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(57) Abstract: The subject matter disclosed herein relates to a system and method for determining indoor context information re-
lating to a location ot'a mobile device. Indoor context information may be utilized by a mobile device or a network element to ob-
tain an cstimatc of a location of the mobile device within an indoor cnvironment.
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METHOD AND APPARATUS FOR TRANSMITTING INDOOR CONTEXT
INFORMATION

CLAIM OF PRIORITY UNDER 35 U.S.C. §119
[0001] This application claims priority under 35 USC 119 to U.S. Provisional
Application Ser. No. 61/250,867, filed October 12, 2009 and entitled “Delivery of
Location Specific Indoor Context Information in SUPL,” and U.S. Provisional
Application Ser. No. 61/251,033, filed October 13, 2009 and entitled “Delivery of
Location Specific Indoor Context Information in SUPL,” both of which are assigned to

the assignee hereof and which are incorporated herein by reference.

BACKGROUND
Field:
[0002] The subject matter disclosed herein relates to transmission of indoor

context information to a mobile device.

Information:

[0003] The Secure User Plane Location (SUPL) specifications produced by the
Open Mobile Alliance (OMA) enable a client application, ¢.g., a SUPL Agent, to obtain
a geographic location of a wireless terminal, e.g., a SUPL Enabled Terminal (SET).
SUPL spccifications also cnablc a SET to obtain its own location and the¢ locations of
other SETs and to transfer its location to a sclected SUPL Agent.

[0004] SUPL-compliant systems may enable a SET to determine or otherwise
obtain its location within an outdoor environment. For example, a SET may receive
navigation signals from a satellite positioning system (SPS), and may triangulate its

location or position if navigation signals from three or more satellites are received. In
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some indoor environments, however, navigation signals may not be available to allow a

SET to triangulate its location or position.

BRIEF DESCRIPTION OF THE FIGURES
[0005] Non-limiting and non-exhaustive features will be described with
reference to the following figures, wherein like reference numerals refer to like parts

throughout the various figures.

[0006] FIG. 1 illustrates a section of a local map according to one or more
implementations;
[0007] FIG. 2 is a schematic block diagram of a system for supporting location

estimation of a target SET using an exchange of SUPL information according to one
implementation;

[0008] FIG. 3 is a flow diagram of a process for requesting indoor context
information according to one or more implementations;

[0009] FIG. 4 is a flow diagram of a process for transmitting information
relating to indoor context information to a SET in response to discovering the SET
according to one or more implementations;

[0010] FIG. 5 is a flow diagram of a process for estimating a location of a SET
according to onc or morc implementations;

[0011] FIG. 6 is a flow diagram of a proccss for cstimating a location of a SET
according to one or more implementations;

[0012] FIG. 7 is a schematic block diagram of a SET according to one or more

implementations; and

o
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{0013] FIG. 8 is a schematic block diagram of a Home SUPL Location Platform

{H-5L) according to one or more traplementations,

SUMMARY
{0014} in a first aspect of the present invention there is provided & method,
including:

determining information relating to a location of a mobile device based at
least in part on one or more signals received by the mobile device;

transmitting, by the mobile device, the nformation relating to the
location of the mobile devics 1o one or more first network elements;

receiving from one or more second nerwork elements, by the mobile
device, information relating fo indoor context information for an indoor enviromwment
based af feast in part on the information relating to the location of the mobile device,
wherein the information relating to the indoor context information includes
information identifying the position of one or more first wirsless ascess points within
the indoor environment;

determining the position of one or more second wireless access points not
inchuded with the indoor context information;

generating updated indoor context information by updating the
information relating to the indoor context information to inchude the posttion of the
one or more second wireless access points;

sending the updated indoor context information to the one or more second
network elements; and

obtaining an estimate of the location of the mobile device based at least in
part on the information relating to the location of the mobile device and the updated
indoor context information.
{0015] In a second aspect of the present invention there is provided an apparatus,

including:



2010306926 28 May 2014

W/2811/04696%

[0616]

including:

a recetver fo receive one ot more first wireless signals;
a transnitter to transmit one or more second wireless signals;
g processor o

determine information relating to a location of the apparatus based
at least in part on the one or mwore first wircless signals;

nitiate transmission of the information relating to the {ocation of 2
sobile device to one or more first network elements;

process information relating to indoor context information for an
indoor enviromment received from one or more second network elements,
wherein the information relating to indoor context information is based at
ieast in part on the information relating to the location of the apparatus,
wherein the information relating to the indoor context mformation
includes information identifying the position of one or more first wireless
access points within the indoor environment;

determine the position of one or mure second wireless access
points not incheded with the indoor context information,

generate updated indoor context information by updating the
information relating to the indoor context information to include the
posttion of the one or more second wireless aceess points;

send the updated indoor context information 1o the one or more

second network slements; and

3

obtain an estimate of the location of the apparatus based at ieast in
art on the information relating to the location of the apparatus and the
updatad indoor context information,
B

In a third aspect of the present invention there is provided an apparatus,

PCTAISIGIBMO82384
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b

means for determining information relating to a logation of the apparatug
based at least in part on one or more signals received by the apparatus;
means for fransmitting, by the apparatus, the information relating to the
location of the apparatas to one or more first network elements;
nteans for receiving from one or more second network elements, by the

apparatus, information relating to indoor context information for an indoor

environment based at least in part on the information relating to the location of the

«.M
'n

apparatus, wherein the information relating to the indoor context mformation include

information ideniifying the position of one or mure first wireles

the mndoor gnvironment;

means for determining the position of one or more second wireless access
points not inchided with the indoor context information;

means for generating updatad indoor contaxt informmation by updating the
information relating {o the indoor context information to include the position of the
ong or more second wireless acoess potnts;

means for sending the updated indoor context information to the one or
more second network elements; and

means for obtaining an sstimate of the location of the apparatus based at
least in part on the information relating to the location of the apparatus and the
updated indoor context information.
{8017 Another aspect of the present invention provides an article, including:

a non-transitory storage medium including machine-readable instructions
executable by a special purpose apparatus to:

determine information relating to a location of a mobile device based at

least in part on one or more signals received by the mobile device;
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initiate fransmission, by the mobile device, of the information

o

process information relating to indoor context information for an
indoor environment received rom one or more second network elements,
wherein the information relating to indoor context information is based at
teast in part on the imformation relating to the location of the mobile
device, wherein the information relating to the indoor context information
neiudes Information identifying the position of ong or more first wireless
access points within the indoor environment;

determine the position of one or more second wiraless access
points not included with the indoor context information;

generate updated indoor context information by updating the
information relating to the indowr context information 1o fnclude the
position of the one or more second wiveless access points;

send the updated indoor context information to the one or morg
second getwork elements: and

obtain an estimate of the location of the mobile device based at
teast in part on the information relating to the location of the mobile
devies and the updated indoor context information.

{B018] Yet another aspest of the present invention provides a method, including:
receiving, by a network slement, a signal transmitted by & mobile device,
the signal including information relating to a tocation of the mobile device withis an

indoor envircmunent;
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determining, by the network element, information relating to indoor
context information for an indoor environnient based at least in part on the
information relating to the location of the mobile device, wherein the information
relating to the indoor context information inchudes information identifying the position
of one or more first wireless access points within the indoor environment;

receiving the position of one or more second wireless acgess points not
included with the indoor context information from the mobile device;

generating updated indoor context information by updating the
mformation relating to the indoor context information to inclade the position of the

one or more second wireless access E?OI?‘(:&,

sending the vpdated indoor context information to the one or more sscond

estimating the location of the meobile devive based at least in part on the
information relating to the location of the mobile device and the updated indoor
context information; and

performing one or more location-based services based at least in part on
the location of the mobile device.

{06191 Stiti another aspect of the present invention provides an apparatus,

a transceiver 1o receive one or more signals;
] Processor o

receive information relating to a location of & mobile device
tocated within an indoor environment;

determine information relating to fndoor context information for an

indoor environment based at least in part on the information relating to

the location of the mobile device, wherein the information relating to the



2010306926 28 May 2014

WO /046569 PCT/US2010/082384

indoor context information includes nformation identifyving the position
of one or more first wireless access points within the indoor environment;

receive the position of one ot more second wireless access points
not included with the indoor context information from the mobile device;

generaie updated indoor context information by updating the
information relating to the indoor context information to include the
position of the one or more second wireless access points;

send the updated indoor context information to the one or more
second network elements; and

estimate the location of the mobile device based af least in part on
the information relating to the location of the mobile device and the
updated indoor context information; and

perform ong or more location-based services basad at least in part

H
H

on the location of the mobile device.
13028] A further aspect of the present invention provides an apparatus,
inshading:

means for receiving one or more signals;

means for processing information relating to a location of the mobiie
device within an indoor eviviromment,

means for determining, by the apparatus, information relating 1o indoor
contex! information for an indoor environment based at least in part on the
information relating to the location of the mobile device, whersin the information
relating to the indoor context nformation includes information identitving the position
of one or more first wirelass access points within the indoor environment;

means for receiving the position of one or more second wireless accass
points not inciuded with the indoor context information from the mobile device;

means for generating updated indoor context information by updating the

&b
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information relating to the indoor context information to include the position of the
one or more second wirelass agcess points;

means for sending the updated indoor context information to the ene or
more second network elements; and

mesns for estimating the location of the mobile device based at least in

part on the information relating to the location of the mobile devics and the updated
indoor context information; and

means for performing one or more focation-based services based at least
in part on the location of the mobile device.
HUEA Y Yet another aspect of the present invention provides ap article, fncluding:

a non-transifory storage medium inchiding machine-readable instructions
executable by a special purposs apparatus to

receive information relating to a location of the mobile device within an
indoor envirsrunent;

determine, by a network element, information relating o indoor context
information for an indoor environment hased at least in part on the nformation
relating to the location of the mobile device, wherein the information relating to the
indoor context information includes information identifying the position of one or
move first wireless access points within the indoor environmen

receive the position of one or more second wireleas aceess points not
inchuded with the indoor context information from the mobile device;

generate updated indoor context information by updating the information
relating to the ndoor context information to nclude the position of the one or more
second wirgless access poinis;

send the updated indoor context information to the one or more second

network elements; and

be
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estimate the location of the mobile device based at least in part on the
information relating to the location of the mobile device and the updated indosr
context information; and

perform one or more location-based services based at lsast in part on the
focation of the mobile device,
DETAILED DESCRIPTION
8622 Reference throughout this specification to "one example”, “one feature”,
“an example” or “ons feature” means that a particular feature, structurs, or
characteristic described in connection with the feature and/or example is incladed in at
lesst one feature and/or example of claimed subject matter, Thus, the appearances of
the phrase "in one example”, "an example”, “in one feature” or “a feature” in various
places throughout this specification are not necessarily all referving to the same feature
and/or example, Furthermore, the partioular features, structyres, or characteristics may
be combined in ong or more examples and/or features.
(8023 In one or more implementations, a system may be implemented, for
example, (0 locate one or more mobile devices within a certain aves. In one or more
implementations, a mobile device may implement the SUPL protocel. As used hereln,
3 “SET” may refer to a mobile device mplementing the SUPL protocol. A Home

SUPL Location Platform (H-SLP) may comprise a server or other device capable of

focating a number of SETs within a certain area.
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[0024] A SUPL Agent may request a location of a SET. In one or more
implementations, a SUPL Agent may reside on a SET itself and/or may reside on a
network. An example of a SUPL Agent residing on a SET is an application program
which an individual may utilizc to post his or her current location. For cxample, an
individual’s SET may execute an application program that allows various individuals
connected through a network, such as the Internet, to post updates such as their
respective current locations. If a SUPL Agent resides on a SET, the SUPL Agent may
generate a location request and transmit the location request to an internal Application
Programming Interface (API) of the SET. An API on a SET may translate a location
request to initiate a SUPL session to estimate its location. If a location of a SET is
estimated via a SUPL session, the location estimate may be translated by an API and
transmitted back to a SUPL Agent on the SET that requested the location estimate.
[0025] SETs may be located so that location-based services may be performed
or otherwise implemented. For example, children, elderly, or disabled people may carry
SETSs and their locations may be located as an emergency response management
application. As discussed above, another type of SUPL location-based service may
include a location finder application on a SET that requests location from a SUPL
instantiation on the SET. Such a location finder application may represent a SUPL
Agent.

[0026] In somc implcmentations, a SUPL Agent may reside on a network and
may transmit a location rcquest to an H-SLP to locate a particular SET. Such an H-SLP
may initiate a SUPL session to estimate a location of a particular SET and may
subsequently transmit the estimated location to a requesting SUPL Agent on a network.
For example, an application server in the network may request a location of a particular

individual. Such an application server may transmit a request to an H-SLP to obtain the
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individual’s location, ¢.g., the location of a SET associated with the individual. Such an
application server may have a web interface and another person may log on to the
application server to inquire about the individual’s location. If the individual’s SET is
locatcd, the location of the SET may be displaycd on a map showing the individual’s
location, for example.

[0027] In one or more implementations, a SET may communicate with other
wireless devices and/or may acquire wireless measurements or other information. In an
outdoor environment, for example, a SET may estimate its own location. In one
particular implementation, a SET may estimate its location based at least in part on
navigation signals received from a Satellite Positioning System (SPS), such as Global
Positioning System (GPS) or Galileo by, for example, correlating pseudorange
measurements from several (e.g., four or more) transmitters.

[0028] However, a SET may be utilized within an area where navigation signals
from an SPS are not available, such as, for example, within certain indoor environments
such as buildings, sports stadiums, parking structures, or shopping malls, to name just a
few among many examples of indoor environments. In one or more implementations, a
SET may determine information relating to its location. In one implementation, a SET
may determine an initial location estimate based at least in part on location information
received via wireless signals transmitted from wireless network elements or other
devices capable of wirclessly transmitting signals. Such location information may
comprisc information rcccived from onc or more wircless devices to identify or cstimate
a location of a mobile device within an environment. For example, location information
may comprise a measured signal strength of a wireless signal or a measured length of
time for a wireless signal transmitted by a wireless device to be received by a SET,

where either measurement may be utilized to estimate a range to a wireless device.
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Location information may also comprise identification information, such as a Machine
Addressable Content Identifier (MAC ID) of a wireless device, for example.

[0029] Wireless network elements, such as wireless local area network (WLAN)
acccss points, may be located throughout an arca at known locations and a SET may
estimate ranges from the SET to particular wireless network elements (e.g., by
measuring received signal strength or round-trip delay, as discussed above). Such
ranges may be estimated, and a location of such a SET may be triangulated using known
techniques.

[0030] In some implementations, an H-SLP may locate SETSs that are located in
an outdoor environment, but may not, however, have an ability to locate SETs located
in an indoor environment. For example, in some indoor environments, SPS signals may
not be available and as discussed above, a location of a SET may instead be estimated
based at least in part on communications with various wireless devices such as access
points or wireless base stations within or accessible to the SET within the indoor
environment. A SET may, for example, estimate its location with respect to a local
coordinate system, such as by estimating that it is 10.0 meters away from a first access
point, 9.6 meters away from a second access point, and 5.7 meters away from a third
access point in one example. However, in some indoor environments, locations of such
access points or wireless base stations may not be known and a SET may therefore be
unablc to cstimatc its location.

[0031] In onc or morc implementations, information relating to a location of a
mobile device may be determined based at least in part on one or more signals received
by the mobile device. Such a mobile device may transmit information relating to a
location of the mobile device to one or more network elements, such as an H-SLP.

Such a mobile device may receive, from one or more network elements, information
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relating to indoor context information for an indoor environment based at least in part
on information relating to the location of the mobile device. An estimate of a location
of such a mobile device may be obtained or otherwise determined based at least in part
on information rclating to the location of the mobile device and information rclating to
indoor context information. Such a mobile device as described above may comprise a
SET.

[0032] In one or more implementations, a network element, such as an H-SLP
may determine or otherwise obtain a location estimate for a mobile device, such as a
SET. For example, a network element may receive a signal transmitted by a mobile
device. Such a signal may comprise information relating to a location of such a mobile
device within an indoor environment. Such a network element may determine or
otherwise locate or obtain information relating to indoor context information for an
indoor environment based at least in part on such information relating to a location of
such a mobile device. A location of such a mobile device may be determined or
otherwise obtained based at least in part on such information relating to a location of the
mobile device and information relating to indoor context information. One or more
location-based services may subsequently be performed, such as subsequently locating a
mobile device, based at least in part on the location of the mobile device.

[0033] FIG. 1 illustrates a section of a local map 100 according to one or more
implementations. Local map 100 may dcpict an airport terminal, for cxample. There
arc scveral gates shown on local map 100, including Gate A 105, Gate B 110, Gate C
115, and Gate D 120. Respective access points, wireless base stations, or other wireless
devices may be located at Gates A 105, B 110, C 115, and D 120. A SET 125 may
communicate with at least three of such wireless devices and may triangulate its

location based at least in part on such communications. If there is at least one anchor

10
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point located somewhere on local map 100 for which both local and global coordinates
are known, an estimated location for SET 125 may be determined with respect to global
coordinates, for example.

[0034] Various points on local map 100 may bc associated with a Cartesian grid
or some other grid having or associated with at least two-dimensional coordinates. For
example, various points on local map 100 may be associated with x,y coordinates on a
Cartesian grid. In one implementation, if local coordinates have been estimated for SET
125, a difference in terms of such local x,y coordinates between an estimated location of
the SET 125 and local coordinates for an anchor point, such as Gate A 105, in this
example, may be determined. Such a difference in terms of local coordinates may
subsequently be utilized with respect to global coordinates for Gate A to estimate a
location of SET 125 with respect to global coordinates. In other words, a difference in
terms of local coordinates may be correlated with respect to global coordinate system
based at least in part on an anchor point.

[0035] A SET may acquire location information, such as measurements from
one or more wireless devices. Such measurements may include, for example, receive
signal strength (RSSI) of a signal transmitted from a wireless device and received at the
SET. If a location of such a wireless device is known, a range from the SET to the
wireless device may be estimated as a function of the RSSI. Another type of
mcasurcment that may be acquired by a SET is a mcasurcment of travel time for a
wircless signal to travel from a wircless device to a SET. For cxample, a SET may
transmit a probe request signal requesting a response and, upon receipt, a wireless
device may transmit an acknowledgement response signal. Based at least in part on a
time interval between a SET transmitting a probe request signal and receiving an

acknowledgement response signal, a range from a SET to a wireless device may be

11
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measured. In some implementations, a processing delay measured at a wireless device
between receipt of a probe request signal and transmission of an acknowledgement
response signal may be subtracted from a measured time interval. In some
implementations, a wircless deviee may transmit a beacon at known time intervals and a
range between the wireless device and a SET may be estimated based at least in part on
a time difference between a time at which the beacon was transmitted and a time at
which the beacon was received by the SET.

[0036] In one or more implementations, an H-SLP or another network element
may transmit information relating to indoor context information to a SET to assist the
SET in estimating its location and/or receiving measurements from one or more wireless
devices. “Indoor context information,” as used herein may refer to information
characterizing an indoor environment and enabling a SET to estimate its location. For
example, indoor context information may comprise locations, such as local and/or
global locations or coordinates, of known access points or other wireless network
clements within an indoor environment. Indoor context information may aid or
otherwise enable a mobile device, such as a SET, in communication with one or more
wireless devices in an indoor environment to estimate a location of the mobile device.
In one or more implementations, an H-SLP may transmit indoor context information or
a link to the indoor context information to a SET.

[0037] In somc implcmentations, a SET may makc mcasurcments bascd at 1cast
in part on reecived signals. Such mcasurcments may relate to quality of reccived signal,
such as signal strength, or timing of a received signal, such as a time interval at which a
signal is received relative to a time at which the signal was transmitted, for example.
Such signals signal may comprise a radio signal from an access point or a cellular

cell/sector which a SE'T may use (e.g., with assistance from an H-SLP) to determing its

12
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initial location. Such signals may be transmitted wirclessly or via one or more wired
connections. An initial location of a SET may be estimated based at least in part on
measurements determined from one or more received signals.

[0038] Indoor contcxt information may also comprisc an identificr (ID) or namc
of an indoor location, such as a particular terminal within an airport or a floor of a
building, for example. Indoor context information may include one or more indoor
maps corresponding to an indoor environment and/or a base station almanac, such as a
Wi-Fi base station almanac, to identify various wireless base stations within an indoor
environment or exact locations of such wireless base stations. Indoor context
information may also include a link, such as a uniform resource locator (URL), of a
server capable of transmitting indoor maps or other indoor information.

[0039] Indoor context information may further indicate anchor points from
which to determine relative location, for example, to convert between local and global
coordinates. One example of an anchor point may include information to associate Gate
20C at Terminal 1 of an airport with x,y latitude and longitude coordinates. Indoor
context information may further include an identity of an indoor location that may be
determined from a last known global coordinate or an extended cell identifier (E-CID)
for a particular wireless base station. For example, a Wi-Fi access point may be
deployed at an airport and if a SET receives a signal from the Wi-Fi access point, the
SET may dctcrminc that it is located at the airport.

[0040] Anothcr cxamplc of indoor context information compriscs information
indicating which forms of enhanced indoor location estimation or positioning support
are available. For example, indoor context information may include hints to indicate

whether a SET may rely on assisted global position system (A-GPS), E-CID, Wi-Fi, or
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Bluetooth or other wireless technologies, for example, to estimate its location within a
particular indoor environment.

[0041] In some implementations, there may be different environments for which
local context information is available. For cxample, local contcxt information for
hundreds of different airports, shopping malls, or other locales may be available. To
estimate a location of a SET in a time and resource efficient manner, an appropriate
locale in which a SET is located may initially be identified and then local context
information for the locale may be acquired.

[0042] In one or more implementations, two location estimates may be
determined for a SET. An initial location estimate may comprise a rough or course
location estimate. A “rough location estimate,” as used herein may refer to a location
estimate for which an accuracy of the location estimate is relatively low. For example,
if a location estimate is based on a cell/sector identifier of a received cellular base
station and a radius of the base station is known as 2.0 miles, then the location estimate
has a relatively low accuracy because the SET could be anywhere within the 2.0 mile
radius of the radio cell. If, on the other hand, a location estimate is calculated using
GPS, the accuracy of the location estimate may be 10.0 meters. It may be difficult to
determine with any degree of certainty whether a SET is within a 5,000 meter range of
an airport unless the airport has the shape of a circle and a base station of a cell/sector
which was uscd to determing a rough location cstimate is in the center of that circle.
[0043] A SET may communicatc with an H-SLP to rcccive location assistance.
For example, a SET may transmit a signal to an associated H-SLP and may receive an
acknowledgement from the H-SLP. An authentication process may be undertaken to
establish a connection between the SET and the H-SLP. After authentication, a SET

may request the H-SLP server to provide location assistance for the SET to determine
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its own rough location estimate. For example, a SET may transmit an id of a radio cell
on which it was communicating to an H-SLP and the H-SLP may, in turn, determine
and then transmit location assistance such as a latitude/longitude estimate and an
cstimatcd accuracy.

[0044] In some implementations, a SET may also communicate with a local SLP
to receive a rough location estimate or location assistance. For example, a local SUPL
Location Platform (SLP) may have an ability to more quickly calculate and transmit a
rough location estimate or location assistance for a SET than an H-SLP for the SET
would be able to do. In one or more implementations, for example, a SET may be
carried into an area by an individual and a local SLP may be automatically discovered
by the SET. For example, upon entering an environment, a SET may identify or
otherwise locate a local SLP associated with the environment and may attempt to
establish a connection to the local SLP. In some implementations, there may be
network elements, such as access points, broadcasting an address or location of a local
SLP and upon receipt of such an address, a SET may transmit a signal to the local SLP.
Upon receipt of the signal by the local SLP, the local SLP may transmit an
acknowledgement to the SET and may undergo an authentication process to establish a
connection with the SET. After a connection has been established between a SET and a
local SLP, a rough location estimate or other location assistance may be transmitted by
the local SLP to the SET.

[0045] A SET may communicatc with an Access Network SLP (A-SLP) in
some implementations. An A-SLP may comprise an SLP, but an A-SLP may not have a
relationship with a particular SET user who has a H-SLP based on a subscription of a
user of the SET. An A-SLP may be discovered by a SET on the fly and therefore does

not have a preconfigured “home” relationship such as the SET has with an H-SLP.
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[0046] If a rough location estimate for a SET has been determined, the SET may
transmit a message to an H-SLP or a local SLP requesting specific indoor context
information associated with the rough location estimate. In response to such a request,
an H-SLP or a local SLP may transmit thc rclevant indoor context information to the
SET. The SET may thereafter utilize the indoor context information to estimate its
location with respect to a coordinate system, such as a global coordinate system, with
precision. For example, a SET may utilize both information relating to a rough location
estimate and information relating to indoor context information to estimate its location.
[0047] Accordingly, as discussed above, two location estimates may therefore
be determined for a SET. A rough location estimate may initially be determined and the
rough location estimate may be utilized as a data key or reference to determine
associated indoor context information to utilize to estimate a location of the SET with
respect to a coordinate system with precision.

[0048] Upon receipt of indoor context information, a SET may acquire location
information such as measurements or other information from wireless devices. A SET
or an H-SLP, for example, may utilize such indoor context information and information
relating to a location of the SET, for example, to estimate local coordinates and/or
global coordinates for the SET.

[0049] In some implementations, a SET may estimate its own location based at
lcast in part on mcasurcments or other information reccived from wircless devices
within an indoor cnvironment. If a SET has cstimated its location, the SET may
transmit its location estimate to an H-SLP, for example. Such an H-SLP may thereafter
store location estimates of one or more SETs within an indoor environment.

[0050] In some implementations, a SET may acquire measurements or other

information from wireless devices within an indoor environment and transmit such
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measurements to an H-SLP. Such an H-SLP may estimate a location of such a SET
based at least in part on measurements received from the SET.

[0051] In some implementations, a service discovery process may be utilized to
identify indoor contcxt information to send to a SET. For cxample, upon cntcring an
indoor environment, a server may discover a SET. For example, a SET may attempt to
log onto a Wi-Fi network for an indoor environment, and a network device may
transmit a message to an H-SLP server to notify the H-SLP of the SET’s presence
within a particular indoor environment. Such an H-SLP may, for example, transmit
indoor context information or a link to the indoor context information to the SET.
Accordingly, during such a service discovery process, indoor context information may
effectively be “pushed” to a SET without the SET transmitting a message to an H-SLP
specifically requesting the indoor context information.

[0052] In some implementations, a SET may log onto a network via a wired
connection. For example, a SET may connect to a local area network (LAN) via an
Ethernet cable or some other wired connection. In some implementations, a network
device on a LAN may transmit a message to an H-SLP requesting that indoor context
information be transmitted to a SET.

[0053] In some implementations, upon logging onto a Wi-Fi network a SET
may be informed by the Wi-Fi network that indoor context information is available at a
certain link, such as a Uniform Resource Location (URL). Informing a SET of a link
for indoor context information is analogous to informing a laptop that there is a local
printer on a network when signing onto the network, for example. Upon being informed
of a link to indoor context information, a SET may contact an H-SLP and ask whether

the link is authorized.
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[0054] In some implementations, an H-SLP may transmit indoor context
information directly and/or indirectly to a SET. For example, an H-SLP may directly
transmit indoor context information by including such indoor context information
within a message transmitted to a SET. An H-SLP may indircetly transmit indoor
context information by including a link or address within a message transmitted to a
SET and the SET may thereafter acquire the indoor context information from the link or
address. An H-SLP may transmit such information to a SET via a wired or wireless
connection.

[0055] FIG. 2 is a schematic block diagram of a system 200 for supporting
location estimation of a target SET 205 using an exchange of SUPL information
according to one implementation. System 200 may include various entities such as SET
2035, a network 210, an H-SLP 215, and an application server 220 or other computing
platform.

[0056] SET 205 may communicate with H-SLP 215 via network 210. For
example, SET 205 may transmit one or more messages to H-SLP 215 requesting indoor
context information. Messages may be transmitted via one or more signals. Upon
receipt of such message(s), H-SLP 215 may transmit a message in response that
includes requested indoor context information and/or a link or address from where the
indoor context information may be acquired. For example, H-SLP 215 may provide a
Uniform Resource Locator (URL) or MAC ID of a location from which indoor context
information may be acquircd. For cxample, a link may indicatc that indoor context
information may be acquired from a network element 240. In one of more
implementations, SET 205 may transmit a message requesting indoor context
information from network element 240 and network element 240 may respond by

transmitting the indoor context information via a message.
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[0057] In one or more implementations, a SET 205 may transmit to H-SLP 215
information relating to a location of the SET 205 and the H-SLP 215 may identify
indoor context information relating to an indoor environment corresponding to the
information rclating to the location of the SET 205. A SET may usc a previously
calculated location fix to determine whether it has entered an indoor area. Ifa SET
attempts to obtain a GPS fix but cannot receive any SPS signals, the SET may look into
its position cache, if there is one, to determine whether it has a recently calculated its
location or position (e.g., within the past five minutes). If a SET does find a suitable
location or position fix, the SET may use this information to request indoor context
information related to that location. H-SLP 215 may determine indoor context
information corresponding to such an estimate of a location for the SET 205 and may
transmit the indoor context information or a link to the indoor context information to
SET 205.

[0058] In some implementations, SET 205 may receive signals from one or
more wireless devices, such as access points, for example, with an indoor environment.
Based at least in part on such signals, SET 205 may determine a rough estimate of its
location or may transmit measurements or other information relating to such signals to
H-SLP 215.

[0059] In one or more implementations, SET 205 may measure an RSSI of
signals rcccived from other wircless devices and/or a length of a time interval for a
wircless signal to travel from a wircless device to the SET 205. Onc or morc signals
transmitted by a wireless device may include certain identifying information, such as a
MAC ID of the wireless device.

[0060] A communication link 245 between SET 205 and network 210 may be

wired or wireless. For example, SET 205 may wirelessly transmit one or more
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messages to H-SLP 215 via network 210. In some implementations, SET 205 may
connect to network 210 via a wired connection, such as via an Ethernet or Digital
Subscriber Line cable, for example.

[0061] As discusscd above, in some implementations, a scrvice discovery
process may be implemented whereby SET 205 need not request indoor context
information from H-SLP 215. Instead, such indoor context information may be pushed
or transmitted to SET 205 without the SET 205 specifically requesting such indoor
context information. For example, if SET 205 connects to network 210, a network
clement may transmit a message to H-SLP 215 to inform the H-SLP 215 of the presence
of SET 205. H-SLP 215 may thereafter transmit a message to SET 205 containing
relevant indoor context information or a link to the indoor context information.

[0062] SET 205 may include a first SUPL Agent 225. First SUPL Agent 225
may comprise an application program executed by SET 205 which an individual may
utilize to post his or her current location. For example, as discussed above, an
individual’s SET 205 may execute an application program that allows various
individuals connected through a network, such as the Internet, to post updates such as
their respective current locations. First SUPL Agent 225 may generate a location
request and transmit the location request to an internal Application Programming
Interface (API) of the SET 205. An API on SET 205 may translate a location request to
initiatc a SUPL scssion to cstimatc its location. If a location of SET 205 is cstimatcd
via a SUPL scssion, the location cstimatc may be translated by an API and transmitted
back to the first SUPL Agent 225.

[0063] Accordingly, in this example, first SUPL Agent 225 is terminal-based

because it resides on SET 205. In some implementations, first SUPL Agent 225 may be
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separate from SET 205 but may instead be in communication, such as direct
communication, with SET 205.

[0064] In some implementations, application server 220 may include a second
SUPL Agent 230. Sccond SUPL Agent 230 may request locations for various SETs
capable of being located by H-SLP 215. In this example, second SUPL Agent 230 is
network-based because it is separate from any SET capable of being located by H-SLP
215.

[0065] For example, in the event that a user transporting SET 205 is lost or
experiences a medical emergency, first SUPL Agent 225 may desire to determine the
location of SET 205. First SUPL agent 225 and/or second SUPL agent 230 may, for
example, comprise an application program executed by a remote computer, computing
device, or computing platform. First SUPL agent 225 and/or second SUPL agent 230
may transmit location requests and/or otherwise communicate with H-SLP 215 via
network 210, other networks, or a direct connection in some implementations.

[0066] Network 210 may comprise a wireless network or may instead comprise
a hard-wired or partially hard-wired network. Moreover, in some implementations, an
Emergency SUPL Location Platform (E-SLP) may be utilized instead of, or in addition
to, an H-SLP 215. An E-SLP may determinge a location of a SET 205 in an emergency
situation, such as for locating a SET 205 in association with an emergency E911 call.
[0067] Communication may be initiatcd between H-SLP 215 and SET 205 by
cithcr H-SLP 215 or SET 205. To initiatc thc communication, in onc implecmentation
H-SLP 215 may transmit an SUPL initiation message (e.g., SUPL INIT) to SET 205, or
SET 205 may transmit an SUPL initiation message (e.g., SUPL START) to H-SLP 215.

To continue the SUPL session, in some implementations, the recipient, if it is the SET
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205, may establish a secure Internet Protocol (IP) connection to an H-SLP 215 and then
return a SUPL message.

[0068] H-SLP 215 may access a memory 250 in which indoor context
information and/or idcntitics of links to stored locations of the indoor context
information may be stored. For example, information which may be useful to aid SET
205 in estimating its location may be transmitted to SET 205. As discussed above,
according to some implementations, indoor context information may be transmitted in
response to receipt of a request from a SET for such indoor context information.

[0069] FIG. 3 is a flow diagram of a process 300 for requesting indoor context
information according to one or more implementations. First, at operation 305, a
mobile device, such as a SET, may transmit a request for indoor context information to
an H-SLP. In one example, a SET may receive signals from one or more access points
or wireless base stations with an indoor environment. For example, an access point or
wireless base station may periodically broadcast such signals. Alternatively, a SET may
transmit a probe request and an access point or wireless base station may receive the
probe request and transmit an acknowledgement signal in response. A signal
transmitted from a wireless base station or access point to a mobile device may include
information to identify the wireless base station or access point such as, for example, a
MAC-ID or other identifier. Referring back to operation 305, a SET may include a
MAC-ID or other identificr for a wircless basc station or access point in a request for
indoor context information. An H-SLP, for cxamplc, may reccive such a request and
may identify a particular indoor environment based at least in part on such a MAC-ID or
other identifier. For example, an H-SLP may access a look-up table which indicates
which MAC-IDs or other identifiers are associated with which indoor environments. If

an indoor environment is identified, an H-SLP may transmit a message to be received
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by a SET at operation 310. Such a signal may include indoor context information or a
link to the indoor context information.

[0070] FIG. 4 is a flow diagram of a process 400 for transmitting information
rclating to indoor contcxt information to a SET in responsc to discovering the SET
according to one or more implementations. First, a mobile device, such as a SET, may
be detected within an indoor environment at operation 405. For example, a service
discovery operation may detect a presence of SET. In one implementation, a SET may
connect to a network and a network element may transmit a message to an H-SLP to
indicate a presence of the SET. If a SET has been detected, a message comprising
indoor context information or a link to the indoor context information may be
transmitted from an H-SLP to the SET at operation 410.

[0071] FIG. 5 is a flow diagram of a process 500 for estimating a location of a
mobile device, such as a SET, according to one or more implementations. Process 500
may be implemented by a SET to estimate a location of the SET. First, at operation
403, information relating to a location of a SET may be determined. For example, a
rough location estimate may be determined based at least in part on communications
with one or more access points within an indoor environment. As discussed above, the
rough location estimate may indicate a general area or range of coordinates at which the
SET is located. The rough location estimate may be determined based on signals
transmitted between the mobile device and a SUPL scrver or other network clement, for
cxamplc. As discusscd above, a SET may mcasurc RSSI or a time interval for a
wireless signal to travel from a wireless device to the SET. A wireless signal may also
include certain identifying information such as a MAC ID , for example, to identify a

particular access point, wireless base station, or other wireless device.
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[0072] Alternatively, a SET may estimate its location based at least in part on
SPS signals prior to entering an indoor environment. In some implementations, a SET
may connect to a LAN and an identity of the LAN may be determined.

[0073] Next, at operation 510, indoor context information may be acquired by a
SET based at least in part on information relating to a location of the SET determined at
operation 505. In one or more implementations, indoor context information may be
acquired at operation 510, by a SET transmitting information relating to the location of
the SET to on¢ or more network elements, and in response the SET may receive
information relating to indoor context information for an indoor environment from the
one or more network elements based at least in part on the information relating to the
location of the mobile device.

[0074] At operation 515, a location of a SET may be estimated based at least in
part on the information relating to the location of the SET and the indoor context
information. As discussed above, indoor context information or a link to the indoor
context information may be transmitted by an H-SLP in response to a request from a
SET in some implementations. The indoor context information may be determined or
selected based at least in part on the information relating to the location for the SET.
An estimated location of such the SET may be transmitted to one or more network
clements, such as an H-SLP or some other location server, for example.

[0075] FIG. 6 is a flow diagram of a proccss 600 for cstimating a location of a
mobilc device, such as a SET, according to onc or morc implementations. Proccss 600
may be implemented by a network element to estimate a location of a SET. First, at
operation 605, a message may be received that includes information relating to indoor
context information relating to an indoor environment. For example, such information

may be received from an H-SLP or from other network entities such as a Domain Name



WO 2011/046969 PCT/US2010/052384

System (DNS) or Dynamic Host Configuration Protocol (DHCP) server. Such
information may include indoor context information and/or a link to the indoor context
information. A network element may comprise an H-SLP or some other location server,
for cxample.

[0076] In one or more implementations, for example, an individual may carry a
SET into an indoor environment, such as an airport terminal. The SET may attach to a
data network within such an airport terminal via a wired or wireless connection. After
such a SET has attached to a data network, a network element may point transmit indoor
context information to the SET or may instead transmit information indicated a location
from which the indoor context information may be obtained, such as a network address.
[0077] In one or more implementations, security measures may be implemented
by a SET. For example, a SET may include a list of approved entities from which
information relating to indoor context information may be received. For example, if
indoor context information or a link to the indoor context information is received from
an approved or otherwise known network element, then a SET may utilize the indoor
context information or may retricve the indoor context information. On the other hand,
if indoor context information or a link to the indoor context information is received
from network element that is not approved or otherwise known, a SET may ignore the
received indoor context information or the link to the indoor context information.
Altcrnatively, if indoor context information or a link to the indoor contcxt information is
rceeived by a SET from a nctwork clement, the SET may contact an H-SLP to
determine whether the network element is on an approved or otherwise known list.
[0078] A location of a SET may be estimated based at least in part on indoor
context information and information relating to a location of the SET at operation 610.

For example, information may be utilized to determine a range from the SET to one or
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more access points and the indoor context information may include geographical
coordinates for one of the access points or for some other anchor point. Accordingly, a
combination of both information relating to a location and indoor context information
may be utilized to cstimatc a location of a SET. Finally, at opcration 615, onc or morc
location-based services may be performed based at least in part on an estimated location
of such a SET.

[0079] As discussed above, an H-SLP or some other network element may
transmit indoor context information to a SET. In some implementations, one or more
SETs or other mobile devices may transmit indoor context information to an H-SLP or
other network elements. For example, an individual may enter an area and a wircless
device unaffiliated with an H-SLP may transmit an electronic map of the area or a link
to the electronic map, to the individual’s SET. Upon receipt, the SET may transmit or
upload the electronic map to an H-SLP or some other network element for storage. An
H-SLP or another network element may thereafter transmit the uploaded electronic map
to other SETs, for example.

[0080] Other types of indoor context information may also be uploaded by a
SET. For example, a SET may detect locations of one or more access points or may
receive information about the access points via a wireless signal transmitted by another
peer SET. Upon receipt of such indoor context information relating to access points, the
SET may upload the indoor contcxt information to an H-SLP or somc other nctwork
clement.

[0081] FIG. 7 is a schematic block diagram of a mobile device, such as a SET
700, according to one or more implementations. SET 700 may comprise a mobile
device capable of implementing a SUPL protocol, for example. SET 700 may include a

transmitter 705, receiver 710, processor 715, memory 720, and user interface 725, for
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example. Transmitter 705 may transmit wireless signals to one or more wireless
devices within an indoor environment or to an H-SLP or some other server, such as a
location server, for example. Receiver 710 may receive wireless signals from one or
morc wircless devices within an indoor cnvironment and may rcecive indoor context
information transmitted from an H-SLP or a location server, for example. In one or
more implementations, for example, a transceiver may be utilized instead of, or in
addition to, transmitter 705 and receiver 710.

[0082] Processor 715 may process information and may determing location
information based at least in part on wireless signals received from wireless devices
within an indoor environment. For example, processor 715 may estimate a range from a
wireless device based at least in part on an RSSI of a received signal and/or a time delay
between transmission of such a signal from the wireless device and receipt by receiver
710 of SET 700. Processor 715 may also process a received signal to determine
whether additional identifying information, such as a MAC ID of a wireless device, is
included in the received signal.

[0083] Memory 720 may store measurements and/or other information received
from wireless devices. Memory 720 may also store program code executable by
processor 715. User interface 725 may include one or more output devices, such as a
display or speaker. User interface 725 may also include one or more user input devices,
such as a touch screen, keyboard, touchpad, or any other device capable of recciving an
input from a uscr.

[0084] FIG. 8 is a schematic block diagram of an H-SLP 800 according to one
or more implementations. As shown, H-SLP 800 may include a processor 805, receiver
810, transmitter 815, and memory 820, for example. Receiver 810 may receive signals

from a SUPL Agent and/or a mobile device, such as a SET. For example, receiver 805



WO 2011/046969 PCT/US2010/052384

may receive a signal comprising indoor context information to be transmitted to a
mobile device via transmitter 815. For example, processor 805 may send a control
signal to transmitter 815 to initiate transmission of indoor context information to a
mobile device. Recciver 810 may also reecive a location cstimate or certain wircless
measurements or other information from a mobile device in some implementations.
[0085] In some implementations, a mobile device may transmit a request for
indoor context information to H-SLP 800. H-SLP 800 may transmit such a request to a
SUPL Agent and may receive such indoor context information from the SUPL Agent
via receiver 810.

[0086] Memory 820 may comprise a storage medium and may store program
code or machine-readable instructions executable by processor 805. Memory 820 may
also store indoor context information in some implementations.

[0087] Some portions of the detailed description above are presented in terms
of algorithms or symbolic representations of operations on binary digital signals stored
within a memory of a specific apparatus or special purpose apparatus or computing
device or platform. In the context of this particular specification, the term specific
apparatus or the like includes a general purpose computer once it is programmed to
perform particular functions pursuant to instructions from program software.
Algorithmic descriptions or symbolic representations are examples of techniques used
by thosc of ordinary skill in the signal processing or related arts to convey the substance
of their work to others skilled in the art. An algorithm is here, and gencrally, considered
to be a self-consistent sequence of operations or similar signal processing leading to a
desired result. In this context, operations or processing involve physical manipulation of

physical quantities. Typically, although not necessarily, such quantities may take the
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form of electrical or magnetic signals capable of being stored, transferred, combined,
compared or otherwise manipulated.

[0088] It has proven convenient at times, principally for reasons of common
usage, to refer to such signals as bits, data, valucs, clements, symbols, characters, terms,
numbers, numerals or the like. It should be understood, however, that all of these or
similar terms are to be associated with appropriate physical quantities and are merely
convenient labels. Unless specifically stated otherwise, as apparent from the above

discussion, it is appreciated that throughout this specification discussions utilizing terms

"o "o

such as "processing,” "computing," "calculating,” "determining" or the like refer to
actions or processes of a specific apparatus, such as a special purpose computer or a
similar special purpose electronic computing device. In the context of this specification,
therefore, a special purpose computer or a similar special purpose electronic computing
device is capable of manipulating or transforming signals, typically represented as
physical electronic or magnetic quantities within memories, registers, or other
information storage devices, transmission devices, or display devices of the special
purpose computer or similar special purpose electronic computing device. For example,
a specific computing apparatus may comprise one or more processors programmed with
instructions to perform one or more specific functions.

[0089] Methodologies described herein may be implemented by various means
depending upon applications according to particular featurcs and/or cxamples. For
cxample, such mcthodologics may be implemented in hardwarc, firmware, softwarc,
and/or combinations thereof. In a hardware implementation, for example, a processing
unit 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),
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processors, controllers, micro-controllers, microprocessors, electronic devices, other
devices units designed to perform the functions described herein, and/or combinations
thereof.

[0090] For a firmwarc and/or hardwarc/softwarc implcmentations, certain
methodologies may be implemented with modules (e.g., procedures, functions, and so
on) that perform the functions described herein. Any machine readable medium
tangibly embodying instructions may be used in implementing the methodologies
described herein. For example, software codes may be stored in a memory of a mobile
station and/or an access point and executed by a processing unit of the device. Memory
may be implemented within a processing unit and/or external to the processing unit. As
used herein the term “memory” refers to any type of long term, short term, volatile,
nonvolatile, or other memory and is not to be limited to any particular type of memory
or number of memories, or type of media upon which memory is stored.

[0091] If implemented in hardware/software, functions that implement
methodologies or portions thereof may be stored on and/or transmitted over as one or
more instructions or code on a computer-readable medium. A computer-readable
medium may take the form of an article of manufacture. A computer-readable medium
may include computer storage media and/or communication media including any
medium that facilitates transfer of a computer program from one place to another. A
storagc media may be any availablc media that may be accessed by a computer or like
device. By way of cxample but not limitation, a computer-rcadable medium may
comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other medium that may be used to
carry or store desired program code in the form of instructions or data structures and

that may be accessed by a computer.
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{6692] “Instructions” as referred to herein relate to expressions which represent
one ot more logieal operations. For example, instructions may be “machine-readable”
by being interpretable by a machine for executing one or more operations on one or
more data objects, However, this §s merely an example of instructions and claimed
subject matier is not Hmited i this respect. in another example, instractions as
referred to herein may relate to encoded commands which are exacutable by a
processing unit having a command set which includes the encoded comrnands. Such
an instruction may be encoded in the form of a machine language vnderstood by the
processing unit, Again, these are merely examples of an instroction and claimed
subiect matter Is not fimied in this respact

[0093] While there has been tlustrated and described what are pressatly
considered to be example features, #t will be understood by those skilled i the art that
varicus other modifications may be made, and equivalents may be substituted, without
departing from clabed subject matter. Additionally, many modifications may be
made to adapt a particalar situation to the teachings of claimaed subjest matter without

" o
i

departing from the central concept desertbed herein, Therefore, it s intended that
claimed subject matter not be Himited to the particular examples disclosed, but that
such claimed subject matter may also include all aspects falling within the scope of
appended claims, and equivalents thereol

{8694} it will be understood that the term “comprise” and any of its derivatives
{eg comprises, comprising) a5 vsed in this specification is to be taken to be inclusive
of features 1o which i refers, and is not meant to exclode the presence of any
additional features unlfess otherwise stated or implied.

8098 The reference to any prior art in this specification is not, and should not
he taken as, an acknowledgement of any form of suggestion that such prior art forms

part of the common general knowladge.

[
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CLAIMS

1. A method, including:

determining information relating to a location of a mobile device based at least in
part on one or more signals received by the mobile device;

transmitting, by the mobile device, the information relating to the location of the
mobile device to one or more first network elements;

receiving from one or more second network elements, by the mobile device,
information relating to indoor context information for an indoor environment based at least
in part on the information relating to the location of the mobile device, wherein the
information relating to the indoor context information includes information identifying the
position of one or more first wireless access points within the indoor environment;

determining the position of one or more second wireless access points not included
with the indoor context information;

generating updated indoor context information by updating the information relating
to the indoor context information to include the position of the one or more second wireless
access points;

sending the updated indoor context information to the one or more second network
elements; and

obtaining an estimate of the location of the mobile device based at least in part on
the information relating to the location of the mobile device and the updated indoor context

information.

2. The method of claim 1, further including transmitting the estimate of the location of

the mobile device to the one or more first network elements.

3. The method of claim 1, wherein the acquiring of the information relating to indoor

context information is received wirelessly.

4, The method of claim 1, wherein the information relating to indoor context

information includes a link to indoor context information.
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5. The method of claim 1, wherein the information relating to indoor context

information is received via one or more wired connections.

6. The method of claim 1, wherein at least one of the one or more first network
elements and the one or more second network elements include a Home Secure User Plane

Location Platform (H-SLP).

7. The method of claim 1, wherein the information relating to indoor context

information includes a base station almanac.

8. The method of claim 7, wherein the base station almanac includes information for

Wi-Fi access points.

9. The method of claim 1, wherein the information relating to indoor context

information includes one or more maps of the indoor environment.

10.  The method of claim 1, wherein the information relating to indoor context
information includes locations of one or more wireless base stations within the indoor

environment.

11.  The method of claim 1, wherein the information relating to indoor context

information includes an identifier (ID) of the indoor environment.

12. The method of claim 1, wherein the information relating to indoor context
information includes one or more anchor points to map a local coordinate system with a

global coordinate system.

13.  The method of claim 1, wherein the information relating to indoor context

information includes identifiers of available enhanced indoor positioning support.

14.  An apparatus, including:
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a receiver to receive one or more first wireless signals;
a transmitter to transmit one or more second wireless signals;
a processor to:

determine information relating to a location of the apparatus based at least in
part on the one or more first wireless signals;

initiate transmission of the information relating to the location of a mobile
device to one or more first network elements;

process information relating to indoor context information for an indoor
environment received from one or more second network elements, wherein the
information relating to indoor context information is based at least in part on the
information relating to the location of the apparatus, wherein the information
relating to the indoor context information includes information identifying the
position of one or more first wireless access points within the indoor environment;

determine the position of one or more second wireless access points not
included with the indoor context information;

generate updated indoor context information by updating the information
relating to the indoor context information to include the position of the one or more
second wireless access points;

send the updated indoor context information to the one or more second
network elements; and

obtain an estimate of the location of the apparatus based at least in part on
the information relating to the location of the apparatus and the updated indoor

context information.
15. The apparatus of claim 14, wherein the processor is further adapted to initiate
transmission of the estimate of the location of the apparatus to the one or more first

network elements.

16.  The apparatus of claim 14, wherein the information relating to indoor context

information includes a link to the indoor context information.
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17.  The apparatus of claim 14, wherein the information relating to indoor context

information includes a base station almanac.

18.  The apparatus of claim 17, wherein the base station almanac includes information

for Wi-Fi access points.

19.  The apparatus of claim 14, wherein the information relating to indoor context

information includes one or more maps of the indoor environment.

20.  The apparatus of claim 14, wherein the information relating to indoor context
information includes locations of one or more wireless base stations within the indoor

environment.

21.  The apparatus of claim 14, wherein the information relating to indoor context

information includes an identifier (ID) of the indoor environment.

22.  The apparatus of claim 14, wherein the information relating to indoor context
information includes one or more anchor points to map a local coordinate system to a
global coordinate system.

23.  The apparatus of claim 14, wherein the information relating to indoor context

information includes identifiers of available enhanced indoor positioning support.

24.  The apparatus of claim 14, wherein at least one of the one or more first network
elements and the one or more second network elements include a Home Secure User Plane

Location Platform (H-SLP).
25.  An apparatus, including:

means for determining information relating to a location of the apparatus based at

least in part on one or more signals received by the apparatus;
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means for transmitting, by the apparatus, the information relating to the location of
the apparatus to one or more first network elements;

means for receiving from one or more second network elements, by the apparatus,
information relating to indoor context information for an indoor environment based at least
in part on the information relating to the location of the apparatus, wherein the information
relating to the indoor context information includes information identifying the position of
one or more first wireless access points within the indoor environment;

means for determining the position of one or more second wireless access points not
included with the indoor context information;

means for generating updated indoor context information by updating the
information relating to the indoor context information to include the position of the one or
more second wireless access points;

means for sending the updated indoor context information to the one or more
second network elements; and

means for obtaining an estimate of the location of the apparatus based at least in
part on the information relating to the location of the apparatus and the updated indoor

context information.

26.  The apparatus of claim 25, further including means for transmitting the estimate of

the location of the apparatus to the one or more first network elements.

27.  The apparatus of claim 25, further including means for wirelessly receiving the

information relating to indoor context information.

28.  The apparatus of claim 25, wherein the information relating to indoor context

information includes a link to indoor context information.

29.  The apparatus of claim 25, further including means for receiving the information

relating to indoor context information via one or more wired connections.
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30.  The apparatus of claim 25, wherein the information relating to indoor context

information includes a base station almanac.

31.  The apparatus of claim 30, wherein the base station almanac includes information

for Wi-Fi access points.

32.  The apparatus of claim 25, wherein the information relating to indoor context

information includes one or more maps of the indoor environment.

33.  The apparatus of claim 25, wherein the information relating to indoor context
information includes a link to a server that is capable of transmitting one or more maps of

the indoor environment to the apparatus.

34. The apparatus of claim 25, wherein the information relating to indoor context
information includes locations of one or more wireless base stations within the indoor

environment.

35.  The apparatus of claim 25, wherein the information relating to indoor context

information includes an identifier (ID) of the indoor environment.

36.  The apparatus of claim 25, wherein the information relating to indoor context
information includes one or more anchor points to map a local coordinate system to a

global coordinate system.

37.  The apparatus of claim 25, wherein the information relating to indoor context

information includes identifiers of available enhanced indoor positioning support.
38.  The apparatus of claim 25, wherein at least one of the one or more first network

elements and the one or more second network elements include a Home Secure User Plane

Location Platform (H-SLP).
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39.

An article, including:

a non-transitory storage medium including machine-readable instructions

executable by a special purpose apparatus to:

40.

determine information relating to a location of a mobile device based at least in part
on one or more signals received by the mobile device;
initiate transmission, by the mobile device, of the information relating to the
location of the mobile device to one or more first network elements;
process information relating to indoor context information for an indoor
environment received from one or more second network elements, wherein the
information relating to indoor context information is based at least in part on the
information relating to the location of the mobile device, wherein the information
relating to the indoor context information includes information identifying the
position of one or more first wireless access points within the indoor environment;

determine the position of one or more second wireless access points not
included with the indoor context information;

generate updated indoor context information by updating the information
relating to the indoor context information to include the position of the one or more
second wireless access points;

send the updated indoor context information to the one or more second
network elements; and
obtain an estimate of the location of the mobile device based at least in part on the
information relating to the location of the mobile device and the updated indoor

context information.

The article of claim 39, wherein the machine-readable instructions are further

executable by the special purpose apparatus to initiate transmission of the estimate of the

location of the mobile device to the one or more first network elements.

41.

The article of claim 39, wherein the information relating to indoor context

information includes a link to indoor context information.
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42.  The article of claim 39, wherein the information relating to indoor context

information includes a base station almanac.

43, The article of claim 39, wherein the information relating to indoor context

information includes one or more maps of the indoor environment.

44.  The article of claim 39, wherein the information relating to indoor context
information includes locations of one or more wireless base stations within the indoor

environment.

45.  The article of claim 39, wherein the information relating to indoor context

information includes an identifier (ID) of the indoor environment.

46.  The article of claim 39, wherein the information relating to indoor context
information includes one or more anchor points to map a local coordinate system to a

global coordinate system.

47.  The article of claim 39, wherein the information relating to indoor context

information includes identifiers of available enhanced indoor positioning support.

48. A method, including:

receiving, by a network element, a signal transmitted by a mobile device, the signal
including information relating to a location of the mobile device within an indoor
environment;

determining, by the network element, information relating to indoor context
information for an indoor environment based at least in part on the information relating to
the location of the mobile device, wherein the information relating to the indoor context
information includes information identifying the position of one or more first wireless
access points within the indoor environment;

receiving the position of one or more second wireless access points not included

with the indoor context information from the mobile device;

39



2010306926 28 Mar 2014

generating updated indoor context information by updating the information relating
to the indoor context information to include the position of the one or more second wireless
access points;

sending the updated indoor context information to the one or more second network
elements;

estimating the location of the mobile device based at least in part on the information
relating to the location of the mobile device and the updated indoor context information;
and

performing one or more location-based services based at least in part on the location

of the mobile device.

49, The method of claim 48, wherein the one or more location-based services include

periodically locating the mobile device within the indoor environment.

50. The method of claim 48, wherein the indoor context information includes a base

station almanac.

51. The method of claim 48, wherein the indoor context information includes locations

of one or more wireless base stations within the indoor environment.

52. The method of claim 48, wherein the indoor context information includes one or

more anchor points to map a local coordinate system to a global coordinate system.

53.  An apparatus, including:
a transceiver to receive one or more signals;
a processor to:
receive information relating to a location of a mobile device located within
an indoor environment;
determine information relating to indoor context information for an indoor
environment based at least in part on the information relating to the location of the

mobile device, wherein the information relating to the indoor context information
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includes information identifying the position of one or more first wireless access
points within the indoor environment;

receive the position of one or more second wireless access points not
included with the indoor context information from the mobile device;

generate updated indoor context information by updating the information
relating to the indoor context information to include the position of the one or more
second wireless access points;

send the updated indoor context information to the one or more second
network elements; and

estimate the location of the mobile device based at least in part on the
information relating to the location of the mobile device and the updated indoor
context information; and

perform one or more location-based services based at least in part on the

location of the mobile device.

54.  The apparatus of claim 53, wherein the one or more location-based services include

periodically locating the mobile device within the indoor environment.

55.  The apparatus of claim 53, wherein the indoor context information includes a base

station almanac.

56.  The apparatus of claim 53, wherein the indoor context information includes

locations of one or more wireless base stations within the indoor environment.

57.  The apparatus of claim 53, wherein the indoor context information includes one or

more anchor points to map a local coordinate system to a global coordinate system.

58.  The apparatus of claim 53, wherein the apparatus includes a Home Secure User

Plane Location Platform (H-SLP).

59.  An apparatus, including:
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means for receiving one or more signals;

means for processing information relating to a location of the mobile device within
an indoor environment;

means for determining, by the apparatus, information relating to indoor context
information for an indoor environment based at least in part on the information relating to
the location of the mobile device, wherein the information relating to the indoor context
information includes information identifying the position of one or more first wireless
access points within the indoor environment;

means for receiving the position of one or more second wireless access points not
included with the indoor context information from the mobile device;

means for generating updated indoor context information by updating the
information relating to the indoor context information to include the position of the one or
more second wireless access points;

means for sending the updated indoor context information to the one or more
second network elements; and

means for estimating the location of the mobile device based at least in part on the
information relating to the location of the mobile device and the updated indoor context
information; and

means for performing one or more location-based services based at least in part on

the location of the mobile device.

60. The apparatus of claim 59, wherein the one or more location-based services include

periodically locating the mobile device within the indoor environment.

61.  The apparatus of claim 59, further including means for initiating transmission of the

location of the mobile device to the mobile device.

62.  The apparatus of claim 59, wherein the indoor context information includes a base

station almanac.
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63.  The apparatus of claim 59, wherein the indoor context information includes

locations of one or more wireless base stations within the indoor environment.

64.  The apparatus of claim 59, wherein the indoor context information includes one or

more anchor points to map a local coordinate system to a global coordinate system.

65.  The apparatus of claim 59, wherein the apparatus includes a Home Secure User

Plane Location Platform (H-SLP).

66.  An article, including:
a non-transitory storage medium including machine-readable instructions
executable by a special purpose apparatus to:

receive information relating to a location of the mobile device within an
indoor environment;

determine, by a network element, information relating to indoor context
information for an indoor environment based at least in part on the information
relating to the location of the mobile device, wherein the information relating to the
indoor context information includes information identifying the position of one or
more first wireless access points within the indoor environment;

receive the position of one or more second wireless access points not
included with the indoor context information from the mobile device;

generate updated indoor context information by updating the information
relating to the indoor context information to include the position of the one or more
second wireless access points;

send the updated indoor context information to the one or more second
network elements; and
estimate the location of the mobile device based at least in part on the information
relating to the location of the mobile device and the updated indoor context
information; and

perform one or more location-based services based at least in part on the

location of the mobile device.
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67. The article of claim 66, wherein the one or more location-based services include

periodically locating the mobile device within the indoor environment.

68. The article of claim 66, wherein the indoor context information includes a base

station almanac.

69. The article of claim 67, wherein the indoor context information includes locations

of one or more wireless base stations within the indoor environment.

70. The article of claim 68, wherein the indoor context information includes one or

more anchor points to map a local coordinate system to a global coordinate system.

71. The method of claim 1, wherein the at least one first network element and the at

least one second network element are the same at least one network element.

72.  The method of claim 1, further including:

receiving information identifying the location of one or more third wireless access
points within the indoor environment from a second mobile device; and

sending the information identifying the location of the one or more third wireless

access points within the indoor environment to the one or more second network element.
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