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BACKGROUND
i. Field
The present disclosure refates geanerally to commusnication, and more specifically

te techniques for supporting location seyvices.

il.  Background

it is often desirable, and somelimes necessary, to koow the location of a
terminal, ¢.g.. a cellular phone. The terms “location” and “position” are synonymous
and are used interchangeably herein. For example, a focation services (1L.CS) clicnt may
desire to know the location of the ternunal. The terounal may then communicate with a
focation server 1o obiain a location estimate for the ferminal  The terminal or the
location server may then return the location cstimate to the LCS client.

A message flow (which may also be referred to as a call flow or a procedure)
may be execoted whenever the LCS cHent desires to kntow the loeation of the lerminal.
Various messages may be exchanged between the ierminal and the location server via
one or more network entities for the message flow. These messages may cnsure tha
each entity is provided with pertinent information i order 10 support positioning of the
terminal. However, these messages add to the traffic at various entities.

The LCS client may desire to know the location of the terminal whenever certain

conditions are triggered. The location server may be lasked with perfornung various

funciions to detect for irigger conditions and to send a location estimate 10 the LCS

cliecnt whenever a triggered condition is deiected.  However, these functions may
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complicate the design and operation of the localion server, especially if the location
server is required to perform these functions for a large number of terminals.
Alternatively, the ferroinal may be tasked with performing various functions to detect
for migger conditions and to send a location esiimalte to the LCS client whenever a
triggered condition is detected. In this case, i would be desirable for the terminal 10 be

able to efficiently communicate with the location server when and as required.

SUMMARY

Technigues for supporting location services with a streamlined location service
fayer are described herein. The streamlined location service fayer may aflow a terminal
to establish and maintain an exiended location session with a location server. An
application may then be able to efficiently obtain location service from the terminal and
the focation server at any time during the extended location session, since some oy alt of
the signaling and processing overbead may have occurred when the extended focation
session was established and may not need o be repeated. The streamlined location
service layer may also allow the terminal o control parameters {e.g., to select a
positioning method) to use during the extended tocation session.

In one design, a terminal may receive a location service request from an
application, whichk may be internal or exiernal io the terminal. The terminal may
exchange at least once message with a location server to establish an extended focation
session of a particular duration. The terroinal can thereafler obtain locaton service from
the location server at any time within the particalar duration of the extended location
session, ¢.g., whenever a location request is received from the application. in one
design, the terminal may send a fivst message comprising a request for assistance data ov

~

or a location estimate 10 the location server. The terminal may then receive a second

[

message comprising the requested assistance data or location estimate for the terminal
from the location server,

The terminal may obtain location service any nurber of times and at apy ume
during the extended location session. The terminal or application may emulate a more
complex location service (e.g., a periodic trigger location service or an area event
trigger location service) based on location informaton received from all of the times in

which location service is obtained by the terminal.



WO 2010/141884 PCT/US2010/037497

3
{86091 Various aspects and features of the disclosure are described in further detail
below.
BRIEF DESCRIPTION OF THE DRAWINGS

{8018 FIG. 1 shows an exemplary network deployment.

{801 1] FIG. 2 shows a call flow for a terminal-initiated exiended location session.
{0612} FEG. 3 shows a call flow for a network-inmtiated extended location session.

{88131 FIGS. 4 and 5 show iwo call flows for obiasining locasion service during an

extended locaiion session.

8614 FIG. 6 shows a process performed by & terminal to obtain location service.

I R
{8018} FIG. 7 shows a process performed by a location server (o support location service.
{8816} FIG. 8 shows a block diagram of a terminal, an access network, and a location server.

DETAILED DESCRYPTION

{8817} The technigues described herein may be used for user plane and control plane
location solutions/architectures. A user plane location solution is a location solution
that sends mcssages for Jocation services via a user plane. A user plane i3 a mechanism
for carrying signaling and data for higher-layer applications and employing a user-plane
bearer, which is typically implemented with standard protocols such as User Datagram
Protocol (UDP), Transmission Control Protocol (TCOP), and Internet Protocof (TP). A
conirel plane location sojution is a location selution that sends messages for location
services via a control plane. A control plane is a mechandsm for carrying signaling for
highes-layer applications and is typically implemented with networlk-specific protocols,
interfaces, and signaling messages. Messages supporting location services are carried
as part of signaling in a control plane location solution and as part of data (from the
network perspective} in a user plane location solution. The content of the messages
may, however, be the same or similar in both user plane and control plane location
soiubiens.

{8018] For clarity, certain aspects of the techniques are described below for Secure User
Plane Location (SUPL) froerm Open Mobile Alliance (OMA). SUPL is applicable for
various wireless and wireline networks and is described 1n publicly available documents

from OMA. For clarity, SUPL terminology is used in much of the description below.
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¥FIG. 1 shows an exemplary network deployment supporting localion services.
A terminal 110 may have service subscription with a home network 102h. However,
terminal 110 may be roaming to a serving network 102a, which may alse be referred to
as a visited network. Terminal 110 may then communicate with serving network 1(2a
to obtain communication services. Iit general, terminal 110 may be stationary or mobile
and may also be referred to as 2 mobile station (MS), a user equipment {(UE), an access
terminal {AT), a subscriber station, a station, etc. Terminal {10 may be & cellular
phone, a personal digital assistant (PDA), a handheld device, a wireless device, a laptop
computer, a wireless modem, a cordless phone, a telemetry device, a tracking device,
etc. Torminal 110 may be referred o as a SUPL Enabled Terminal (SET) in SUPL.
The terms “termnal” and "SET” are used interchangeably heren.

Serving neilwork 102a may include an access network 120, a serving core
vetwork J28a. an Access Network SUPL Location Plaiform (A-SLPY 130n, and other
nelwork entities not shown io FIG. | for simplicity. Access network 120 may be a radio
access network {RAN} (as shown in FIG. 1) or a wireline access network. A RAN may
be a Code Division Multiple Access (CDMA) 1X network, a Wideband CDMA
{(WCDMA) network, a Global System for Mobile Communications {GSM) netwaork, a
Long Term Fvolution (LTE} network, a wireless focal area network (WLAN], eic. Core
network 128a may include petwork entitics that may support variovs communication
services for terminals communicating with serving vetwork 1025, A-SLP 1302 may
support location services for terminals communicating with serving network 102a {e.g.,
including terminals roaming o serving network 102a) and may or may not reguire the
terminals to have any service subscription or any prior refationship 1o A-SLP [30a.
Cove network 1284 may also include a Visited SLP {V-SLP) that may support location
services for terminals roaming to serving network i02a.

Home network 102b may include a home core network 128b, a home SUPL
Location Platform {(H-SLP) 130b, and other network entities not shown in FIG. 1 for
stmplicity. Core network 128b may include network entities that may support various
cemimunication services for terminals communicating with or belonging to home
network 102k, H-8LP 130b may suppost focation services for terminals having scrvice
subscription with home network 102b.

A-SLP 130a and H-SEP 130b may support location services for terminals/SETs.

Location services may include any services based on or related to location. Location
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services may include positioning, which is a process 1o determine a geographic or civil
location eostimate for a farget SET. A target SET is a SET for which location
information is sr.mght. A location estimate may also be referred fo as a position
estimate, a position fix, ete. Positioning may provide (1) latitude, longitude, and

possibiy altitude coordinaies and an uncertainty for a geographic location estimate, (ii) a

(=3

.f_

sirect address for a civil location estimate, and/or {(iii} velocity and/or other information.

An SLP may melade a SUPL Location Center (SLC) and a SUPL Positioning
Center (SPC). The SLC may support location services, coordinale the operation of
SUPL, and interact with SETs over user plane bearer. The SLC may perform function
for privacy, Inttiation, sccurity, roaning support. charging/billing, service managerent,
location caleulation, ete. The SPC may support positioning for SETs and delivery of
assistance data to the SETs and may also be responsible for messages and procedures
used for location calculation. The SPC may perforra functions for security, assistance
data delivery, reference rewrieval, location calculation, ete.

An 5LP may support a proxy mode and/or a non-proxy mede in SUPL. In the
proxy mode, a SET may communicate with an SLC in the SLP for location service, and
the SLC would act as a proxy between the SET and an SPC in ecither the same SLP (for
non-roaming) or a separate V-SLP (for roaming). In the non-proxy mode, a SET may
communicate directly with the SPC for positioning after some initial communication
with the SLC. To one proxy mode design, use of a V-SLP may be coordinated by H-
SLP 130b and may not be visible to SET 110, which may interact only with H-SLP
{30b. In one non-proxy mode design, SET 110 may interact divectly with a V-SLP

e.g., with an SPC in the V-SLP) as directed by H-SLP 130b,

A SUPL agent 140 may be an LCS chient and may communicate with [{-SLP
130b {e.g., directly or via one or more neiworks) 1o obtain location information for
target SETs. Location information may comprise a location esiimate and/or any
information related to location or velocity. A SET may also have a SUPL agent
residing on the SET.

Terminal/SET 110 may receive and measure signals from satellites such as
sateflite(s) 150 to obtain pseudo-range mcasurements for the sateflites. The satellites
may be pari of the United States Global Positioning System {(GP3), the European
Galileo system, the Russian GLONASS system, or some other sateflite positioning

sysiem (SPS). The pscudo-range measwrements and the known locations of the
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satelhites may be used (o derive a location estimaie for terminal 110. Terminal 110 may
also receive and measure signals from base stations within access network 120 and/or
other networks in the same geographic area. Terminal 110 may obtain identity
mformation, tming measurements, and/or signal strength measurements for these base
stations.  The identity informaiion, liming measurements, and/or signal strength
measurements and the known locations of the base stations may be used to derive a
location estimate for terminal 110, {n general, a Jocation estimate may be derived based
on identity information and measurements for satellites, base stations, pseudolites,
and/or other transmitters.

{8027} Terminal/SET 110 may supportt one or more positioning methods. A positioning
method may support positioning of a target ierminal/SET based on measurementis for
one or more iypes of fransmitters. For example, terminal/SET 110 may suppost
autonomous GPS, assisted GPS (A-GPS), Advaoced Forward Link Trilateration (A-
FLT). Enhanced Observed Time Difference (E-QTD), Observed Time Difference OF
Arrival (OTDOA), Enhanced Cell Identity (ID). Cell ID, some other positioning
method, or a combination thereof. Autonomous GPS and assisted GPS are positioning
methods based on measuterents for satellifes, and the term “GPS” can geverically refer
o any GNSS. AFPLT, E-OTD, and OTDOA are positioning methods based on timing

casurements for base stations in a wireless network.

{88281 Terminal/SET 110 may also support one or more positioning protocols. A
positioning protocol may define (i) procedures that may be executed by a larget
terminal/SET and a location server and (i) communication or signaling between the
target lerminal/SET and the location server. For example, terminal/SET 110 may

support Radio Resouree LOS Protocol (RRLP), Radio Resource Conuwol (RRC), LTE

Positioning Protocol (LPP), C.S0022 {(also known as IS-801), some other positioning
protocol, or a combination thereof. RRLP, RRC and LPP are defined by an
organization named “3rd Generation Partoership Project” (3GPP). 1S-801 is defined by
an organization named “3rd Generation Partnership Project 2” (3GPP2).

168291 SUPL Version 2.0 (SUPL 2.0} supports a set of predefined location services

such as fmmuediate focation service, periodic trigger location service, area cvent trigger
location service, etc. For the immediale location service, the location of 4 target SET
may be determined immedialely when requesied and provided to a SUPL agent. For the

periodic trigger location scrvice, the location of a target SET may be periodically
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determined and provided to a SUPL agent. For the area event {rigger location service,
ihe location of a target SET may be determined periodically and provided to a SUPL

agent when a trigger coundition occuts, e.g., whenever the tavget SET is within a target
area or enlers or leaves the target area. Each of the predefined location services in
SUPL 2.0 may be invoked by a SUPL agent with a single command. This may simplify
the operation of the SUPL agent for more complex location services such as periodic
trigger and avea event trigger location services. The complexity is moved to an SLP and
the target SET. which would keep track of state information for each invoked location
service.

An application may coulate a complex location service {c.g., the periodic trigger
focation service} by keeping track of state mformation and invoking the immediate
location service whenever required. Emulation may reduce complexity in the SLP and
in the portion of the target SET that supports SUPL. However, cmulation may be
inefficient smee more signaling overhead may be incurred for each invocation of the
tmmediate location service.

In an aspect, a streamlined SUPL service layer may be used to provide
applications with mote efficient access to a SUPL positioning layer. The SUPL
positioning layer may include protocol entities and functions that can support
positioning of SETs. The SUPL service layer may support location services and may
communicate with the SUPL positioning laver wheoever positioning is required. o one
design, the streamlined SUPL service layer may allow a SET 10 esiablish and maintain
an exiended location session with an SEP. An applicaton {e.g., runaing on the SET)
may invoke the SUPL service layer or the SUPL positioning layer ai any i{ime during
the extended location session and may obtamn a Jocation estimale when and as needed
during the extended location session. The sweamlined SUPL service layer may also

How the SET to configure parameters (e.g., to sclect a positioning method, or a
positiondng protocol, or Quality of Positioning (QoP), eic.) to use during the extended
focation session {e.g.. by taking into account the capabilities of the SET and the SLF).

FIG. 2 shows a design of a call flow 200 for a SET-initiated extended location
session with the streambined SUPL service layer. An application 112 running on SET
110 may desire locaton informaiion {e.g., a location esumate} for SET 110 and may
send a location service request {0 the SUPL service layer in SET 110 (step A). For

simplicity, the SUPL service layer and the SUPL positioning layer in SET 110 will be
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vaferred w0 as simply SET 110 in the description below, except when being
distinguished from other parts of SET 110. SET 110 may perform a data connection
setup procedure, attach iiself to a packet data vetwork if necessary, and establish a
secure IP connection (o SLP 130 (step B). SLP 130 may be A-SLP 130a in serving
network 102a, or H-SLP 130b in home network 102b, or some other SLP.

SET 110 may then send a SUPL START message {o establish an exiended
focation session with SLP 130 (siep C). This message may include a session-id used to
identify the extended location session, a focation-id (lid) identifying a current serving
cell of SET 110, the capabilities of SET 110 {SET capabilities}, a requested duration for
the extended location sessicn {durafion), eic.  The SET capabilities may jnclude
positioning capabilities and/or service capabilities of SET 110.  The positioning
capabilities may include positioning methods and positioning protocols supported by
SET 110, The service capabilitics may include location services, reporting capabilities,
and/or other capabilities supported by SET 110, For the extended location session, the
SET capabilities may be limited to options applicable for the streamlined SUPL service
fayer. The requested duration may be selecied by SET 110 and may be an expecied
duration in which location service may be desired or needed by SET 110, The
requested duration may be selected with or without inputs (rom application 112.

SLP 130 may receive the SUPL START message from SET 110 and may
recognize that this message is for an exiended location session (instead of a normal
location session) based on the requested duration and/or some other information in the
message. SLP 130 may extract and store the SET capabilities for future use. SLP 130
may authenticale and authorize SET 110 for the extended location session and may
obtain routing information for SET 1i0 (step D). SLP 130 may then send a SUPL
RESPONSE message 10 SET 110 (step E}). This message may include the session-id
included in the SUPL START message, a selecied positioning method (posmethod), the
capabilities of SLP 130 (SLP capabilities), a granted duration for the extended location

ession {duration), etc. The SLP capabilities may incjude positioning capabilities (e.g.,

o

supported positioning methods and protocols) and/or service capabilities of SLP 130.
For the oxtended location session, the SLP capabilitics may be limited to options
applicable for the streambned SUPL service layer. The granted duration may be the
maxiroum lifetime of the extended location session and may be equal lo, shorter than, or

longer than the requested duralion. The exiended location session may terminate when
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the granted duration expires. The extended location session may also be (i) terminated
earlier than the granted duration by either SET 110 or SLP 130 seading a SUPL END
mwessage or (it} extended past the granted duration by SET 110 sending another SUPL
START message to SLP 130. SET 110 may retumn an acknowledgement (Ack) to
application 112 to indicate availability of location service {siep F).

As shown in FIG. 2, the extended location session may be established by a
simple exchange of two SUPL messages between SET 110 and SLP 130, The {rst

SUPL message from SET 11{ may include information (e.g., the requested duration) to

b3

convey a request to establish an extended location session. The first SUPL message
may alse include one or more parameters {e.g., for SET capabilities) that may he used
for the extended location session.  The second SUPL message from SLP 130 may
inchude information (e.g., the granted duration} 0 acknowledge establishment of the
extended location session. The second SUPL message may also include one or mare
parameiers {e.g., for SLP capabilides) that may be used for the extended Jocation
session.  Adduional SUPL messages may also be exchanged to negotiale certain
parameters (e.g., for duration, positioning method, ctc.) and/or to configure additional
paraneters.

The extended location session may be established by SET 110 in response to a
location serviee request from application 112, as shown in FiG. 2. The extended
tocation session may also be established by SET 110 prior to receiving a location
service request from any application, so that the extended location session is available
for use if and when location service is requesied by any application. In any case, once
the extended location session is established, application 112 may obtain location service
af sy time during the extended location session. Appiicaﬁon 112 may send a {ocation
reguest whenever location information (e.g., a location estimate} for SET 110 is desired
{steps G, Jand M). SET 110 and SLP 130 may then exchange messages for a location
session 1o obtain the requested location information {steps H, K and N). Alternatively,
SET 110 may provide the requested location information without interacting with SLP

30 if SET 130 already has the necessary information {e.g., assistance data) from a
previous intexaction with SLP 130. For example, SET 110 and SLP 130 may perform
step 4, and step K may be omitied if assistance data is provided by SEP 13010 SET 110
in step H and is sufficient to enable SET 110 to obiain location information (e.g., a

location estimaie) requested by application 112 in step 1. SET 1i0 may refurn a
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location response with the requested location information to application (12 (steps L L
and ). Each location session may include less signaling and processing overhead due
o the secure data convection setup in step B, the pre-configuration of the extended
location session in steps C and E and, in some cases, assisiance daia derived from
previous location sessions {e.g., such as when assistance data peeded for step K is
obtained from step H).

The exiended location session may ierminate when its duration expires. SET
110 may also send a SUPL END message to terminate the extended location session
early. e.g., due to a location service termination indication received from application
112 (step P). SLP 130 may also send a SUPL END message 1o torminate the extended
location session (not shown in FIG. 2).

FIG. 3 shows a design of a call flow 300 for a network-initiated exiended
location sesston with the streambined SUPL service layer. Ao application 142 within
SUPL agent {40 and external to SET 110 may desire locaton mformation {e.g.. a
location estimate) for SET 110. Application 142 may send a location service request 1o
application 112 on SET 110 (step A). Applcaiion 112 may receive the location service

request and may send a location service initiation fo SET 110 (step B). Steps C, I3, B

~

and F may then be performed as described above {or steps B, £, D and E, respeciively,
in FIG. 2 to establish an extended location session for SET 110 with SLP 130, SET 110
may send an acknowledgement to application 112 (step G), which may return a service
acknowledgement Lo application 142 {(step H}.

Once the exiended location session has been established, apphications 112 and
142 may obtain locaiion service at any time during the extended location session.
Application {12 may send a location request whevever location information {e.g., a
location estimate) {or SET 110 is desired (steps L, M and Q). SET 110 and SLP 130
may then exchange messages for a location session to obiain the reguested location
information (steps I, N and R). SET 110 may then provide the requested location
mformation to application 112 (steps K, O and S). Application 112 may then send a
location report containing the requested location information lo application 142 (steps
L., Pand T). Each location scssion may include fess signaling and processing overhead
due to the secure data connection setup in step C. the pre-configuration of the extended

location session in sieps D and F and, in some cases, assistance data derived from
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previous location sessions (e.g., such as when assistance dala needed for step W is
obiained in step J).

in another exemplary design in FIG. 3, application 112 may perform additional
services [or applicaiion 142 based on the location information obtained Som SET 114,
For example, application 112 may verify whether SET {10 is within a designated
geographic area or has just eniered or just left the area. Application 112 may then
provide additional information to application 142 in steps L, P and T (e.g., indicate
whether SET 110 is inside, has just entered, or has just lefl the designaled geographic
area). Alternatively, application 112 may only perform step L, or B, or T if a specific
trigger condition is met {e.g., such as SET 110 baving just entered or just left a
desi gnated geographic area).

The extended location session may terminate when its duraton expires. SET

110 may alsc scud a SUPL END message fo terminate the extended location session
early, e.g.. due to a location service termination indicaton from apphication 112 or 142
{(step U). SLP 130 may also send a SUPL END message to terminate the extended
focation session (not shown in FIG. 3).

¥1G. 4 shows a design of a call flow 400 for a location session within an

shown in FIGS. 2 and 3. SET 110 may send a SUPL POS message to SLP 130 o
initiate the Jocation session, e.g., whenever location service is desired by application
P12 on SET 110 (step A). This SUPL PGS message may include the session-id
identifying the extended location session, one or more positioning messages for a
selected positioning proiocol, QoP defining the required accuracy of a location estimate,
an indication of whether velocity is required, and/or other information. The sejected
positioning protocol may be LPP or [S-801, both of which sapport SET-initated
positioning. The positioning message(s) may include pertinent information such as a
request for assistance data, measurements used for positioning, serving cell 1D, othe
ceil 1Ds, ete.

SLP 130 may receive the SUPL POS message from SET 110 and may send
another SUPL POS message 10 SET 110 (step B). The rewrned SUPL POS message
may mnelade the session-id. one or more positioning messages for the selected
positioning protocol, and/or other information. The positioning message(s) may include

pertinent information such as assistance data (if requesied), a location estimate for SET
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110, ete. The location estimate may be sent in a field of a positioning message or a field
of the SUPL POS message.

SET 110 and SLP 130 may exchange additional SUPL POS messages (steps €
and ). Bach SUPL POS message may include the session-id for the extended location
session, one or more positioning messages carrying any suitable information, and/or
other information. The selected positioning protocol may support one or more
positioning methods for one or more access types.  Any number of SUPL POS
messages may be exchanged between SET 110 and SLP 130 to request and provide
information for one or more sclected positioning methods. The SUPL POS messages
may be used (i) as container messages to carry positioning messages for the selected
positioning protocol, () to carry information {e.g., QoP) on the type of location
information requested by SET 110, and (iii} to associate the location session with the
extended Tocation scssion,

fn one design, SET 110 may send the first SUPL POS message for the Jocation

ession, and SLP 130 may send the last SUPL POS message. The SUPL POS messages
may be sem pair-wise, with one SUPL POS message from SET 110 {ollowed by another
SUPL POS message from SLP 130, as shown in FI1G. 4. Multiple SUPL POS messages
may also be sent by SET 110 or SLP 130 prior to a return SUPL POS message from
SLP 130 or SET 110, respectively.

FIG. 5 shows a design of a call flow 500 for a location scssion within an
extended location session. Call flow S00 may also be used for each of the Jocation
sessions shown in FIGS. 2 and 3. SET 110 may send a SUPL POS INIT message to
SLP 130 to initiate the location session, e.g., whenever location service is desived by
application 112 on SET 110 (step A). This SUPL POS INIT message may include the
session-id deniifving the extended location session, the SET capabililies, a selected
positioning method (posmethod) for the location session, cell information (e.g., serving
cell i and/or other cell ¥Ds), QoP. one or more positioning messages tor a selected
posttioning protocol and carvying any suitable information, ete.

SET 110 and SLP 130 may then exchange SUPL POS messages for the location
session (step B). Each SUPL POS message may inchade the session-id for the extended
location session, one oy more positioning messages for the selected positioning protocaol,
and/or other information. The selected positioning protocel may be RRLP, RRC, LPP,

IS-801, etc. RRLP and RRC support network-iniiiated positioning whereas LPP and IS-
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801 support both network-initiated and SET-initiated positioning.  Any number of
SUPL POS messages may be exchanged between SET 110 and SLP 130 to request and
provide Jjoforsoation for ove or more positioning methods.  Upon completing the
exchange of SUPL POS messages, SLP 130 may send a SUPL REPORT message
conlaming the session-id and possibly a location estimate and/or velocity estimate for
SET 110 (position) (step €. The SUPL REPORT message may be used to indicate the
end of the location session and to return any location estimate and/or velocity estimate
computed by SLP 130 {or SET-assisted positioning.

FIGS. 4 and 5 show two exemplary call flows for a location session within an
extended location session. Tn geoeral, SET 110 may send any suitable SUPL message
to initiate a jocation session with SLP 130, Different SUPL messages may be used {or
different positioning prolocols. For the location session, SET 110 and SLP {30 may
exchange any number of SUPL POS messages, which may be used as a container for
posiioning messages and to associate the location seasion with the extended Jocation
session.

As shown in FIGS. 4 and 5, little signaling and processing overhead may be
incurred for cach location session within an extended focaticn session. o FIG. 4, SET
{10 and SLP 130 may exchange SUPL POS messages for positioning right away,
without having to first establish a secure daia connection or send any overhead SUPL
messages. o FIG. 5, SET 110 may send a SUPL POS INIT message to initiate a
focation session.  The call flows in FIGS. 4 and 5 may avoid other overhead SUPL
messages, such as SUPL START and SUPL INIT messages, normally used to kiidate a
focation session.

A pair of SUPL START and SUPL RESPONSE messages may be exchanged
between SET 110 and SLP 130 10 establish an extended location session, as shown in
FIGS. 2 and 3. These SUPL messages may be used to configore one or mowe
parameters {c.g.. for a selected positioning methed, 2 selected positioning protocol,
QoP, etc.) for the extended location session. The configured parameter(s) may be stored
for the extended location session and may be used throughout the extended localion
session, which may reduce signaling overhead. Each Jocation session within the
extended location session may utlize the configured parameter(s).

The techniques described herein may allow SET 110 to have a secare extended

location session to allow one or more applicaiions to invoke the SUPL positioning laver
g=3 n
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al any time 1o obiain location service. This may improve efficiency, reduce signaling
teatfic, improve performance, and provide other advantages, The techniques may also
allow SET 110 and/or application 112 more control over parameters to use for location
service, €.8., 10 select a positioning methed. The techniques may also be used {or the
proxy mode and the non-proxy mode in SUPL.

The techniques described herein may allow complexity for location services o
be moved fom SET 110 and SLP 130 to applications (e.g., application 112 running on
SET 110). SUPL extities such as SET 110 and SLP 130 may support a small set of
sirpie location services. The applications may iraplement complex location services by
invoking the simple location services and taking over service coonwol from the SUPE
entities, For example, an application may determine when to invoke location service
during an extended location session to obtain a location estimaie for a target SET,

.

evaluale a trigger condition based on the location estimate, and report the location
estimate 1o an LCS chient if needed {e.g., when a trigger condition is met). Moving
complexity and session control 1o the appiications may allow more focation services to
be developed for the applications and may also reduce development time for new
Jocation services. For example, an application may be able to enwilate complex location
services such as the pericedic trigger location service and the area event trigger location
service based on the simple location services supporled by the sireamiined SUPL
service layer,

fn another design, complex location services {e.g., for periodic location,
triggered location, efc.) may be sapported by the SUPL service layer and/or the SUPL
positioning layer in SET 110 on behalf of internal application 112 in SET 110 or
external application 142. The SUPL service layer and SUPL positioning layer in SET
110 may support the method of FIG. 2 or 3 to establish an extended location session
with SLP 130 and obtain location information at periodic time infervals during the
extended Jocation session {(e.g., by instigating steps H, K and N in FIG. 2 or steps ), N
and R in FIG. 3). However, appiicaiitm 112 may not request location information from
the SUPL service layer or SUPL positioning layer al intervals {e.g., nsteps G, Jand M
in FIG. 2 or in steps L, M and Q@ io FIG. 3), and the SUPL service layer and SUPL
positioning Jayer may not provide location information at intervais o applicadon 112
{e.g., nsieps I, Land O in FIG. 2 orin steps K, O and S in FIG. 3. Instead, application

112 may indicate the required complex location service (such as determining when SET
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110 has just entered, just lefl or still remains in some designated geographic area) only
once to the SUPL service layer {e.g., in step A tn FIG. 2 or step B in FIG. 3). The
SUPL service layer and/or the SUPL positioning layer may then determine when to
obtain location information to support the requested complex location service. When a
particalar trigger condition is mef, the SUPL service layer or the SUPL positioning layer
may send an indication of the trigger condition (e.g., such as SET 110 entering or
leaving & designated geographic area) to application 112 along with associated location
information. If application 112 is acting on behalf of application 142, then application
112 may transfer the location information 0 application 142. In this design, service
complexity may be hidden from SLP 130 and from applications 112 and 142, and may
impact enly the SUPL layers in SET 110, Furthermore, the additional complex location
services supported by the SUPL layers in SET 110 may or may not be defined as part of
SUPL.. Thus, these additional complex location services may be provided as either
proprietary non-standardized location services or as standardized location services in

SET 110 to internal applications in SET 110 {e.q.

=4

, apphication 112) or exiernal
applications {(e.g., application 142},

SET 110 typically conununicates with H-SLP 130b iv home network 102b for a

SUPL location session. SET 110 may be preconfigured with the address of H-SLP

130b and may be able 1o reach H-SLP 130b using the preconfigured H-SLP address. If
SET 110 is reaming, then SET 110 may exchange SUPL messages with H-SLP 130b
vig various network entities in serving network 102a and home network 107b.

in ancther aspect, SET 110 may comumunicate with A-SLP 130a in serving
network 102a (instead of H-SLP 130b in home network 102b) for an extended location
session. This may reduce signaling traffic and may also reduce delay to obiain location
service during the extended location session when SET 110 is roaming. This may also
assist a SET that does not have an H-SLP or when an A-SLP provides some services
that an H-SLP does not provide {e.g., more accurate and more reliable location support,
or suppott of an aceess network not supported by an H-SLP).

SET 110 may discover A-SLP 1302 in serving network 102a in various manners,
in onc design, SET 110 may obtain the address of A-SLP 130a using Dynamic Host
Configuraton Prowcol (DHCP). SET 110 may broadcast a request for conliguration
informarion for an A-SLP for an access network currently serving SET 110. A DHCP

server may receive the request from SET 118 and may respond with configuration
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mformation {e.2., an address) for A-SLP 130a from a configaration database maintained
by the DHCP server. In another design, SET 110 may obtain the address of A-SLP

130a using Domain Nane System (DNS). SET 110 may send a DNS query with an A-
SLP domain name {(e.g., aslpnetworkABC.com) derived from the domaim name of an
access network (e.g., networkABC.com} currently serving SET 110, A DNS server
may receive the DNS query from SET 110 and may respond with an address associated
with the domain name.  In yet another design, A-SLP 1302 may be assigned a fixed and
well-known address. SET 110 may know the fixed address of A-SEP 130a and may be
able to directly access A-SLP 130a. In yet another design, an access network may

provide the address of an associated A-SLP 1o SET 110 when SET 110 first attaches to

the access network or when SET 110 sends a request for this address to the access
network.

fo one design, either A-SLP 130a or H-SLP 130b may be selected to serve SET
110 based on various factors such as services and positioning capabilities {of either A-
SLP 130a or H-SLP [30b), billing charges, speed and ease of access {e.g.. signaling
bandwidih and delay), ctc. As an example, a 3GPP H-SLP may not be able to support
positioning of a SET accessing a 3GPPZ vetwork (or vice versa), which may make the
use of an A-SLP essential. A-SLP [30a may support both the streamlined SUPL
service layer and normalffull SUPL service layer {e.g., as described in SUPL 2.0).
Security including muival avthentication and ciphering may be used for communication
between SET 110 and A-SLP 130a. Security for the streamlined SUPL service layer
may be achieved (1} in similar manner as {or commurication belween SET 110 and H-
SLP 130t for the foll SUPL service layer or (i) using different procedures, e.g.,
different authentication methods.

In yet another aspect, all or a portion of SUPL may be implemented using
Extensible Markup Language (XML). For example, the portion of SUPL related to the
streamiined SUPL service layer may be implemented with XML, In one design, ASN.

{Abstract Syniax Notation One) may be retained as a schema for SUPL, and
International Telecommunication Union (ITU} X.693 may be employed to encode this
in XML (e.g., with XER encoding). In another desiD . new Document Type Definition
{(DTD) schema or XML Schema Definition (X8D} schema may be defined from the
SUPL ASN.! definiion but may be restricted 10 SUPL messages and parameters

applicable to the sireamlined SUPL service layer. In both designs, oniy a subset of
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SUPL may be impacied by implementation in XML, and the impact may be limited to
front-end coders and parsers. Negotiating between ASN.1 and XML may be aveided by
defining cither ASN.1 or XML by convention for any A-SLP and may be configured on
a Subscriber [dentity Module (SIM) card of a SET for an H-SLP.

Other positioning protocols sach as RREP, RRC, LPP, and IS-R01 may also be
converted from ASN.1 {or some other format) to XML. The conversion may be
syntactic rather than semantic (i.e., with changes m format rather than content). An
XKML version of a given positioning protecol {(which may be referred to as an XML
positioning protocol) may support the same assistance daia and measurement types as
an ASN.1 version of the positioning protocol. New positioning methods as well as
changes to existing positioning roethods may be added to the resulting XML positioning
protocol.  For example, the XML positioning protocol may be extended to suppornt
positioning for non-3GPP and non-3GPPZ access fypes such as Wi-Fi, fixed broadband,
WiMAX, eic.

FIG. 6 shows a design of a process 600 performed by a terminal/SET to obtain
focation service. The tlerminal may receive a location service request from an
application, which may be internal o the terminal {¢.g., as shown in FIG. 2} or external
to the terminal {e.g., as shown in FIG. 3) (block 612). The terminal may exchange at
least one message with a focation server to establish an extended location session of a
particular duration (block 614). The terminal may establish the extended location
session (1) i responae to the location service request from the application or (i3) prior to
receiving any location service request.

The terminal may receive a location request from the application (hlock 618).
The terminal may obtain location service from the location server as part of the
extended location session ai any lime within the particular duration of the extended
location session, ¢.g., in response to receiving the location request (block 618). The
terminal may send a location response comprising location iuformation to the
application (block 620;.

In one design, the terminal and the location server may exchange SUPL
roessages for the extended location session. The terminal may determive a session {D
for the extended location session. The termunal may use the session D to identify
messages exchanged with the location server to obtain location service during the

exiended lorcation session.
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In one design of block 614, the terminal may exchange ihe at least one message
with the focation server to further configure at leasi one parameter for the extended
focation session. The at least one canﬁgurcd parameter may conprise a selected
positioning method, or a selected positioning protocol, or QoP, or some other parameter,
or a combination thereof. The terminal may thereafter obtain location service from the
location server based on the at least ong configured parameter.

In cne design of block 614, the terminal may seod a first message (e.g., a SUPL
START message) to the location server to initiale establishment of the extended

g, a SUPL

=

focation session.  The terminal may receive a sccond message (e
RESPONSE message) sent by the location server to acknowledge establishment of the
xtended jocation session. In one design, the first message may comprise 8 requested
duraiion of the extended locaiion session, and the second message may comprise a
granted duration of the extended location scssion.  The particular durstion of the
extended Jocation seasion may be equal to the granted duration or may be determined in
other manners. In one design, the first message may comprise positioning capabilities
of the terminal, and the second message may comprise positioning capabilities of the
location server. The first and second messages may also comprise other information.
In one design of block 618, the terminal may send a third message (e.g., a SUPL
POS message or a SUPL POS INIT miessage) to the location server to obtain location
service. The terminal may receive a fourth message (e.g., a SUPL POS message or a
SUPL REPORT message) comprising location information from the location server. Yo
pne design, the third message may comprise a request for assistance data, and the
location information in the fourth message may comprise assistance data for the
termainal.  fn avother design, the tird message may comprise measurements, and the
lecation information may comprise a locavon estimate for the terminal. In one design,
the third message miay comprise a positioning method selected by the terminal, or ai
feast one positioning message for the selected positioning method, or some other
mformation, or a combination thereofl
In one design, the terminal may obtain location service a plurality of times
during the extended location session. The terminal may receive location information
{e.g., a location esumate for the terminal) each time location service is obtained. The
terminal (or the application at the terminal} may use the location information to emulate

a periodic trigger location service, or an area event irigger location service, or some
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other Jocation service morve complex than an immediate location service. In general, the
icrminal may obiain Iocalion service any number of times and at any time during the
extended location session. The terminal may emulate any Jocation service based on the
location information received from all of the times in which Jocation service is obtained
by the terminal.
{8667} The exiended location session may terminale when the particular duration
expires. In one design, the localion server mway send a SUPL END message 10 the
terminal (or vice versa) when the duration has expired to explicitly terminaie ihe
extended session. In another design, the terminal may exchange a message with the
location server to ferminate the extended location scssion prior to expitation of the
particular duration, e.g., as shown in FIGS. 2 and 3. ¥n yet another design, the terminal
may send a message o the location server to reguest for extension of the extended

location session past the particular duration.

{6868] fn one design, the terminal may commupicate with a home network, and the
focation server may be an H-SEP {or some other location server) residing in the home

network. In another design, the terminal may be roaming away from the home network
and gy comnwnicate with a serving network. in this case, the location server may be
an A-SLP i the serving network or the H-5LP in the home network. The terminal may
discover the A-SLP using DHCP, or DNS, or when attaching to the serving network, or
using some otber mechanism.

[6669] FIG. 7 shows a design of a process 700 performed by a location server (e.g., an
SLP) w0 support location service. The location server may exchange at least one
message with a terminal to esiablish an exiended location session of a particular
duration (block 712). The location server may provide location service to the terminal
as part of the exiended location session when requesied by the terminal at any time
within the particular duration of the extended location session {biock 714).

{88791 fo one design of block 712, the locafion server may veceive a first roessage sent

1
am

by the terminal to initiate establishment of the extended location session. The Jocation

server may send a second message to the terminal {o acknowledge establishment of the
extended location session. In ove design, the first message may comprise a requested
duragon of the extended location session, the capabilities of the terroinal, eic. The
second miessage may comprise a granted duration of the extended location session, the

capabilities of the location server, etc. The message exchange may also configure &



WO 2010/141884 PCT/US2010/037497

{8071}

{66721

(00731

20

least one parameier for the extended location session, e.g., a selecled positioning
method, 3 selected positioning protocol, QoP, ete. The location server may provide
focation service to the terminal based on the at east one configured parameter.

In oue design of block 714, the location server may receive a third message sent
by the terminal to obtain location service. The location server may send a fourth
message comprising localion information to the terminal. The third message may
comprise a request for assisiance data, measurernents, a selected positioning rethod,
ele. The fourth message may comprise assistance data for the terminal, a location
estimaic for the terminal, and/or some other location information. The location server
may provide location service to the terminal a plurality of tmes during the extended
location session 1o enable the terminal to repeatedly obtain location information or
emulate a periodic trigger location service, or an area event irigger location service, or
some other complex location service.

The exiended location session may ternunate when the particular duration
expires. In one design, the location server may send a SUPL END message (o the
terminal (or vice versa) when the duration has expired to explicitly terminaie the
extended session.  In another desigo, location server may exchange a message with the
terminal to lerminate the extended location session prior {o expiration of the particular
duration, c.g., as shown in F1G. 2 or 3. In yet another design, the location server may
teceive a message sent by the terminal to request for extension of the extended location
session past the particular duration. The Jocation server may either (i) grant the request
and extend the extended location session or (i) dismiss the request and terminate the
extended location session when the particular duration expires.

¥i{. 8 shows a block diagram of a design of terminal/SET 110, access network
120, and location server/SLP 138, For stmplicity, FIG. 8 shows only one controller/
processor 810, one memory 812, and one transmitter/receiver (TMTR/RCVR) 814 for
tersxinal 110, only one controllet/processor 820, one memory 822, onc transmitter/
receiver 824, and one communicadon (Comm) unit 826 for access network 120, and
only one conwroller/processor 830, one memory 832, and one communication unit 834
for SLP 130. In general, cach entity may include any number of processing units {e.g.,
processors, controllers, ete)), memories, transmutters/recetvers, communication units,

ete. Terminal 110 may support communication with one or more wireless and/or
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wireline networks. Terminal 110 may also receive and process signals from one or
more SPS8’s, ¢.g., GPS, Galilen, GLONASS, ¢tc.

On the downlink, access network 120 may transmit traffic data, signaling, and
pilot o terminals within its coverage arca. These various types of information may be
processed by processor 820, conditioned by transmitier 824, and transmitted on the

i~

downlink. Al lerminal 110, downlink signals from access network 120 may be received

and conditioned by receiver 14 and further processed by processor 8§10 to obtain
various types of information. Processor 819 may perform process 600 in FIG. 6 and/or
other processes for the iechniques described herein. Processor 810 may also perform
processing for SET 116 i FIGS. 2 through 5. Momories 812 and 822 may sfore
program cedes and data for terminal 110 and access vetwork 120, respectively. On the
aplink. terminal 110 may transmil traffic data, signaling, and pilot to access network
i20.  These varicus types of information may be processed by processor 819,
conditioned by transmilter §14, and transmitied on the aphink. At access network 120,
the oplink signals from terminal 110 and other terminals may be received and
conditioned by receiver 824 and further processed by processor 820 to obtain various
types of information from the terminals. Access network 120 may directly ot jndirectly
communicate with SLP 130 via communication unit 826.

Within SLP 130, processor 830 may perform processing to support location
services for terminals. For examople, processor 830 may perform process 700 in FI1G. 7
and/or other processes for the technigues described herein.  Processor 830 may alse
perform processing for SLP [30 m FIGS. 2 through 5. Processor 830 may alse provide
assistance data to terminal 110, compute location cstimates for terminal 110, provide
location nformation to SUPL agent 140, eic. Memory 832 may store program codes
and data for SLP 130, Communicaiion unil 834 may aliow SLP 130 lo communicate
with access nefwork 120, terminal 110, and/or other network entities (not shown in
FIG. 8). SLP 130 and terminal 110 may exchange messages {e.g.. SUPL messages),
and these messages may be transporied via access network 1290

Those of skill in the art would understand that information and signals may be
represented using aoy of a varicty of different technologics and techniques.  For

example, data, instructions, commands. informaiion, signals, bits, symbols. and chips

1

that may be referenced throughout the above description way be represented by
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voltages, currents, electromagnetic waves, magnetic {telds or particles, optical fields or
particles, or any combinaiion thereof,

Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in conmection with the
disclosure herein may be implemented as hardware, compuier software/{irmware, or
combinations of both. To clearly illusiraic this interchangeability of hardware and
software/firmware, various illusirative components, blocks, modules, circuits, and steps
have been described above generally in terms of their functionality, Whether such
functionality Is implemented as hardware or software/firmware depends upon the
particular application and design constraints imaposed on the overall system.  Skilled
artisans may implement the described functionality in varying ways {or each particular
application, but such implementation decisions should not be interpreted as causing a
depariure from the scope of the present disclosure.

Position determination iechmiques deseribed herein may be implemented in
conjunction with various wireless comimunication networks such as a wireless wide area
network (WWAN]), a wireless local area nelwork (WLAN), a wireless personal area
network (WPAN), and so on.  The term “network™ and “system”™ are often used
interchangeably. A WWAN may be a Code Division Muliiple Access (CDMA)
network, a Time Division Multiple Access (TDMA) network, a Frequency Division
Multipie Access (FIDMA) network, an Orthogonal Frequency Division Multiple Access
{OFDMA) network, a Single-Carrier Frequency Division Muldiple Access (SC-FBMA)
network, a Long Term Evolution (LTE) network, 2 WiMAX (IEEE 802.16) network
and so on. A UDMA network may implement one or more radio access technologies
(RATs) such as ¢dma2000, Wideband-CDMA {W-CDMA), and so on.  Cdma2000
mechides 15-95, 15-2000, and I5-856 siandards. A TDMA network may implement
Global Sysiem for Mobile Comnuunications ((38M), Digital Advanced Mobile Phone
Systern ([3-AMPS}, or some other RAT. GSM and W-COMA are described i
documents fom a counsortium vamed “3rd Generation Parinership Project” (3GPP).
Cdma2000 is described in docaments from a consoriium named “3rd Generation
Partnership Project 27 (3GPP2). 3GPP and 3GPP2 documents are publicly available. A
WELAN may be an IEEE 802.1{x network, and a WPAN may be a Bluetooth network,

an TEEE 802.15x, or some other wype of network. The techniques may also be
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implemented in conjunction with any combination of WWAN, WLAN and/or WPAN.
The techniques may also be implementied in conjunction with femtocells.

A satellite positioning system (SPS) typically includes a system of transmiiters
positioned to enable entities to determive their Jocation on or above the Earth based, at
least in part, on signals received from the transmitters. Such a8 transmitier typically
transiniis a signal marked with a repeating pseudo-random noise {PN) code of a set
number of chips and may be located on ground based conwol siations, user equipment

and/or space vehicles. In a partcular example, such transmitters may be located on

bl

Earth orbiting satellitc vehicles (SVs). For exampie, a SV in a constellation of Global
Navigation Satellite System (GNSS) such as Global Positioning System (GPS), Galileo,

¥
GLONASS or Compass may {ransmil a signal marked with a PN code that is
distinguishable from PN codes transmitied by other SVs in the constellation {e.g., using
different PN codes for cach satellite as in GPS or using the same code oo different
frequencies as in GLONASS). o accordance with certain aspects, the technigues
presenfed herein are not restricted lo global systems (e.g., GNSS} for SPS. For
example. the technigues provided herein may be applied 10 or otherwise enabled for use
i various regional systeras, such as, e.g., Quasi-Zenith Satellite System {QZSS) over
Japan, Indian Regional Navigational Sawellite Sysan‘:m (IRNSS) over India, Beidou over
China, eic., and/or various augmeniation systems (e.g., an Satellite Based Augmentation
Systern (SBAS)) that may be associated with or otherwise enabled for use with one or
more global and/or regional navigation satellite systems. By way of example but not
fimitation, an SBAS may include an augmentation system{s) that provides inlegrity
information, differential corrections, cic., such as, ¢.g., Wide Arca Augmentation
System (WAAS), Ewopean Geostationary Navigation Overlay Service {EGNOS),
Multi-functional Satellite Augmentation System (MSAS), GPS Aided Geo Avgmented
Navigation or GPS and Geo Augmented Navigation system (GAGAN), and/or the like,
Thus, as used bercin an SPS may include any combination of one or more global and/or
regional navigation saielhite systems and/or augmentation systems, and SPS signals may
include SPS, SPS-like, and/or other signals associated with such one or more SPS.

A termunal/SET refers to a device such as a cellular or other wireless
communication device, personal communication system (PCS) device, personal
navigation device (PND), Personal Information Manager (PIM), Personal Digial

Assistant {PDA), laptop or other suitable mobile device which is capabie of receiving
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wireless commurmcation and/or navigation signals. Terminal/SET is also iniended to
include devices which communicate with a personal navigation device (PND}, such as
by shott-range wireless, infrared, wireline connection, or other connection — regardless
of whether satellite signal reception, assistance data receplion, and/or position-related
processing occurs at the device or at the PND.  Also, terminal/SET is intended 1o
include all devices, incloding wircless communication devices, computers, laptops, eic.
which are capable of communication with a server, such as via the Intemet, Wi-Fi, or
other network, and regardless of whether satellite signal reception, assistance daia
reception, and/or position-related processing occurs at the device, at a server, or at
another device associated with the network. Aoy operable combination of the above are
also considered terminal/SET.

The methodologies described herein may be implemented by varicus means
depending upon the application.  For ecxample, these methodologies may be
implemented in hardware, firmware, software, or any combination thereof. For an
inplementation involving hardware, the processing units may be implemented within
one or more application specific integrated circuits (ASICs), digital signal processors
{DSPs), digital signal processing devices (DSPDs), programmable logic devices
{PLDs), feld programmable gate arvays (FPGAS}, processors, conirollers, micro-
conirollers, microprocessors, electronic devices, other clectronic units designed o
perform the functions described herein, or a combination thereof,

For an implementation involving firmware and/or sofiware, the methodologies
may be implemented with modules (e.g., procedures, functions, and so on) that perform
the fonctions described herein.  Any machine-readable medium fangibly embodying

mstractions may be used m implementing the methodologies described herein.  For
example, sofiware codes may be stored in 8 memory and execuled by a processing unit.
Menory may bhe implemented within the processing unit or external to the processing
unit. As used herein the terrn “memory™ refers to any type of long term, short torm,
volatile, nonvolatile, or other memory and is not to be himited to any particular type of
memory or homber of memories, or type of media upon which memory is stored.

I implernented i firmaware and/or software, the functions may be stored as one
or more mstrucions or code on a computer-readable medium.  Examples include
computer-readable media encoded with a data structure and computer-readable media

encoded with a computer programi.  Computer-readable media inchudes physical
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computer storage media. A siorage medivm may be any available medium that can be
accessed by a computer. By way of example, and not limifation, such computer-
readable media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk siorage, semiconductor storage, or other storage devices, or any
other mediiun that can be used o store desired program code in the {orm of nstructions
or data structures and that can be accessed by a compuier; disk and disc, as used herein,
includes compact disc (CD), laser dise, optical disc, digital versatile disc (DVD), floppy
disk and Bla-ray dise where disks usually reproduce data magnetically, while dises
reproduce daia optically with lasers. Combinations of the above should also be included
within the scope of computer-readable media.

In addition to storage on computer-readable medium, instructions and/or date
may be provided as signals on transmission media included in 2 communication
apparatus.  For example, a coromunication apparatus may include a fransceiver having

signals indicative of instructions and data. The instructions and data are configured to
cause one or more processing units to implement the functions outllined in the claims.
That is, the communication apparatus includes transmission media with signals
mdicative of mformoation to perform disclosed functions. At a first time, the
transimission media included in the commurncation apparatus may include 2 first portion
of the information to perform the disclosed functions, while at a second time the
trapsiaission media included in the commumnication apparatus oy include a second
portion of the information to perform the disclosed functions.

The previous description of the disclosure i provided 1o enable any person
skilled in the art to make or use the disclosure. Various modificalions to the disclosure
will be readily appavent to those skilled jn the art, and the generic principles defined
herein may be applied lo other variations without depaning from the scope of the
disclosure. Thus, the disclosure is not intended to be limited to the examples and
designs described berein but 18 to be accorded the widest scope counsistent with the

principles and novel features disclosed berein.

WHAT IS CLAIMED IS:
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CLAIMS

1. A method of obtaining location service, comprising:

sending a first message from a terminal to a location server

to initiate establishment of an extended location session
of a particular duration, the first message comprising
positioning capabilities of the terminal;
receiving a second message sent by the location server to
the terminal to acknowledge establishment of the
extended location session, the second message compris-
ing positioning capabilities of the location server; and

obtaining location service by the terminal a plurality of
times from the location server as part of the extended
location session at any time within the particular dura-
tion of the extended location session.

2. The method of claim 1, further comprising: exchanging
at least one message between the terminal and the location
server to further configure at least one parameter for the
extended location session, and wherein the obtaining location
service comprises obtaining location service from the loca-
tion server based on the at least one configured parameter.

3. The method of claim 2, wherein the at least one config-
ured parameter comprises a selected positioning method, or a
selected positioning protocol, or Quality of Positioning
(QoP), or a combination thereof.

4. The method of claim 1, wherein the first message com-
prises a requested duration for the extended location session,
wherein the second message comprises a granted duration for
the extended location session, and wherein the particular
Duration of the extended location session is equal to the
granted duration.
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5. The method of claim 1, wherein the first message com-
prises positioning capabilities of the terminal, and wherein
the second message comprises positioning capabilities of the
location server.

6. The method of claim 1, further comprising;

recetving a location service request from an application at

the terminal, and wherein the extended location session
is established by the terminal in response to the location
service request.

7. The method of claim 1, further comprising;

receiving a location service request from an application

external to the terminal, and wherein the extended loca-
tion session is established by the terminal in response to
the location service request.

8. The method of claim 1, further comprising:

recetving a location request from an application at the

terminal, and wherein location service is obtained by the
terminal in response to the location request.

9. The method of claim 1, wherein the obtaining location
service comprises

sending a third message from the terminal to the location

server to obtain location service, and

receiving a fourth message comprising location informa-

tion from the location server.

10. The method of claim 9, wherein the third message
comprises a request for assistance data, and wherein the loca-
tion information in the fourth message comprises assistance
data for the terminal.

11. The method of claim 9, wherein the third message
comprises measurements, and wherein the location informa-
tion in the fourth message comprises a location estimate for
the terminal.

12. The method of claim 9, wherein the third message
comprises a positioning method selected by the terminal.
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13. The method of claim 9, wherein the third message
comprises at least one positioning message for a selected
positioning protocol.

14. The method of claim 1, further comprising:

determining a session identifier (ID) for the extended loca-

tion session; and

using the session ID to identify messages exchanged

between the terminal and the location server to obtain
location service during the extended location session.

15. The method of claim 1, wherein the obtaining location
service comprises

obtaining location service by the terminal a plurality of

times during the extended location session, and

using location information, received by the terminal from

the plurality of times of obtaining location service, to
emulate a periodic trigger location service or an area
event trigger location service.

16. The method of claim 1, further comprising:

exchanging a message between the terminal and the loca-

tion server to terminate the extended location session
prior to expiration of the particular duration.

17. The method of claim 1, further comprising:

sending a message from the terminal to the location server

to request for extension of the extended location session
past the particular duration.

18. The method of claim 1, wherein the terminal is roaming
away from a home network and communicates with a serving
network, and wherein the location server is associated with
the serving network.

19. The method of claim 1, wherein the terminal and the
location server exchange Secure User Plane Location (SUPL)
messages for the extended location session.
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20. An apparatus for obtaining location service, compris-
ing:
means for sending a first message from a terminal to a
location server to initiate establishment of an extended
location session of a particular duration, the first mes-
sage comprising positioning capabilities of the terminal;

means for receiving a second message sent by the location
server to the terminal to acknowledge establishment of
the extended location session, the second message com-
prising positioning capabilities of the location server;
and

means for obtaining location service by the terminal a

plurality of times from the location server as part of the
extended location session at any time within the particu-
lar duration of the extended location session.

21. The apparatus of claim 20, further comprising: means
for exchanging at least one message between the terminal and
the location server to further configure at least one parameter
for the extended location session, and wherein the means for
obtaining location service comprises means for obtaining
location service from the location server based on the at least
one configured parameter.

22. The apparatus of claim 20, wherein the means for
obtaining location service comprises

means for sending a third message from the terminal to the

location server to obtain location service, and

means for receiving a fourth message comprising location

information from the location server.

23. The apparatus of claim 20, wherein the means for
obtaining location service comprises

means for obtaining location service by the terminal a

plurality of times during the extended location session,
and

means for using location information, received by the ter-

minal from the plurality of times of obtaining location
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service, to emulate a periodic trigger location service or
an area event trigger location service.

24. An apparatus for wireless communication, comprising:

at least one processing unit configured to send a first mes-

sage from a terminal to a location server to initiate estab-
lishment of an extended location session of a particular
duration, and to receive a second message sent by the
location server to the terminal to acknowledge establish-
ment of the extended location session, the first message
comprising positioning capabilities of the terminal, and
the second message comprising positioning capabilities
of the location server, and to obtain location service by
the terminal a plurality of times from the location server
as part of the extended location session at any time
within the particular duration of the extended location
Session.

25. The apparatus of claim 24, wherein the at least one
processing unit 1s configured to exchange at least one mes-
sage between the terminal and the location server to further
configure at least one parameter for the extended location
session, and to obtain location service from the location
server based on the at least one configured parameter.

26. The apparatus of claim 24, wherein the at least one
processing unit is configured to send a third message from the
terminal to the location server to obtain location service, and
to receive a fourth message comprising location information
from the location server.

27. The apparatus of claim 24, wherein the at least one
processing unit is configured to obtain location service by the
terminal a plurality of times during the extended location
session, and to use location information, received by the
terminal from the plurality of times of obtaining location
service, to emulate a periodic trigger location service or an
area event trigger location service.
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28. A computer program product, comprising:
a non-transitory computer-readable medium comprising:
code to cause the at least one processing unit to receive
atalocation server a first message from the terminal to
initiate establishment of an extended location session
of a particular duration, the first message comprising
positioning capabilities of the terminal,
code to cause the at least one processing unit to send a
second message from the location server to the termi-
nal to acknowledge establishment of the extended
location session, the second message comprising
positioning capabilities of the location server, and
code to cause the at least one processing unit to obtain
location service by the terminal a plurality of times
from the location server as part of the extended loca-
tion session at any time within the particular duration
of the extended location session.
29. A method of supporting location service, comprising;:
receiving a first message sent by a terminal to a location
server to initiate establishment of an extended location
session of a particular duration, the first message com-
prising positioning capabilities of the terminal;
sending a second message from the location server to the
terminal to acknowledge establishment of the extended
location session, the second message comprising posi-
tioning capabilities of the location server; and
providing location service to the terminal a plurality of
times by the location server as part of the extended
location session when requested by the terminal at any
time within the particular duration of the extended loca-
tion session.
30. The method of claim 29, further comprising: exchang-
ing at least one message between the terminal and the location
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server to further configure at least one parameter for the
extended location session, and wherein the providing location
service comprises providing location service to the terminal
based on the at least one configured parameter.

31. The method of claim 29, wherein the providing location
service comprises

receiving a third message sent by the terminal to the loca-

tion server to obtain location service, and

sending a fourth message comprising location information

from the location server to the terminal.

32. The method of claim 29, wherein the providing location
service comprises providing location service to the terminal a
plurality of times during the extended location session to
enable the terminal to emulate a periodic trigger location
service or an area event trigger location service.

33. The method of claim 29, further comprising;:

exchanging a message between the location server and the

terminal to terminate the extended location session prior
to expiration of the particular duration.

34. The method of claim 29, further comprising:

recetving a message sent by the terminal to the location

server to request for extension of the extended location
session past the particular duration.

35. An apparatus for supporting location service, compris-
ing:

means for receiving a first message sent by a terminal to a

location server to initiate establishment of an extended
location session of a particular duration;

means for sending a second message from the location

server to the terminal to acknowledge establishment of
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the extended location session, the first message compris-
ing positioning capabilities of the terminal, and the sec-
ond message comprising positioning capabilities of the
location server; and

means for providing location service to the terminal a
plurality of times by the location server as part of the
extended location session when requested by the termi-
nal at any time within the particular duration of the
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36. The apparatus of claim 35, further comprising: means
for exchanging at least one message between the terminal and
the location server to further configure at least one parameter
for the extended location session, and wherein the means for
providing location service comprises means for providing
location service to the terminal based on the at least one
configured parameter.

37. The apparatus of claim 35, wherein the means for
providing location service comprises

means for receiving a third message sent by the terminal to

the location server to obtain location service, and
means for sending a fourth message comprising location
information from the location server to the terminal.

38. The apparatus of claim 35, wherein the means for
providing location service comprises means for providing
location service to the terminal a plurality of times during the
extended location session to enable the terminal to emulate a
periodic trigger location service or an area event trigger loca-
tion service.



