents 10 Referring
to FIG 1, a preferred enbodi ment of a wirel ess communi cati on system
10 i ncludi ng enhanced | ocation finding ~ to performlocation sensitive
billing is illustrated. By perform ng | ocation sensitive billing the
system 10 proviWRE”3P58 new services, such as one number ser viPFCEUSITHIPe
preferred enbodi nent, the system 10 includes |ocation finding

equi pnent _(LFE) 12, a transcoder (XC) 14, a hone |ocation regi ster
(HLR) 16, an operations and mai ntenance centder (OMCR) 18, a nobile
switching center (MSC) 20, a base 20 transcei ver station (BTS) 22, and an
operator workstation referred to as an XYTP/A S 24. The HLR 16

controrer S (Lpqy Jhe! XG AL HTRCRIPL U Moidicla fcod6r, MY the, |

bi lling appl i&’é%i%?n’ii LPSB?BTgb‘y arﬁ%?rqll'ﬁﬁa%m F@ﬁt%ﬁ"’é‘% einsopier 1o | s
25 a conventi onalandoBTISe apei dvaiilable iasncémpdiergs syithimas dMotoselat 5£9600
system descri bgd 'bgsy's%ﬁ{rﬁtezl%)ﬂék?’ig’ié eferably a Motoroq mélg%chhﬁs LFE

12 i s shown conhnected t: \L}lae;_oﬁageggogtearqf%hétahe |

e
| ocation finding fMﬁ&rpbnpeﬁméa%lﬁq'lﬁﬁK
mobile unit. In tNfbeoroks @pérations andTMaditehanczor@amer dhapiis wptdvidéd

nobi | e subscri ber | t I ' fr M‘@F id e
subscri ber unit. with a‘l’ﬂ%‘r‘%aaryﬂ%{logilnﬁ$?e&§8§§gﬁ%ﬁ%niﬂg | ngj @#g '
| ocati on f i n@regerablyt a Motorala MIChfaund i dheMatorela r2pOR%tion 35
techni ques thpp arcellaghawkyiseerhhose of ordinary skill in the art. :

It should be noted that the system 10 depicted in FIG. 1
reflects a generic location services architecture that may
provide a variety of location based services, other than one

15 number service, such as emergency 911 for wireless, Fleet
management, and Mobile Yellow Pages.

During operation, the LFE 12 monitors dedicated control

channels of the radio system for a nonperiodic signal

20 representing subscriber accesses. Upon detection of a
nonperiodic signal, such as a subscriber access message, the LFE
12 computes angle of arrival and time of arrival data
characterizing a signaling burst for the access. By measuring a
subscriber's location based on a nonperiodic signal received

25 from the subscriber unit, an approximate location may
beneficially be determined during call setup before the
subscriber is in communication with another party. This
information is then forwarded to the XC 14 over a dedicated
contro} link embedded in a BTS interface used between the BTS

30 22 and XC 14. The LFE 12 may also be commanded to perform
voice channel signal characterization. In this case, LFE 12 is
informed via the dedicated control link of a desired frequency
to measure. LFE 12 then performs the aforementioned angle
and time of arrival calculations and forwards the resulting data
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- 5- The XC 14 is preferably a Motorola transcoder, and the
BTS 22 is preferably a Mdtorola BTS. The Mdtorol a transcoder and BTS
are avail able as conponents within a Mtorola SC9600 5 base station. The
HLR 16 is pref WO9BP838 Mt orola HLR such as Mot or ol a par PeTUS9I7/01139
CGDST16SK20041. The OMCR 18 is preferably a Mot orol a Operati ons and
Mai nt enance Center that is provided with a standard Mdtorola CBSC or
GSM of fering. The MSC 20 is preferabl y6a Mdtorola MSC found in the

Mot orol a EMX 2500[ err] 10 cellular system It should be noted

that the sysLe{n 16 ﬁthtME ?d | Alfhoteghlonly one EFB%WS?%hB%fId FEGOClaL' Ond
services architecture tha var ety ogation base
services, other t%‘gﬁ © e Eger}a*tprlr%e?‘“gtré?o\? €‘§:§§J8hﬂé% é{gr&?’beﬁ@y 911 for
wirel ess, Fleet managenent, and Mbil e Yel |l ow Pages.

During operation, the gE E'?snnmsorésﬁaﬂmatm §aA841 radio nﬁBﬁaesl s of

the radio sys emfor a nonperi od E:ds\gﬁ ientlng sub scrl
accesses. n JP2BREFPfNpras§ociated EeF‘P cﬁ"& i ed' age usgdpto,

subscri ber accesscomnnmgeatetWethLEEbscnberlﬂnnsrrpﬂ'hesBa‘ﬁgI.é nfayalshaml and
time of drrival daid te LIBAAY ‘iﬂhéréicﬁﬂ cortinifatiods AR (T9R § he, access.

By measuring a o SUDSCTHPYFE 19534 BT R0t VRS %A S ST onal

Alternatively, the BTS 22 and LFE 12 may be embedded in the

10 same hardware platform. There are preferably multiple BTS's
22 within the system 10, although only one is shown for
illustrative purposes.

The XC 14 is responsible for termination of T1 lines

15 emanating from the various base sites 22. This termination
consists of both audio and control. Audio information is
transcoded by the XC 14, converted from subrate to full rate
voice, and directed to the MSC 20. The XC 14 also terminates
control links, typically employing a LAPD protocol, both for

20 each BTS 22 and for the LFE 12. The control links are used for
passing location, call processing, and O&M information between
the sites and the XC 14. The XC 14 has a communications
interface, typically a conventional SS7 interface, to the HLR 16
for purposes of directing location data. Since multiple LFE 12

25 and BTS sites 22 terminate on a single XC 14, it is preferable to
bundie location data from multiple LFE's 12 to improve 1/0
throughput. For example, rather than relaying individual
location data from each LFE 12 back to the HLR 16, the XC 14
bundles groups of location data from a plurality of LFEs 12 and

30 forwards that bundled data as a whole to the HLR 16, reducing
overall I/0 requirements.

The OMCR 18 is responsible for management of the BTS
22 and LFE 12 sites and provides maintenance functions, such
35 as alarm reporting, download, and device control.
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-6 to the XC 14 Mﬁe)(‘fggk%} esop'ﬁe ' dlslbo‘iboﬂ’f'"'cbﬁuﬁlre 1,

there are preferably rru The BTS
22 is responsi bl e?fthhsS,arpdaY@ln&oﬁaé] |fﬁt1€ﬂga§§nll‘ég’ mdh hpndoff associ at ed
with the air inteharfindien. ! The MSCOPILHppois mtdrfwsd:.r bbemandu ts. The

BTS 22 may sha e 0 | s link

(T1/ E1) pp&lMg “i’ﬁ‘é‘"?‘iflzhi‘g‘bsﬁ%iwgﬁ P 2t f‘ e XC 14.

Al ternati vel y, t heuBﬁ@xlzezt andl calicrogtingdate cWhedMSE (20 may provide
notification, via tone, to the subscriber when calls are executed

‘in a high billing rate service zone. Lastly, the MSC 20 may
support the one number billing function, incorporating zone

10 tariffing information into detailed billing records. The MSC 20
may also provide physical interconnect between the XC 14 and
HLR 16 via nailed connections in certain installations.

The LFC 26 is a controller application for coordinating on-

15 demand location requests (typically voice channel locations)
and processes both autonomous and on-demand LFE 12
location data using lateration location techniques. LFC 26
receives data from the LFE 12 and calculates a resultant
latitude, longitude and confidence data. For on demand

20 location requests, the LFC 26 assigns and instructs at least one
of the LFEs 12 to measure a mobile subscriber location, via the
XC 14.

The LC 28 serves as a repository, or database, for location
25 data. Location information calculated by the LFC 26 is stored in
a 'location cache within the LC 28 for later use. Mobile identity,
time of location update, and location data are all maintained in
the database. The location cache is typically queried on a per
subscriber basis by applications requiring location data for a
30 particular service, such as the one number service. The
location cache also supports a subscription service, allowing
applications to subscribe for automatic notification of detected
location changes for any particular subscriber. The
sub'scription service is useful for real time applications such as
35 Fleet Management.
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within the system 10, although only one is shown for illustrative

pur poses. The XC 14 is responsible for termnation of Tl |ines
15 emanating fromthe various base sites 22. This term nation

consi sts of boWO238%8 and control. Audio information is rerasemased by
the XC 14, converted fromsubrate to full rate voi ce, and directed to
the MSC 20. The XC 14 al so term nates control links, typically

enpl oyi ng a LAPD protocol, both for 20 eagh BTS 22 and for the LFE 12.
The control links are used for passing | ocation, call processing, and
Q&M i nf ormati on bet ween the sites and the XC 14. The XC 14 has a
comuni cat i ons i nferf t cal ly a.conventional SS7 terface,

The R 16 " for putbhsESBephficaton 0% e OmsuEes ol dosAIG pi e LFE

12 25 and BTS sidats 2ad tprovidest suppord Kirntllec o€ duimbet sesvipeef dtdbl e to

bundl e | ocati on dgﬁacggmmwp g &Eﬁ/ﬁé@%ﬁﬁch@%ddo@ ipiriacbhl 8P

For exanple, rath relayi ocat1on rom each
LFE 12 back t o>t h&al kY13 “-‘teﬁe as subsc It@st hg 8¢ snwpbern, SaEvieH dat a

froma plurali ty ThelL BER Lipplicdtidh 327 anfurmdstichBSBOB0dbL theldallens a whol e

to the HLR 16, t e OMCR
18 i's responsi bI e ‘?&lrtﬂganagheeng‘\ﬁqi a#d thérpé{fgép%ﬁgggg andc?_lké 152 ogext* réal
provi des nai nt enaNdthinyac predefined, @ongs ondnathy macrgselinleg, envixpnmgnt and
device control. and then informs the mobile of the charge disposition based on

10 the subscriber's serving zone. The LSB 30 may then generate a

billing record characterizing the zone of access for the call.

The HLR application 32 includes a subscriber database for

the system 10. Typically, subscriber entries reside in the HLR

15 application 30 along with a subscribed feature set. The HLR 32
is queried by the switch 20 each time a call is made involving
subscribers of the service. Based on features of the subscriber,
HLR 32 may alter the call flow via the switch 20. For example,
HLR 32 may instruct the switch to play tones, or generate

20 Dbilling records. HLR application 32 interfaces to the LSB
application 30 via messaging, or triggers associated with the
subscriber feature set. HLR application 32 also interfaces with
the MSC 20 for call control purposes.

25 The system 10 provides a location based billing service.
The system 10 allows a user to create virtual zones of
operation, such as 'home', 'office’, and ‘cellular’, without
introducing any specialized infrastructure or handsets. The
same subscriber unit may be used in each zome, and the system

30 determines a different billing rate for a call based on the
subscriber unit's location. The system 10 provides different
domains of operation with different tariffs by subdividing the
cellular network to support individual subscriber needs. From
the network or call delivery perspective, system 10 provides a
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-7- The MSC 20 serves the traditional role of cellular
switches, providing call routing, billing, and handoff coordi nati on.
The MSC 20 supports an off-board, or stand- 5 al one subscri ber dat abase
(HLR) 16 that MO¥¥3Bes for . subscri ber and call routingPGRUSS7OtRE VSC
20 may provide notification, via tone, to the subscriber when calls
are executed -in a high billing rate service zone. Lastly, the MC 20
may support the one nunber billing fur®t-i on, incorporating zone 10
tariffing information into detailed billing records. The MsSC 20 may
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controller applica or coor ing on- 15 demand | ocation requests
(typically voice channel | ocations) and processes both autononobus and

on-demand LFE 12 WIia% ithe ket asubscribes aoe td iselﬂvibe,cat'bomdtﬁ@dmitdiue&
"ati tude, 1 ongt ¢ udgie o Enrbit beC phEstRIe” ofhe tsE, of FUBIE Hid O
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the XYTP-GIS element, where the address is stored in the

10 database as a latitude/longitude location for that particular

subscriber zone. For our example, two zones are entered

-'Home and Business’. Areas outside of these two are

considered the 'cellular' zone.

15 The second form of zone assignment is more dynamic in
nature. After the user has signed up for the one number
service via the service provider, the user specifies zones via
feature codes (e.g., *71). When the code is dialed, the system
10 determines the location of the subscriber at that time and

20 stores this information into the database as the location of the
selected zone for this particular subscriber. For example, the
subscriber may dial *71 at home, defining the home zone, and
*72 at work for defining the work zone.

25 When a location for at least one zone has been stored in
the system 10, the billing function may be activated. Each time
the subscriber initiates a call, the system 10 preferably informs
the subscriber, via tone or digital message, of the current zone
of operation based on the subscriber's current location. The

30 system 10 generates billing information based on a tariff rate
for the current zone, allowing a billing system to differentiate
for each call the appropriate tariff based on the current zone.
The caller is preferably allowed to disconnect the call without
charge for a certain time period if the subscriber is not in the

35 desired zone. For this additional reason, it is preferred to
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to the one nunberoiSQhé”@&rent zon-etherg HRPshbstrive? 33 1'n'§f Bé{@ ?TéeﬁB 30

of the caIIer entl y. The LSB 30 then detern1ne

operating 5 wi fo5; edefined zones or in the nacrocellular

envi r onnent and then i nforms the nobile of the charge disposition
based on

The system 10 provides one number service to
subscribers at various locations, such as at home, at work, or
while driving, at various billing rates without specialized

10 cellular infrastructure equipment and without requiring
manual user operation. There is no differentiation, from the
point of view of the system 10 to delivering a call inside or
outside the macrocellular environment. Further, a call is
delivered to wherever the mobile is currently located. No time

15 of day routing or alias based number routing is required as is
necessary in at least some conventional systems.

Basic information flow between elements is highlighted in
the attached ‘Location Update’ data flows, as shown in FIGs 2
20 and 3. FIG. 2 depicts an access by the mobile for purposes of
making a call. Upon receiving a nonperiodic signal from the
subscriber unit such as a control channel access 50, the LFE 12
calculates angle and time information (TOA/AOA)
characterizing the access. Alternatively, other suitable location
25 techniques and associated information may be used such as
time difference of arrival (TDOA). In an alternative
embodiment, it is contemplated that the mobile unit
determines an approximate location and transmits a message to
the base station 22 that contains the location information. One
30 example of a system to perform such a location measurement
would combine a standard global positioning system (GPS)
receiver into the subscriber unit. Such a combined GPS
receiver and subscriber unit is known to those of ordinary skill
in the art. Any description below referring to TOA or AOA is
35 equally applicable to such other location techniques. This



10 the subscriber's serving zone. The LSB 30 nmay then generate a

billing record characterizing the zone of access for the call.

The HLR application 32 includes a subscriber database for the system
10. Typically, subscriber entries reside in the HLR 15 application 3
along with a sWR¥¥BEd feature set. The HLR 32 is queri 35}‘5&7{%@9
switch 20 each time a call is made involving subscri bers of the
service. Based on features of the subscriber, HLR 32 may alter the

call flowvia the switch 20. For exanple, -11- HLR 32 may instruct the
switch to play tones, or generate 20 billing records. HLR application 32
interfaces to thelddafion infmm:itimatﬁ%ms_%rwhedqdes/éaaqmg;raosch%rggér@

associated with t bs &y L ' [ al

interfaces with Iﬁ?c lf%%i% géi t?_gt?m{ca L‘gﬂ?ls?r%gfr ltliir Rna?g@slﬁu hagéS t6getier 'Sl'ﬁe

system 10 provi d&ulgple otPCBHOBJ rERATLS g’&%"&r &‘?‘E"\éﬁ' ing ‘theim, tg ey 10

all ows a user to QREAIFS \Anrorder woimprofe overalbsyseem o) thoowghput. hdhe |
mp

‘office', and . cell : ] i atr [ | @xlrti
i nfrastructur e5 or %?sﬁett?w_rﬂ%yt‘he T(s)grrg} %??Crrleg%@@hfﬁ??ﬁel tblgmui,'ged in
each zone, and thenahils aecewsingdher sysiem 40qand cpses: tys| Infpgnatien g, 4

S?Hefgﬁfd on tgemultilat%]gﬁlwwftuhﬁioh'sstd Qﬁ?hﬂeomocdiimn ]f(‘}at/damg_g) datavi des
omai Nswof ;oper at i t - bdiwi di
SLETerem o SOBH i 05 R, 80, Bl Sedani [ e wbdp o

ne ubscri ber needs
the network or calil isietonedr forplatepatsei ve, system 10 provi des a

10 :

Two modes of operation are possible from this point for
use of the data 60, and each will be described below. The
particular mode chosen is based upon the availability of
interactive call control capability within the MSC 20.

15

In the first mode, shown in FIG. 2, an ‘Intelligent
Network’ (IN) call model is used. The IN call model allows
_interactive call control, preferably with Motorola’s Distributed
Mobile Exchange (DMX) protocol serving as the control protocol.
20 When a mobile access 50 occurs, the BTS 22 generates a
‘service request’ message 52 and sends it to the MSC 20. The
service request message 52 includes a mobile identification
number identifying the mobile unit recovered from the control
channel access 50 from the identified mobile unit. When the
25 service request message 52 reaches the MSC 20. a call trigger,
or query, is launched to the HLR platform 16. The HLR 16
informs the LSB 30 of the access via the ‘LSB Call’ message 58
and awaits further processing instructions. The LSB 30 queries
the LC 28 for the location information by sending a ‘Req. Loc.
30 data’ message 54. The location data 60 is returned to the LSB
30 and the LSB 30 determines what billing zone the subscriber
is located in. The LSB 30 informs the HLR 16 to proceed on the
call, with the HLR 16 then informing the MSC 20 to continue
processing via a ‘Val. Rsp.” message 66. An interactive control
35 capability within the MSC 20 allows the injection of tones or
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-9- single solution for a variety of environnments facilitating

i mproved one nunber servi ce. When the user subscribes to the
service, two nethods of 5 zone assignnent are possible. The first, or
static, nmethodWO973853%yvol ves the user inform ng t he service pronusemind the

physi cal address where they desire service (i.e., street addr ess).
The operator then enters this information through the XYTP-A S

el enent, where the address is stored in thgq2L0 dat abase as a
Iatltude/Iongitude | ocation for that particular subscri ber zone. For

our exanple, two »?dae@smetsegeatﬁrﬁst cafler beri:gecaﬁ; 1&;&@ NRE Scall. Arﬁtail;n]i‘é“ts' de

of these two are t he,' r glﬁ

second form of zdR&! 'é%r&ﬁ‘?urféﬁer ?%PE Cqu]rmed Ol 50 SETVIREt ZPNE he
user has signed uptd mssotiatashovithinther billing gemeii ce via the service

provi der, the user specifies zones vi a feature codes (e.q. *71) When

t he codeisdaled syst 0 determ ne thelocatlono
subscri ber at that t| gom"d& 8%e§P?"ﬁP§"| Wél%‘étﬁ"&‘ﬁaf:ﬁf’ﬁ ?‘HL dat abase
as the location afontivd is showelincFEGl 3onkn fthis frivdsel, pthet LSB 30 subseribedber .
For exanple, the | 'nm f i ; ome
zone, and 79 ‘te g%gfq of?’?dle)?%m n Lﬁ% atgjmﬁi ftﬁx fggfudlp sﬁgsélji'l?vg
location for at I€athe %ﬁté’%a@%‘ée c@ﬁ’@i‘eeati‘nw is feﬁﬁéfegy%}t% L the
billing function 2&ythee lacdtiomtdata 6EhdbrtsubBcribing users is automatically
10 forwarded to the LSB 30 for purposes of billing record
generation and optional subscriber rate message notification,
using a ‘Subscribed Loc.” message 68.

FIG. 4 is a flow chart illustrating a preferred method of
15 operation for the Location Function Controller (LFC) 26.
Processing begins from the idle state 100. When raw (i.e.,
angle of arrival, time of arrival from a single site) location data
is received from the LFE 12, a message is parsed at 102. At
this point, it is determined if this is the first piece of location
20 data received in the multilateration sequence at decision step
104. If 1t is the first piece of data, flow moves to step 106 and
dynamic memory is allocated to temporarily store the data
until other sites report in and latcration may be performed.
From there, control moves o step 108, where an overall timer,
25 such as a three second timer, is set and processing then returns
to the idle state 100. The timer is set based on the amount of
time allowed to collect the location data points. If, at decision
step 104, it is determined that this is not the first piece of data
for this particular location calculation, flow moves to step 110,
30 where a new data point is stored with the previously collected
points. Referring to step 126, if a sufficient number of location
data points has been received, such as at least three location
data points in a TDOA system or at least two location data
points in a TOA/AOA system, then processing continues at step
35 114. Otherwise, control returns to idle, at step 100.



t he subscriber initiates a call, the system 10 preferably inforns t he

sabscri ber, via tone or digital nessage, of the current zone of
operation based on the subscriber's current |ocation. The 30 system 10
generates billing information based on a tariff rate for the current
zone, allowi ng"2@BF¥ng systemto differentiate for eacRCHYP70L32
appropriate tariff based on the current zone. The caller is preferably
al l owed .t o di sconnect the call w thout charge for a certain tine
period if the subscriber is not in the 35-13desired zone. For this
additional reason, it is preferred to WO 97/ 38538

PCT/ US97/ 01139 - 10- perform

l'ocation nmeasurenents Wﬁéﬁdlhenuﬁ)e?L@ﬁﬁfdsbﬂoﬁ%ﬁfrés to steﬁmgeAllobf
alternatively on | Qn ,nessag | ine.to, nm cal l,

so that the subséﬁFbg?tanﬁgﬁB‘ﬁegn\’Brtﬁ’eﬁ‘at pol'Bflst Héencﬁﬁrb‘medch’ﬁ%p re the
subscri ber begi nandeimmgitititeraygsh caléulations begih. The result of Wesesystem 10

provides one ? ”t{%kcﬂgfxxh§%t%{$a ion ﬁifhﬁﬁﬁhaﬁr§u@ﬁ A2 E}iﬁll gecations, such

as at hone, a var,i ous r.at es
wi t hout speci al i zlgaglibdescémlu‘F%‘f“fWFaécF‘?fct‘?ﬁpéc@ﬂqum léﬁd #t‘?fbut

requiring valid data is present, step 122, a default location,
corresponding to the location (latitude and longitude) of the
serving cell, is assigned, step 124. If valid date is present, step
10 122, control then flows to step 118. The location information is
then formatted into a message and forwarded to the LC 28 at
step 118. Dynamic resources are then released, step 120, and
flow returns to the idle state, at step 100.

15 FIG. 5 is a flow chart illustrating a preferred method of
operation for the LSB 30. Processing begins at 202, with the
receipt of a trigger from the call processing function, indicating
a call has been made or received by a subscriber who has the

- LSB feature active. The LSB 30 then obtains location

20 information from the location cache, or LC 28, at step 204. The
LSB 30 then determines if the data received is valid, decision
step 206, based on a timestamp indicating reliability of location
data. If no valid location data was obtained, step 206, the
system assigns a default rating zome, step 208, and proceeds to

25 step 212. If valid location data was obtained, step 206, the
subscriber rating zone is determined relative to this data, step
210, preferably as a straight-line distance calculation
comparing the subscribers location to the rating zones that
were predetermined for the subscriber. A sort routine

30 determines which zone the point, defined by the latitude and
longitude, is located within. Once a zone is located, notification
is preferably provided to the subscriber if the subscriber is
outside the lowest rate zone. This may be done via either
audio or visual means, and is shown at step 212. Lastly, a

35  Dbilling record is generated; containing at least the mobile



manual user operation. There is no differentiation, fromthe poi nt of
view of the system 10 to delivering a call inside or out si de the
macrocel lul ar environnent. Further, a call is delivered to wherever
the nobile.is currently located. No time 15 of day routing or alias based
nunber routi ngWO97(38%8i red as i s necessary in at |east SBOEUS97/01139
conventi onal systens. Basic information flow between el enents
is highlighted in the attached 'Location Update' data flows, as shown
in FIG 2 20 and 3. FIG 2 depicts an access by the nmobile for purposes
of - making a call. Upon receiving a nonperiodic signal fromthe

caloul ates angl o AeuftafoR? ioe of ASHAS (R Eeﬁﬁd@“ﬁ*éairsafezi‘?z. e
access. Alter natlg’é?yp‘”g?h&e n?&gpgn“&gtgtqs Hléhe ‘t‘%‘&tﬁﬁ? Gud 906
associ ated informati on may be used such as tinme dlfference of arrival

(TDOR) . 10 an alter natjn/he profefidgdeidtimbhe & g.mycﬁgeka&&% igat the

mobi | e unit nes roxj nate | ocation nsnits a nmessage
to the base ‘g? 522 aﬁ‘éi‘ggoﬁt ngitudge 2pg oG ‘grrﬁﬁflgo?\o“%e 30
exanmpl e of a systﬂmms o faef configeredn ranhg)czuneonadiaasuylpmm relates woul d

conbi ne a Standar@eglu%@hagrg;' brogggqnéys%}&%m%am%mgm SEEINE DOQt he

subscri ber unit uch™a co recel uni
known to those ofbYrHienQpgrater| given the pehayiey of Nﬁ?"@ésé‘iﬁfﬁ?tmﬁi“b%l ow

referring to TOA agroééAhe ssydtemeqFIG. y7 ajepidts adrl exhmplel @f stﬁmnchmat i on
techni ques. i Sipcarion zome including a configured rating zone radius.
Information is stored for each subscriber in the database for
each zone for each subscriber. In the one number service
feature, there are two zones for each subscriber (home, work).
As mentioned earlier, the Lat. and Long. data may be entered
15 at the time of subscription to the service, with the user
providing address information, or it may be entered
dynamically through feature codes (i.e., *71), with the system
geolocating the subscriber at the time of feature code receipt,
and then storing the data in the database to characterize the
20 subscriber zone. In the former case, where the user provides
street address information, the XYTP-GIS 24 translates that
information into a latitude and longitude for zone definition.

When the subscriber subsequently initiates or receives a
25 call, a location operation is performed, and the latitude and
longitude calculated at that time are compared to the 'circle’, or
‘circles’ stored in the database. If the data is within that circle,
the user is considered operating within the coverage of that
particular zone. If the user is currently not located in any of
30 the stored zones, he is assumed to be operating in the
macrocellular environment.

The LSB operation described previously (FIG. 5) has the
application generating a billing record characterizing the
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-11- | ocation information 62 is forwarded via the transcoder 14 to
the LFC 26. Note that the transcoder 14 may bundl e toget her mul tiple
LFE | ocation reports before forwarding themto the LFC 26 in order to
i mprove over al WGS%88h | /0 t hroughput. The 5 LFC 26 correl aPEYUSHOIRN of
AQA reports for the particular mobi | e accessing the system 10 and uses
this information in mul tilateration calculations to create |ocation
(lat./long.) data 60. The location datB560 is then forwarded to the LC
28, where it is stored for later use. 10 Two nodes of

operation are posfidai®nf z6fiz.t NiThePeafdrmiation prefetibly ofonthinedatim e, and

each will be described bel ow .The, particul ar node chosen is based upon
the availability Bfcord is ?#81‘38’& ve call control capability within the MSC
20. 15 In the first nmpde, shown in FIG 2, an 'Intelligent
Network' (IN) call rodel Mebilgeddentificatior ;pumpgkel al | ows i nteractive
call control, JreferabtyIdateh Motorola' s Distributed Mobi | e Exchange

(DMX) protocol servingeaditdecof oddy ol protocol. 20 Wen a nobile access 50
occurs, the BTS 22 gener 2B ofl access ' Servi ce request’' nessage 52 and sends
it to the MSC 20. The , Sec&ﬁr FCcbgduest nmessage 52 includes a nobile

5

! L of ec! . :

i dentification nuprbey 1.deati.lyd.ng the nobile unit recovered fromthe

control annel acc%es éom the identified nobile unit. \Wen the 2
ag5d . Loxtrda

ch
5 service re]qaest mesSa ¥he MBC 20, a call tri gger, or
query, is launched to the HLR platform 16. The HLR 16

The record correlator is used to simplify the matching of

the detailed billing information typically generated in the MSC
20 with the zone record generated by the application. This

15 step is typically done as a post processing, or off-line,
operation. The ‘zone of access' field is the zone determined as
described above and is used for rate calculation. The
remaining information is also used for record correlation
between MSC 20 and HLR 16.

20
Note that it is possible, based on the capabilities of the
switch 20, to have the zone information integrated into the
detailed billing record generated by the switch 20, thus |
obviating the need for record generation by the LSB application
25 30.

FIG. 6 is a flow chart depicting a preferred method of
operation of the LC 28, which stores location data points in the
system 10. Flow begins in the idle state, denoted as step 300.

30 Upon receipt of location information 42 from the LFC 26,
processing begins, at step 302. The location information is
time-stamped and then stored in a database based upon the
mobile subscriber number, step 304. One of the facilities
offered by the LC 28 is that of subscription, or allowing an

35 application to be notified whenever location information is
updated for a particular subscriber. This leads to decision step



informs the LSB 30 of the access via the 'LSB Call' nessage 58 and

awaits further processing instructions. The LSB 30 queries the LC 28
for the location information by sending a 'Req. Loc. 3 0 data' nessage 54.
The | ocation data 60 is returned to the LSB 30 and the LSB 30

det er mi nes whawols738838g zone t he subscri ber I s | ocat ed i rCT/USHEOLISE 30
informs the HLR 16 to proceed on the call, with the HLR 16 then
inform ng the MSC 20 to conti nue processing via a 'Val. Rsp.' nessage
66. An interactive control 3 5 capabilityjgthin the MSC 20 allows the

I njection of tones or WD 97/ 38538

PCT/ US97/ 01139 d . _12- : i
nmessages to the caqq e?v c reetegr(r)un setlf nany p%ngﬁulmﬁ nha'}%i guhscnbeﬁrmgr t he

‘caller may be audPgpijon n? Heqney ‘Pﬁ'éo%e‘f"i‘/l is Ardcular sybsCeibgEsodf at ed
‘with the billing mapdlow ﬁ:turns to theé\ idlec stade, s1ep 330 OpHT 86,1 flownnhdvast

.interactive call [ [ el, the LSB 30
subscri bes t8 ﬁ?@ ?gh F%%at Poir}lfgl‘lﬁa?gn Sé'n ?I gﬁgf or all
subscribers 5 srtkbssnbmssmpée&ws @né@rm@eatth@n eét thespubscriberss ved at
the LC 28, tdigrdmcRidationdat@omooll Ghiers UbAEHS on thad8les state,avfepmat i cal |y

10 forwarded to t:ﬁﬁ) LSBhe, Jc%ﬁdpﬂfo%%ﬁﬁgofegb aLJdc?ﬁe&e&%dthls function
deals with the subscription process. In the idle state 300, a
subscription request from an application may be received, at

10 step 310. Control is then moved to step 312, where a
subscription database is updated. This database contains a list
of subscribing applications as well as other data pertinent to
the needs of the subscribing service, such as maximum aging of
the location data. After the database update, control returns to

15 the idle state, step 300. The third processing leg occurs when a
particular subscriber’s location is considered "out-of-date” by a
registering application. In the idle state 300, a time-out
message is received for a subscriber, at step 316. The HLR 32
is queried at step 318 to determine whether the subscriber is

20 currently using a voice channel. If a voice channel is not in use
by the subscriber, control advances to step 320, where the HLR
32 is directed to cause BTSs 22 proximate the subscriber unit
34 to generate an "Audit" message, which is received by the
subscriber unit, causing a "Registration” message to be

25 generated, step 322 which subsequently causes updated
location information to be generated; control then returns to
the idle state, step 300. If a voice channel is in use by the
subscriber, control advances to step 324, where the voice
channel information for the subscriber is sent to the LFC 26

30 and hence to the appropriate LFE's near the subscriber unit.
The LFEs then "tune” to the indicated voice channel, locate the
subscriber, and generate updated location information; control
then returns to the idle state, step 300.



generation and optional subscriber rate nmessage notification, using a
" Subscri bed Loc.' nessage 68. FIG 4 is a flow chart
illustrating a preferred nmethod of 15 operation for the Location Function
Controller (LFC) 26. Processing begins fromthe idle state 100. Wen
raw (i.e., WOAHISE38of arrival, tinme of arrival from a singlPETASPEY1139

| ocati on data Is received fromthe LFE 12, a nessage is parsed at 102.
At this point, it is determned if this is the first piece of |ocation
20 data received in the nmultilateration segi/fnce at decision step 104.
If it is the first piece of data, flow noves to step 106 and dynam ¢

memor%/ is al LIOF:a: ed ':QFﬁﬁHEpraiNahYagfﬁsohﬂdthﬁ)dilﬁbgions orfumélammer sites
report in and | aterati.o erfor : ..« FLO e 0 nmoves
to step 108, wherge%ﬁ'b&@egiﬁﬁpﬁlﬁe#&)fgg%gh_wa{y é“'?@%e‘{{é@&oﬁ’d%%, S
set and processi ngkillednin gherast  For exgmples itdmaysbatdesimble theraduger is
set based on the gERENbyO{erifyingt A MobileOYRAtifiationl atinbebe shohadd By dat a
points. |f, atc decision the n?(gt%p ]'-P‘ét fot S deterlm.geq.ttp%t this *}s not
the first pi ece o GHINE ) ot n paftfcﬁ?fé?nf’od FHONCERTUUPPER, f1ow
noves to step 110If 3be wiceiveda pezsenad atdenpidioations nymhesddogs tathmatch
previously coll echegored nudihél StheRehiNcribes maySbePdedéd derviResUffheEi ent

nunber of |ocation . .dat a %)oi‘nts has bqen received dsuglh as, at | east
three |ocation Ve"ﬁ&?goﬁof’ﬂ raton é"aﬂbcwgyBFeﬂFﬁP"aF | ¥R 1% 1 ocation
dat a poi nt s subsgriber/ isOautside ean predefingd qparsenalglagationnaoseatsughep 35

114.  Qherwiisg, £97thé Shom€t 26MtS deScribbd abdveSt A% 2BBther example, a
service could be provided that disallows calls when a
subscriber is outside a predetermined zone. Such a restrictive
use service may provide a flexible alternative to conventional
landline service. The invention, in its broader aspects, is

15 therefore not limited to the specific details, representative
app'aratus, and illustrative examples shown and described
above. Various modifications and variations can be made to
the above specification without departing from the scope or
spirit of the present invention, and it is intended that the

20 present invention cover all such modifications and variations
provided they come within the scope of the following claims
and their equivalents.
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-13- When the ti ' w noves to step 112. Al of
the data collected up to that”"ﬂ,’ ﬂmm’iﬂ},ﬁetrl eved, step 114, and
multilateration cal cul ati ons Begen.t of these 5 calculations is
| ocati on i nfor¥@973#38such as a | atitude, | ongi t ude, andPCEUSITHEN3EE
factor, depicted in step 116. If no valid data is present, step 122, a
defaul t_| ocati on, corresponding to the location (latitude and

| ongi tude) of the serving cell, is asgiggned, step 124. If valid date
IS present, step 10 122, control then flows to step 118. The | ocation

i nformation is then formatted into a nessage and forwarded to the LC
+28 at "~ step 118. Dynamic resources arg then rel eased, step 120, and
‘flowreturns to the idie state, at step 1ms 5 FIG 5is a flow
~chart illustrating a preferred nmethod of operation for the LSB 30.

Processi ng begi nawght 29 laithdd i$:he recei pt of a trigger fromthe call
processi ng fupction, indicating a call has been nade or received by a

subscri ber who has the LSB feature active. The LSB 30 then obtains
| ocati on 20 i nflor matA anefhodmof hkilling aini @nwirsléss, comnuthi2Btiont systen 204.

The - LSB 30 r /| if ~khe data received is valid, decision

step 206, based tg%ﬁgbr?ﬁhgsiﬂaenn%%ﬂr?dgga%% reliability of _%c,atj on :

data. If no valid | oc&ffdN REatd ARG HEgatione guather jqepulying @/st em

assigns a def aul tmobile ngnitpne, step 208, and proceeds to 25 step 212. |f

valid locatipg data “@%{ﬁ%ﬂhge% rﬁﬁﬁﬂ?l%%ﬁoﬁh?ocntion HESG bR " BhidP ZOne
o thi ata, step

is determned relativ N, ) .
_ on a nonperiodic signal received from the mobile unit;
retrieving a location zone from a memory based on the
mobile identification number;
comparing the multilateration location measurement with
15 the location zone; and

generating a billing record for the mobile unit.

2. The method of claim 1, wherein at least one of the
following: the step of generating the billing record is

20 responsive to the step of comparing and wherein the
nonperiodic signal comprises a mobile unit access message;
and the location zone is selected from a group of location zones
where each location zone in the group has a different billing
rate.

25
3. The method of claim 1, further comprising at least one of
the following: the step of verifying the mobile identification
number by querying the mobile unit for a personal
identification number; and the step of notifying the mobile

30 unit of the location zone.

4. The method of claim 2, wherein the billing record is
responsive to the billing rate of the retrieved location zone.

\
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210, preferably as a straight-line distance cal culation conmparing the

subscribers location to thHl"ﬂLl"'HmHﬂﬁuuLa were predeternined for

t he subscriber. A sort nes whi ch zone the point,

defined by the latitude and ong| tude, is located within, Once a _zone

i s located, noMO9788%8on is preferably provided to the sRBYEUSYHLRS; ¢

t he subscriber IS outside the lowest rate zone. This may be done via

either = audio or visual neans, and is shovvn at step 212. Lastly, a 35

billing record is generated, containing atlPeast the nobile WO

97/ 38538 PCT/ US97/ 01139

- 14- I dentification, zone of access tinme, and date, at step 214. At

this point, the pI [ r e S elédk &bmhwmiifation

In the pr eferred enbocgf?{ aﬁ#afﬁﬁgu scri BBE (z:%“r?eq?s&a%’ﬁ' ldef| ned as a

| atitude, a l onglsb’ﬁtfé“aﬁﬂmé’rb‘dﬁﬁ gured rating zone radi us. The

configured rating zona basé Ustatigpi rezeiving eh amebileo identifigattonumimmberi nty of

t he rreasurerret n by the operator given the
aﬁ%gh&&ﬁ Ed&{}i’fgﬁﬁ?% $mdblle umtssy P 9

behavi or of z‘iﬁ?’ the system .FIG .7 depicts
an exanpl e of a parti @lesatign mF%ﬁ!HFT"GH‘ ACE nidy (FOPHRURICALSN; Ntk rati ng

zone radius. the base station, the location measurement device performing a
multilateration location measurement based on a nonperiodic
signal received from the mobile unit;

10 a memory in communication with the base station, the
memory including a location zone for the mobile identification
number;

a processor responsive to the base station and the
memory, the processor comparing the multilateration location
15 nmeasurement with a retrieved location zone; and
the processor generating a billing record for the mobile
unit.

6. The appai'atus of claim 5, wherein at least one of the

20 following: the processor generates the billing record in
response to the comparison between the multilateration
location measurement and the retrieved location zone and
wherein the multilateration location measurement is based on
time of arrival and angle of arrival data associated with the

25 nonperiodic signal; the processor generates the billing record
in response to the location zone; the base station notifies the
mobile unit of the location zone; and the location zone is
selected from a group of location zones where each location
zone in the group has a different billing rate.

30
7. The apparatus of claim 6, wherein the billing record is
responsive to the billing rate of the retrieved location zone.

8. A wireless communication system comprising:
35 a base transceiver station;
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Information is stored for e Lber in the database for each
zone for each subscri ber. Iﬂ,ﬂ’&”ﬁﬁ’m;"lservi ce feature, there are
two zones for each subscribet (fore, W As nentioned earlier, the
Lat. and Long. data nay be entered 15 at"the time of subscription to the
service, wth WOH73838 provi di ng address information, orPCIuUsenp1ide

ent er ed dynam cal ly through feature codes (i.e., *71), with the system
geol ocating the subscriber at the tine of feature code receipt, and
then storing the data in the database to characterize the 20 subscri ber
zone. In the fornmer case, where the user provides street address

i nformation, the XYTP-Ghotife imt3bedtesn thiddule; information into a
| atitude and | ongi tude for zo i niti e subscri ber

e definition Wien th
subsequently initiated &Faqsgggﬂ/ggsgo%ve toaithe hase, EAnsSRIVGS e S@H0T, | s
performed, and ttand shé tmdbilanunit locationgimodade;cahdul ated at that tine are
compared to the - Circlpcdion stortaiﬁe' fifdldife cOniEdingNa ! RaflBhoRfiRfon | T the

data is vvithigthat CI{C e, e use[ IS nsi dered operating wthin
the coverage 8f tgopgroller and 3 ;lpcauen LAGBe- |t the user is currently not
| ocated in any of 30 the stored zones, he is assuned to be operating in

the macr ocelg ul arTl?er“(ﬂ}ierfég?rEomﬁnunication sgst@ﬂ? Msﬁlﬁﬂﬁf At LRrdfScr i bed
previously (FIG 5) has the fa?p l.cation nerating a billing record
characteri zi ng t At least one of the following: the location storage module

comprises a home location register; the mobile unit location

10 module determines location data of a mobile unit in

' communication with the base transceiver station; the location
storage module comprises a location sensitive billing center
responsive to the location cache; and a location zone is stored
in the location storage module in response to a subscriber

15 operation.

10. The wirecless communication system of claim 9, wherein
the location data is determined by a lateration measurement.

20 11. The wireless communication system of claim 8, further
comprising at least one of the following: a switching center
responsive to the transcoder and the location storage module;
an operations center responsive to the transcoder; a plurality
of mobile unit location modules and a plurality of base

25 transceiver stations; and an operator workstation responsive
to the location storage module, the operator workstation
activating at least subscriber location zonme.

12. A method of billing in a wireless communication system
30 comprising the steps of:
receiving a mobile identification number identifying a
mobile unit;
performing a multilateration location measurement at the
mobile unit;
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| ocati on zone. The mfornH!lI“ " IIHE ELcont ained in the record is
as foll ows: tification nunber 5

[err] Date [err] Time of day [err] Cell of access
[err] Sector OWOATB858 [err] Zone of access 10  FCTUSYALRR,
Record Correl at or The record correlator is used to sinplify
the matching of - the detailed billing information typically generated
in the MBC 20 with the zone record g2derated by the application. This
15 step is typlcally done as a post processing, or off-Iline,

operation. The 'zone ﬁfanﬁﬁﬂ&ﬁﬁg localion | infohmatdomefroat ahei mebiks unit to

descri bed above an g for rate calculation. The remai ni ng
information is al®s ﬁ%e 1P record correlation bet ween MSC, 20 and
HLR 16. 20 retxigving rmilogation; zomesfome a gRamAry Pased %p@ﬁu lities
of the SW tnq@b,zg idéntitaytidhendmber; nf ormation integrated into the

detailed billing recor at h vi,ald ng
the need for Tecord é’ﬁg&’a‘{}f'{ﬁ] @3 u{tﬂ§§§§lpéﬁ a%lué)&l‘ %asur%)_e‘ﬂli’ witt
FIG 6is a flowthhallocauepl zanesgand pref erred net hod of

generating a billing record for the mobile unit.




operation of the LC 28, which stores |ocation data points in the
system 10. Flow begins in the idle state, denoted as step 300. 30 Upon

recei pt of location information 42 fromthe LFC 26, processi ng
begins, at step 302. The location information is ti me-stanped and
then stored i n WP ¥B&W¥ase based upon the mobi | e subscri BETUSAHILP,
step 304. One of the facilities offered by the LC 28 is that of
subscription, or allowing an 35 applicat;p to be notified whenever

| ocation information is updat ed for garticular subscriber. This
| eads to decision step WO 97/ 38538

PCT/ US97/ 01139 - -16- 306, which
determ nes if any applications have subscribed for | ocati on update
notification @n this particular subscriber. If not, flowreturns to

step 300. If so, flow noves to step 308, where

@\ on is sent to the 5 subscribing applications, informng
begss current location. Control then returns to the
=00. The second processing | eg associated with this

¢ Weath the subscription process. In the idle state 300, a
ﬁom an application may be received, at 10 step 310.
':). step 312, where a

the idle state,
| ocation infor q"
t hem of the tﬁ\@
idle state, ‘
function

subscription fe
Control is thg

—~—
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subscription database is updated. This database contains a |ist of

subscri bing applications as well as other data pertinent to t he needs
of the subscribing service, such as naxi mum agi ng of the | ocation
data. After the database update, control returns to 15 the idle state,
step 300. The tPPW¥¥ocessing | eg occurs when a parti culRGIUSI7/01139
subscriber's location is considered "out-of-date" by a regi stering
application. In the idle state 300, a tine-qut nmessage i s received for
a subscriber, at step 316. The HLR 32 2/?? gqueried at step 318 to

det erm ne whether the subscriber is 20 currently using a voice channel.

If a voice channel is not in use by the bscri ber, control advances
to step 320, where the HLR 32 is direct 0 cause BTSs 22 proximte

t he subscriber unit 34 to generate an "Audit" nessage, which is

recei ved by tdie subscri ber unit, causin "Regi stration" nessage ¥o
be 25 gener®ied, sTep BZZ &SLauses updat ed | ocatei on

information to be generaj ed;

ch—subseggent

control thep returns to the idle st ,
step 300. If a voice ch ng is in use th subscri ber, control
advances to step 324, re. voi ce _=%channel information for thh
subscriber is sent to the C 26 30 &= e&tothe appropriate LFE

near the subscriber unit} The LFEs fhen "tune" to the indicated ice
channel , Ioc%aiJlg sul¥scriber _andl generate updated | ocation
i nformation; “Ccontrol ther returnsfto the idle state, step 300.
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-17- Furt her advantages and nodifications of the above

descri bed apparatus and nethod will readily occur to those skilled in
the art. For exanple, it nmay be desirable to reduce fraud by verifying
a nobile identification nunber, such as by 5 querying the nobile unit
for a personal WQI¥RB$BI cati on nunber. | f the received pePEHNS9701139

I dentification nunber does not match a stored nunber, the subscri ber
may be deni ed service. The verlflcatlon operation nmay only be

per fornmed when the subscri ber is out vﬁ a predefined personal

| ocati on zone,
exanpl e, a

subscri ber is
service may pr

%ped above. As anot her
isallows calls when a

Jugh a restrictive use
pvi de a flexible alter[nalj vaot of cAavent i onal | andl i ne
service. The igvention, in its broag ' ' 15 t heref ore not
limted to thejspecific details, reg appar atus, and
illustrative efanpl es shown and desd . Various nodifications
and vari ati ons{can be nade to tﬁ§ '&htlon wi t hout

departing from|the scope or ™ I nvention, and it is
I ntended that fhe 20 present N nDdlflcatlons and
vari ations prOV|ded t hey [ the &9l | owiesg cl ai s
and their equiyal ent s S >
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- 18- ' C ai ns VWhat is

cllainmed is: 5 1. Anmethod of billing in a wireless conmuni cati on
system conpri sing the steps of : receiving a nobile
identification nunber identifying a nobile unit; performng a
mul til at erati oiWO9%I8s380n neasur enent based on a nonperi odi ¢ 1®CTSISHH39
received fromthe nobile unit; retrieving a |location zone from
a menory based on.the nobile identification nunber, the |ocation zone
designated by a feature code which is tra‘ﬁsfrﬂtted from the nobile
unit; conmparing the nultilateration |ocation neasurenent with
the | ocation zone; 15 and generating a billing record for the
nobile unit. 2. The met hod of claim1l, wherein at |east one of
the follow ng: the step of generating the billing record is

responsive to the step of conparing and wherein
conprises a nobile unit access nessage; and th€
selected froma group of |ocation zon
group has a different billing ralg : The ngt hod of claim
1, further conprising at |east one of the following: 25 the|step of
verifying the nobile identification_nunberyby querving the ngbile unit

%d‘(p 20 nonperi odi ¢ signal
ocati on zone is
ch |l ocation zone in the

for a personal identification nunpeALL JRIGGER REGRIVED q Dgti fyilng the nobile
unit of the | ocation zone. FOR LSB. SUBSCRIBIR tﬁo of dlaim 2,
wherein the billing record is responsive 1@ the

QUERY LC FOR

LOCATION DATA 204

206

WAS
VALID I.OCAT'I'ON OBTAINED

NO

208 ASSIGN DEFAULT
ZONE

CALCULATE SUBSCRIBER
RATING ZONE

210

PROVIDE NOTIFICATION TO
SUBSCRIBER IF LOWEST |—212
RATE ZONE

| GENERATE BILLING RECORD |—214

FIG.5




30 billing rate of the retrieved |ocation zone.

- 19- 5. An apparatus for billing calls in a wireless conm nation
system conpri si ng: a base station receiving a nobile
i dentification nunber uniquely identifying a nobile unit; 5

a |l ocation neaswoemsssis device in communication with the base RCEAYSSHIIIhe
| ocati on neasurenent device performng a nmultilateration |ocation

measur enent . based on a nonperlodlc signal received fromthe nobile
unit; a nmenory.in conmunie 6@26Mnth &he base station, the
- menory including a | ocation zong for t he nobyl e |dent|f|cat|on

code which is

" nunber, the location zone designated ;
dssor responsive to

"transmitted fromthe nobile unit;
the base station and the nmenory, the
mul tilateration | ocation nmeasurenent
and t he processor gener
unit. 15 6. The appar at
foll owi ng: the processor
the conparison betweengt he

the retrieved | ocatiorfpzone and
measurenent i s based
associated with the n

| ocati on zone;
dcord for the nobile
| east one of the
d in response to
nmeasur enent and
eration |location
arrival data
prat es t he

billing record in res hgd t he base|lstation notifies
the nobile uni t ecEi d the locatjon zone is
selected froma grouds® as
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| ocati on zones where each | ocation zone in the group has a different
bi-lling rate. 25 7. The apparatus of claim®6, wherein the billing
record i s responsive to the billing rate of the retrieved |ocation
zone. WD 97/ 38538 .

PCT/ US97/ 01139 WO 97/38538 - 20- PCT/US97/0H39
nmobi l e unit | ocation nodul e; a transcoder responsive to the base
transceiver station and the nobile unjt, | ocati on nodul e; and

a |l ocation storage nodule conprising a lo Bon function 5 controller
and a | ocation cache. 9. The wirel ess conmuni cati on system of
claim 8, wherein at |least one of the followng: the |ocation storage
nodul e conprises a hone location register; the nobile unit |ocation 10
nodul e determ nes |location data of a nobile unit in conmuni cation with
t he base transceiver station; the |location storage nodul e conprises a
| ocation sensitive billing center responsive to the | ocation cache;
and a |l ocation zone is stored in the |ocation storage nodule in
response to a subscriber 15 operation.

LONGITUDE

LATITUDE

CONFIGURED
RATING ZONE
RADIUS

ZONE IS
SHADED
REGION

AREA OF COVERAGE
(ie. NSA)

FIG.7



10. The wirel ess conmuni cati on syst em of claimg, ~ the location

data is-determned by a | ateration nmeasurenent. 0 9?% MQ&‘PES
conmuni cation system of claim 8, further corrpr gf
the foll u"mul R center respogsi ve tomg aéj the'
Iocation? ’ Elmmm ,“,g an operations center responsi g%@ f 9
transcoder: bl utalSty of nobile unit |ocation nodules and a
plurality of base 25 transceiver stations; and an operator workstation
responsi ve to the |l ocation storage m)Glﬂ!ES t he operator workstation
activating at |east subscriber |ocation zone. _ 12. A nethod of
billing inawr SS ni cation system 30 conprising the steps of:
recei ving a nobi ﬁéﬁq ﬁﬂl%e%u i on nunber identifying a nobile unit;
performng a $rultilateration | ocation neasurenent at the - nmobile unit;
Y\gl?w 38538 1. A method of bnllmg in a wireless communication system PCT/ U597/ 0&1133
of:
receiving a mobile identification number identifying a mobile unit;
performing a multilateration location measurement based on a nonperiodic
10 signal received from the mobile unit;
retnevmg a location zone from a memory based on the mobile identification
number, the location zone designated by a feature code which is transmitted from
the mobile unit; :
comparing the multilateration location measurement with the location zone;
15 and -

generating a billing record for the mobile unit.

2. The method of claim 1, wherein at least one of the following: the step of
generating the billing record is responsive to the step of comparing and wherein the

20  nonperiodic signal comprises a mobile unit access message; and the location zone
is selected from a group of location zones where each location zone in the group
has a different billing rate. '

3. The method of claim 1, further comprising at least one of the following; _
25 the step of verifying the mobile identification number by querying the mobile unit
- for a personal identification number; and the step of notifying the mobile unit of

the location zone.

4.  The method of claim 2, wherein the billing record is responsive to the
30 billing rate of the retrieved location zone.

'AMENDED SHEET
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nobi | | ®n nunber ; conparing the nultilateration
[ ocat | on neasurenent with the | ocati on.g@mne; a igg a
billi.ng record for the nobile unit. WSIGMAWKIQQ@ :

5. An apparatus for billing calls in a wireless commination system comprising:
a base station receiving a mobile identification number uniquely identifying
a mobile unit;

5 a location measurement device in communication with the base station, the
location measurement device performing a multilateration location measurement
based on a nonperiodic signal received from the mobile unit;

a memory in communication with the base station, the memory including a
location zone for the mobile identification number, the location zone designated by
10  a feature which is i mobile unit: '
a processor responsive to the base station and the memory, the processor
comparing the multilateration location measurement with a retrieved location
* zone; and :
the processor generating a billing record for the mobile unit.
15 '
6. The apparatus of claim 5, wherein at least cae of the following: the
processor generates the billing record in response to the comparison between the
" multilateration location measurement and the retrieved location zone and wherein
the multilateration location measurement is based on time of arrival and angle of
20 arrival data associated with the nonpeﬁodic signal; the processor generates the
billing record in response to the location zone; the base station notifies the mobile
unit of the location zone; and the location zone is selected from a group of
‘location' zones where each location zone in the group has a different billing rate.

25 7.  The apparatué of claim 6, wherein the billing record is responsive to the
billing rate of the retrieved location zone.
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