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(87) Abstract

The invenuon expedites the delivery of a call originating in a circuit-switched network to a mobile terminal camped on a
packet-switched network. Information representing the location of the mobile terminal in the packet-switched network is provided to the
circuit switched network. A call setup with the mobile terminal is initiated with reference to the previously received location information,
frequently more expeditiously and using less resources. Location—based services are also provided by the circuit-switched network with

access to such mobile terminal location information.
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ENHANCED CALL DELIVERY SYSTEM

This application claims priority from United
States provisioral application Serial No. ©0/094,035
filed July 24, 1998.

TECHNICAL FIELD OF THE INVENTION

This invention relates to delivery of
telecommunications services and, more particulariy, to
sharing of 1nformation representing the geographic
location of a mobile terminal by two networks serving
the terminal 1in substantially the same geographic

ared.
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A recent development 1n the fielc of wilreless

telecommunications 1s the capability of transmitting .

data through packet-switched networks. Perhaps the
most well-known packet-switchea network 1S the
“Internet” worla-wide computer network, which 1s also

often retferred to as the "“World-Wide Web.” Another
familiar packet-switched network 1s a “Local Area
Network” or “LAN” which 1s used principally to
interconnect personal and other computers within an
office or other enterprise.

Packet~-switched networks are typically
characterized by the transmission of data 1n a string

!

of separate “pacxets” or VYframes,” each of which may
pbe directed through different paths through the
packet-switched network to the same ultimate
destination. Upon receipt at the destination, the
packets of 1nformation are assembled and used 1in the
correct, original order, as 1f the entire string had
arrived 1i1n that order, followling the same physical
path.

Due to the flexibility, capabilities and speed
assoclated, network systems, standards and
transmission protocols are being developed to transmit
data and voice tc a single wireless terminal. Such
terminals include mobile telephones, personal
computers (such as laptops) and the like through which
a user may desire to send both voice and data
communlcations. Perhaps the most common example of
such activities 1s use of a mobile phone to make
telephone calls and also to send and recelve e-mail
messages and access web pages on the Internet. Use ot

wireless terminals for this dual purpose 1s expected

tc 1ncrease as telephone, fax and data transmission

-0-
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services continue to converge. Eventually, 1T 1s’
expected that mobile telephones and personal computers
wlli utilize wireless technology to allow both mobile
telephone calls and access to packet-switched networks
wlthout the need for 1land 1line connections. Cther
applications will be apparent, as well, to one of
ordinary skill 1n the art and may be developed 1n the

future.

| Y

cXx1lsting wlreless systems providing voice and SMS

/7

services utilllize “circuit-switched” networks to direct
theilr transmissions. As currently envisioned,
wlreless data transmission services wlll be delivered
through a "“packet-switched” network that 1s physically
separate from wilreless networks presently providing
circult voice, limited circuit data and limited Short
Message Service - (SMS) services. Circuit-swlitched
systems differ fundamentally from packet-switched
systems 1n that all information comprising the call or
SMS follows the same fixed-sized path within the
network and, tneretfore, cannot provide the same
capacity and performance for transmission of data at
acceptable costs. Consequently, physically separate
packet-switched networks wlll pe constructed to
provide wilreless data transmissions services, 1n
addition to the existing and developing circult-
switched systems offering volce and SMS transmlssion
services. A network protocol used by packet-swltched
and cilrculit-swltched networks to communicate with each
other 1s ANSI-41.

As envisioned, a mobile terminal will communicate

with the packet-switched network 1n the transmission

of data. When a telephone call, for example, 1s made

— 3
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requiring transmission of voice information, the mobile
rerminal will communicate with the circuit-switched
network, Examples of circuit-switched networks 2in
existence and under develcpment are AMPS, TDMA, GMS,

CDMA, and CDMA 2000. Examples of a number oI available

packet-switched NetwWwoIKS providing wireless data

In

cransmission services include GPRS (General Packet Radio
service) data networks, also identified as GPRS-136, anad
EDGE (Enhanced Datarate Global Evolution), alS0O
10 jdentified as GPRS~L36HS.
U.s. Patent No. 5,590,133 describes apparatus

and wmobil stations that provide packet data
services in Time Division Multiple Access cellular
systems, based on providing shared packet data

15 channels optimized for packet data. Described 1s a
system that utilizes current cellular infrastructure
ro the extent possible consistent with functional
and performance requlirements. Shared packet data
channels and base stations may be provided and

20 dynamically determined by demand. A packet data
controller in each Mcobile Services Switching Center
controls access to the packet data services. A
nacket data router in each MSC routes packets to and
from the MSC service area. A backbone network

25 interconnects packet data routers and Enter Working
In Functions providing Internet werking with
external networks.

However, certain inefficiencies are inherent in

using both circuit-switched and packet—-switched systems

30 tc provide wireless voice and data transmission
services. In particular, as currently envisioned, a

mobile terminal relving on both networks for voice and

data services will Acamp onR ¢or remain in communication

-
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with the packst-switched network, such as GPRS-136, when
in the idle state. While this approach tends to
presexrve resources of bpoth systems by reducing the
amount of air time and ceontrol messaging that would

5 otherwise be requirecd if the mobile terminal camped on
the system transmitting telephcne calls and SMS
messages, doing so creates a delay (typically 3 to 5
seconds per call) in connecting or completiag setup of
incoming calls to the mebile terminal.

10 Because the mobile terminal will be camped on the
network providing data transmission services at the time
of an incoming telephone call or SMS message, the page
message typically used te alert the mobile terminal to
the ceall and reguest a response is directed thrxough the

15 data transmission network. This

CA 02338512 2001-01-23
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is considered preferable because information
representing the location cf the mcbile terminal is also

highly likely to be known by the data network on which

the mobile terminal 1s camped. Such location

2 information is used to route the page request to the
packet switch currently servicing the mobile terminal.

Although farwarding the page request through the data

network avoids unnecessary use of transmission resources

of the circuit-switched veoice network that would

10 otherwise be required to transmit a global page to all
locations within the network or direct a page Lo an area

in which the mobile terminal is not found, additional

delav in both sending the page and receiving a response

from the mobile terminal is occasioned. It will be

15 apparent that such delay undesirably consumes additional
resources of the voice network while awaiting a response

from the mobile terminal and reduces the grade of

service to the calling party and the mcbile terminal

user as they await setup of the call.
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SUMMARY OF THE INVENTION

These and other disadvantages are overcome by the
method ©of the present invention, which expedites cthe
delivery of a call originating in & c¢ircuit-switched

5 network to a mobile terminal camped on a packet-switched
network. Information representing the locarion of the
mobile terminal 1Iin the packet-switched network is
provided to the circuit switched network. A call setup
with the mobile terminal is initiated with reference to

10 the previously received location information, frequently
more expeditiously and using less resources.

In another aspect of the invention, call setup is
initiated by the circuit-switched network with reference
To the mobile terminal location information provided by

15 the packet-switched network, dindependently of a page
rasponse of the mobile terminal.

In yet ancther aspect ¢of the invention, information
representing the location ¢f the mobile terminal within
the packet-switched network is mapped to the location of

20 one Oor more transceiver Jdocatiens in the circuir-
switched network.

In still another aspect of the invention, call
setup between the mobile terminal and the circuitr-
switched network is rtriggered with reference to one or

25 more page requests tunneled through the packer~-switched
network to the mobile terminal.

In yet another aspect of the invention, information
representing the location of a mobile terminal within

the packet-switched network is periodically provided to
30 the circuit-switched network.
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In sti1ll] another aspect o©of the 1i1nvention,’

location-pased telecommunication features or services
are provided wvia a cilrcult-switched network with
reference to 1nrormation representing the location of

the mobile terminal within a packet-switched network.

Other aspects and features of the present
invention will Dbecome apparent to those ordinarily
skilled 1n the art upon review of the following
description of specific embodiments of the invention

1n conjunction with the accompanying figures.

CA 02338512 2001-01-23
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BRIEEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present

1nvention, and 1its advantages, reference will now be

made 1n the fcllowing Detailed Description to the

™
’

O accompanylng drawings, 1n which:

FIGURE 1 1s a schematic diagram 1llustrating

components of a circuit-switched wlreless system and
a packet-switched wireless system 1ncorporating the
present 1nvention;

10 FIGURE 2 1s a schematic 1llustration ¢t the
geographic area of coverage of the circuit-switched

and packet-switched wireless networks shown 1n the

functional schematic 1llustration of FIGURE 1;

FIGUR!

L*J

3 1s a message dilagram 1llustrating the
15 flow of messages through a circult-switched voice
network and a packet-switched data network of the
prior art;
FIGURE 4 1s a message diagram 1llustrating the
flow of messages through a cilrcult-switched voice
2 () network and a packet-switched data network
incorporating the first embodiment of the present
invention, setting up a call originating 1in the
circult-switched volce network to a mobile terminal
camped on to a packet-switched data network;

25 FIGUR

L*)

5 1s a message diagram 1llustrating the
flow of messages between a circult-swilitched network
and a packet-switched network 1in a second embodiment
of the invention; and

FIGURE © 1s a messaging diagram 1llustrating the

30 flow of messages between a circuit-switched network

and a packet-switched network in a third embodiment of

the invention.

CA 02338512 2001-01-23
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DETAILED DESCRIPTION

Referring now to FIGURE 1, there 1s shown a
wireless telecommunications network 100, comprising a
circult-switched network 110 and a packet-switched
network 120. The network 100 provides voice, SMS and
data transmission services to a mobile terminal (MT)
130 through wireless 1links 132 and 134. In the
empbodiment shown, circulit-switched network 110
operates 1n accordance with ANSI-41 standards and
packet-switched network 120 operates 1in accordance
with proposed standard GPRS-136; however, it will be
apparent to those skilled 1rn the art that other
circult-switched and packet-switched networks can use

Or 1ncorporate the present invention. The wireless

telecommunications network 100 provides wilreless

telecommunication services to MT 130 from a public
switched telephone network (PSTN) 140, the Internet
150, or other packet-switched networks, as well as
other mobile =Zerminals (not shown). Provisional
Application Serial No. 60/094,035 is herein
1ncorporated by reference for all purposes.

The MT 130 1is shown 1in FIGURE 1 coupled to a

Terminal Equipment (TE) 136 that comprises a personal
computer or other data processing device. As shown
servicing TE 136, the MT 130 is a dual-mode terminal
capable of communication with networks 110 and 120 via
wireless links 132 and 134, respectively. It will be
apparent that MI 130 may alternatively be a mobile
telephone or other device capable of servicing a user
with data and voilce transmissions with <circuit-
switched network 110 and packet-switched network 120.

Circuit-switched network 110 includes functional
objects typical of ANSI-41 systems. Specifically,

mobile switch controllers (MSC) 111, 112 and 113 are

-0~
CA 02338512 2001-01-23
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circult switches that periform numerous operation and’

control functions within the network 110, 1including

directing traffic and messages, as well as performing
call setup functions. MSC 11X 1s coupled to home
location register (HLR) 114; MSC 112 1s coupled to
visiting location register (VLR) 115; and MSC 113 1S
coupled to VLR 116. HLR 114 maintains information and
features relating to each MT originally registered
within the network 110, while VLR 115 and 116 maintain
such 1nformation with respect to all MTs actually

reglstered within the network 110.

One or more Base Transceiver Stations (BTS) 117,
118 and 119 transmit and receive radio communications
over wireless links similar to link 132, wunder the

direction and control of MSC 113. Certain operation

and control 1information and parameters are exchanged
between MT 130 and one or more of BTS 117, 118 and 119
via a Digital Control Channel (DCCH) over the wireless
link 132.

Packet-switched network 120 includes functional
objects typical of those envisioned for the proposed
GPRS5-136 data transmission network. The proposed
standards relating to GPRS-136HS architecture are
hereby 1incorporated by reference for all purposes.
Specifically, a Serving GPRS Support Node (SGSN) 121
1s connected by a telecommunication 1link tc Gateway

GPRS Support Node (GGSN) 122. Both the SGSN 121 and

GGSN 122 are connected by telecommunication links to
GPRS HLR 123, which provides information similar to
HLR 114 of the circuilt-switched network 110. It
should be noted that GPRS HLR 123 provides essentially

the same 1information and functionality as an HLR

-1~
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currently used 1in GSM mobile systems. SGSN 171 1s
coupled to a number cf Base Stations Subsystem (BSS)
123, 124 and 125, which are each capable o1
transmitting and receiving data to and from MT 130 via
5 a radio link similar to wireless .Jiink 124. 1ne
wireless laink 134 includes, n acdition t¢e dartz
information, manacement and contrel information
transmitcted via a Packetr Control Channel (PCCH).
Communication betweern The network 110 arma MT 130 1s

10 accomplished using TDMA techneoloqy; however, 1t wxll
be apparant that other wireless technnlogies, suach as

CDMA, GSM and CDMA-20C0, could be utilized as well,
It will be apparént that the configuraticn of

circult-switched network 110 and a packet-switched

15 network 120 shown in FIGURE 1 is for purposes of
illustration. Accordingly, numerous additional
functional objects appa:zrent to those sxilled in the
art are typically incorgorated in such networks. The
packet~switched network 120 transmits data to and from

20 the MT 130 utilizing GPRS technoloqgy; however, it will
be apparent thet EDGE data transmission and othér
technology may be utilized as well,

Networks 110 and 120 interface thrcugh MSC 1:2

and SGSN 121 through a signa.ing interface which

23 typically is used tc transmit contzsol messaging. MSC
112 is designated the “gateway” MSC IZor the systen
110, as is indicated by the desaignartion “GW.” For
purpecses o0f example, MSC 1.1 1s gesignated the
“originating call” MSC and therefocre bears the

30 designation "0,” MEC 113 functrions as the “secving”
MSC and therefcore bears the des>gnation “S.”

-11=-
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At the time of an 1incoming call, MT 130 is idle,

but 1s camped on one or more of BSS 123, 124 and 125,
awalting an incoming call from the voice network 110
or data transmission from the data network 120. The
preterence for camplng on the packet-switched data
network 120 under the proposed GPRS-136HS standard
avolds unnecessary use of air time, bandwidth and
other rescurces 1n both the circuit-switched voice
network 110 and fhe packet-switched data network 120.

When an 1ncoming call to MT 130 1s placed cover a
volce channel c¢rigilnating in the <circuit-switched
network 11C, a volce channel must be established via
a wireless link, such as link 132. The call 1s set
up, allowing full duplex (two  way) communication
between MT 130 and the «calling party through the
circuit-switched network 110, by signaling over both
the DCCH and PCCH channels of the wireless links 132
and 134. This i1s accomplished by first sending a page
request to set up the call. Typicelly, at the time a
page for a volce transmission 1s received by MT 130,
the wireless link 134 to the data network 120 1is
discontinued. It wi1ill therefore be appreciated that
wireless links 132 and 134 are not active
simultaneously under the existing ANSI-41 and GPRS-
136HS standards. However, the present invention could
pe 1ncorporated 1in systems 1in which wireless voice
link 132 and wilreless data link 134 are substantially
continuously active, allowing substantially concurrent
volce and data transmissions.

The present 1nvention facilitates setup of a full
duplex telephone call originating in the network 110

to the MT 130 by providing to the network 110

-17 -
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information representing the location of MT 130. The
associated benefits are illustrated with reference to
FIGUORES 1 and 2. FIGURE 2 illustrates the geographic
location ¢of components and coverage areas of a circult-
5 switched network (voice nectwork) 110 and a
geographically overlapping packet-switched network (data
network) 120. Base Transceiver Stations similar to BTSs
117, 118 and 118 of FIG. 1 are shown as triangles in
F'IG. 2 and Base Stations similar to BSSs 123, 124 and

10 125 associated with the packet-switched anetworxk 120 are
illustrated as circles. The coverage area and

components of the voice network 110 are illustrated in
solid lines, whereas the components and coverage area of
the data network area 120 is illustrated by broken
15 lines. The geographic area of coverage by the voice
network 110 comprises regicns A, B and C, serviced by
MSCs 1132, 113B and 113C, respectively, providing
service similar to the single MSC 113 shown elsewhere in

the FIGURES. It will be apparent that MSCs 111, 112 and
20 113 provide multiple functions beyond those described in

the example of call setup described here. Similarly,
the coverage area of the data network 120 is region D
and is serviced by SGSN 121. For purposes of example,
MTs 130, 131, 132, and 133 a&are shown at different

25 locations within the coverage areas of both the voice
network 110 and the data network 120.

Referring still te FIGURES 1 and 2, the present
invention aveids delays of typically 3 to 5 seconds per
call caused by the need to complete a page of an MT

30 through the data network 120 and receipt of a page
response before the voice network 110 can initiate

-13-
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setup of the call. Specifically, because an MT will
be camped on the data network 120 when 1t must be
paged for an 1incoming call, the page must be routed
through the data network 120. This entails
transmission time through the data network 120, both
to and from the MT to which the call 1s 1ntended,
pecause the location of the MT 1s not provided to the
volce network 110.

The present 1nvention avoilids this delay by
providing the voilice network 110 with 1nformation
representing the location of the MT within the data
network 120 belfore a page response 1s received from
the MT through the data network 120, thereby allowing
the call setup routine to Dbe 1nitiated with less
delay. Such provision of MT location 1nformation to
the voice network 110 1s expected to reduce the radio
transmission time between the MT and the voice network
110 by as much as 2 or 3 percent, thereby 1ncreasing
the capacity and reducing the overall cost of the
system.

Referring now to FIGURE 3, there 1s shown a
message diagram 1llustrating the flow of messages 1n
the prior art delaying initiliating a call setup routine
until a page response 1s received from the MT through
the data network 1n which 1t 1s served. MT 130 1is
shown camped on a PCCH associated with BSS 125. An
incoming call 1s originated througn MSC-O0 111, which
1n turn sends a location reguest (LOCREQ) to HLR 114.
Routing Requests (ROUTREQ) are then sent 1n seriles
from HLR 114 and VLR 115 to the gateway MSC 112. MSC

112 then encapsulates a page message directed to the

-~14~
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MT 130 for transmission through an IP tunnel using well-
known methods and means.
The page 1s directed to BSS 125, on which MT 130 is
camped. B33 125 is selected by the SGSN 121 to service
5 MT 130 while 1t is camped on the data network 120,
pecause the PCCH of BSS 125 provides the strongest
signal of adjacent transmitrers and conséquently is one
of the closest geographically to MT 130. Therefore, the
geograpnic location of BSS 125 also provides the
10 approximate locaticn of MT 130.
Upon receiving the page Irom the data network 120

over tne PCCH channel on which MT 130 is camped, MT 130
transmits a page response to the voice network 110 over
its DCCH channel. The page response is received by a

15 neighboring BTS 119 and transmitted to MSC 113, which
fhen initiates the call setup sequence. Until receipt
of the page response by MSC 113 from the BTS 119 near MT
130, tThe voice network 110 does not have useful
infermation representing the location of the MT 130.

20 Following receipt by MSC 113 of the page response,
an Unsclicited Response (UNSOLRES) message, including a
Temporary lLocal Directory Number (TLDN), is sent to the
gateway MSC 112, M3C 112 acknowledges receipt of the
unsolicited response and TLDN from MSC 113 with a retumn

25 Unsolicited Response Return Result (unsolres).
Following the ackncwledgment, MSC 112 transmits a Route
Request Return Result (routreq) forwarding the TLDN to
the VLR 115. The TLDN is then forwarded by the VLR 115
to the HLR 114. The HLR 114, in turn, transmits a

30 Location Reguest Return Result (locreq) forwarding the
TLDN to  the MSC 111 from which the call
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was originated. Upon receipt of the TLDN by the
originating MSC 1ll from the serving MSC 113, the call
is set up, and cut through 1is completed. FProm this
point, a full duplex (two way) telephone call can be
conducted between the user of MT 130 and the party
originating the incoming call.

It should be apparent that the prior art shown in
and described with reference to FIGURE 3 achieves call
setup withour information representing the location of
MT 130 being provided to the voice network 110 from the
data network 120. Instead, receipt ¢f the page response
from MT 130 by the serving MSC 113 provides the first
indicaticn of the locarion of MT 130. Prior to that
time, the voice network 110 receives neo indication of
which MSC within the network will service MT 130, As a
result, the call setup routine beginning with
rransmission of the TLDN by MSC 113 cannot be initiated.
Consequently, initiation of the call setup routine is
delayed by the need to await the page response from the
MT 130 from wherever it i1s geographically laocated within
the voice network 110. |

Referring now to FIGURES 1, 2 and 4, shown 1s the
method and means by which the present invention aveids
the delay in call setup occasioned in the prior art when
an incoming call originates within a circuit-switched
network 110 to an MT 130 camping on a data network 120.
In FIG. 2, MT 130 is shown camped on the PCCH channel of
an adjacent BSS 125 of the data network 120. MT 130
periodically notifies BSS 125 of its presence while
idle, awaiting receipt of transmissions from the data
network 120. The freqgquency o¢f such nctification is

adjuscable ang is
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preferably once each hour. The MT 130 may indicate its
presence when handing off to or registering with a new
BSS. Information indicating that MT 130 1is camped on
BSS 125 is in turn transmitted by BSS 125 to SGSN 121
5 follewing receipt. SGSN 121 stores and updates such
locartion information in a Jlook-up table or database
maintained by or co=located with the SGSN 121. The GPRS
HLR 123 is typically notified and stores the identity of
the SGSN serving the MT 130 vwhen MT 130 enters the ares

10 served by that SGSN.
Should MT 130 move within the data network 120 to

a location shown in FIG. 2 as occupied by MT 133, for
example, the location data representing the locatien of
MT 130 is updated by the SGSN 121. 1In this manner, the
15 data network 120 can effectively monitor and store the
data or other informaticn representing the location of
MT 130 within the network. Therefore, data network 120
will maintain and store information representing the
location of MT 130 within the region D serviced by SGSN
20 121. Similarly, the information representing the
location of MTs 131, 132 and 133 can be maintained and
stored by the data network 120,
As is best shown in FIGURE 2, each of MSCs 1132,
113B and 113C, which represent all or a portion of the
25 veice network 110, services its respective region 3, B
and ¢ through associated BTSs to which each MSC is
linked. In the example shown, MSC 112, which funcrions
as the gateway MSC, interfaces directly with SGSN 121,
but is not shown. MSC 112 preferably maintains a
30 database, look-up table 0r other means through which
information representing the location of an MT in the

data network 120 can be mapped or cross-referenced to
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a corresponding location within the veice network 110.
Such information is preferably stored and accessed from
the VLR 115 associated with gateway MSC 112.

To facilitate and expedite call setup in the
present invention, SGSN 121 provides to MSC 112
information representing the approximate location of an
MT to which an incoming c<¢all from the voice network 110
is directed. Such information is provided teo the
gateway MSC 112 prior to receipt by any MSC of the voice
necwork 110 ¢f a page response from the MT called. Such
information is used by the MSC 112 to determine in which
of regions A, B and C the called MT is approximately
locarted. MSC 112 then directs the MSC serving that
region te initiate a service page to the called MT
without the need to await a response from the MT
initiated by a page from the dara network 120. This not
only avoids the delay asscciated with the data network
page and response from the MT, but also avoids the need
te expend resources unnecessarily by directing a globkal
page to determine the location of the called MT.

Using this method and means of the present
invention, MSC 113B initiates call setup with MT 132 at
the direction of MSC 112 and with reference to location
information received from SGSN 121, indicating that MT
132 ar least has a high probability of being located in
region B. Similarly, MSC 113A initiates call setup with
MT 131 and at the direction of MSC 112, based on
location information receijved from SGSN 121, indicating
that the location of MT 131 is approximately within
ragion A. In like manner, MSC 11l3C initiates call setup
with MT 133, with reference to locarion information

received fxrom
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SGSN 121, indicating thar MT 133 at least has a high
prebability of being located in region A.
Using such Jlocatieon information, the PCCH can
ocptionally be configured to direct the mobile to the
5 DCCH frequencies of the particular one or more of
region(s) A, B and C that the data network 120 indicates
that a particular MT can be found.
Referring now ¢ FPFIGURE 4, there is shown a
messaging diagram illustrating the sequence of messages
10 through and between networks 110 and 120, utilizing
information representing at least an approximate
location of MT 130 within the data network 120. The
sequence ¢©f messages shown differs from the prior art
lllustrated in FIG, 3 following transmission of the page
15 message to the MT from the gateway MSC 113B via an IP
Tunnel. As the tunneled page message is forwarded from
the SGSN 121 to the BSS 125, a message bearing location
infermation data is transmitted by the packet-switched
network 3GSN 121 to the clrcuit=-switched network gateway
20 MSC 112. Such Jlocation inlormaticn represents the
approximate Jlocation of the MT 130 within the data
network 120.
The gateway MSC 112 processes such information to
determine which o©of regions 2, B and C the location
25 informacion correlates with or identifies. Although in
a preferred embodiment, MSC 112 makes thas
determination, it will be appreciated that such
processing and dara storage could also be performed by
the data network 120, urilizing SGSN 121. Thus, the
30 locartion information received by gateway MSC 112 from

SGSN 121 may be an indication of the location of MT
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130 within the data network 120, an indication ¢f which
of regions A, B and C MT 130 is likely to be founrd in or
a combination of such information.
Following receipt cof the location information data,
5 MSC 112 transmits an Inter System Page (ISPAGE) to MSC
113, which is previously detrtermined as servicing the
region in which MT 130 is likely to be located, M3C
113B respends with an Inter System Page Return Resulrt
(1spage) message to MSC 112, with a TLDN for use in

10 completing call setup. The TLDN is then forwaxded by
the MSC 112 to the criginating MSC 1lll via a sequence of

Routing Request Return Results (routreq) and a Location

Reqguest Return Result via VLR 115 and HLR 114. Upon

receipt of the TLDN, a call 1s set up between the MS3C

15 113 serving MT 130 and the MSC 111 through which the
incoming call originated.

Because the call setup routine is triggerecd by the

tunneled MT page, call setup 1is initlated prior o

receipt by the serving MSC 113 of a page response from

20 the BRSS 125 of the data network 120. Thus, call setup

is achieved with the present inventicn without regard to

the time at which a page response is received by the BTS

119 fram the MT 130. As a result, a delay of
approximately 2 to 8 seconds is typically avoided,
25 resulting in reducecd demands on the resources of the

voice nertwork 110, an increase in capacity of the

network and reduced cCosts.
Referring now to FIGURE 5, there is shown a message
diagram illustrating use of ths present invention 1o
30 facilitate enhanced location-based services provided DYy
the circuir-switched network 110. Such location-based

gsarvices would include, for
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example, voice-activatead directions tTo the nearest
hospital or other location, the cost of call services
within a particalar location, as well as many others
that will be apparent to those skilled in the art.

This is accomplished by providing a methed and

un

means by which a Location Service Node 200 providing
location-based service and receiving a 3Service Reguest
message can obtain information representing the current

location <f the MT 130. Upon receipt of g Service
10 Request, the Location Service Node 200 transmits a
Location Query to the HLR 114. A series of Location

Queries are then transmitted in succession by the VLR
115, to the MSC 112 and ultimately to the SGSN 121. In
response to the Location Query, 3SGSN 121 provides
15 location information, such as that described with
reference t¢e FIGURES 1, 2 and 4, indicating the
approximate location of the MT 130 within the veice
nerwork 100. Successive messages bearing such location
information are transmitted 1n series Dback to the
20 Location Servaice Node 200. Location-based sexrvices are
then provided with reference <to such informatian
representing the current geographic location of the MT

130.
Referring now tc FIGURE 6, there is shown a message
25 diagram illustrating a method and means of providing to
a Location Service Node 200 the current location of an
MT. The LSN 200 may provide a varlety of location—-based
services, such as, for example, notifying a user of the
airport gate from which the user’s flight departs, as
30 rhe user approaches the alrport. such flight
information may be obtained by the LSN 200 wvia the

Internet.
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LSN 200 sends a Location Request message to MSC
112, reguesting a single or a periodic update of MT
location information of the user. FIGURZ 0
1llustrates one embodiment in which such updates are
requested to be provided by MSC 112 to the LSN 200
approximately every fifteen (15) minutes. MSC 117
responas to LSN 200 with &a Reqguest Acknowledgment,
1ndicating that the location notification update 1is
lnitlateaq. M5SC 112 then sends a Location Query
message to SGSN 121, reqguesting receipt of a Current
Locaticn message every fifteen (15) minutes, updating
MSC 112 with location information indicating the
approximate location of the MT within the data network
120.

MSC 112 then transmits a single Current Location
message (shown 1n a broken 1line) to the LSN 200,
providing the current MT location information.
Alternatively, a SUCCess10n of Current Location
messages are sent from MSC 112 to VLR 115, from VLR
115 to HLR 114, and from HLR 114 ultimately to LSN
200, providing the current MT location information to
LSN 200.

The transmission of Current Location messages
from SGSN 121 to the LSN 200 is repeated as frequently
as 1s desired, taking into consideration the mobility
of the MT, the services provided by LSN 200, the time
of day and 1n accordance with numerous other factors
apparent to those skilled in the art.

Upon receilpt of a Service Reguest message, LSN
200 provides location-based services, indicated by a

generic Perform Service message, tc the user with

_.22.._
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reference to the location information received from

the data network 120.
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WHAT IS CLAIMED IS:

1 1, A mecthod for initiaring a telephone call setup 1n
2 a wireless telecommunications network (103) comprising
3 a packet-switched network (120) and a circult-switched
4 nertwork (110), the telephone calli originating in the
5 circuit-switched network (110) and involving a wirsless
S mobile terminal (130) at least at the receiving enc of
7 the telephone call, the wireiess mobile terminal (130)
8 being camped ¢on a packer-switcned network (120) v=a one
0 or more available wireless links (134), the method
10 comprising the steps of:

11 providing location infocmation to the c¢ircuit-
12 switched network (110) from the packet-switched nertwork
23 (120, the location information representing tThe
14 location within the packet-switched network (120) o<&n
15 wnich the mobile terminal (130) is camped; and

16 initiating call setup with the mobile terminal

17 (130) through the circuit-switched network (110) by

18 using the provided location information with reference
18 to the location information received from the packet-
20 switched network (120).

1 2. The method of Claim 1 wherein the locartion

2 information representing the location of the mobile

3 terminal (130) within the packet-swltched n2twork

4 (120) is mapped to tne location of one or more

5 transceiver locations in the circult-switched network

6 (110} .
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1 3. The method of (Claim 1 wherein tne i1nitiation of
2 call setup between the mobile terminal (130} and the
3 circuit-switched nerwdrk (110} is triggered wit!
4 reference to at least one page request tunneled
5 through the packet-switched networx (120) to the
& mobile terminal (130).
1 4 . The method of Claxm 1 wherein th2 location
2 information 1is5 pericdically provided rto the circuit-
3 switched nertwork (110).
1 5. The method of Claim 1 wherein locartion-based
2 relecommunication services are provided via the cilrcuit-
3 switched netwerk (110) with reference te the location
4 information.
1 6. The method of Claxm 1 wherein the step of
2 initiating further comprises the steps of:
3 determining from the location informatioa an MSC
4 (113) servicing a region 1n which the mcbile rerminal
5 (130} is likely to be locared; and
6 initiating a call setup through the MSC (113) to
7 the mobile terminal (130).
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1 7. The method of C.aim © wherein the location
2 information is stored by the packet-switched netrwork
3 (120).
1 B. The metnod of Claim o wherein the locarion
2 information 1s stored by th2 circuit-switched network
3 (110).
1 9. The method ¢f Claim 7 wherein the location
Z 1nrormation 1s perlodically updated.
1 11. The methed of Claim & further comprising the step
2 of the mobilie terminal (130) sending a page responsa
3 message responsive to being paged.
1 12. The method of Claim 11 further comprising the step
2 of initiating a call setup routine independenily oI Lhe

)

page response message.

13. The method of Claim & further comprising the scep
of paging the mobile terminal (130) by transmission of
a tunneled page wmessage from <the circuit-switched
networx (110) through the packet-switched network (1290)

N & W N

to the mobile terminal (130).

14. The methoa of Claim 13 wherein the step of
communicating further comprises providing the locaticon

information to the caircuirt-switched network (110! in

oo N

response tc the tunneled page message.

-2 &
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1 15. The method of Ciaim 13 wherein the transmission

2

of the tunneled page message trlggers a call setup

3 routine that is iniztiated pefore Tthe Ccircult-switchszac

3 nerwork (110) receives a page cesponse from the moubile

5 terminal (13GC).

1 16. The metnod of Claim 12 wherein a channel of the

2 packet-switcned network (120) i1s configured to direct

3 the mob:le rerminal (130) to a cnannel of the circuat-

4 swltChed nertwork (l110) 1in accordance with the locatiull

5 information.

1 17. Tne method of Claim 13 further comprising the step
2 ¢f the channel ¢f the packet-switched network (120}
3 directing the mobile terminal (130) to the channel Jf
4 the circuirt-switched network (110} in accordance with
5 the locatxicen i1nfcrmation,

1 1B. The method of Claim 13 wherein the step of
2 communicating further comprises an SGSN (121)
3 transmitting & message bearing the location informaticn
4 to a circuit-switched nertwork (110) gateway MSC.

1 15. The method of Claim & further comprising the step
2 of transmitting an ilnter-system page from a gateway MSC
3 (112) to a servicing MSC (113).

1 20. The method of Claim 19 further comprising the

2 step of transmitting an inter-system page return

3 result message from the servicing MSC (113) to the

4 gateway MSC (112), the inter-system page return result

5 message including a TLDN for use in competing call

b setup.

-2 ]
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21. 7The method of Claim 20 further comprising the

2 step of forwarding the TLDN t0 an originating MSC

3 (111).

1 22. A methed of providing location-pased servyces Lo
2 a wireless mobile terminal (i30) in a

3 telecommunications wireless networK (1C00) comorising a
4 circuirt-switched n=tuwork (110;, a packet-switched

9 network (120), and a location service node (2C0), the
6 wireless mobilie terminal (130) peing camped on a

7 packet-switched network (120) via one or more

8 availabple wireless links (134), the method comprising
9 the steps of:

10 receiving a location-based service request £from
11 the mobile terminal (130) at trne location service nodse
12 (200) »

13 transmitCing a location query to the packet-

14 switched netweork (120) in response to the location-
15 based service request;

16 providing location infcoraation to the circuiz-

17 switched network (110) from the packer-switched

18 network (120) in response to the location query, the
19 location i1ntormation representing cthe locatinn withain
20 rhe packet-switched network (120) on which the mobile
21 terminal (130) 1s camped;
22 transmitting the location infcrmation from the
23 circuit-switched network (110) to the location servics
24 node (200); and
25 providing at least one location-based service to
26 the maobile terminal (130) using the provided location
277 information.

-2R-
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1 23. The method of Claim 22 wherein the step of

2 transmitiing further comprises transmitting the

3 locataion query to an HLR (114).

1 24. The methed of Claim 23 wherein the step of

Z transmitring furcther comprises transmitting ths locarion

3 gquery to a VLR ({115).

1 25. The method of Claim 24 wherein the step of
transmitring furtheér cComprises transmitting tne location

3 query to an MSC (112).

1 2o. The method of Ciaim 25 wherein the step cf

2 transmitring further comprises transmitting the

3 location query to an SGSN (121).

1 ¢/. The method of Claim 22 wherein the step of

2 providing location information further comprises

3 previding the location information to an MSC (112).

1 28. The method of Claim 27 wherein the step cof

providing location information further ccmprises

3 providing the location informetion to & VLR (115).

)4

28. The methed of Claim 28 wherein the step of

2 providing location information further COMPIrisces
3 providing the locat:ion information to an HLR (114).

1 30. The method of Claim 29 wherein the step of
2 providing location information further comprises
3 providing the location information to the location
4 Service node by the HLR (l114).

-2
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31.
wlreless mobile terminal (130)
(100)

A method oI providing the current lccaticn of &

in a telecommunicartzons
wireless network
node {200},
circuit-switched netwerk (110),
(130}

network (120) via one or more available wireless links

comprising a .Location secvice
(1120,

the wireless morcile

d packel-swiiched network anc a

terminal beiling camped On & packet-switchaq

(134), the method comprising the steps of:

transmitting a Jlocarion request py the locatrion

service node (200) to the circuit-swirtched network
(110 ;

1n response to the location regquest, rThe circuit-
switched gaetwork (110) <tTransmittiang at least one

location query to the packet-switched nerwork (120):
in response TO the at least one location query, rhe

packet—-switched netwerk (120) transmitting 2t least cne

current location message TO the circuit-switched network
(110) ;

providing at least one current location message to

and

the location service node (200).
32. The method of Claim 31 wherein the location request
requests periodic updates ¢f the current location of the

mobirle terminal (130).

33.
cf the mobile terminal (130) is periodically updated in

The method of Claim 32 wherein the curren: lozation

response to the location request.

34 . claim 27

location

Tne method of wherein tThe step of

transmitting a request further comprises

sending a location regquest massage to an MSC (112).

~30-
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32. The method of Claim 30 furtner comprising the step
of the MSC (1l2) sernding a request acknowledgment TO the

location secvice node (200) 1in response to receip: of

W N

tne location request message.

37. The method of Claim 34 wherein tne step of the
crrcult-switcheq network (110) txansmitting at least one
location Query to the packet-switched network (12U

further comprises the MSC (112) senaing at least one

DY &~ W N

location query message to an SGSN (121).

H

38. The method of Claim 37 wherein rthe art lJeast one

N

location query message requests receipt of a current
3 location message at a predetermined interval.

3%. Tne method of Claim 31 wherein the step of the
packet-switched network (120) transmitting at leasrt
one current location message through the circuit-
switched network {(110) to the location service nodas
(200y furcher comprises a single current liocation

message sent dirrectly from a SGSN to the lacation

“~ O U e W N

Sérvice node via an MSC.

40. The methed of Claim 31 wherein Tthe step of the
packet—switched netwerx (120) transmitting at least one
current location message through the cCcircuit-switched
network (110) to the location service node (200) further
comprises a plurality of current location messages sent
from an MSC (112) to a VLR (115}, from the VLR (115) to
an HLR (114), and from the HLR (114) tc the locartrion

W < O N b W N e

service node (200) .
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41. The method of Claim 1 further compris.ng the stegp
cf 1nitriating a call setup routine indspendently of

Che page rgsponse message.

32. The method of Claim 1 wherein the step of
provicding further comprises the steps of:
rransmitting location iaformation relatc.ve the
mobile terminal (130) to the packet-switched nerwork
(120); anaq
communicating the leocation inriormation to a

clrcuit-switched anetwork (110).

43. A method for initiating a telephone call setup in
a wireless telecommunications network (100) comprising
a packer-switched network (120) and & cirscuir=-switched
network (110), the telephone call orig:inating in the
circult-switched network (110) and involving a wireless
mobile terminal (130) at least at the receiving end cf
the telephone call, the wireless mobile terminal (130)
being camped on & packet-switched network (129) via one
or more available wireless links (134), the method
comprising the steps of:

providing J4ocation information to the circult-
switched network (110) from the packetr-switcched netwdrk
(120), the

location within the packer-switched network

locarion 1nformation

representing the
(12C) on
which the mcbile termiral (130) is camped; and
initiating call setup witiy the mobile tTerminal
(130) thrcugh the circuit-switched network {110) by
using the provided location i1nformation with reference
to the location information rece:ived from the packer-
switched netwerk (120), the call setup being 1nitiated
1ndependently of a page response from the mopirle

Terminal (130).
-3 -
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