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(57) Abstract: Techniques to support positioning of roaming mobile stations are described. A roaming mobile station commu-

o nicates with a visited network and has a data connection to a home network. The mobile station sends a request for positioning
&= assistance to a home position determining entity (H-PDE) in the home network. The H-PDE determines that base station almanac
& (BSA) data applicable for the mobile station is not locally available and sends a request for location information for the mobile station

to a designated network entity. This entity may be a BSA server storing BSA data for different networks or a visited PDE (V-PDE)
in the visited network. The H-PDE receives location information (e.g., BSA data, assistance data, and/or a position estimate for the
mobile station) from the designated network entity and provides positioning assistance to the mobile station based on the received
location information.
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METHOD AND APPARATUS FOR SUPPORTING
POSITIONING OF ROAMING MOBILE STATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001} The present application claims priogity to provisional 1S, Appheation Serial
No. 66/840,274, entitled “Method and Apparatus to Facilitate Location Based Services
Roaming Through Sharing of Base Station Almanac Data” {iled August 24, 2006,
assigned to the assignee hereofl and incorporated herein by reference and fo provisional
ULS, Application Serial No. 60/866 410, entitled “CDMA Use Plane Location Based
Services (LBS) Roaming liled November 17, 2000, assigned to the assignee hereof and

mcorporated heretn by reference.

BACKGROUND
Field
{002} The present disclosure relates generally fo communication, and more

specifically o techrgues for supporting positiomng of mobile stations.

Backgreund

{6003} 1t is often desirable, and sometimes necessary, to know the location of a
mobile station, eg., a cellular phone.  The ferms “location™ and “position™ are
synonvraous and are used interchangeably herein. For example, a user may utilize the
mobiie station to browse through a website and may click on location sensitive conent.
The location of the mobile station may then be determined and used to provide
appropriate content to the user. There are many other scenartos in which knowledge of
the location of the mobile station i useful or necessary,

{0004} The mobile station mav be provistoned such that it can obtain location
services from a home network and also while roaming 1 a visited network. The mobile
siation may communicate with various network entities 1 the home network in order 1o
determine the location of the mobile station whenever needed. A wajor challenge is

then to provide location services o the mobife station in a roaning scenario,
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SUMMARY

{0005}  Techniques 1o support posttioning and location services lor roaming mobile
stations are described heremn. A roaming mobile station may communicate with a
vistted network and may have a dala connection to a home network, The meobile stalion
may interact with a home position determining entity (H-PDE) 10 the home network for
positioning. The mobile station may send a first request for positioning assistance 1o the
H-PDE.  The first request may mclude svstem parameter mformation indicating a
serving sector for the mobile station i the visited network., The H-PDE may determine
that base station almanac (BSA) data apphcable for the mobile staton 1 not locally
available it the home network. The H-PDE may then send a second request for location
nformation for the mobile station 10 a designated network endity and may receive the
location wformation from the designated network entitv.  The received location
information may comprise BSA data. satellite posiioning svstem (SPS) assistance data,
and/or a position estinwmte for the mobile station.  The H-PDE nwy then provide
positioning assistance to the mobile station based on the received location information.
{0006} The designated network entity may be a BSA server that stores BSA data for
muitiple networks including the wistted network.  The BSA server may recerve the
second request from the H-PDE and may retum BSA data for only the serving sector or
for the serving sector and neighbor sectors. Alternatively, the designated network entity
may be a visited PDE {V-PDE)} in the visiled network. The V-PDE may receive the
second request from the H-PDE and may retum BSA data, SPS assistance data, and/or a
position estimate {or the mobile station.

{60071 Various aspects and features of the disclosure are described in further detail

below,

BRIEF DESCRIPTION OF THE DPRAWINGS
{0008} FIG. | shows visited and home networks for a roaming mobile station,
{0009}  FIG 2 shows posittoning of the roaming mobile station using a BSA server.
{6018}  FIGS. 3 and 4 show two message (ows for positioning of the roaming
mobile station using the BSA server.

{0011}  FIG. 3 shows positioning of the roaming mobile station using a V-PDE,



WO 2008/025013 PCT/US2007/076821

(oS

{6012}  FIGS. 6 and 7 show two message (ows for positioning of the roaming
mobile station using the V-PDE.

{0013}  FIG. 8 shows a message fow for positioning of the roaming mobile station
with 18801 message forwarding.

{3014} FIG. 9 shows a process performed by the H-PDE.

{0015] FIG. 10 shows a process performed by the BSA server.

o016} FI1G. 11 shows a process performed by the V-PDE.

{0017}  F1G. 12 shows a process performed by the mobile station for positioning.

[8018]  F1G. {3 shows a block diagram of the mobile station and other network entities.

DETAILED DESCRIPTION

{6019}  The techmques desceribed herein mayv be used for various wireless networks
such as Code Diviston Multiple Access (CDMA) networks, Time Division Multiple
Access (TDMA) networks, Frequency Dhavision Mulliple Access (FDMA) networks,
Orthogonal FDMA (OFDMA) networks, ete. A CDMA network may implement a
radio technology such as cdma2tiil, Wideband-CDMA (W-CDMA), ete.  cdma2000
covers IS-2000, 1S-836, and I5-93 standards. A TDMA network may implemeut a radio
technology such as Global Svstem for Mobile Communications (GSM), Dhgital
Advanced Mohile Phone Svstem (D-AMPS), ete. W-UDMA and GSM are deseribed in
documents from an organization named “3rd Generation Partnership Project”™ (3GPP).
cdma2tii) is described i documents from an organization named “3rd Generalion
Partnership Project 27 (3GPP2). 3GPP and 3GPP2 documents are publicly available
For clarity, the techmiques are described below for 3GPP2 networks.

{0201 FIG. 1 shows a deplovment with a visited network 102, a home network
104, a third parly network 106, and a requesting network 108, The terms “visited™ and
“serving™ are often used interchangeably. Home network 104 is a wireless network
with which a mobile station (MBS} 118 has a service subscription.  Visited network 102
15 a wireless network currently serving mobile station 110, Visited network 102 and
horme network 104 mav be different networks if mobile station 110 is roaming oulside
the coverage of the home network., Networks 102 and 104 support location services
(LCS), which may include any services based on or related to location information.
1.CS may also be referred to as location-based services (LBS).

{0021} Mobile station 110 mav be stationary or mobile and may also be referred to

as a user equipment (LE). a terminal, an access terminal, a subscriber unit, a station, ete.
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Mobile statton 110 mav be a celiular phone, 3 personal digital assistant (PDA), a
wireless device, a handset, a laptop computer, a telemetry device, a tracking device, ete.
Mobile station 110 may communicale with a radio access network (RAN) 120 wn vigited
network 102 to oblain comnmumication services such as voice. video, packet data,
broadcast, messaging, etc. Mobile station 110 may also receive signals from one or
mose satellites 190, which may be part of the United States Global Positioning Svstem
(GPS), the Ewopean Galileo system, the Russian GLONASS syster, or some other
satellite positioning system (SPS). Mohile station 110 may measure signals from
satellites 190 and/or signals [rom base stations i RAN 120 and mayv obtam pseudo-
range measurements for the satellites and/or timing measurements for the base stations,
The psendo-range measurements andfor timing measwements may be used to derive a
position estimate for mobile station 11¢ using one or a combination of positiomng
methods such as assisted GPS {A-GPS), standalone (GPS, Advanced Forward Link
Trilateration (A-FLT), Enhanced Observed Time Difference (E-OTD), Observed Time
Difference OF Asrival {OTDOA), Enhanced Cell TD, Call 1D, ete.

[0022]  An application {APP) 112 may support focation services andfor posittoning
for mobile stattion 110 and miav comyprise an LCS client and/or ligher-laver applications.
An LCS client 15 a function or an entitv that requests location information for an LCS
target. An LCS farget 15 a mobile statton whose location is being sought. In general, an
LCS client may reside i a network entity or a mobile station or may be extemal to both.
{0023} In visited network 102, RAN 120 supports radic communication for miobile
stations located within the coverage of the RAN. RAN 120 may mclode base stations,
base station controllers (BSCs), andfor other network entities that support radio
conununication. A packet control function (PCF) 128 supports packet data exchanges
between RAN 120 and a packet daia serving node (PDSN}Y 130, PDSN 130 supporis
packet-switched calls for mobile stations and is responsible for the establishment,
maintenance, and termination of data sessions. PDSN 130 mav be a foreign agent (FA)
via which mobile station 110 exchanges packet data when roaming.  An mter-working
function ({WF) may be used in place of PDSN 134} in some wireless networks. e g, 18-
93 networks.

[0024] A visited LCS svstem 136 supports positioning and location services for
vistted network 102 and includes g visited mohile positioning center (V-MP(C) 138, a
visited position determining entity {(V-PDE) 140, and a BSA unit 142, V-MPC 138

performs variows functions for location services and may support subscriber privacy,
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authorization, authentication, roamung support, charging/illing, service management,
position calculation, etc.  V-PDE 140 supports positioning for mobile slations.
Posilioning refers fo a process 1o measure/compute a geographic position estinate for a
target device. A position estimate may also be referred to as a location estimate, a
position fix, a fix, ete. V-PDE 140 may exchange messages with mobie siations
belonging o visited network 102 for positioning, caleulate position estimates, supporl
debivery of assistance data 1o the mobile stations, perform functions for secunily, elc.
Umit 142 stores a BSA containing information for seclors and base stations in visited
network 102, which mav be used (o assist positioning of mobile stations. A sector can
refer {0 a coverage area of a base station and/or a base station subsvstem serving the
coverage area.

{3025] A vistted authentication, authorization, and accounting (V-AAA) server 132
performs authentication and authorization for LCS and other services. A vistlor
location register (VLR} 134 stores registration information for mobile stations that have
registered with visited network 102, The network entities in visited network 102 may
conununicate with one another via a data network 148,

{0026} {n home network 104, 3 PDSN 150 may be a home agent {HA} with which
mobhile station 110 bas registered and mav be responsible for forwarding packets to
mobile station 110, A home LCS system 136 supports positiomng and location services
for home network 104 and includes g home MPC (H-MPC) 158, a home PDE (H-PDE)
166, and a BSA unit 162, which may operate in similar manner as the corresponding
network enfities in vistled LCS sysiem 136, A home AAA (H-AAA) server 132 and a
home location register (HLR) 154 may operate in similar manner as the corresponding
network entities in visited network 102, The network entities in home network 104
serve mobile stations conununicating with the home petwork and may comnunicate
with one another via a data network 168,

{00627} Third party network 106 includes a BSA server 170 that communicates with
the PDEs in other networks to support postiioning of mobile stations, as descrbed
below. A unit 172 mav store BSAs from networks desiring to share BSA data
Requesting network 108 meludes an LCS clhient 180 that may desire 0 know the
location of mobile station 110, LCS client 180 may convnunicate with H-MPC 158 to
obtain the location of mobhile station 110, Requesting network 108 may be part of
vistted network 102 or home network 104 or may be separate from these networks. For

example, requesting network 108 may be a data network mamtained by an Internet
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service provider {(ISP). The entities in third party network 106 and requesting network
108 may commumnicale with the entities in vigited network 102 and home network 104
via a data network 178, which may be the Internel or some other network,

{0028] A Wide Area Reference Network (WARN]) 192 monitors GPS satellites and
may provide H-PDE {60 with satellite reference mformation for the coverage areas of
home network 104 and visited network 102, The satellite reference information may
comprise dilferential covvection for GPS Ephemeris information and may be used in
GPS and A-GPS location calculations.

[86029]  FIG. 1 shows an example of visited network 102 and home network {04 In
general, a network mav include any combination of entities that may support any
services offered by the network. Networks 192 and 104 mav support a user plane

gnaling for

|2

location architecture, A user plane is & mechanism for carrving messages/si
higher-laver applicattons and emplovs a user-plane bearer, which is typically
unptemented with protocols such as User Datagram Profocol {UDP), Transmission
Control Protocol (TCP). and Internat Protocol (1P), all of which are known in the art,
Messages/signaling supporting location services and positioning may be carried as part
of data (from a nefwork perspective) in a user plane architecture.

{6030} Networks 102 and 104 may implement any user plane architecture such as
V1 or V2 user plane from CDMA Development Group (CDG), X 80024 user plane
from 3GPP2, Secure User Plane Location (SUPLY from Open Maohite Alliance (OMA),
ete. VI, V2 and X 80024 are applicable for 3GPP2 networks. SUPL 15 applicable for
3GPP and 3GPP2 networks. These user plane archileciures ave described in publicly
available documents.

[0031]  In the description herein, the term “PDE"™ generically refers 1o an entity that
supports positioning, the term “MPC™ genericallv refers to an entitv that supports
location services, the term “mobile station”™ genencally refers to an enlity that may
communicate with an MPC for location services and/or a PDE for positioning, and the
term “LCS client” genencally velers to an entity that requests the location of a mobile
station. A PDE mav be a PDE in V1 and V2 user plane, a SUPL Positioning Center
(SPC) i SUPL, a Serving Mobide Location Center (SMLC) or a Standalone SMLC
(SAS) in 3GPP. ete. An MPC may be an MPC in VI and V2 user plane, a SUPL
Location Center (SLC) wn SUPL, a Postiion Server (PS)in X 80024, g Gateway Mohile
Location Center (GMLC) in 3GPP, etc. A mobide station may be a moie station in V1
and V2 user plane, a SUPL enabled tepminal (SET) in SUPL, a UE 1o 3GPP, ete. The
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PDE, MPC, mobile station, and LCS client may also be referred 1o by other names in
other networks and other focation architectures.

{6032} Networks 102 and 104 may support Jocation services for roaming mobile
stations based on trusted andfor non-trusted models. Table 1 gives short descriptions for

the trusted and non-trosied nodels.

Table §

Muodel Description

Agsume that LCS applications can be trusted (e.g., avthorized or

Trusted - ; ) g
authenticated via separate mechamsms) and can access PDES directly,

Non- May perform service authorization for LCS applications prior 1o providing

trusted | location services. LCS applications go through MPCs 10 access PDEs.

{0033} A network may maiitain 8 BSA for sectors andfor base slations in that
network.  The BSA may contain a number of records, and each BSA record may
describe a sector or a base station in the network. Each BSA record may contain
varioas tvpes of mformation that may be pertinent for positioning. For example, a BSA
record may contain information for sector/bage station identifier, base station antenna
position, antenna parameters, terrain information, sector center, {requency, and so on. as
described m ULS, Patent No. 7,123,928, The BSA mav be used to support network-
hased positioning methods sach as A-FLT, E-OTD. OTDOA, Enhanced Cell 1D, Cell
1D, ele. For example, the base station position may be used for tnangulation of the
mobile station position using the A-FLT, E-OTD. and OTDOA methods. The sector
center may be used as a coarse position estimate for the mobile station for the Enhanced
Cell ID and Cell 1D methods. The BSA may also be vsed {0 support sateliite-based
positioning methods such as GPS, A-GPS, ete.  For example, information for the
serving sector of mobile station 110 mav be used to obtain a coarse position estimate,
which may in tum be used 1o provide appropriate GPS assistance data to the mobile
station.

{0034} Mobile staton 110 may communicate with visited network 102 and may
recetve a request for the location of the mobile station, e g., from an appheation resident
on the mobile station, LCS client 180, or H-MPC 138, Even while roaming, mohile
station 110 mav have a data connection to home network 104 using a data roaming

machanism such as Mobile 1P, R may be desirable to serve reaming mohile station 110
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fromt home LCS system 156, This may allow home network 104 to retain control over
securtiy and awthenticalion, user privacy, quality of position estimates, system scaling,
bifhing. ele. Furthermore, this may allow mobile station 110 to oblain location services
from home network 104 while roaming anywhere. regardless of the pesitioning and
LCS capabilities of the visited networks, as long as voice and data roaming 18 supported
for the mobile station,

{0035} To effectively serve mobile station 110 when roanung, home LCS svstem
156 may need access 1o BSA data from visited network 102, Unit 162 in home LCS
systern 136 may store BSA data for only sectors and base stations in home network 104,
Unit 142 1 visited LCS system 156 may store BSA data for sectors and base stations in
visited network 102, Home LCS svslem 136 mav need access to the BSA data slored o
vistted LCS system: 136 in order 1o effectively serve mobile station 116 when roanung
in visited network 142,

{0036} In an aspect, BSA server 170 supposts sharing of BSA data from different
participating networks for positioning of mobile stations roapung m these networks,
BSA server 170 mav receive BSAs from different networks such as visited network 102
and home nefwork 1{ and may store these BSAs in unit 172, Each network mayv
provide its BSA to BSA server 170 on a peniodic basis, whenever the BSA is updated,
as requested by the BSA server, ete. BSA server 170 mav operate as a repository for
the BSAs from the participating networks and mav provide BSA data to authorized
PDEs when and as requestad by these PDEs. I a given PDE does not have the
necessary content in 1S local BSA {0 serve a roaming modile station, then the PDE may
query BSA server 170 for the desired BSA data. The PDE mayv be able lo effectively
serve the mobile station {(e.g., derive a high quality position estimate) based on the BSA
data provided bv BSA server 1780,

{0037} FIG. 2 shows a design to suppovt positioning of roaming mobile station 110
using BSA server 170, Mobile station 110 may exchange data with PDSNHA 13010
home network 104 via RAN 120, PCF 128 and PDSN/FA 130 in visited network 102
using a roaming mechanism such as Mobile IP. A Mobile IP tunnel may be established
betwesn PDSN/FA 130 and PDSNAHA 130 and ased to exchange data for mobile
station 110, The network entities in visited network 102 may transparemtly transfer data
for the commurucation between mobile statton 110 and home network 104, Mobile
station 110 may communicate with the entities in home LCS system 156 via PDSN/HA
156,
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{6038}  Mobile station 110 may communicate with H-MPC 138 for location service
{e.g.. to request for assistance data or a position estimate) and may provide system
parameter information for a serving sector for the mobile station. For 18-801, the
system parameter information may comprise System Identification (SID), Network
{dentification {(NID}, and Base Station ldentification (BASE D), all of which may be
obtained from a System Parameter message broadcast by the serving sector. The SID
wdentifies a cethdar svstem of a pelwork operator n a specific region, and the NID
identifies a smaller network within the cellular systen. The BASE 1D mav be
composed of 8 CELL 1D and a SECTOR 1D assigned to the serving sector. The SID
and NID mav be used to dentify the network corrently serving mobite station 110 and
to determine whether mobile station 119 is roanung, The SID. NID and BASE 1D may
be used to determine the sector currently serving mobile station 118, For GSM. the
system parameter infonmation mav compnse a Molile Country Code (MUY, a Mobile
Network Code (MNC), and a Location Area Code (LAC) For W-CDMA, the svstem
parameter information mav comprise an MCC, anv MNC. and a Radio Network
Controfler tdentifier (RNC-ID). The system parameter information may comprise other
items i other svstems. Mobile station 110 may alse provide other mformation such as
positioning quality of service (PQoR) information, the desired number of position
estimates, ele.

{00397 H-MPC 158 may authonze mobile station 110 for the requested location
service and may select H-PDE 109 to serve the mobile station for positioning. H-MPC
158 mav request H-PDE 164 {0 accept a posttioning session with mobile siation 110 and
may provide pertinent information recerved from mobile station 110 to H-PDE 160,
[0040]  Mohile station 110 gnd H-PDE 160 may then perform g positioning session
{e.g., an {8-8¢ session) to provide positioning assistance to mobile station 110, H-PDE
160 may receive the SID, NID and BASE 1D for mobile slation 110 from H-MPC 138
and may determine thal mohile staton 110 i3 currently roamung.  H-PDE 150 may
recognize that the desired BSA data is not locally available in unit 162 and may then
request BSA server 170 to provide the desired BSA data H-PDE 166 may
commmunicate with BSA server 170 via a secured interface, which may be over the
Internet using tunneling or other means. The secured inlerface may prevent BSA data
from being read by anvone (including network operators) while in transit. BSA server
176 mayv respond 1o the request [rom H-PDE 160 by returning BSA data for the serving

sector of mobile station 110, BSA server 170 mav alsoe provide BSA data for neighbor
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sectors, which may be useful if mobile station 110 15 handed off to any of these
neighbor sectors. H-PDE 160 may use the BSA data received from BSA server 170 to
provide appropriate assistance data 1o mobile station 110, Aliernatively, H-PDE 160
may use the BSA data to derive a position estimate for mobile station 114 and may
provide the posttion estimale (0 the mobile station. H-PDE 160 may provide
positioning assistance to mobile station 116 based on the BSA data received from BSA
server 170 and the satellite reference nformation recetved from WARN 192 for the area
in which mobile station 110 is currently located.

[0041]  FIG, 3 shows a design of § message flow 380 to support positiomng of
roaming mobile station 110 using BSA server 170 Mobile station 110 may send an IS-
801 Position Petermination Data Message 1o H-PDE 160 (step A). This message may
mclude (i) a Provide MS Information element indicating positioning capabilities of
mobiie station 110, (1) a Provide Svstem Parameter Information element containing
svtem parameter information such as the SID, NID and BASE_ID, (111} a Provide Pilot
Phase Measurement element conlaining  pilot tming  andfor  signal  strength
measurements made by mobile station 110 for detected sectors, (iv) a Request GPS
Ephemeris element to request for GPS Ephemeris, and (v} a Request GPS Almanac
glement lo request for GPS Almanac.  The GPS Almanac includes information
regarding coarse locations of all satellites in the GPS constellation. The GPS Ephemeris
includes a higher accuracy version of g GPS satellite orbit, as tracked and reported by
tracking stations on earth.

{0042} H-PDE 160 may receive the Position Determination Data Message from
mobile station 110 and way determine that the mobile station 1s roanung based on the
svstem parameter information.  H-PDE 160 mav then send a Reguest message
containing a Request Location Estimate element and a Request Assistance Data element
to BSA server 170 (step B} The Request Location Estimate element may include a
LOC _REQ parameter contaming different tvpes of information being requested (e.g.,
height, GPS clock correct, veloctty, etc), a SYSTEM PARAM parameter contating
the system parameter information, and a PPM parameter containing pilot information
(e.g., pilot PN phase, pilol strength, etc.). The Request Assistance Data element may
include an ASST_TYPE parameter mdicating the type of assistance data being
requested, which m this case 1s BSA. The various messages, elements, and parameters

are described in 3GPP2 C 80022, entitled “Position Determunation Service Standard for



WO 2008/025013 PCT/US2007/076821
i

Dual Mode Spread Spectrum Svstems,”™ February 16, 2001, which covers 1S-8H and 1s
publicly avaitable

[0043] BSA server 170 may receive the Request message from H-PDE 160 and may
retumn a Response message containing a Provide Location Estimate element and a
Provide Assistance Data element (step C). The Provide Location Estimate element may
mclude a LOC_EST parameter containing a coarse position estimate.  The Provide
Assistance Data elemnent may include a BSA parameter containing BSA data for mobife
station 110, H-PDE 160 mayv cache the BSA data and determune appropriate GPS
Ephemens and GPS Almanac for mobile station 114 based on the BSA data {step D).
H-PDE 160 mav then provide the reguested GPS Ephemeris and GPS Almanac 1o
mobile station 110 {step E).

{0044]  FIG. 4 shows a design of a message flow 400 to support posittoning of
roanung molule station 110 using BSA server 170, Mobile station 110 may send to H-
PDE 160 an IS-801 Positon Determination Data Message comtaming an MS
Information element, a System Parameter Information element, a Provide Pilot Phase
Measurement element. and a Request GPS Acquisiiion Assistance element to request
GPS acquisiion assistance (step A). H-PDE 160 may deterniine that mobile station 110
s roaming and may then send a Request message containing a Reguest Location
Estimate element and a Request Assistance Data element to BSA server 170 (step B},
The Request Assistance Data element may include an ASST TYPE paranmeter
indicating that BSA data is being requested. BSA server 170 may retum a Response
message containing a Provide Location Estimate element and a Provide Assistance Data
element (slep C). The Provide Assistance Data element may include a BSA parameter
containing BSA data for mobile station 110, H-PDE 160 may cache the BSA data and
determune appropriate GPS acquisttion assistance data based on the BSA data (step D).
H-PDE 160 mav then provide the requested GPS acquisilion assistance data to mohile
station 110 {step E}.

[0045]  Mobile station 110 mav send a request lor GPS sensitivity gssistance to H-
PDE 16t {step F3. H-PDE 160 mav determine appropriate GPS sensitivity assistance
data for mobile statton 110 based on the cached BSA data (step ). H-PDE 160 may
then provide the requested GPS sensitivity assistance dala to mobile station 110 (step
H).

[0046] Mobile station 110 may provide pseudo-range measurentent {PRM}, pilot

phase measurement, time offset measurement, and a request for location response to H-
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PDE 160 {step 1), H-PDE 160 may derive a position estimate for mobile station 110
based on the cached BSA data and the measurements from mobile station 110 (step J).
H-PDE 160 may then return a location response containing the position estimate (step
K.

{047} FIGS. 3 and 4 show two example message flows o support positioning of
roaming mobile station {10, Other message fJows mav also be used to supporl
positioning. I general, H-PDE 160 may be requested by mobile station 110 to provide
assistance data, to derive a position estimate, etc. H-PDE 160 may query BSA server
176 for pertinent BSA data if this data is not available in the local BSA. H-PDE {60
may then provide the requested assistance data, position estimate, ete. {o mobile station
114},

{0048} H-PDE 160 may support roaming and non-roaming mobile stations for home
network 104, H-PDE 160 mav receive a request for postioning assisiance from mobile
station 110 and may determine whether the desired BSA data is available in the local
BSA. H-PDE 160 may make this deternunation based on svstem parameter information
provided by mobile station 110, I one design, H-PDE 160 may mamntain a table of
SiDs for which it can request BSA data from BSA server 170, For each request from
mobile station 110, H-PDE 160 mayv compare the SID in the request against those m the
table and mayv query BSA server 170 for BSA data if the SID 15 not in the table. H-PDE
1660 may wait for the requested BSA data to arrive from BSA server 170 and may
provide positioning assistance to molile station 110 based on the BSA data.

{0049} H-PDE 160 mav cache the BSA data received from BSA server 170 for a
limited period of time so that H-PDE 160 can use this BSA data later, if needed, as
shown in FIG. 4. H-PDE 160 may discard the cached BSA data after the limited period
to avoid using stale BSA data. H-PDE 169 mav also obscure any data i any operator-
accessible log that mav allow important aspects of another network’s BSA from being
reconstructed. H-PDE 160 may also send information for some or all position estimates
to BSA server 170 to allow the BSA server to monitor rogming BSA guality, caleulate
and report roaming BSA performance, self-learn reanming BSA data, eic.

{00501 H-PDE 160 mayv receive BSA data from BSA server 17¢ and determine
appropriate assistance data for mobile station 110, as shown m FIGS. 3 and 4. The
assistance data {e.g.. GPS Ephemeris and GPS Almanac) may be dependent on the
current posittion of mobite station 110, H-PDE 160 may receive satellite reference

information {e.g., differential correction) from WARN 192 for the home network
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coverage area as well as all supported roaming areas. H-PDE 160 may apply
appropriate differential correction for assistance data depending of the current postlion
of mobile station 110,

{0051} In general, BSA server 170 mav serve any number of PDEs from any
number of networks. BSA server 170 and the PDEs may communicale using any
suifable PDE-Server inlerface such as a querv-response tvpe inlerface, e.g., an IP-based
protocol such as TCPAP or an Inter-PDE LBS Roantng Protocel. BSA server 170 may
receive and store BSA data from the PDEs of different network operators.  These
operators niay provide BSA files i any suitable BSA file format such as BSA Format
Tvpe 2 described in U.S. Patent No. 7,123,928, entitled "Method and Apparatus for
Creating and Using a Base Station Almanac for Position Deternunation,” 1ssued
October 17. 2006. BSA server 170 may support web~based operator access porial,
automated secure FTP file transfer of BSA files, direct querv of BSA over the PDE-
Server interlace, ete.

{00352} BSA server 170 mav control the sharing of BSA data among different
participating networks. BSA server 170 mayv be operated by an independent third party
and mav be mstructed by the network operators how their BSA data should be shared.
The sharing of the BSA data among the different operalors may be dependent on
business agreements between these operators.  For example. BSA server 170 may
receive BSAs of four networks A, B, € and D, BSA server 170 may allow network A
to have access to onv the BSA of network €, allow network B to have access to the
BSAs of networks € and D, allow network € 10 have access to the BSAs of networks A,
B and D, and allow network D to have access to the BSAs of networks B and €. BSA
server 170 may thus control which networks can receive BSA data from which other
networks.

{0053} The sharing of the BSA dala among the different networks may also be
dependent on regulatory measures. For example, network A mav have access to ondy
the BSA of network € for normal operation but may have access 1o the BSAs of all
networks for emerzency calls.

{0054} BSA server 170 mav allow a given network to have access to atl or only a
portion of the BSA of another network. For the example above, BSA server 170 may
allow network B o receive BSA datg for only a linuted portion of the service termitory

of network € and tor the entire service ternitory of network D.
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[6055]  BSA server 170 may also provide BSA content filtering. For example, BSA
server 170 may provide either unmodified full-quality BSA data or degraded BSA data
in response to a request from a PDE. BSA data may be degraded, e.g., by providing
sector cender or base station postiion with larger uncertainty. BSA server 17¢ may
provide BSA data for only a serving sector indicated in 3 PDE request or for the serving
sector and neighbor sectors. The BSA daia for the neighbor sectors, if provided, may be
of full quality or may be degraded to make it less valuable or to mask its content.

{0036}  In another aspect, the PDEs mav commumicate with one another o provide
location information for roaming mohile stations. In general, location mformation may
be anv nformation used for postlioning of a mobile station and mav comprise BSA
data, any type of assistance data, a position estimate, etc. In one design, 8 PDE may
maintain a table of SIDs for which the PDE can reguest focation information and the
addresses of the PDEs from which to request the location information. Lipon receiving
a location request from a mobile slation, the PDE may compare the SID in the location
request against those in the table and, if the 51D 15 1n the table, may request for location
information for the mobile station from an approprate PDE.

{0057} FIG. 5 shows a design to support positioning of roaming mobile station 110
asing V-PDE 146, Mobile siation 110 mav communicale with H-PDE 160 in home
network 104 via vistted network 102, as described gbove for FIG. 20 Mobide station 110
may communicate with H-MPC 158 for location service and mav provide system
parameter information (e.g., S1D, NID, and BASE _ID) for the serving sector. H-MPC
158 may authorize mobile siation 118 for the requested focation service, select H-PDE
168 1o serve mobile station, and request H-PDE 160 to accept a positioning session for
maobite station 114,

{0058} Mbopbile station 110 and H-PBE 160 may then perform a positioning session
{e.g.. an IS-801 session) for posiioning of mobile station 110, H-PDE 160 mav receive
the SID, NID, and BASE 1D for mobile station 110 from H-MPC 15§ and may
determine that mobile station 110 18 roaming. H-PDE 160 may recognire that the
desired BSA data is not locally available and may deternune that V-PDE 140 can
provide location information for mobile station 110 H-PDE 160 may then query V-
PDE 140 to provide location information for mobile station 110, H-PDE 160 way
conununicate with V-PDE 140 vig a secured interface to prevent mterception of the
location information while in transit. V-PDE 140 may respond to the query from H-

PDE 160 by returning the requested Tocation mformation for mobile station 116,
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{8059}  1n one design, V-PDE {40 mav provide BSA data for the serving sector and
possibly netghbor sectors. H-PDE 160 may determune appropriate assisiance dala for
mobile station 110, if requested. based on the received BSA data and may then provide
the assistance data to the mobile station. If a position estimate is requested, then H-PDE
166 mav derive a position estimate for mobile station 110 based on the recaived BSA
data from V-PDE 140 and may then provide the position estimate fo the mobile station.
In another design, V-PDE 140 way receive measurements sent by mobile station 110
angd forwarded by H-PDE 160 and may provide either assistance data or a position
estimate for mobile station 110, H-PDE 160 mayv then forward the assistance data or
position estimale to mobile station 110, In this design, V-PDE 140 can avoid sending
BSA data to H-PDE 160, which may be desirable since the BSA data can be considered
as proprietary information for the network operator,

{0060} FIG. 6 shows a design of a message flow 600 to support positioning of
roaming mobile station 110 using V-PDE 140, Mobile station 110 may send to H-PDE
160 ap 1S-801 Position Determination Data Message contamning vanous iformation
elements including requests for GPS Ephemenis and GPS Almanac {step A} H-PDE
166 may determine that mobile station 110 is roamung and may then send a Request
message lo V-FPDE 140 (step B). V-PDE 140 may rehsn a Response messags
containing a Provide Location Estimate element and a Provide Assistance Data element
{step €} The Provide Location Estimate element mav include a LOC_EST parameter
containing a coarse position estimate. The Provide Assistance Data element may
include a GPS EPHEMERIS parameter conlgiming GPS  Ephemweris and &
GPS_ALMANAC parameter containing GPS Almanac. H-PDE 160 may then provide
the requested GPS Ephemenis and GPS Almanac to mobile station 110 {step D).

{0061} FIG. 7 shows a design of a message flow 780 to support positionng of
roaming mobile station 110 asing V-PDE 140, Mobile station 110 may send to H-PDE
164 an IS-801 Postion Determination Data Message contmning various Information
glements including a request for GPS acquisition assistance (step A). H-PDE 160 may
determine that mobile station 110 is roaming and may then send a Request message o
V-PDE 140 (step B). V-PDE 140 may return a Responge message contamning a Provide
Location Fstimate element and a Provide Aswistance Data element {step €). The
Provide Assistance Data element may mclude a GPS_ACQ _DATA  parameter
containing GPS acquisition assistance data. H-PDE 160 may then provide the requested

GPS acouasition agsistance data to mobile station 114 (step D).
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[8062]  Mobile station 110 may send a request for GPS sensitivity assistance to H-
PDE 16 {step E}. H-PDE 160 may then send a Request message with a Request
Agsistance Data element 1o V-PDE 140 {step F). V-PDE 140 may retum a Response
message with a Provide Assistance Data element, which may include a
GPS_SENS DATA parameter contamuing GPS sensitivity assistance data (step ). H-
PDE 160 mav then provide the requested GPS sensitivity assistance data to mobife
station 110 (step H).

[0063]  Mohile station 110 may provide psendo-range measurement, pilot phase
measurement, fime offset measurament, and a request for location response to H-PDE
169 (step ). H-PDE 160 may then send to V-PDE 140 a Request message with a
Request Localion Estimate element containing the mformation received from mobile
station (step J). V-PDE 140 may derive a position estimate for mobile station 116 and
may return a Response message with a Provide Location Estimate element containing
the positton estimate (step K} H-PDE 160 mav then send a location response
containing the posibion estimate to mobile station 110 {step L).

{0064}  FIGS. 6 and 7 show two example message Hows 1o support positioning of
roaming mobile station 110 using V-PDE 140, Other message flows may also be used
to support positioning,  In general, H-PDE 160 may be requested by mobile station 110
for anv location information such as BSA data, assistance data, 2 position estimate, ete.
H-PDE 160 may query V-PDE 140 if BSA data for moebide station 1O is not locally
available. V-PDE 140 mav divectly retum the location information requested by mobile
station 110, Alematively, H-PDE 160 may process the information received from V-
PDE 140 to obtain the location information requested by mobile station 118 In any
case. H-PDE 160 may retum the requested location information to mobile station 110.
{0065} As shown i FIGS. 6 and 7. H-PDE 160 mav communicate with V-PDE 140
for transaction-based service. Fach set of request sent by H-PDE 160 and response sent
by V-PDE 140 mav be considerad as one transaction. In general, a transaction mav be
for BSA data, a particular tvpe of assistance data, g coarse posifion estimate, an accuraie
position estimate, etc.  V-PDE 140 may serve each request independently without
having to maintain state information.

{0066} in general, H-PDE 160 and V-PDE 130 mayv communicate using any suitable
PDE-PDE interface such as a query-response type interface, g.g.. the Inter-PDE LBS
Roaming Protocol. V-PDE 140 mayv implement the functions described above for BSA

server 179 1n order to support guenes from other PDEs. For example, V-PDE 140 may
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control the sharing of #s BSA data or assistance data with PDEs i other networks
based on business agreements, regulatory measures, ete. V-PDE 140 may also provide
BSA content flering and nwy provide fdl-quahity andfor degraded BSA data to
requesting PDEs.

{67F  In vet another aspect. a PDE mav recelve and store BSA data for other
networks in addition to the BSA data for 1is network.  This may allow the PDE to
handle positioning entirely without commumecation with another PDE or BSA server
174,

[0068] in vet another design, positioning of roantng mobite station 110 1s supported
by forwarding positioning messages (e.g., IS-801 messages) from H-PDE 160 to V-PDE
149, Mobile station 110 mav go home to H-PDE 160, as described above, regardless of
its current location. H-PDE 160 may determine that mobile station 110 is roanung. e.g.,
based on the SID and NID provided by mobile station 110, H-PDE 168 may then
forward positionimg messages to an appropriate V-PDE what can serve mobile station
116 for positionmg.

{0069}  FIG. 8 shows a design of a message flow RO0 to support positioming of
roaming mobile station 110 using IS-80! message forwarding. Imitiadly, mobile station
118 mav perform Mobile IP data call setup to set up a data session wilth PRDEN/HA 150,
This call setup may include performing Mobile IP negotiation and PPP negotiation with
PDSN/HA 130 in home network 104 and PDSN/FA 130 in visited netwark 102,
Mbobile station 110 may thereafter exchange signaling with H-PDE 166 {or posiionming
laver. This may include setting up a TCP/AP socket with H-PDE 160 and starting an 18-
801 session with the H-PDE.

{8070}  Therealier. mobile station 1O may exchange IS-801 messages with H-PDE
166, which may detect that mobile station 110 15 roapung based on the 51D and NID
provided by the mobile siation. H-PDE 168 may then forward IS-801 messages
exchanged between mobile station 110 and V-PDE 140, eg.. over a non-persistent
TCPAP socket on a secure connection between the H-PDE and V-PDE

{071 FIG. 9 shows a design of a process 900 performed by an H-PDE to support
positioning of mobile stations. The H-PDE may be anv nstwork entilv that supports
positioning for a home network. The H-PDE may receive a {irst request for postlioning
assistance from a mobile station communicating with a vistted network (block 912}
The H-PDE may deternune that BSA data applicable for the mobile station 15 not locatly

available in the home network (block 9143 The H-PDE may send a second request for
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location iformation for the mobile station to a designated network entizy {block 916},
The H-PDE may receive {ocation information for the mobiie station from the designated
network entity (block 218}, The received location information may comprise BSA data,
SPS assistance data, andfor a position estimate for the mobile station. The H-PDE may
then provide positioning assistance o the mobile station based on the received location
mformation (block 920},

{0072}  The H-PDE may receive svstem parameter information o the first request
from the mobile station.  The systent parameter information may comprise the SID and
NID of the visited network. The H-PDE may determine that the BSA data for the
mobile station 1s nol locally avaitable based on the svstem parameter imformation.

{0073} The designated network enlity mayv be a BSA server that stores BSA data for
muttiple networks including the visited network, The H-PDE may store a table of S1Ds
for which BSA data 15 available from the BSA server, The H-PDE may determine that
the BSA data for the mobile station is not locally available based on this 1able of S1Ds.
The H-PDE may then send the second request for BSA data for the mobile station to the
BSA server.

{0074} The designated network entity may be a V-PDE for the visited network. The
H-PDE may store a table of SIDs for which BSA data is uwnavailable and the PDEs from
which location information is attainable. The H-PDE may determine that the BSA data
for the mobile station is not locally available based on thus table and may also detenmine
the V-PDE to send the second request based on the table. The H-PDE mayv send the
second request to the V-PDE, which may return BSA dala assistance data, andfor a
position estimate for the mobile station, e.g., as shown in FIGS. 6 and 7. The H-PDE
may also forward the first request as the second request o the V-PDE and may lorward
the location information received from the V-PDE to the mobile station, e.2., as shown
in FIG. 8.

{6075} The H-PDE may provide information for a serving sector of the mobile
station in the second request. The H-PDE may then receive (1) BSA data for only the
serving sector, (i1} BSA data for the serving sector and at least one neighbor sector, (it}
SPS assistance data for the mobile station, and/or (v} some other location information
from the designated network entity. The H-PDE mav also recerve al least one
measurement for at feast one sector from the mobile station. The H-PDE may send the
measurement(s} in the second request, recaive a position estimate for the mobile station

from the designated network entitv, and provide the position estimate to the mohle
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station. Alternatively, the H-PDE may receive BSA data for the mobile station from the
designated network enlity, determune a position estimale for the mobile station based on
the measurement{s) and the recerved BSA data, and provide the position estimate to the
mobile station.

{076} FIG. 10 shows a design of a process 1000 performed by a BSA server W
support postioning of mobile stations. The BSA server may receive BSA data from
multiple nelworks, eg., periodically or whenever the BSA data is opdated by these
networks {block 1012). The BSA server may also receive configuration information
dicating which networks are authorized o obtain BSA data from sach of the nwltiple
networks {block 1014). The BSA server may receive requests for BSA data from PDEs
iy the mouitiple networks (block 1014). Each PDE mayv serve one network and may send
requesis for BSA data of other networks not served by that PDE. The BSA server may
determine whether each PDE request 15 authonized based on the configuration
wformation (block 1016}, The BSA server mav retwn BSA data to the PDEx for
authorized requests (block 1018)

{0077}  Fora given PDE request, the BSA server may receive information {e.g., S1D.
NID and BASE 1D) for a serving sector of a mobile station from a PBE. The BSA
server may then determine BSA data applicable for the mohile station based on the
mformation for the serving sector and mav relom the BSA data io the PDE. The
retumned BSA data may be for only the serving sector or for the serving sector and
neighbor sectors. The BSA server mav provide unmodified BSA data (as received from
the networksy or degraded BSA data {e.g., secior center or base siation posiiion with
greater uncertainty) to the PDE based ovn the configuration wformation applicable Jor
the PDE.

{0078} FIG. 11 shows a design of a process 1180 performed by a V-PDE to suppost
positioning of mobile stattons. The V-PDE may be any network entity that supports
positioning in a visiled network.  The V-PDE mav receive a request for locabion
information for a mobile station commumicating with the visited network (block 1112}
The request mav be sent by an H-PDE m response o determuning that BSA data
apphieable for the mobile station is not locally available i a home network. The V-PDE
may send location information for the mobile station to the H-PDE (block 1114). The
location mformation mayv comprise BSA data, SPS assistance datg, and/or a position
estimate for the mobide station.  For transaction-based service, the V-PDE may process

each request from the H-PDE as a separate transaction. For 18-831 forwarding, the
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request for location information may be sent by the mobile station to the H-PDE and
forwarded by the H-PDE to the V-PDE. The location information may be sent to the H-
PDE and forwarded to the mobile station.

{00797 FIG. 12 shows a design of a process 1200 performed by a mobile station.
The mobile station may be roaming and mayv conununicate with a vistted network viaa
radio connection {block 1212} The mobile station mav send a request for posiioning
assistance t© an H-PDE in a home network (block 1214).  The mobile station may
receive positiorung assistance provided by the H-PDE based on location information
obtained by the H-PDE from a designated network entity when BSA data apphicable for
the mobile station 18 not locally available in the home network {(block 1216). The
mobile station may receive system parameter information from a serving cell in the
vistted network and may include this information i the request sent to the H-PDE, The
H-PDE may use the system parameter informaiion to determine that BSA data for the
mobiie staiion is ot locally available. The H-PDE mayv provide BSA daia, SPS
assistance data, andfor a position estimate to the mobile station. as describad above.
{0088} FIG, 13 shows a block diagram of mobile station 110, RAN 120, V-PDE
140, H-PDE 160, and BSA seever 170, For simplicity, FIG. 13 shows (i) one controlier!
processor 1318, one memory 1312, and one transmilierfreceiver (TMTR/RCVR) 1314
for mobile station 110, (41) one controllerdprocessor 1320, one memory 1322, one
fransmitier/recetver 1324, and one communication {Conun) unit 1326 for RAN 120, (i)
one controller/processor 1340, one memory 1342, and one commuumication unit 1344 for
V-PDE 140, Gv) one contoller/processor 1334, ope memory 1352, and one
conununication unit 1354 for H-PDE 164, and {v) one controller/processor 1366, one
memory 1362, and one commumication unit 1364 for BSA server 170, In general, each
entity may include any oumber of conirollers, processors, memories, fransceivers,
comTnacation aniis, elc

{0081} On the dovnlink, base stations in RAN 120 transout tralfic data, messages/
signaling, and pilot to mobile stations within their covergge areas. These various types
of data are processed by processor 1320 and conditioned by transmitter 1324 to generate
a downlink signal, svhieh iy transmitied vig an antenna. At mobile station 110, the
downlink signals from base stations are recerved via an antenna, conditioned by receiver
1314, and processed by processor 1310 o obtain vartous types of information for
posttioning, focation and other services. For example, processor 1310 may decode

messages used for the message flows described above.  Processor 1310 may also
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performn process 1200 in FIG. 12 for posttioning.  Memornies 1312 and 1322 stlore
program codes and data for mobile station 110 and RAN 120, respectively. On the
uplhink, mobile station 110 may transmit fraffic data, messagesfsignaling, and pilot to
base stations in RAN 120, These various types of data are processed by processor 1310
and conditioned by transmutter 1314 to generate an uplink signal, which s transnutted
via the mobile station antenna. At RAN 120, the uplink signals from mobile station 110
and other mobile stalions are received and condittoned by receiver 1324 and further
processed by processor 1320 fo obtain vanous tvpes of information, eg. data,
messages/signaling, ete. RAN 120 may communicate with other network entities via
commuication unit 1326,

{6082} Within V-PDE 140, processor 1349 performs localion and/or positioning
processing for the V-PDE, memory 1342 stores program codes and data for the V-PDE,
and communication unit 1344 allows the V-PDE 1o communicate with other entities.
Processor 1340 mav perform processing for V-PDE 140 in the message flows described
above and may also perform process 1100 in FIG. 11 Within H-PDE 160, processor
1330 performs location and/or positioning processing for the H-PDE, memory 1352
stores program codes and data for the H-PDE, and commupication unit 1334 allows the
H-PDE to comsmumnicate with other enlities. Processor 1350 may perform processing for
H-PDE 160 in the message flows described above and way also perform process 900 1
FIG. 9. Within BSA server 170, processor 1360 performs processing for the BSA
server, memory 1362 stores program codes and data for the BSA server, and
communication unit 1364 allows the BSA server to communicate with other entities.
Processor 1360 mav perform processing for BSA server 170 in the message flows
described above and mayv also perform process 1000 1n FIG. {0

{0083} The techniques described herein niay be implemented by vartous means. For
example, these techmigues may be implemented w hardware, firmware, soffware, or a
combmation thereof. For a hardware implementation, the processing onits used to
perform the techniques at each entity {e.g., mobile station 114, V-PDE 140, H-PDE 160,
BSA server 170, etc.) may be implemented within one or more application specific
miegrated circuits (ASICS), digtlal signal processors {(DSPs), digial signal processing
devices {(DSPDs), programmable togic devices (PLDs), field programumable gate arravs
(FPGAs), processors, controllers, micro-controllers, nucroprocessors,  electronic
devices, other electronic units designed to perform the hunctions descnibed heremn, a

computer, of a combination thergol.
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[6084]  For a firmware and/or software implementation. the techniques may be
implemented with modales (e.g., proceduares, functions, etc. ) that perform the functions
described herein. The firmware andfor software instructionsicode may be stored in a
memory {e.g., memory 1312, 1342, 1352 or 1362 in FIG. 13) and executed by a
processor {e.g., processor 1310, 1340, 1330 or 1360). The memory may be
unptemented withim the processor or external to the processor. The f[irmware and/for
software instructions/code may also be stored in a computer/processor-readable mediom
such as random access memory (RAM), read-only memory (ROM). non-volatile
random  access memory  (NVRAM), programmable read-only  wmemory  (PROM),
electrically erasable PROM (EEPROM), FLASH memory, Soppy disk, compact disc
{CD), digital versatile disc (DVD), magnetic or optical data storage device, etc. The
imstructions/code mayv be executable by one or more processors and may cause the
processor(s) to perform certain aspects of the functionality described herein.

{0O85] The previeus description of the disclosure 13 provided to enable any person
skilled in the art to make or use the disclosure. Varions modifications 1o the disclosure
will be readily apparent to those skilled i the art, and the generic principles defined
hergin may be applied to other vanations without departing from the spirit or scope of
the disclosure, Thus, the disclosure is not intended to be limited to the examples and
desigos described herein but 15 to be accorded the widest scope consistent with the

principles and novel features disclosed herein.
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{0086} WHAT IS CLAIMED S

CLAIMS

{. An apparatus comprising:

at {east one processor configured to receive a first reguest for positioning
assistance from a mobile station commumcating with a visited network, to deternune
that base station almanac (BSA) data applicable for the mobile station 1s not locally
available in a home network, to send a second request for location information for the
mobile station 10 a designated network entily, to recetve location mformation for the
mobile station from the designated network entity, the recetved location information
comprising at least one of BSA daty, satellite positioning system {SPS) assistance data,
and a position estimate for the mobile station, and to provide postlioning assistance to
the mobile slation based on the received location information; and

a memory coupled to the at least one processor,

2. The apparatus of clam 1, wherein the at least one processor i
configured o recetve system parameter nformation in the first request from the mobile
station, and to determine that BSA data applicable for the mobile station 18 not locally

available based on the svstem parameter information.

3. The apparaius of claim 2, wherein the syslem parametsr information
comprises System Identification {(SID)Y and Network Idemtification (NID) of the visited

network.

4 The apparatus of claim 1, whersin the al least one processor 18
configared to receive the first request at a8 bome position determiming entity (H-PDE) in
the home network, and to send the second request for BSA data for the mohile station o
a BSA server acting as the designated network entity, the BRA server storing BSA data

for multiple networks inchuding the visited network.

5. The gpparatus of claim 4, wherein the memory is configured 1o store a

table of SIDs for which BSA data s available from the BSA server, and wherein the at
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least one processor is configured to determine that BSA data applicable for the mohile

station is not locally available based on the table of 81Ds.

6. The apparaius of claim 4. wherein the at least one processor is
configurad to provide BSA data for the home network to the BSA server for slorage and

p=

dissemination by the BSA server,

7. The apparatus of claam 1, wherein the at least one processor is
configured to recerve the first request at 3 home posttion determuning entity (H-PDE) in
the home network, and to send the second request to a visited PDE {V-PDE) acting as

the designated network entity,

8. The apparatus of claim 7, wherein the memory 15 configwred o store a
table of SIDs for which BSA data is unavailable and PDEs from which Jocation
wformation i3 attainable. and wherein the at least one processor s conligwed (o
deternune that BSA data apphicable for the mobile station 1s not locally available and to

deternune the V-PDE 1o send the second request based on the table of SIDs.

9. The apparatus of claim 1. wherein the at least ope processor is
configured 1o receive the first request at a home position determiring entity (H-PDE) in
the home network, to forward the first request as the second request to a visited PDE
(V-PDE} acting as the designated network enfily, and to forward the location

information recetved from the V-PDE to the mobile station.

1 The apparatus of clam 1, wherein the at least one processor i
configured to provide mformation for a serving sector of the mobile station i the
second request, and 1o receive BSA data for only the serving seclor from the designated

network entity.

it The apparatus of claim 1, wherein lhe at least one processor is
configured to provide wlormation for a serving sector of the mobile slation in the
second request, and to receive BSA data for the serving sector and at least one neighbor

sector froum the designated natwork entity,



WO 2008/025013 PCT/US2007/076821

12, The apparatus of clmm 1, wherain the at least one processor is
configured to receive BSA data applicable for the mobile statton from the designated
network enbity, to determine SPS assistance data for the mobite station based on the

received BSA data, and to provide the SPS assistance data (o the mobile station.

13, The apparatus of claim 1. wherein the at least one processor s
configured to receive SPS assistance data for the mobile station from the designated

network entity, and to provide the SPS assistance data to the mobile station,

4. The apparatus of claim 1, wherein the at least one processor 1s
configured to recerve at Jeast one measurement for at least one sector from the mobile
station, to send the at least one measurement in the second request 1o the designated
network entity, to receive a position estimate for the mobile station from the designated

network entity, and to provide the position estimate {0 the mobile station.

15, The apparatus of clam 1, wherein the at least one processor 1s
configured 1o receive at leasl one measurenient for at least one sector from the mohile
station, {o receive BSA data for the mobile statton from the designated network entity,
to delernune a position estimate for the wobile station based on the at least one
megsurement from the mobhile station and the BSA data from the designated network

endity, and o provide the position estimate to the mohile station.

HE A method comprising:

receiving a first request for positioning assistance from a mobile station
conununicating with a visited network;

delermining that base station almanac (BSA) data applicable for the mobile
station is not locally available in a home network;

sending a second request for location information for the mobile station to a
designated network entity;

receiving location information for the mobile stalion from the designated
network entity, the received location nformation compnising at least one of BSA data,
satetlite positioning syvstem (SPS) assistance data, and a posttion estimate lor the mohile

station; and
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providing positioning assistance to the mobile station based on the received

location mnformation.

17, The method of claim 16, wherein the recaving the first request
comprises recetving the (rst request at & honte position detenmining entity (H-PDE) in
the home network, and wherein the sending the second request comprises sending the
second request Tor BSA data for the mobile station to a BSA server acting as the
designated network entitv, the BSA server storing BSA data for muluple networks

including the visited network.

18, The method of claim 16, wherein the receiving the first request
comprises receiving the first request at a home position determining entity (H-PDE) i
the home netwerk, and wheremn the sending the second request comprises sending the

second request to a visited PDE (V-PDE) acting as the designated network entity.

19, The method of claim 16, wherein the recetving the first request
comprises recerving the first request at a home position deternuning entity (H-PDE) in
the home network, wherein the sending the second request comprises forwarding the
fivst request as the second request to a visited PDE (V-PDE) acting as the designaled
network entity, and wherein the providing positioning assistance to the mobile station
comprises forwarding the location information received from the V-PDE {o the mobile

stafion.

28, The method of claim 16, wherein the recetving location information for
the mobile station comprises receiving BSA data applicable for the mobile station from
the designated network entity, and wherein the providing positioning assisiance to the
mobile station comprises deternuning SPS assistance data for the mobile station based

on the recetved BSA data, and providing the SPS assistance data to the mobile station,

21 The wmethod of cdaim 16, wherein the recerving the first request
comprises receiving al least one measurement for at least one sector from the mobite
station, wherein the receiving location information lor the mobile station comprises
receiving BSA data for the mohile station from the designated network entitv, and

whergin the providing positioning  assislance 1o the mobile station comprises
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deternuning a position estimale for the mobile station based on the at least one
measurement from the mobile station and the BSA data from the designated network

entity. and providing the position estimate to the mobile station,

22 An apparatus comprising:

means for recelving a first request for postlioning aswsistance from a mobile
station communicating with a vistled network;

means for determining that base station almanac (BSA) data apphcable for the
mobile station 15 not locally avarfable in 3 home network:

means for sending a second request for location mformation for the mobile
station (o a designated network entity;

means for receiving location information for the mobile station from the
designated network entity, the received location information comprising at least one of
BSA data, satellite positioning svstem (SPS) assistance data, and a position estimate for
the mobile station; and

means for providing positionming assistance to the mobile station based on the

received location information.

23 The apparatus of claim 22, wherem the means for receiving the first
request comprises means for receiving the first reguest at a home position determuning
enfity (H-PDE) in the home petwork, and wherein the means for sending the second
reguest comprises means for sending the second request for BSA data {or the mobile
station to 8 BSA server acling as the designated network entity, the BSA server storing
BSA data for muluiple networks mcluding the visited network.

24, The appartatus of claim 22, wherein the means for receiving the first
request compnises means for receiving the {irst request at a home position determining
entity (H-PDE) in the bome netwoik, and wherein the means for sending the second
request comprises means for sending the second request fo a visited PDE (V-PDE)

acting as the designated network enlity.

25, The apparatus of claim 22, whergin the means for receiving the first
reguest comprises means for receiving the first request at a home position deternuning

entity {H-PDEY in the home netwosk, wheran the means for sending the second request
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compiises means for forwarding the first request as the second request 1o a visited PDE
{V-PDE) acting as the designated network entity, and wheremn the means for providing
positioning assistance 1o the mobile station comprises means for forwarding the location

information received from the V-PDE 1o the mohile station.

26, The apparates of claim 22, wherein the means for receiving location
information for the mobile station comprises means for receiving BSA data applicable
for the mobile station from the designated network entity, and wheremn the means for
providing posttioning assistance 1o the mobile station comprises means for determining
SPS assistance data for the mobile station based on the received BSA data, and means

for providing the SPS assistance data to the mobite station.

27, The apparatus of clam 22, wherein the means for receiving the first
request comprises means for recetving at least one measwement for at least one sector
from the mohile station, wherein the means for receiving location nformation for the
mohile station comprises means for recerving BSA data for the mobile station from the
designated network entity, and wherein the means for providing postiioning assistance
to the mobile slation comprises means for determining a position estimate for the
mobile station based on the at least one measurement from the mobile station and the
BSA data from the designated network emtity, and means for providing the position

gstimate 1o the mobile station.

28 A processor~readable mwedium including program code stoved thereon,
COMprising:

progran code to recetve a first request for positioning assistance from a mobile
station communieating with a visited network;

program code to determine that base station almanac (BSA) data applicable for
the mohile station is not locally available i a honme network;

program code to send a second request {or location mformation for the mobile
station to a designated network entity:

program code to recerve location wformation for the mobile station from the
designated network entitv, the received location information comprising at least one of
BSA data, satellite posttiioning system (SPS) assistance data, and a posttion estimate for

the mobile station; and
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program code to provide positioning assistance o the mobile station based on

P

the received location information.

29, The processor-readable medium of claim 28, further comprising:

program code 1o receive the first request at 3 home position determining entity
(H-PDEY in the home nehwork: and

program code (o send the second request for BSA data for the mobile station (o a
BSA server acting as the designated network entity, the BSA server storing BSA data

for multiple networks including the vistled network.

30, The processor-readable medium of claim 28, Tusther comprising:

program code 1o receive the first request at g home position determining entity
{(H-PDE}Y in the home network; and

program code to send the second request {0 a visited PDE (V-PDE) acting as the

designated network entity.

31 The processor-readable medium of claim 28, further comprising:

program code to recesve the first request at a home position delermining entity
{H~-PDE) in the home network:

program code to forward the first reguest as the second request to a vistted PDE
(V-PDE} acting as the designated network entity; and

program code 1o forward the focation information recaived from the V-PDE Lo

the mobile station.

32 The processor-readable medium of claim 28, further comprising:

program code {0 receive BSA data apphicable for the mobile station from the
designated network entily;

program code to determine SPS assistance data for the mobile station based on
the received BSA dats; and

program code 1o provide the SPS assistance data to the mobile station.

33, The processor-readable medium of claim 28, further comprising:
program code to recetve at least one measurement for at least one sector from

P

the mobile station;
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program code 10 receive BSA data for the mobile station [rom the designated
network entity;

program code to deternune a position estinwale for the mobile station based on
the at least one measurement from the mobile station and the BSA data from the
designated network entity; and

program code 1o provide the position estimate to the mobile station.

34 An apparatus comprising:

al least one processor configured to recetve base station almanac (BSA) data
from multiple networks, o recetve requests for BSA data from position determining
entities {PDESY in the multiple networks, to deternune whether each of the requests is
authorized, and to return BSA data to the PDEs for authorized requests; and

a meamory coupled to the at least one processor.

35, The apparatus of claim 34, wherein each PDE serves one of the multiple

networks and sends requests for BSA data for other networks not served by the PDE.

36. The apparatus of clatm 34, wherein the at least one processor is
configured to recerve information for a serving sector of a mobile station from a PDE, to
detenmine BSA data apphcable for the mohile station based on the information for the
serving sector, and to return the BSA data to the PDE.

37, The apparatus of claim 36, wherein the at least one processor is

configured to provide BSA data for only the serving sector to the PDE.

38 The apparatus of claam 36, wherein the at least one processor 18
configured to provide BSA data for the serving sector and at least one neighbor sector to

the PDE.

39, The apparatus of claim 36, wherein the mnformation for the serving sector
comprises System Identification (81D}, Network Tdentification {NID). and Base Station

Tdentification (BASE_ID).
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4. The apparatus of claim 34, wherein the at least one processor is
configured to receive configuration nformation mdicating which networks are
authorized 1o obtain BSA data from each of the nudtiple networks, and 1o determine

whether each of the requests is authorized based on the configuration information.

41, The apparatus of clam 34, wherein the at least one processor 18
configured Lo receive a request for BSA dala from a PDE and to provide unmodified
BSA data or degraded BSA data to the PDE based on configuration information

applicable for the PDE.

42, A method comprising:

receiving base station atmanac (BSA) data from multiple networks;

receiving requests for BSA data from position determining entities (PDEs) in the
multiple networks;

determining whetber each of the requests is authonzed; and

returning BSA data to the PDEs for authorized requests.

43, The method of claim 42, further comprising:

receiving configuration mformation indicating which networks are authorized to
obtain BSA data from each of the multiple networks, and

whereimn each of the requests s authorized based on the configuration

wnflormation.

44, The method of claim 42, wherein the returming BSA data to the PDEs
comprises

recatving information for a serving sector of a mobile station from a PDE for an
authorized request.

determining BSA data applicable for the mobile station based on the information
for the serving sector, and

returning the BSA data to the PDE.

45, The method of claim 42, wherein the returming BSA data to the PDEs
comprises providing unmodiied BSA data or degraded BSA data to a PDE for an

authorized reguest based on configuration information applicable for the PDE.
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36, An apparatus comprising:

al least one processor configured to recetve a request for focation information for
a mobile station commuanicating with a visited network, the request being sent by a
home position determining entity (H-PDE) in response to determuning that base station
almanac (BSA) data applicable for the mobile station 1s not locally available i a home
network, and to send location information for the mobile station to the H-PDE, the
location information comprising at least one of BSA data, satellite positioning system
{SPS} assistance data, and a position estimate for the mobile station; and

a memory coupled to the at least one processor,

47, The apparatus of claim 46, wheremn the at least one processor is

configurad to process each request from the H-PDE as a separate transaction.

48 The apparatus of clanm 46, wherein the request for location information
is sent by the mobile station to the H-PDE and forwarded by the H-PDE, and wherein

the location information 18 sent to the H-PDE and forwarded to the mobile station.

49, A method comprising:

receiving a request Tor location information for a mobile station communicating
with a visited network, the reguest being sent by a home position deternining entity (H-
PDE) in response Lo determining that base statton almanac (BSA) data applicable for the
mobile station 1s not focally available 1o a home network; and

sending location information for the mobhile station to the H-PDE, the location
information conprising at least one of BSA data, satellite positioning system (SPS)

assistance data, and a position estimate for the mobile station.

50.  The method of claim 49, further comprising:

processing each request from the H-PDE as a separate transaction.

51, The method of clasm 49, wherein the request for location information s
sent by the mobile stgtion to the H-PDE and forwarded by the H-PDE, and wherein the

location mformation is sent to the H-PDE and forwarded to the mobile station.
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320 An apparatus Comprising:

al least one processor configared to conununicate with a vigited network via a
radio comnection, to send a request for posibioning assistance to a home position
determbmng entity {H-PDE) in a home network, and to recetve positioning assistance
provided by the H-PDE based on location information obtained by the H-PDE from a
designated netyvork entity when base station almanac {BSA) data applicable for the
mobite station 13 not locally available i the home network; and

a memory coupled to the at least one processor,

53, The apparatus of claim 52, wheremn the at least one processor 1s
configured to recetve svslem parameter information from a serving cell in the visited
network, and to provide the system parameter information in the request sent to the H-
PDE, the svstem parameter mformation being used by the H-PDE to deternmune that

BSA data applicable for the mobile station is not {ocally available.

34 A method comyprising:

communicating with a visited network via a radio connection;

sending a request for positioning assistance to a home position determining
entity (H-PDE)} in a home network; and

receiving positioning assistance provided by the H-PDE based on location
information obtained bv the H-PDE from a designated network entity when base station
almanac (BSA) data apphicable for the mobile station 1s not locally available in the

home network.

33 The method of claim 34, further comyprising:

recalving svstemn parameter mlormation from a serving cell in the wvisiled
network: and

providing the system parameter information in the reqguest sent to the H-PDE,
the svstem parameter information bamng used by the H-PDE 1o determine that BSA data

applicable for the mobile slation is not locally available,
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