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METHOD AND APPARATUS FOR SUPPORTING
POSITIONING O KROAlVIlNG MOBILE STATIONS

CROSS-REFERENCE TO RELATED APPlJC ATlONS

}000 ϊ | The present application claims π oπls to provisional U S Application Seπal

No 60/840,274 itled Method and Apparatus Io Facilitate Location Based em e s

Roaming Through Sharing of Base Station Almanac Data " filed August 24. 2ϋϋ6.

assigned to the assignee hereof and incorporated herein b> reference and to pro-visional

U S Application Seπal No 0/8 , 10, entitled CDMA se Plane Location Based

Seruces 0 BS) Roaming tiled N OΛember S7. 2006. assigned to he assignee hereof and

incorporated herein b> reference

BA C RO

I. Field

}0002| The present disclosure relates generalh to com unication and moie

specificalh io techniques for supporting positioning of mobile stations

I1, Background

00 3} Ii is often desirable, aid sometimes necessary o kno the location of a

mobile station, e g . a celiulai phone The ieims location" and po ition are

s\non\mous and are used inferchangeabh herein For example, a user ma> utsli/e lhe

mobile station to browse through a website and ma\ click on location sensitive content

The location of the mobile station then be determined and used to provide

appiopnaie content to {he usei Tbeie are a n othei scenarios in which knowledge of

the location of the mobile station is useful or necessa

[0004J The mobile station ma\ proMSioncd such that it can obtain location

sen ices from a home netw ork and also while roaming in a \ isited network fhe mobile

station communicate with -various network entities in the home network in ordei to

determine the location of the mobile station whenever needed A major challenge i

then to pro\ ide location services to the mobile station in a roaming scenario



SUMMARY

[0005] Techniques to support positioning and location services for roaming mobile

stations are described herein. A roaming mobile station y communicate with a

visited network and mas have a data connection to a home network. The mobile station

may interact with a home position determining entity (H-PDE) in the home network for

positioning. The mobile station may send a first request for positioning assistance to the

H-PDE. The first request may include system parameter information indicating a

serving sector for the mobile station in the visited network. The H-PDE may determine

that base station almanac (BSA) data applicable for the mobile station i not locally

available in {he home network. The H-PDE may {hen send a second request for location

information for the mobile station to a designated network entity and may receive the

location information from the designated network entity. The received location

information may comprise BSA data satellite posi honing system (SPS) assistance data,

and/or a position estimate for the mobile station. The H-PDE may 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

multiple networks including the visited network The BSA server may receive the

second request from the H-PDE and may return 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 {he visited network. The V-PDE may receive the

second request from the H-PDE and may return BSA data,. SPS assistance data, and/or a

position estimate for the mobile station.

|000?1 Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FlG I shows visited and home networks for a roaming mobile station

[0009] FlG. 2 shows positioning of the roaming mobile station using a BSA server.

[00 !Oj FIGS. 3 and 4 show two message flows for positioning of the roaming

mobile station using the BSA server.

JOOl I f FlG. 5 shows posi honing of the roaming mobile station using a V-POH.



[00!2| FlOS. 6 and 7 show two message flows for positioning of the roaming

mobile station using the V-PDE.

J00I3J FlG. shows a message flow for positioning of the roaming mobile station

with 1S-801 message forwarding.

JOOMj FIG. 9 shows a process performed by {he H-PDE.

J001S] FIG. I O shows a process performed by {he BSA server

[0016] FlG 11 shows a process performed by {he V-PDE.

[00I7J FlG. 12 shows a process performed by h e mobile station for positioning.

[00 !8| FlG. i3 shows a block diagram of the mobile station and other network entities.

DETAILED DESCRlPTl ON

[00!9| The techniques described herein may be used for various wireless networks

such as Code Division Multiple Access (CDMA) networks. Time Division Multiple

Access (TDMA) networks. Frequency Division Multiple Access (FDMA) networks.

Orthogonal FDMA (OFDMA) ne works ele. A CDMA network may implement a

radio technology such as cdma200 ύ Wideband-CDMA (W-CDMA). etc. cdma2000

covers 1S-2000. 1S-856. and IS-95 standards. A TDMA network may implement a radio

technology such as Global System for Mobile Communications (GSM), Digital

Advanced Mobile Phone System (D-AMPS), etc. W-CDMA and OSM are described in

documents from an organization named "3rd Generation Partnership Project" (3GPP).

cdma2000 is described in documents from an organization named "3rd Generation

Partnership Project 2" (3GPP2). 3GPP and 3GPP2 documents are publicly available.

For clarity, the techniques are described below for 3GPP2 networks.

[0020| FIG. 1 shows a deployment with a visited network 102, a home network

104. a third party network 106. and a requesting network 108 Hie terms visited " and

serving' are often used interchangeably. Home network 104 is a wireless network

with which a mobile station (MS) 110 has a service subscription. Visited network 102

is a wireless network currently serving mobile station 110. Visited network 102 and

home network 104 may be different networks if mobile station 1 10 is roaming outside

the coverage of the home network. Networks 102 and 104 support location services

(LCS). hich ma> include any services based on or related to location information.

1,CS may also be referred to as location- based services (LBS).

[00211 Mobile station I IO may be stationary or mobile and may also be referred to

as a user equipment (UE). a terminal, an access terminal, a subscriber unit, a station etc



Mobile station l lct a be a cellular phone, a personal digital assistant (PDA), a

vureless de\ tee a n dset a laptop computei a telemetn dex ice. a Uackiiig device elc

Mobile ta tio 10 ma\ communicate with a radio access network (RAM 120 in \ isUcd

network 102 to obtain communication sen ices such a \ oιee_ udeo, p c e data,

bioadcast messaging etc Mobile station 110 nia> also iecene signals fiom one or

moie tell te h>0 hich ma\ be pail υf the United States Global Positioning S stem

(GPS) the fciaopean Galileo stern, the Ru si n GLOX ASS s slem or some other

satellite positioning s stem <SPS Mobile station I JO mas measure signals from

satellites N O anά oϊ signals from base stations in RAN 120 and max obtain pseudo-

rmv c measurements (oi the satellites amj/oi tuning measurements (oi the base stations

The pseudo-i ange measurements and or timing measuiements ma\ be used to deit\e a

position estimate foi mobile station 1Iu using one or a combination of positioning

methods such as assisted GPS (Λ-GPS) standalone GPS d a ced ϊ otwaid Lmk

Tiilatciation (A-FI T). Enhanced Obsc ϊ \eti Time Difference (F-OTD Obsc ϊ \eti Time

Ditlercnce O t Am\ai (OTDOA) Enhaiiced CeSl ID, CelS ID etc

[0022J An application (APP) 112 max support location services and/or positioning

foi mobile station ! H) and ma\ com u e an LCS client and oi h ιghe - a\ ei applications

n I CS client i a function or an ent ιt\ that ioqucs>ts> location iiifoiinahon foi an LCS

target An LCS tatget is a mobile station whose location is being sought In geneial, an

LCb client max reside m a network enii or a mobile station oi ma\ be external Io both

}0023| n \isUed t etnoik U>2 RAN 120 supports iadio communication for mobile

stations located vwthin the ciyieiage of the R\N RAN 120 mas include base bUtions,

base station controllers (BSC ) and/or other network entities that suppoil radio

conimunjcation Λ packet control function (PCF) 128 supports packet data exchanges

between RAN 120 and a packet data er vi g node (PDS ) O O PDSN B suppoits

packet-swHched calls (oi mobile t t on and is tesponsible (oi the establishment

maintenance and termination of data sessions PDS\ H O max be a foreign agent (FA)

x ia which mobile station 110 exchanges packet data h n roammg An mlei-woikmg

function (IWF) mm be used in place o f PDS\ 130 in some vuteless networks e g , IS-

5 ϊ ϊtfU\oiks

[0024] A Hed L C stern H 6 supports po tioning and location s.6i vices for

visited netwoik H)2 and includes a usited mobile positioning center (V-MPC) H S a

isited position Uetei mining entitx (V-PDk) 14u, and a B unit 142 V-MPt 138

perioims \auous (unctions foi iocalion se ce 3ΪK 1 ma\ support ^ubscnbei pmac\



authorization, authentication, foaming support charging/billing, service management,

position calculation, etc. V-PDE 140 supports positioning for mobile stations.

Posilioning refers to a process to measure/compute a geographic position estimate for a

target device. A position estimate may also be referred to as a location estimate, a

position fix, a fix, etc. V-PDE 140 may exchange messages with mobile stations

belonging to visited network 102 for positioning, calculate position estimates, support

delivery of assistance data to the mobile stations, perform functions for security, etc

Uni 142 stores a BSA containing information for sectors and base stations in visited

network 102. which may be used to assist positioning of mobile stations. A sector can

refer o a coverage area of a base station and/or a base station subsystem serving the

coverage area

jOOISj A visited authentication, authorization, and accounting (V-AAA) server 132

performs authentication and authorization for LCS and other services. A visitor

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

communicate with one another via a data network 148.

[0026| In home network 104, a PDSN 150 may be a home agent (HA) with which

mobile station 110 has registered and may be responsible for forwarding packets to

mobile station 110. A home LCS system 156 supports positioning and location services

for home network 104 and includes a home MPC (H-MPC) 158, home PDE (H-PDE)

160, and a BSA unit 162, which may operate in similar manner as the corresponding

network entities in visited LCS system 136. A home AAA (H-AAA) server 152 and a

home location register (JJLR.) 1.54 may operate in similar manner as the corresponding

network entities in visited network 102. The network entities in home network 104

serve mobile stations communicating with the home network and may communicate

with one another via a data network 1 .

[0027 1 Third party network 106 includes a FJSA server 170 that communicates with

the PDEs in other networks to support positioning of mobile stations, as described

below. A unit 172 ma\ store BSAs from networks desiring to share BSA data.

Requesting network H)S includes an LCS client 180 that may desire to know the

location of mobile station i K) LCS client 1 0 may communicate with H-MPC 158 to

obtain the location of mobile station 110. Requesting network 108 may be part of

visited network 102 or home network 104 or may be separate from these networks. For

example, requesting network 108 may be a data network maintained by an Internet



sen ice provider (ISP). The entities in third party network 106 and requesting network

108 may communicate with the entities in visited network 102 and home network 104

ia a data network 178. which may be the Internet or some other network.

J0028| A Wide Area Reference Network (WARN) 192 monitors GPS satellites and

may provide H-PDE 160 with satellite reference information for the coverage areas of

home network 104 and visited network 102. The satellite reference information may

comprise differential correction for GPS Ephemeris information and may be used in

GPS and A-GPS location calculations

[0029J FlO. 1 shows an example of visited network 102 and home network 104. n

general a network may include any combination of entities that may support any

services offered by the network. Networks 102 and 104 may support a user plane

location architec ure A er plane is a mechanism for carrying messages/signaling for

higher-layer applications and employs a user-plane bearer which is typically

implemented with protocols such as User Datagram Protocol (UDPK Transmission

Control Protocol (TCP) and Internet Protocol (IP), ail of which are known in the art

Messages/signaling supporting location services and positioning may be carried as part

of data {from a network perspective) in a user plane architecture.

[0030J Networks 102 and 104 may implement any user plane architecture such as

V l or V2 user plane from CDMA Development Group (CDG), X S0024 user plane

from 3GPP2, Secure User Plane Location (SUPL) from Open Mobile Alliance (OMA),

etc. Vl. V2 and X.S0024 are applicable for 3GPP2 networks. Sl)PL is applicable for

3GPP and 3GPP2 networks. These user plane architectures are described in publicly

available documents.

[0031] hi the description herein, the term "PDE genetically refers to an entity that

supports positioning, the term MPC" generically refers to an entity that supports

location services, the term mobile station"' generically refers to an entity that may

communicate with an MPC for location services and/or a PDE for positioning and the

term "LCS client generically refers to an entity that requests the location of a mobile

station. A PDE may be a PDE in V l and V2 user plane, a SUPL Positioning Center

(SPC) in SUPL. a Serving Mobile Location Center (SMLC) or a Standalone SMLC

(SAS) in 3GPP. etc. An MPC may be an MPC in V l and V2 user plane a SUPL

Location Center (SLC) in SUPL. a Position Server (PS) in X S0024, a Gateway Mobile

Location Center (GMLC) in 3GPP, etc. A mobile station may be a mobile station in V l

and V2 user plane, a SUPL enabled terminal (SET) in SUPL, a UE in 3GPP, etc. The



PDE, MPC, mobile station, and LCS client may also be referred to by other names in

other networks and other location architectures.

J0032J Networks 102 arid 104 may support location services for roaming mobile

stations based on trusted and/or non-trusted models. Table 1 gives short descriptions for

the trusted and non-trusted models.

[0033] A network may maintain a BSA for sectors and/or base stations 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

various types of information that may be pertinent for positioning. For example, a BSA

record may contain information for sector/base station identifier, base station antenna

position, antenna parameters, terrain information, sector center, frequency, and so on. as

described in U.S. Patent No, 7,123,928. The BSA may be used to support network-

based positioning methods such as A-FLT, B-OTD. OTDOA. Enhanced Cell ID. Cell

ID, etc For example, the base station position may be used for triangulation of the

mobile station position using the A-FLT, E-OTD. and OTDOA methods Hie sector

center may be used as a coarse position estimate for the mobile station for the Enhanced

Ceil ID and Cell ID methods. The BSA may also be used to support satellite-based

positioning methods such as OPS, A-GPS, etc. For example, informa Ii on for the

serving sector of mobile station I IO may be used to obtain a coarse position estimate,

which may in turn be used to provide appropriate GPS assistance data to the mobile

station.

f0034j Mobile station 110 may communicate with visited network 102 and may

receive a request for the location of the mobile station, e g. from an application resident

on the mobile station. LCS client O or H-MPC 58. Even while roaming, mobile

station 110 may have a data connection to home network 104 using a data roaming

mechanism such as Mobile IP. i t mav be desirable to serve roamhis, mobile station i H)



from home LCS system 156. This may allow home network 104 to retain control over

security and authentication user privacy, quality of position estimates, system scaling,

billing elc Furthermore, this may allow mobile station 110 to obtain location services

from home network 04 while roaming any where regardless of the positioning and

LCS capabilities of the visited networks, as long as voice and data roaming is supported

for the mobile station.

[0035] To effectively serve mobile station H O when roaming home LCS system

156 may need access to BSA data from visited network 102. Unit 162 in home LCS

system 156 may store BSA data for only sectors and base stations in home network 104.

Unit 142 in visited LCS system 156 may store BSA data for sectors and base stations in

visited network 102. Home .LCS system 156 may need access to the BSA data stored in

visited LCS sy tem 136 in order to effectively serve mobile station 110 when roaming

in visited network 102.

}0036] In an aspect. BSA server 170 supports sharing of BSA data from different

participating networks for positioning of mobile stations roaming in these networks

BSA server 170 may receive BSAs from different networks such as visited network 102

and home network !04 and may store these BSAs in unit 172. Each network may-

provide its BSA to BSA server 170 on a periodic basis, whenever the BSA is updated,

as requested by the BSA server, etc. BSA server 170 may operate as a repository for

the BSAs from the participating networks and may provide BSA data to authorized

PDEs when and as requested by these PDEs. I f a given PDE does ot have the

necessary content in its local BSA to serve a roaming mobile station, then the PDE may

query BSA server 170 for the desired BSA data The PDE n be able to effectively

serve the mobile station (e.g., derive a high quality position estimate) based on the BSA

data provided by BSA server 170.

[0037J FIG. 2 shows a design to support positioning of roaming mobile station 110

using BSA server 170. Mobile station 110 may exchange data with PDSN/T1A 150 in

home network 104 via RAN 120, PCF 128 and PDSN/FA 130 in visited network 102

using a roaming mechanism such as JViobile IP. A Mobile IP tunnel may he established

between PDSN/FA 130 and PDSN/HA 150 and used to exchange data for mobile

station 110. The network entities i visited network 102 may transparently transfer data

for the communication between mobile station 110 and home network 104 Mobile

station 110 may communicate with the entities in home LCS system 156 via PDSN/HA

150.



[øø38| Mobile station i 10 may communicate with H-MPC 158 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 1S-801 the

system parameter information may comprise System Identification (SiD), Network

Identification (NlD), and Base Station Identification (BASE JD). ail of which may be

obtained from a System Parameter message broadcast by the serving sector. The SID

identifies a cellular system of a network operator in a specific region, and the NlD

identifies a smaller network within the cellular system. The BASEJD may be

composed of a CELL ID aid a SECTOIlJD assigned to the sen ing sector. The SlD

and N ΪD may be used to identify the network currently serving mobile station I IO and

to determine whether mobile station 110 is roaming The SID. NlD and BASE J D may

be used to determine the sector currently sen-ing mobile station 110. For GSM. the

system parameter information may comprise a Mobile Country Code (MCC), a Mobile

Network Code (MNC). and a Location Area Code (LAC)- For W-CDMA, the system

parameter information may comprise an MCC, an MNC. and a Radio Network

Controller identifier (RNC-FD). ie system parameter information may comprise other

items in other systems. Mobile station ! 10 may also provide other information such as

positioning quality of service (PQoS) information the desired number of position

estimates, etc.

J0039] Fi-MPC 158 may authorize mobile station H O for the requested location

service and ma> select FI-PDE 160 to serve the mobile station for positioning. H-MPC

158 may request H-PDE 160 to accept a positioning session with mobile station 110 and

may provide pertinent information received from mobile station I IO to Ii-PDE 160.

[0040] Mobile station I i0 and H-PDE 160 may then perform a positioning session

(e.g., an IS-SOl session) to provide positioning assistance to mobile station 110. H-PDE

1GO may receive the SID. NlD and BASEJD for mobile station 110 from H-MPC 15

and may determine thai mobile station 110 is currently roaming. H-PDE 160 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 160 may

communicate with BSA server 170 via a secured interface, which may be over the

Internet using tunneling or other means. The secured interface may prevent BSA data

from being read by anyone (inciuding network operators) while in transit. BSA server

170 may respond to the request from H-PDE 160 by returning BSA data for the serving

sector of mobile station 110. BSA server 170 may also provide BSA data for neighbor



sectors, which may be useful if mobile station 110 is 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 to mobile station 110. Alternatively, H-PDE 160

may use the BSA data to derive a position estimate for mobile station 110 and may

provide the position estimate to the mobile station. H-PDE 160 may provide

positioning assistance to mobile station 110 based on the BSA data received from BSA

server 170 d the satellite reference information received from WARN l ) 2 for the area

in which mobile station i 10 is currently located

[004! I FIG. 3 shows a design of a message flow 300 o support positioning of

roaming mobile station 1i0 using BSA server 170. Mobile station 110 may send an IS-

0 Position Determination Data Message to H-PDE 160 (step A). This message may

include (i) a Provide MS Information element indicating positioning capabilities of

mobile station 110, (ύ) a Provide System Parameter Information element containing

system parameter information such as the SID. NlD and BASEJD, (iii) a Provide Pilot

Phase Measurement element containing pilot timing and/or signal strength

measurements made by mobile station 110 for detected sectors (iv) a Request OPS

Ephemeris element to request for CJPS Ephemeris. and (v) a Request GPS Almanac

element to 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 a GPS satellite orbit, as tracked and reported by

tracking stations on earth.

J0042] H-PDE 160 may receive the Position Determination Data Message from

mobile station 110 and may determine that the mobile station is roaming based on the

system parameter information H-PDE 160 may then send a Request 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 containing different types of information being requested (eg ,

height. GPS clock correct, velocity, etc ), a SYSTEM PARAM parameter containing

the system parameter information and a PPM parameter containing pilot information

(e.g., pilot PN phase, pilot strength, etc.). The Request Assistance Data element may

include an ASST_TYPE parameter indicating the type of assistance data being

requested, which in this case is BSA. The various messages, elements, and parameters

are described in 3GPP2 C.S0022. entitled "'Position Determination Service Standard for



Dual Mode Spread Spectrum Systems. " February 1(S, 2001, which covers IS-SOi and is

publicly available.

J0043J BSA server 170 may receive the Request message from H-PDE J60 and may

return a Response message containing a Provide Location Estimate element and a

Provide Assistance Data element (step C). The Provide Location Estimate element may

include a LOCJ ΞST parameter containing a coarse position estimate. The Provide

Assistance Data element may include a BSA parameter containing BSA daia for mobile

station HO. H-PDE 160 may cache the BSA da a and determine appropriate OPS

Epheme πs and OPS Almanac for mobile station 110 based o the BSA data (step D)

H-PDB 160 may then provide the requested GPS Ephemeris and GPS Almanac to

mobile station 1K) (step E).

J0044] FIG. 4 shows a design of a message flow 400 to support positioning of

roaming mobile station 110 using BSA server 170. Mobile station 110 may send to H-

PDE 160 a 18-801 Position Determination Data Message containing an M S

Information element a System Parameter Information element a Provide Pilot Phase

Measurement element and a Request GPS Acquisition Assistance element to request

GPS acquisition assistance {step A). M-PDE 160 may determine that mobile station 110

is roaming and may then send Request message containing a Request Location

Estimate element and a Request Assistance Data element to BSA server 170 (step B).

The Request Assistance Data element may include ati ASST TYPE parameter

indicating that BSA data is being requested. BSA server 170 may return a Response

message containing a Provide Location Estimate element and a Provide Assistance Data

element (step C). The Provide Assistance Data element may include a BSA parameter

containing BSA data for mobile station 110. H-PDE 160 ma> cache the BSA data and

determine appropriate GPS acquisition assistance data based on the BSA data (step D).

H-PDE 160 may then provide the requested GPS acquisition assistance data to mobile

station 1!0 (step E).

10045 { Mobile station 110 may send a request for GPS sensitivity assistance to H-

PDE 160 (step F). H-PDE 160 may determine appropriate GPS sensitivity assistance

data for mobile station 110 based on the cached BSA data (step G). H-PDE 1GO may

then provide the requested GPS sensitivity assistance data to mobile station 110 (step

H).

[0046J Mobile station 110 may provide pseudo-range measurement (PRM), pilot

phase measurement, time offset measurement. and a request for location response to H-



PDE 160 (step 1). H-PDE 160 may derive a position estimate for mobile station 110

based on the cached BSA data and {he measurements from mobile station 510 (step J).

H-PDE 160 may lhen return a location response containing the position estimate (slep

K).

j00471 FIGS. 3 and 4 show two example message flows to support positioning of

roaming mobile station 110. Other message (lows may also be used to support

positioning. In general. H-PDE 160 may be requested by mobile station J 10 to provide

assistance data, o derive a position estimate, etc. H-PDE 160 may query BSA server

170 for pertinent BSA data if this data is not available i the local BSA. H-PDE 160

may then provide the requested assistance data, position estimate, etc to mobile station

110.

j00481 Fi-PDE i60 may suppo π roaming and non-roaming mobile stations for home

network 104. H-PDE 160 may receive request for positioning assistance from mobile

station 110 and may determine whether the desired BSA data is available in the local

BSA. Ii-PDE 160 may make this determination based on system parameter information

provided by mobile station 110. In one design, H-P E 160 may maintain a table of

SIDs for which it can request BSA data from BSA server 170. For each request from

mobile station 110, H-PDB 160 may compare the SID in the request against those in the

table and may query BSA server 170 for BSA data if the SID is not in the fable. H-PDE

160 may wait for the requested BSA data to arrive from BSA server 170 and may

provide positioning assistance to mobile station 110 based on the BSA data.

J0049] H-PDE 160 may 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 FJG. 4 . H-PDE 160 may discard the cached BSA data after the limited period

to avoid using stale BSA data H-PDE 160 may also obscure any data m any operator-

accessible iog that may allow important aspects of another network's BSA fκ>m 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 roaming BSA quality, calculate

and report roaming BSA performance, self-learn roaming BSA data etc.

fOOSO] H-PDE 160 may receive BSA data from BSA server 170 and determine

appropriate assistance data for mobile station 110. as shown in FIGS. 3 and 4 . The

assistance data (e.g., GPS Ephemeris and GPS Almanac) may be dependent on the

current position of mobile station 1 10. H-PDE 160 may receive satellite reference

information (e.g., differential correction) from WARN 192 for the home network



coverage aea as well as all supported roaming areas, H-PDE 1(SO may apply

appropriate differential correction for assistance data depending of the current position

of mobile station 110 .

jϋϋSIj in genera!, BSA server 170 may r any number o f P Es from any

number of networks. BSA server 170 and the PDEs may communicate using any

suitable PDE-Server interface such as a query-response type interface, e.g., an IP-based

protocol such as TCP/IP or an Inler-PDE LBS Roaming Protocol. BSA server 170 may

receive and store BSA data from the PDEs of different network operators. These

operators may provide BSA files in any suitable BSA file format such as BSA Format

Type 2 described in U.S. Patent No. 7,123.928. entitled " Method and Apparatus for

Creating and Using a Base Station Almanac for Position Determination," issued

October 17. 2006. BSA server 170 may support web-based operator access portal,

automated secure FTP file transfer o f BSA files direct query of BSA over the PDE-

Server interface, etc.

[00521 A server 170 may control the sharing of BSA data among different

participating networks BSA server i 70 may be operated by an independent third party

and may be instructed by the network operators how their BSA data should be shared.

The sharing of the BSA data among the different operators may be dependent on

business agreements between these operators. For example. BSA server 170 may

receive BSAs of four networks A, B . C and IX BSA server 170 may allow network A

to have access to only the BSA of network C. allow network B to have access to the

BSAs o f networks C and D, allow network C to 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 C BSA

server 170 may thus control which networks can receive BSA data from which other

networks.

[0053J The sharing of the BSA data among the different networks may also be

dependent on regulators measures. For example, network A may have access to only

the BSA of network C for normal operation but may have access to the BSAs of all

networks or emergency calls.

}00S4] BSA server 170 may allow a given network to have access to all or only a

portion of the BSA of another network For the example above, BSA server 170 may

allow network B to receive BSA data for only a limited portion of the service territory

of network C and for the entire service territorv of network D .



[0055J 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 center or base station position with larger uncertainty. BSA server 170 may

provide BSA data for only a sen-ing sector indicated in a PDE request or for the serving

sector and neighbor sectors. The BSA data for the neighbor sectors, if provided, y be

of full quality or may be degraded to make it less valuable or to mask its content.

[0056J Jn another aspect, the PDEs may communicate with one another to provide

location information for roaming mobile stations, ϊn general, location information may

be any information used for positioning of a mobile station and may comprise BSA

data, any type of assistance data, a position estimate etc. In one design, a PDE may

maintain a table of SlDs for which the PDE can request location information and the

addresses of the PDEs from which to request the location information. Upon receiving

a location request from a mobile station, the PDE may compare the SID in the location

request against those in the table and, if the SID is in the table, may request for location

information for the mobile station from an appropriate PDE.

[0057J FIG. 5 shows a design to support positioning of roaming mobile station 110

using V-PDE 140. Mobile station 110 may communicate with Ii-PDE 160 in home

network J04 via visited network J02. as described above for FIG 2 Mobile station i H)

may communicate with H-MPC 158 for location service and may provide system

parameter information (e.g.. SID. NID, and BASE ID) for the serving sector. H-MPC

158 mas- authorize mobile station 110 for the requested location service, select Ii-PDE

160 to serve mobile station and request H-PDE 160 to accept a posit.ioning session for

mobile station 110 .

[0058| Mobile station 110 and H-PDE 160 may then perform a positioning session

(e.g., an IS-SOl session) for positioning of mobile station 110. H-PDE 160 may receive

the SID, NID, and FJASEJD for mobile station 110 from H-MPC 158 and may

determine that mobile station I H) is roaming. H-PDE 160 may recognize that the

desired BSA data is not locally available and may determine 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 may

communicate with V-PDE 140 via a secured interface to present interception of the

location information while i transit V-PDE 140 may respond to the query from H-

PDE 160 by returning the requested location information for mobile station 110,



[0059| hi one design. V-PDE 140 may provide BSA data for the serving sector aid

possibly neighbor sectors. H-PDE 160 may determine appropriate assistance data 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

160 may derive a position estimate for mobile station 110 based on the received BSA

data from V-PDE 140 and may then provide the positron estimate to the mobile station.

In another design, V-PDE 40 may receive measurements sent by mobile station 110

and forwarded by H P E !60 and may provide either assistance data or a position

estimate for mobile station 110. H-PDE 160 may then forward the assistance data or

position estimate 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

j0060] ' . shows a design of a message How 600 to support positioning of

roaming mobile station 110 using V-PDE 140. Mobile station i K) may send to Ii-PDE

160 an IS-801 Position Determination Data Message containing various information

elements including requests for GPS Ephemeris and GPS Almanac (step A). H-PDE

160 a determine that mobile station 110 is roaming and may then send a Request

message to V-PDE 140 (step B). V-PDE 140 may return a Response message

containing a Provide Location Estimate element and a Provide Assistance Data element

(step C). The Provide Location Estimate element may include a LOC EST parameter

containing a coarse position estimate. The Provide Assistance Data element may

include a GPS EPHEMERIS parameter containing GPS Ephemeris and a

GPS_ALMANAC parameter containing GPS Almanac. H-PDE 160 may then provide

the requested GPS Ephemeris and GPS Almanac to mobile station i 10 (step D).

[006! I FIG. shows a design of a message flow 700 to support positioning of

roaming mobile station 110 using V-PDE 140. Mobile station 110 may send to H-PDE

160 an IS-80 1 Position Determination Data Message containing various Information

elements including a request for GPS acquisition assistance (step A). H-PDE 160 may

determine that mobile station 10 is roaming and may then send a Request message to

V-PDE 140 (step B). V-PDE 140 may return a Response message containing a Provide

Location Estimate element and a Provide Assistance Data element (step C). The

Provide Assistance Data element may include a GPS ACQ DATA parameter

containing GPS acquisition assistance data. H-PDE 160 may then provide the requested

GPS acquisition assistance data to mobile station 11 (step D).



[0062J Mobile station 110 may send a request for GPS sensitivity assistaice to H-

PDE 160 (step E). H-PDE 160 may then send a Request message with a Request

Assistance Data element to V-PDE 140 (step F). V-PDE 140 may return a Response

message with a Provide Assistance Data element which may include a

GPS SENS DATA parameter containing GPS sensitivity assistance data (step G). H-

PDE 160 may then provide the requested GPS sensitivity assistance data to mobile

station 110 (step H).

[0063J Mobile station 11.0 may provide pseudo-range measurement, pilot phase

measurement, time offset measurement and a request for location response to H-PDE

160 (step 1). H-PDE 160 may then send to V-PDE 140 a Request message with a

Request Location Estimate element containing the information received from mobile

station (step J). V-PDE 140 may derive a position estimate for mobile station 110 and

may return Response message with a Provide Location Estimate element containing

the position estimate (step K). H-PDE 160 may then send a location response

containing the position estimate to mobile station 1JO (step L).

[0064J FIGS. 6 and 7 show two example message flows to support positioning of

roaming mobile station 110 using V-PDE 140. Other message (lows may also be used

to support positioning. I general. H-PDE J60 may be requested by mobile station i 10

for any location information such as FJSA data assistance data, a position estimate, etc.

H-PDE J60 may query V-PDE 140 if BSA data for mobile station H O is not locally

available. V-PDE 140 may directly return the location information requested by mobile

station 110. Alternatively, H-PDE 160 may process the information received from V-

PDE J40 to obtain the location information requested by mobile station 110 In any

case, H-FDE 160 may return the requested location information to mobile station i K).

[0065| As shown in FΪGS. and 1 . H-PDE 160 may communicate with V-PDE 140

for transaction-based service. Each set of request sent by H-PDE 160 and response sent

by V-PDE 140 may be considered as one transaction. In general, a transaction may be

for BSA data, a particular type of assistance data, a coarse position estimate, an accurate

position estimate etc. V-PDE 140 may serve each request independently without

having to maintain slate information.

[0066] In general. H-PDE 1.60 and V-PDE 1.40 may communicate using any suitable

PDE-PDE interface such as a query-response type interface, e.g.. the mter-PDE LBS

Roaming Protocol, V-PDE 140 may implement the functions described above for BSA

server 170 in order to support queries from other PDEs. For example, V-PDE 140 may



control the sharing of its BSA data or assistance data with PDEs in other networks

based on business agreemen regulator measures etc. V-PDE 140 may aiso provide

BSA con lent filtering and may provide Mi-quality and/or degraded BSA data to

requesting PDEs.

j00671 n y another aspect, a PDE may receive and store BSA data for other

networks in addition to the BSA data for its network. This may aliovv the PDE o

handle positioning entirely without communication with another PDE or BSA server

170.

[0068| hi yet another design, positioning of roaming mobile station 110 is supported

by forwarding positioning messages (e.g., 1S-801 messages) from H-PDE 160 to V-PDE

140. Mobile station 1 0 mav o home to H-PDE 160. as described above regardless of

its current location. H-P E 160 may determine that mobile station 110 is roam ing e.g.,

based o the SJD and NJD provided by mobile station 10. H-PDE 160 may then

forward positioning messages to an appropriate V-PDE what can serve mobile station

110 for positioning.

[0069J FlG. 8 shows design of a message flow 800 to support positioning of

roaming mobile station 110 using ΪS-801 message forwarding. Initially, mobile station

110 may perform Mobile IP data cail setup to set up a data session with PDSN/HA 150.

This call setup may include performing Mobile IP negotiation and PPP negotiation with

PDSN/HA 150 in home network 104 and PDSN/FA 130 in visited network 102.

Mobile station 110 may thereafter exchange signaling with H-PDE 160 for positioning

layer. This may include setting up a TCP/IP socket with H-PDE 160 and starting an IS-

SOi session with the H-PDE.

[0070] Thereafter, mobile station 110 may exchange JS-SOi messages with H-PDE

160. which may detect that mobile station 110 s roaming based on the SΪD and NID

provided by the mobile station. H-PDE 160 may then forward IS-801 messages

exchanged between mobile station 1.10 and V-PDE .140. e g., over a non-persistent

TCP/IP socket on a secure connection between the H-PDE and V-PD E

}00?l| 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 any network entity that supports

positioning for a home network. The H-PDE may receive a first request for positioning

assistance from a mobile station communicating with a visited network (block 9 12)

The H-PDE may determine that BSA data applicable for lhe mobile station is not locally

available in the home network (block V14). The H-PDE mas- send a second request for



location information for the mobile station to a designated network entity (block 916)

The H-PDE may receive location information for the mobile station from the designated

network entity (block 9 18). The received location information may comprise BSA data,

SPS assistance data and/or a position estimate for the mobile station. The H-PDE may

then provide positioning assistance to the mobile station based on the received location

information (block 920).

[0072] The H-PDE may receive system parameter information in the first request

from the mobile station. The system parameter information may comprise the SFD and

NID of the v-isited network. The H-PDE may determine that the BSA data for the

mobile station is not locally available based on the system parameter information.

[0073J The designated network entity may be a BSA server that stores BSA data for

multiple networks including the visited network. The H-PDE may store a table of SiDs

for which BSA data is available from the BSA server. The H-PDE may determine that

the BSA data for the mobile station is not locally available based on tins table of SlDs.

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 unavailable and the PDEs from

which location information is attainable. The H-PDE may determine thai the BSA data

for the mobile station is not locally available based on this table and may also determine

the V-PDE to send the second request based on the table. The H-PDE may send the

second request to the V-PDE, which may return BSA data, assistance data, and/or a

position estimate for the mobile station, e.g., as shown in FIGS 6 and 7 . The Ii-PDE

ma> also forward the first request as the second request to the V-PDE and ma> forward

the location information received from the V-PDE to the mobile station, e.g., a shown

in FlG. .

jOOTSf The H-PDE may provide information for a serving sector of the mobile

station in the second request. The H-PDE may then receive (i) BSA data for only the

serving sector, (ii) BSA data for the serving sector and at least one neighbor sector (iit)

SPS assistance data for the mobile station, and/or (iv) some other location information

from the designated network entity The H-PDE may also receive a t least one

measurement for at least one sector from the mobile station. The H-PDE may send the

measurement(s) i the second request, receive a position estimate for the mobile station

from the designated network entity, and provide the position estimate Io the mobile



station. Alternatively, the H-PDE may receive BSA data for the mobile station from the

designated network entity, determine a position estimate for the mobile station based on

the measurements) and the received BSA data and provide the position estimate to lhe

mobile station.

j00761 FIG, 10 shows a design of a process 1000 performed by a BSA server to

support positioning of mobile stations. The BSA server may receive BSA data from

multiple etworks e.g., periodically or whenever the BSA data i updated by these

networks (block 1012). The BSA server may also receive configuration information

indicating which networks are authorized to obtain BSA data from each of the multiple

networks (block 1014). The BSA server may receive requests for BSA data from PDEs

in the multiple networks (block 1014). Each PDE may serve one network and may send

requests for BSA data of other networks not served by that PDE. The BSA server may

determine whether each PDE request is authorized based on the configuration

information (block 1016). The BSA server may return BSA data to the PDEs for

authorized requests (block 1018)

[0077J For a given PDE request, the BSA server may receive information e.g , SlD.

NID and BASE JD) for a serving sector of a mobile station from a PDE. The BSA

server may then determine BSA data applicable for the mobile station based on the

information for the serving sector and may return the BSA data to fh ε PDE The

returned BSA data may be for only the serving sector or for the serving sector and

neighbor sectors. The BSA server may provide unmodified BSA data {as received from

the networks) or degraded BSA data (e.g., sector center or base station position with

greater uncertainty) to (he PDE based on the configuration information applicable for

the PDE.

[0078| FIG. 11 shows a design of a process 1100 performed by a V-PDE to support

positioning of mobile stations. The V-PDE ay be any network entity that supports

positioning in a visited network. The V-PDE may receive a request for location

information for a mobile station communicating with the visited network (block 1112).

The request may be sent by an M-PDE in response to determining that BSA data

applicable for the mobile station is not locally available in a home network. The V-PDE

may send location information for the mobile station to the H-PDE (block 1114) The

location information may comprise BSA data, SPS assistance data and/or a position

estimate for the mobile station. For transaction-based service the V-PDE may process

each request from the H-PDE as a separate transaction. For IS-SOl fo rwarding the



request for location information may be sent by the mobile station o the H-PDE aid

forwarded by the H-PDE to the V-PDE. The iocation .information may be sent o the H -

PDE and forwarded Io lhe mobile station.

J0079] FIG. 12 shows a design of a process 1200 performed by a mobile station.

The mobile station may be roaming and may communicate with a visited network via a

radio connection (block 1212). The mobile station may send a request for positioning

assistance to an H-PDE in a home network (block 1214). The mobile station may

receive positioning assistance provided by h e H-PDE based on location information

obtained by the H-PDE from a designated network entity when BSA data applicable for

the mobile station is not locally available in the home network (block 12.16). The

mobile station may receive system parameter i formation from a serving cell in the

visited network and may include this information in the request sent to the H-PDE. The

H-PDE may use the system parameter information to determine that BSA data for the

mobile station is not locally available. The H-PDE may provide BSA data. SPS

assistance data, and/or a position estimate to the mobile sta tion as described above.

[0080J FlG. 13 shows a block diagram of mobile station I Hl RAN 120, \-VDE

140. H-PDE 1 ), and BSA server 170. For simplicity. FIG. 13 shows (i) one controller/

processor 1310. one memory 1312, and one transmitter/receiver (TMTR/RC V R.) 1314

for mobile station 110, fii) one controller/processor 1320, one memory .13.2.2. one

transmitter/receiver 1324, and one communication (Comm) i t 1326 for RAN 120, (iii)

one controller/processor 1340. one memory 1342. and one communication unit 1344 for

V-PDE 140, Ov) one controller/processor 1350, one memory 1352, and one

communication unit 1354 for Ii-PDE 160, and (v) one controller/processor 1360, one

memory 1362, and one communication unit 1364 for BSA server 170. In general, each

entity may include any number of controllers, processors, memories, tran scei ers

communication units, etc.

J008 Ϊ f On the downlink, base stations in RAN 120 transmit traffic data, messages/

signaling, and pilot to mobile stations within their coverage areas. These various types

of data are processed by processor 1320 and conditioned by transmitter 1324 to generate

a downlink signal, which is transmitted via an antenna At mobile station 110, the

downlink signals from base stations are received via an antenna conditioned by receiver

1314, and processed by processor 1310 to obtain various types of information for

positioning, location and other sen ices. For example, processor 1310 may decode

messages used for the message Hows described above. Processor 1310 may also



perform process 1200 in FlG. 12 for positioning. Memories 1312 and 1322 store

program codes and data for mobile station I H) and RAN 120, respectively. On the

uplink, mobile station 110 may transmit traffic data, messages/signaling, and pilot to

base stations in RAN 120 These various types of data are processed by processor 13 10

and conditioned by transmitter 1314 to generate an uplink signal, which is transmitted

via the mobile station antenna. At RAN 120, the uplink signals from mobile station 110

and other mobile stations are received and conditioned by receiver 1324 and further

processed by processor 1320 to obtain various ype of information, e g.. data.

messages/Signaling, etc. RAN 120 may communicate with other network entities via

communication unit 1326.

J0082J Within V-PDE 140. processor 1340 performs location 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 to communicate with other entities.

Processor 1340 may perform processing for V-PDE 140 in the message Hows described

above and may also perform process 1100 in FIG 1. Within H-PDE 160, processor

1350 performs location and/or positioning processing for the H-PDE, memory 1352

stores program codes and data for the H-PDE, and communication unit 1354 allows the

H-PDB to communicate with other entities. Processor 1350 may perform processing for

H-PDE 160 in the message flows described above and may also perform process 900 in

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 may perform processing for BSA server 170 in the message flows

described above and may also perform process 1000 in FIG. 10.

[0083| The techniques described herein may be implemented by various means. For

example, these techniques may be implemented in hardware, firmware, software, or a

combination thereof. For a hardware implementation, the processing units used to

perform the techniques at each entity (e.g., mobile station 110, V-PDE 140. H-PDE 160,

BSA server 170, etc.) 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), field programmable gate arrays

(FPGAs). processors, controllers, micro-controllers, microprocessors, electronic

devices, other electronic units designed to perform the functions described herein, a

computer, or a combination thereof.



)0ø84j For a firmware and/or software implementation, the techniques may be

implemented with modules {e.g.. procedures, functions etc ) that perform the functions

described herein The firmware and/or software instructions 'code mas' be stored in a

memory <e.g memory ϊ 3 12. 1342, 1352 or 1362 in FlO 3) and executed by a

processor (e.g., processor 13 1( 1340. 1350 or 1360). The memory be

implemented within the processor or external to the processor The firmware and/or

software mslrucfrions/code may also be stored in a computer/processor-readable medium

ch a random access memory <RAM), read-only memory (ROM) non-volatile

random access memory (NVRAM), programmable read-only memory (PROMV

electrical iy erasable PROM (EBPROM). FLASH memor floppy disk, compact disc

[CD). digital versatile disc (DVD). magnetic or optical data storage device, etc The

instructions/code may be executable by one or more processors and may cause the

processor^} to perform certain aspects of the functionality described herein

|00S5| The previous description of the disclosure is provided to enable am person

skilled in the art to make or use the disclosure. Various modifications to the disclosure

will be readily apparent to those skilled in the art. and the generic principles defined

herein may be applied to other aπalions vuthout departing from the spirit or scope of

the disclosure Thus, the disclosure is not intended to he limited to the examples and

designs described herein but is to be accorded the widest scope consistent with the

principles and no\ el features disclosed herein



[0086| WHAT fS CLAIMED IS:

CLAIMS

1. An apparatus comprising:

at least one processor configured to receive a fust request for positioning

assistance from a mobile station communicating with a visited network, to determine

that base station almanac (BSA) data applicable for h e mobile station is not locally

available i a home network, to send a second request for location information for the

mobile station to a designated network entity, to receive location information for the

mobile station from the designated network entity, the received location information

comprising at least one of BSA data, satellite positioning system (SPS) assistance data,

and a position estimate for the mobile station, and to provide positioning assistance to

the mobile station based on the received location information; and

a memory coupled fo the at least one processor

2 . The apparatus of claim 1, wherein the at least one processor is

configured to receive system parameter information in the first request from the mobile

station, and to determine that BSA data applicable for the mobile station is not locally

available based on the system parameter information.

3 . The apparatus of claim 2 wherein the system parameter information

comprises System Identification (SID) and Network Identification (NID) of the visited

network.

4 . The apparatus of claim L wherein the at least one processor is

configured to receive the first request at a home position determining entity (H-PDE) in

t home network, and to send t second request for BSA data for the mobile station to

a BSA server acting as the designated network entity the BSA server storing BSA data

for multiple networks including the visited network

5 . The apparatus of claim 4, wherein the memory is configured to store a

table of SIDs for which BSA data is available from the BSA server and wherein the at



least one processor is configured to determine that BSA data applicable for the mobile

station is not local!} a a able based on the table o f SlDs

> The apparatus of claim 4 . wherein the a least one processor is

configured to prυ\ ide BSA data foi the home network to the BSΛ sen er for storage and

dissemination b\ the BSA sener

7 The apparatus of claim 1, wherein the at l a one processor is

configured o iecene the fiist request a hυme position determining entit\ (H-PDH) in

the home net ork and to send he second request to a ustted PDC (V-PDH) actin as

the designated netw ork entit\

The apparatus of claim 7. wheiem the memo ι\ ts configuied to store a

table of SIDs for which BSA dam is> uπa\aitabie and PDEs from which location

information s a ta inable and hot em the at least one processor is coniigined to

determine that BSA data applicable for the mobile station is not local!) a\a ιlabie and J

determine the Y-PDE to send the second request based o the table of SlDs

The apparatus of claim 1. wheiem the at least one proccssoi is

configured to rece e the first request at a home position determining ent ϊh (H-PDE) n

the home netwoiL to foiward the fust eque t as th second request to a usited PDE

(Y-PDEi acting as the designated network entUv, and to ibiwaid tlie location

information recei\ed from the \ -PDF to the mobile station

10 The apparatus of claim L wherein the at l a t one processor is

configured to proude information for a sen ing sector of the mobile station m the

second r ues t and to tecesx e F A data fot oiiS% the sen ing sector ftoni the designated

network entih

} } The apparatus of claim 1. wherein the at least one processor is

configured to provide infoimat ϊon for a sen nig sector of the mobile station m the

second request, and to recene BSA data for the sen ing sector and at least one neighbor

sector from the designated network entit>



12 ϊ he apparatus of claim 1. wherein the at least one processor is

coriftguied to rece e BSA data applicable for the mobile station from the designated

netwoik entift, to determme SPS assistance daia foi the mobile station based o the

recened BSA data, and to provide the SPS assistance data to the mobile station

13 The apparatus of claim 1. wheiem the at least one processoi is

configured to iecen e SPS assistance daia for the mobile station ftom the designated

network entiiv . and to provide the SPS assistance data to the mobile station

14 The apparatus of claim 1. wherein the ai lea t one processor is

configured to recene at e one measurement fot at least one sector fiorn the mobile

s ation to send the at least one measurement in the second request to the designated

network enutv. to recene a position estimate (bi the mobile station from the designated

network eπtιt\ . and to pro\ ide the position estimate to the mobile station

The apparatus of claim 1, wherein the at least one processor is

configured to iecene at least one measurement foi at least one sector from the mobile

s ation to recene BSA data foi the mobile station from the designated network enlm .

to determine 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

entitv . and to provide the position estimate to the mobile station

6 A method compnsmg

recenmg a first request for positioning assistance from a mobile station

communicating with a usited network,

determining thai base station almanac (BSΛ) data applicable (Oi the mobile

station is not localh axasSable m a home network,

sending a second request for location information for the mobile station to a

designated network entst\ ,

iecening location information foi the mobile station from the designated

network eiitifr, the iecened location information comprising at least one of BSA data

satellite positioning s\stem (SPS) assistance data and a position estimate for the mobile

station, aid



providing positioning assistance to the mobile station based o the received

1ocation information.

17 The method of claim 16, wherein the receiving the first request

comprises receiving the first request at a home position determining entity (H-PDE) in

the home network, and wherein the sending the second request comprises sending the

second request for BSA data for the mobile station to a BSA server acting as the

designated network entity, the BSA server storing BSA data for multiple networks

including the visited network.

I S The method of claim 16. wherein the receiving the first request

comprises receiving the first request at a home position determining entity (H-PDE) in

the home network, and wherein 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 receiving he first request

comprises receiving the fust request at a home position determining entity (H-PDE) in

the home network, wherein the sending the second request comprises forwarding the

first request as the second request to a visited PDE (V-PDE) acting as the designated

network entity, and wherein the providing positioning assistance to the mobile station

comprises forwarding the location information received from the V-PDE to the mobile

station.

20. The method of claim 16, wherein the receiving 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 assistance to the

mobile station comprises determining SPS assistance data for the mobile station based

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

21. The method of claim 16, wherein the receiving the first request

comprises receiving at least one measurement for at least one sector from the mobile

station, wherein the receiving location information for the mobile station comprises

receiving BSA data for the mobile station from the designated network entity, and

wherein the providing positioning assistance to the mobile station comprises



determining a position estimate for the mobile station based on the at least one

measurement from the mobile station and the BSA data from {he designated network

entity and providing the position estimate to the mobile station.

An apparatus comprising

means for reeehhiy a first request for positioning assistance from a mobile

station communicating with a visUed network:

means for determining {hat base station almanac (BSA) data applicable for the

mobile station JS not localh a a able in a home network;

means for sending a second request for location information for the mobile

sfatioii Io a designated network en IUy:

means for receiving location information for the mobile station from the

designated network e tity the receded location information comprising at least one of

BSA data satellite positioning system (SPS) assistance data, and a position estimate for

the mobile station; and

means for proxiding positioning assistance to th mobile station based on the

reeehed location information.

2 The apparatus o f claim 22 wherein the means for receiving the first

request comprises means for receding the first request at a home position determining

entity (H-PDE) in the home network, and wherein the means for sending the second

request comprises means for sending the second request for BSA data for the mobile

station to a BSA serxer acting as the designated network en tity the BSA ser\er sto πng

BSA data for multiple networks including the wsited network.

24. The apparatus o f claim 22 wherein the means for receiving the first

request comprises means for receixing the first request at a home position determining

entity (H-FDE) in the home- network, and wherein the means for sending the second

request comprises means for sending the second request to a visited PDE (V-PDE

acting as the designated network en uty.

25. The apparatus of claim 22, wherein the means for receiung the first

request comprises means for receiving the first request at a home position determining

(H-PDE) in the home network wherein the means for sending the second request



2

comprises means for fomarding tiie first request as the second request o a usited PDE

(V-PDB) acting a;> the designated network ent ιt\ . and wbeiein the means for prouding

positioning assistance to the mobile station comprises means foi forwarding the location

information receixcd from the* V- PD to the mobile station

2ύ The apparatus o f ciaim 22. wheiein the means for tecerung location

information for the mobile station comprises means for seem nig BS Λ data applicable

for the mobile station from the designated network emitv and wherein the means for

providing positioning assistance to the mobile station comprises means for determining

SPS assistance data for the mobile station based on the reeened B S Λ data, and means

for ptouding the SPS assistance data to the mobile station

2 7 The apparatus of claim 22. wheiem the means Sm iecen mg the fust

request comprises means for recen m at least one measurement for at least one sector

from the mobile statio wherein the means foi reeeiung location information foi the

mobile station comprises means for recen in BSA. data for the mobile station from the

designated network entih. and wherein the means for proudmg positioning assistance

to the mobile station comprises means foi determining a position estimate foi the

mobile station based on the at Sea.st one measurement from the mobile station and the

BSA data from the designated network entit> , and means for providing the position

estimate to the mobile station

2 8 A piocessor-readable medium including ptogram code stoied thereon

comprising

program code to receive a first tequesl foi positioning assistance fiom a mobile

station communicating with a ited network,

piogram code to determine that base station almanac (BS Λ) data applicable for

the mobile station is not localh \ ailable m a home netv, ork,

program code to send a second request for location information foi the mobile

station to a designated network eriutv ,

program code to recen e location infoimation for the mobile station from the

designated network entih , the recen ed location information comprising at least one of

BSA data, satellite positioning s\ stem (SPS) assistance data, and a position estimate foi

the mobile station, and



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

the received location information.

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

program code to receive the first request at a home position determining entity

(W-PDE) in the home network; and

program code Io send the second request for BSA data for the mobile station to a

BSA server acting as the designated network entity, the BSA server storing BSA data

for multiple networks including the visited etwork

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

program code to receive the first request at a home position determining entity

(W-PDE) in the home network: and

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

designated network entity.

3 1. The processor-readable medium of clai m 28, further comprising:

program code to receive the first request at a home position determining entity

(H-PDE) in the home network:

program code to forward the first request as the second request o a visited POE

(V-PDE) acting as the designated network entity: and

program code to forward the location information received from the V-PDE to

the mobile station.

32. The processor-readable medium of clai m 28, further comprising:

program code to receive BSA data applicable for the mobile station from the

designated network entity;

program code to determine SPS assistance data for the mobile station based on

the received BSA data; and

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

33. The processor-readable medium of claim 28. further comprising:

program code to receive at least one measurement for at least one sector from

the mobile station;



program code to receive BSA data for the mobile station from the designated

network entity;

program code to determine 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 entity; and

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

34. An apparatus comprising:

at least one processor configured to receive base station almanac (BSA) data

from multiple networks. o receive requests for BSA data from position determining

entities (FDEs) in the multiple net ork to determine whether each of the requests is

authorized, and to return BSA data to the P Es for authorized requests; and

a memory coupled to the at least one processor.

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

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

36. The apparatus of claim 34. wherein the at least one processor is

configured to receive information for a serving sector of a mobile station from a PDE, to

determine BSA data applicable for the mobile station based on the information for the

semng 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 sen-ing sector to the FDE.

3 . The apparatus of claim 36, wherein the at least one processor i

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 information for the serving sector

comprises System Identification (SiD), Network Identification (NΪD). and Base Station

Identification (BASE ID).



40 ϊ he apparatus of claim 34 wherein the at least one processor is

confrguied to iccene configiuation information indicating which networks are

authoπ /ed to obtam BSA daIa from each of {he multiple netwo ks and to dcteiminc

whether each of the requests is authorized based on the confi gura or information

4 1 The apparatus of claim 34 wherein tiie at least one processot is

configured to rccene a request for BSA data Horn a PDF and to pioude unmodified

BSA data or degraded BS data to the PD based on configuration information

applicable fur the PDE

42 method compπ ing

reeen ing base station almanac (B data from multiple net orks

recen ing requests fot BSΛ data from position determining entitle* (PDEs) in the

multiple networks.

determining whether each of the requests t.s authorised, and

returning BSA data J {he PDFs for authorized requests

43 The method of claim 42. further cornpπsmg

ieeemng configuration information indicating h ch net v\ oiks ar authott/ed to

obtain BSA data from each of the multiple networks, and

herein each of the requests is authorized based on the configuration

information

44 The method of claim 42. wherein the returning BSA data to the PDfcs

comprises

recen ing information for a sen ing sector of a mobile station fjotn a PDE foi an

authoπ /ed tequesL

determining BSA data applicable for the mobile station based on t information

for the sei \ ing sectoi , and

jeluimng the BSΛ data to the PDE

45 fhe method of claim 42. wherein the returning BSA data to the PDfcs

comprises proudmg unmodified BSA data or degraded BSA data to a PDE for a i

authoii/ed lequesl based on configuration information applicable for the PDE



46 An apparatus comprising

at least one processor eoniiguied to iccen e a request for location information for

a mobile station communicating vutli a visited network, the request being sent b\ a

home position determining entitv (H-PDh) in response to determining that base station

almanac (BSA) data applicable foi the mobile station is not localK ax atlable m a home

network, and to send location information for the mobile station to the H-PDK, the

location information comprising at least on of BS data, satellite positioning s stem

(SPS) assistance data, aid a position estimate for the mobile station, aid

a rnemors coupled to the at least one processor

47 The apparatus of claim 46. wherein the at least one processor is

configured to process each request ftom the H-PDb as separate tiansaction

48 The apparatus of claim 4 uhetein h request fot location mfoimaUnn

is sent b the mobile station to the H-PD and forwarded b > the H-PDF, and wherein

th location information is sent to the H-PDE and forwarded to the mobile station

4 4 method comprising

recen ing a request for location information for a mobile station communicating

with a x-isUed netwoiL the teijuest being sent I a home position determining ent > (H-

PDE in iespouse to detei mining that base station almanac (BS A) data applicable foi the

mobile station ι.s not Socalh available in a home net ork and

sending location information for the mobile station to the H-PDE, the location

information computing at least one of BSA data, satellite positioning stem (SPS)

assistance data, and a position estimate foj the mobile station

50 The method of claim 4V. further comprising

processing each iβijuest Horn the l ϊ -PDE as a separate transaction

1 The method ol claim 4 >, wherein the request for location information is

sent b the mobile station to the H-PDE and forwarded b > the H-PDt, and wherein the

location information is sent tυ the H-PDh and forwarded to the mobile station



52 An apparatus comprising

at least one ptocessoi conftguied to communicate with a usited netw υi k via a

radio connection, to &,end a request for positioning assistance to a home po it on

determining entitv (H-PDH in a home network, and to recen e positioning assistance

piovided b> {he H-PDh based on location information obtained b > the H-PDt from a

designated network entitv hen base station almanac (BSA) data applicable foi the

mobile station t;, not iocaih a ail able in the home network and

a memorv coupled o the a least one processor

53 The app atu of claim 52. wherein the at least one processor is

configured to recenc s\slcm paiamctei iofotmatsoit from a senntg cell m the isttcd

n t ork and to panicle the \ stem parameter information in the icquesl sent to the H-

PDE, the s\ stem pajameter mfomiation being used \ys the H-PDH to determine that

BSA data applicable for the mobile station is not iocaih available

4 . method compmmg

communicating with a \isited neh o t ia a tadio connection.

sending a request for positioning assistance to a home position determining

entits (H-PDE) in a home net oik. and

iccciMng positioning assistance pro ided b\ the H-PDh based on location

information obtained b\ the H-PDE fiom a designated netwoik nti hen base station

almanac (BS Λ) data applicable foi the mobile station i not Iocaih available in the

home »et\\ oil

55 The method of claim 54. further corapt ismg

recening stei aiainetei information from a senmg cell m the isit d

etwotk. and

piOMdmg the s\ stem parameter information m the iequest sent to the H-PDE,

the s v stetn parameter information being used b> the H-PDE to detetmme that BS data

applicable loi the mobile station i not localK a\ ailable
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