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POSITIONING FOR WLANS AND
OTHER WIRELESS NETWORKS

[0001] The present application claims priority to provisional U.S. Application Serial

No. 60/734,631, entitled "LOCATION SOLUTIONS APPLICABLE TO WIRELESS

LOCAL AREA NETWORKS (WLANs)," filed November 7, 2005, provisional U.S.

Application Serial No. 60/748,225, entitled "LOCATION SOLUTION APPLICABLE

TO A TERMINAL SERVED BY A WIRELESS LAN," filed December 6, 2005, and

provisional U.S. Application Serial No. [Docket No. 060145P3], entitled "Support for

WLAN Positioning in SUPL " filed November 4, 2006, all assigned to the assignee

hereof and incorporated herein by reference.

BACKGROUND
Field

[0002] The present disclosure relates generally to communication, and more

specifically to techniques for performing positioning.

Background

[0003] Wireless communication networks are widely deployed to provide various

communication services such as voice, video, packet data, messaging, broadcast, etc.

These wireless networks may be multiple-access networks capable of supporting

communication for multiple users by sharing the available network resources.

Examples of such multiple-access networks include Code Division Multiple Access

(CDMA) networks, Time Division Multiple Access (TDMA) networks, Frequency

Division Multiple Access (FDMA) networks, and Orthogonal FDMA (OFDMA)

networks.

[0004] It is often desirable, and sometimes necessary, to know the location of a

terminal in a wireless network. The terms "location" and "position" are synonymous

and are used interchangeably herein. For example, a user may utilize the terminal to

browse through a website and may click on location sensitive content. The location of

the terminal may then be determined and used to provide appropriate content to the



user. There are many other scenarios in which knowledge of the location of the

terminal is useful or necessary.

[0005] Some wireless networks such as CDMA networks can readily support

positioning. These wireless networks may have many base stations that transmit signals

encoded with timing information. The location of a terminal may be determined based

on timing measurements for a sufficient number of base stations and known fixed

locations of these base stations. In some wireless networks, the locations of the

transmitters may not be known or there may be uncertainty in the transmitter locations.

Nevertheless, it may be desirable to determine the location of a terminal in such a

wireless network.

SUMMARY
[0006J Techniques for positioning access points and terminals in wireless local area

networks (WLANs) as well as other wireless networks are described herein.

Positioning refers to a process to measure/compute a geographic location estimate of a

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

position fix, etc.

[0007] In one aspect, for access point positioning, measurements are obtained for at

least one access point in a WLAN. The measurements may be based on transmission

sequences (e.g., beacon frames) transmitted periodically by each access point. The

measurements may be made by multiple terminals at different locations or a single

mobile terminal at different locations. The location of each access point is determined

based on the measurements and known locations of the terminal(s) and further in

accordance with a positioning method, e.g., a round trip time (RTT) method, an

observed time difference (OTD) method, a time of arrival (TOA) method, etc.

[0008] In another aspect, at least one location of at least one terminal receiving

transmissions from an access point is obtained. The location of the access point is

determined based on the at least one location of the at least one terminal and possibly

additional information such as range limit of the radio technology used by the WLAN,

transmit power used by the at least one terminal or the access point, etc.

[0009] In yet another aspect, for terminal positioning, measurements for at least one

access point in a WLAN are obtained. The location of the terminal is determined based

on the measurements and at least one location of the at least one access point and further



in accordance with a positioning method, e.g., the RTT method, OTD method, TOA

method, signal strength/quality method, access point identity (AP ID) method, etc.

[0010] In yet another aspect, a plurality of location results (e.g., probability density

functions) is obtained for a plurality of positioning methods. The location results are

combined to obtain a final location result (e.g., a final probability density function). A

location estimate for a station is obtained based on the final location result.

[0011] Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] FIG. 1 shows a WLAN that supports positioning.

[0013] FIGS. 2A and 2B show positioning of an access point.

[0014] FIG. 3 shows OTD measurement by a terminal for two access points.

[0015] FIG. 4 shows TOA measurements by two terminals for an access point.

[0016] FIG. 5 shows movement history for an access point.

[0017] FIG. 6 shows a deployment with user plane location.

[0018] FIG. 7 shows a deployment with control plane location.

[0019] FIG. 8 shows a process for positioning one or more access points.

[0020] FIG. 9 shows a process for positioning an access point.

[0021] FIG. 10 shows a process for positioning a terminal.

[0022] FIG. 11 shows a process for combining location results.

[0023] FIG. 12 shows WLAN positioning with user/control plane location.

[0024] FIG. 13 shows an access point, a terminal, and a network server.

DETAILED DESCRIPTION
[0025] Techniques for supporting positioning in wireless networks arc described

herein. The techniques may be used for various wireless networks such as wireless

local area networks (WLANs), wireless wide area networks (WWANs), metropolitan

area networks (WMANs), broadcast networks, etc. The terms "network" and "system"

are often used interchangeably. A WWAN is a wireless network that provides

communication coverage for a large geographic area such as, e.g., a city, a state, or an

entire country. A WWAN may be a cellular network such as a CDMA network, a



TDMA network, an FDMA network, an OFDMA network, etc. A CDMA network may

implement a radio technology such as Wideband-CDMA (W-CDMA), cdma2000, etc.

cdma2000 covers IS-2000, IS-95, and IS-856 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. D-AMPS covers IS-

248 and IS-54. These various radio technologies and standards are known in the art.

W-CDMA and GSM 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.

[0026] A WLAN is a wireless network that provides communication coverage for a

small or medium geographic area such as, e.g., a building, a mall, a coffee shop, an

airport terminal, a school, hospital etc. A WLAN may implement a radio technology

such as any defined by IEEE 802.11, Hiperlan, etc. A WMAN may implement a radio

technology such as any defined by IEEE 802.16. IEEE 802.11 and IEEE 802.16 are

two families of standards from The Institute of Electrical and Electronics Engineers

(IEEE). The IEEE 802.11 family includes 802.11a, 802.11b, 802.1 1g and 802.11n

standards and is commonly referred to as Wi-Fi. Each IEEE 802.11 standard specifies

operation in a specific frequency band (e.g., 2.4 GHz or 5 GHz) using one or more

modulation techniques. The IEEE 802.16 family includes 802. 16e standard and is

commonly referred to as WiMAX. Hiperlan is a WLAN technology that is commonly

used in Europe. For clarity, much of the following description is for a WLAN.

[0027] FIG. 1 shows a WLAN 100 that supports positioning. WLAN 100 includes

access points (AP) 110 that communicate with terminals 120. An access point is a

station that supports communication for terminals associated with that access point. An

access point may also be referred to as a base station. For WMAN and WWAN

wireless technologies, an access point may be replaced by a Node B, an enhanced Node

B (eNode B), a base transceiver subsystem, etc. Access points 110 may directly or

indirectly couple to a network server 130 that may perform various functions for

positioning. Network server 130 may be a single network entity or a collection of

network entities. In general, a WLAN may include any number of access points. Each

access point may be identified by an access point identity (AP ID), which may be a



globally unique Medium Access Control (MAC) address that is included in frames

transmitted by the access point, an Internet Protocol (IP) address, etc.

[0028] A terminal is a station that can communicate with another station via a

wireless medium. A terminal may be stationary or mobile and may also be referred to

as a mobile station, a user equipment, a subscriber station, etc. A terminal may be a

cellular phone, a personal digital assistant (PDA), a handheld device, a wireless device,

a laptop computer, a wireless modem, a cordless phone, a telemetry device, a tracking

device, etc.

[0029] An access point or a terminal may also receive signals from satellites 140,

which may be part of the United States Global Positioning System (GPS), the European

Galileo system, the Russian Glonass system, or some other satellite positioning system

(SPS). A terminal may measure signals from access points 110 and/or signals from

satellites 140. The measurements may be used to determine the location of the terminal

and/or access points, as described below.

[0030] In general, a WLAN and/or its associated terminals may support any number

of positioning methods and any positioning method. Table 1 lists some positioning

methods that may be supported by a WLAN and/or its associated terminals and provides

a short description for each method.

Table 1

[0031] Tn the following description, the term "GPS" generieally refers to positioning

based on any satellite positioning system, e.g., GPS, Galileo, etc. The term "A-GPS"

generieally refers to positioning based on any satellite positioning system with

assistance data.



[0032] The positioning methods may be used to (a) determine the locations of

terminals based on known locations of access points and/or (b) determine the locations

of access points based on known locations of terminals. The known locations may be

obtained independently with GPS, A-GPS, etc. The ability to determine access point

locations based on terminal locations may be highly desirable since numerous WLANs

are currently deployed, WLANs are not always publicly known, and access points may

be moved (i.e., are not always fixed). The locations of access points may be determined

and/or updated based on terminals supporting independent positioning methods such as

GPS, A-GPS, etc. The access point locations may be used to determine the locations of

terminals that do not support independent positioning methods such as GPS, A-GPS,

etc.

[0033] The various positioning methods may be supported by the terminals and/or

by employing a network server, e.g., network server 130 in FIG. 1 or one of access

points 110. The network server may instruct terminals to provide measurements and

may compute location estimates for the terminals and/or access points. The network

server may also store location information for the terminals and/or access points and

may use the location information to support positioning.

1. AP ID Method

[00341 The AP ID method utilizes known locations of access points in a WLAN to

determine locations of terminals. A location may be given by 2-dimensional (x, y) or 3-

dimcnsional (x, y, z) geographic coordinates. The locations of the access points may be

determined in various manners. In one scheme, the location of an access point may be

determined by a WLAN operator by surveying, using map association, etc. In another

scheme, the location of an access point may be determined based on a positioning

method such as GPS, A-GPS, etc.

[0035] FIG. 2A shows a scheme for positioning an access point based on known

locations of one or more terminals communicating with the access point. A coverage

area for the access point may be determined based on the known locations of different

terminals and/or different known locations of the same terminals. The location of the

access point may be determined based on all known terminal locations, e.g., an average

latitude (x) coordinate and an average longitude (y) coordinate for the terminal

locations. To avoid bias due to greater density of terminals in one area than other areas,



the perimeter of the coverage area may be determined based on the outermost terminal

locations. The location of the access point may then be given by a point within the area

enclosed by the perimeter, e.g., the cetitroid of the enclosed area.

[0036J FlG. 2B shows a scheme for positioning an access point based on known

location of a single terminal. The location of the terminal may be provided as an

approximate location of the access point. This approximate location has an error or

uncertainty that is dependent on the coverage range of the access point. If the WLAN

technology is known (e.g., 802.1 Ib, 802.1 Ig, etc.), then the maximum distance from the

terminal to the access point may be estimated based on the range limitation of the

WLAN technology. For example, many 802.11 technologies generally have range

limits of around 50 to 100 meters. The location of the access point may then be

approximated by the terminal location with the actual access point location lying within

a circle centered at the terminal location and having a radius given by the range limit.

The range limit is typically given for the maximum transmit power allowed by the

WLAN technology. Hence, a smaller radius (and thus less uncertainty) may be used for

the circle if it is known that the access point or the terminal used less than the maximum

transmit power for communication.

[0037] In general, the location of an access point may be determined in advance

(e.g., through cartography or surveying) or in the field by applying any of the

positioning methods in reverse. In particular, the access point location may be

determined based on one or more known locations of one or more terminals supporting

reliable and accurate positioning methods such as GPS, A-GPS, etc.

[0038] The AP ID method can provide a location estimate for a terminal based on

an identity of an access point serving or received by the terminal and the known

location of the access point. The location of the access point may be provided as the

location estimate for the terminal. This location estimate has an uncertainty determined

by the coverage range of the access point, which may be estimated based on. the WLAN

technology as described above. The accuracy of the location estimate may then be

dependent on the range limit of the WLAN technology. The location estimate may be

fairly accurate for WLAN technologies with limited coverage (e.g., up to 50 meters for

some IEEE 802.11 technologies) and less accurate for WLAN, WMAN and WWAN

technologies with extended range or where repeaters are used to extend coverage.



[0039] The location of an access point may be made available to terminals within

the coverage area and/or in other networks. For example, in an IEEE 802.11 WLAN,

the access point may include its location in a beacon that is broadcast periodically to the

terminals. In this case, terminals that can receive the beacon may be able to estimate

their locations based on the access point location obtained from the beacon.

2. RTT Method

[0040] The RTT method provides a location estimate for a station based on RTT

measurements for one or more other stations and known locations of the other stations.

For example, a terminal may measure the round trip time for radio signal propagation

between the terminal and one or more access points. The location of the terminal may

then be determined based on the RTT measurements and known locations of the access

points using triangulation techniques.

[0041] RTT measurements may be made in various manners. For example, in IEEE

802.1 Iv, a terminal sends a message (e.g., a Presence Request frame) to an access point

and receives an acknowledgment (e.g., a Presence Response frame) from the access

point. The acknowledgment may contain the time delay measured by the access point

between the receive time of the last part (e.g., the final bit or chip) of the terminal's

message and the transmit time of the first part (e.g., the first bit or chip) of the

acknowledgment. The terminal may measure the time delay between the transmit time

of the last part of the message and the receive time of the first part of the

acknowledgment. The terminal may then subtract the time delay reported by the access

point from the time delay measured by the terminal to obtain a measurement of RTT.

Other schemes may also be used to measure the time difference between sending a

given message and receiving a response.

[0042] The location of an access point may be determined by obtaining RTT

measurements for one or more terminals with known locations and applying

triangulation in reverse. In this case, for each terminal with known location, the RTT to

the access point may be measured by the terminal or the access point. The location of

the access point may then be obtained based on the RTT measurements made by the

same or different terminals at different known locations using triangulation.

[0043] In general, a location estimate for a station (e.g., a terminal or an access

point) may be obtained with the RTT method based on location-related measurements
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obtained for one or more other stations. A location estimate obtained with the RTT

method may be much more accurate than a location estimate obtained with the AP ID

method. The RTT method attempts to pinpoint the location of the station whereas the

AP ID method estimates the location of the station over an entire coverage area.

3. QTD Method

[0044] The OTD method provides a location estimate for a station based on. OTD

measurements for other stations and known locations of the other stations. For

example, a terminal may measure the observed transmission timing difference between

pairs of access points. These measurements may be based on transmissions containing

implicit or explicit timing information from the access points. These transmissions may

correspond to beacon frames broadcast periodically by access points in IEEE 802.1 1

WLAN. The location of the terminal may then be obtained based on these

measurements using trilateration.

[0045] FIG. 3 shows OTD measurement by a terminal i for two access points P and

Q. Each access point transmits a series of transmission sequences, e.g., sequences of

binary encoded data. Each transmission sequence contains implicit or explicit relative

time reference. Access points P and Q may transmit their transmission sequences

periodically at fixed repetition intervals of Tp and TQ, respectively. The duration of

each transmission sequence may be equal to or less than the repetition interval. The

transmission sequences are regularly repeating in that an identifiable information

structure is regularly repeated, although the repeated structure may or may not contain

repeated information. Fox example, each transmission sequence may correspond to a

beacon frame in IEEE 802.1 1.

[0046] Access points P and Q may have relatively accurate and stable clocks but are

typically not synchronized. Hence, the exact times at which the transmission sequences

are sent may not be known. Each transmission sequence contains a marker that may be

used as a time reference. The marker in a transmission sequence from access point P is

denoted as Mp, and the marker in a transmission sequence from access point Q is

denoted as M Q . Markers M P and M Q may be the beginning, the end, or a point in the

middle of their respective transmission sequences.

[0047] Terminal i receives two transmission sequences from access points P and Q

and identifies the markers in the received transmission sequences. The two markers



received by terminal i from access points P and Q are denoted as M p and M Q ,

respectively. Terminal i measures the difference between the arrival time of marker Mpi

from access point P and the arrival time of marker MQJ fr om access point Q. This

arrival time difference is denoted as OTD;.

[0048] The real time difference between markers Mp; and M Q; is denoted as RTD

and is the difference between the absolute transmit times of these markers from access

points P and Q. RTD; is equal to OTD if terminal i is equidistant between access points

P and Q. Otherwise, RTD and OTDi are related to the distances between terminal i and

access points P and Q and may be expressed as:

OTD, = A(M Pi ) -A(M Q 1) , Eq (I)

RTD ; T(M Pi)-T(M Qi) , Eq (2)

where T(M ki) is the absolute transmit time of marker MM from access point k,

fork = P or Q, and

A(M
J11J

) is the absolute arrival time of marker M M t terminal i .

[0049] Equations (1) and (2) may be combined as follows:

OTD -RTD = {A(MPi) -T(M Pi )}- (A(M Qi )-T(M Qi ) }

Ppi ~ PQi Eq (3)

Λ/( - Xp)2 + (y. - yp)2 - Λ/(χ. - XQ)2+(y. - y Q

C

where D is the distance between terminal i and access point k ,

(Xk, yk) are horizontal x, y coordinates of access point k location,

(xi, yi) are horizontal x, y coordinates of terminal i location, and

c is signal propagation speed, e.g., the speed of light.

[0050] For simplicity, vertical coordinates are ignored i equation (3) but may be

easily added as will be evident to those skilled in the art. In equation (3), OTDi may be

measured by terminal i, and all other variables are either known or can be solved for.

For example, the coordinates of terminal i may be obtained independently using GPS,



A-GPS, etc. In this case, equation (3) would contain five unknown variables - the x and

y coordinates for each of the two access points and the RTD between markers Mpi and

M QI . Five OTD measurements for the same markers M and MQJ may be made by five

different terminals at different known locations and used to solve for the five unknown

variables. Alternatively, five OTD measurements may be made by a single terminal at

five different known locations and used to solve for the five unknown variables. Hence,

the unknown x, y coordinates of the two access points may be obtained based on five

OTD measurements from one or more terminals at different known locations.

[0051] OTD measurements are typically not obtained for the same markers by

different terminals. Instead, different terminals typically make OTD measurements at

different times based on different markers in different transmission sequences. A single

terminal that is mobile may also make OTD measurements for different markers at

different times while in different locations. In any case, the RTDs of the markers used

for different OTD measurements made at different times may not all be the same.

[0052] For OTD measurements made by different terminals, the RTDs applicable to

any two terminals i and j , for i ≠ j , are related as follows.

RTD -RTD {T(MPi) -T(M Qi)} -{T(M Pj )-T(M Qj.)} Eq (4)
= {T(MPi) -T(M p .)}-{T(M Qi )-T(M Qi) }

where RTD ; - RTD j is the RTD difference for terminals i and j , and

T(M i) —T(M kj ) is the time interval between two markers from access point k.

[0053] Equation (4) indicates that the RTD difference for terminals i and k may be

obtained based on the time interval between two different markers from each of the two

access points. The time interval for each access point may be determined if the two

markers occur in the same transmission sequence and their times of occurrence in the

transmission sequence are known. The time interval for each access point may also be

determined if the two markers occur in different transmission sequences if (a) the

interval of time from the beginning of each transmission sequence to the respective

marker is known and (b) the time interval between the beginnings of the two

transmission sequences is known. Condition (b) may be satisfied when the repetition

interval Tk between consecutive transmission sequences is known and each transmission



sequence carries a sequence number. If the transmission sequences are numbered, then

the number of sequences from the sequence containing the first marker to the sequence

containing the second marker may be counted. If the transmission sequences are not

numbered, then there may be ambiguity in the value of the RTD difference in equation

(4). This ambiguity is of the form p TP + q *TQ , where Tp and TQ are the repetition

intervals for access points P and Q, respectively, and p and q may be positive or

negative integer values corresponding to the unknown number of sequences between the

markers from access points P and Q, respectively. If the repetition interval is the same

for both access points, or Tp = TQ, and is large compared to the maximum value of the

right hand side of equation (3) (so that the propagation delay to any terminal is much

less than the repetition interval), then the ambiguity in the RTD difference disappears

since only one value for the uncertainty (p + q) *TP will provide a solution to equation

(3).

[0054] Knowing the difference between any pair of RTDs allows for use of equation

(3) to solve for one unknown RTD plus four unknown x and y coordinates for two

access points with five OTD measurements. The RTD for one OTD measurement may

be expressed as an unknown variable X. The RTD for each remaining OTD

measurement may be expressed as X + K, where K may be determined from equation

(4).

[0055] The access points should send their transmission sequences with good

timing/frequency precision and stability in order to allow for accurate OTD

measurements by the terminals. The transmission sequences from a pair of access

points may drift over time due to clock imprecision in one or both access points. In this

case, the RTD between the markers from the pair of access points would vary with time.

The RTD for two markers transmitted from two access points P and Q at time t may be

given as:

RTD(t) = an tn + n 1 t 1 + ... + a t 1+ a0 , Eq (5)

where RTD(t)is the RTD between two markers sent at transmission time t from access

points P and Q, and

ai is a coefficient, for 0 < i < n and n > 0.



[0056] For linear drift of RTD, which may be the most common type of drift, a;

would be zero for i > 1. For quadratic drift of RTD, a would be zero for i > 2.

Typically, higher coefficients will be zero or almost zero. The number of variables to

solve for in equation (3) may be increased by the number of unknown non-zero

coefficients in equation (5) in order to account for drift of RTD. The coordinates of the

access points may be obtained with the same number of additional OTD measurements

from terminals whose locations are known.

[0057] Equation (3) may also be used to determine the location of a terminal that

obtains OTD measurements for two or more pairs of access points with known

locations. In this case, equation (3) would contain three unknown variables - the x and

y coordinates for the terminal and the RTD between the markers from the access points.

The number of equations may b e reduced if the RTD relationships between the access

points are known or can be ascertained, e.g., as described above or via some other

means. For example, a solution for the coordinates (xi, yi) of terminal i may be solved

for with two equations for two pairs of access points. These two pairs may be formed

with three access points, where one access point is common to both pairs. In the

equation for each pair of access points, the coordinates (xi, y;) of terminal i niay be

solved for, the coordinates (xp, yp) and (XQ , y<j) for access points P and Q in the pair are

known, the OTD for these access points may be measured, and RTD for these access

points may be known or can be determined.

[0058] The OTD method uses measurements of observed transmission timing

differences by terminals for pairs of access points. The measurements may be made at

the same time, close together in. time, or possibly spread across time. The OTD method

can determine the locations of access points using OTD measurements from terminals

with known locations. The OTD method can also determine the locations of terminals

using OTD measurements from the terminals and known locations of access points. A

terminal may measure the transmissions from two or more access points if the locations

of the access points are being determined and from three or more access points if the

location of the terminal is being determined.

[0059] An advantage of the OTD method is that access points and WLAN access

networks (ANs) do not need to participate in the method. This avoids impacts to

existing WLAN implementations and standards. In addition, it is not necessary to have

any explicit signaling from the terminals to the access points. Nevertheless, the OTD



method may be supported with a network server, e.g., network server 130 in FIG. 1.

The network server may instruct a terminal to make OTD measurements and may

receive the measurements from the terminal. The network server may perform location-

related computations as described above to solve for the terminal locations and/or

access point locations using OTD measurements, e.g., as shown in equation (3).

[0060] The OTD method may be used for any WLAN technology that sends

implicit or explicit timing-related information. The timing-related information may be

provided via repeated frame structures, repeated frames, other identifiable information

containing a counter or timing-related data, etc. OTD measurements may be made for

pairs of access points. The access points in each pair may support the same or different

WLAN technologies, as long as the OTD measurement can be related to identifiable

markers in the transmission from each access point.

[0061] The OTD method may be similar to an Enhanced Observed Time Difference

(E-OTD) method for GSM networks, an Observed Time Difference of Arrival

(OTDOA) method for W-CDMA networks, and an Advanced Forward Link

Trilateration (A-FLT) method for cdma2000 networks. The E-OTD, OTDOA and A-

FLT methods only determine the locations of terminals and rely on having knowledge

of the locations of base stations. In contrast, the OTD method can determine the

locations of terminals as well as access points and may be used for WLAN as well as

other wireless networks, e.g., GSM, W-CDMA, and cdma2000 networks.

4. TOA Method

[0062] The TOA method provides a location estimate for a station based on TOA

measurements for one or more other stations and known locations of the other stations.

For example, a terminal may measure the time of arrival for a marker from each of

multiple access points and may associate absolute time with each marker. The terminal

may obtain absolute time using, e.g., GPS, A-GPS, etc. The location of the terminal

may then be obtained based on the measurements using trilateration.

[0063] FIG. 4 shows TOA measurements by two terminals i and k at different

locations for one access point P. Access point P transmits a series of transmission

sequences, with each transmission sequence having a marker. Terminal i receives a

transmission sequence from access point P . The marker in the sequence received by

terminal i is denoted as Mpi. Terminal j receives a transmission sequence from access



point P. The marker in the sequence received by terminal j is denoted as Mpj. Marker

Mpi may be the same as or different from marker Mp1-. Each terminal m, for m = i or j ,

may determine an absolute arrival time A(M?m) of marker Mpm received by that

terminal from access point P based on the terminal's knowledge of absolute time.

A(Mpm) represents the TOA measurement made by terminal m for access point P .

[0064] The OTD between the absolute arrival time of marker Mpj at terminal i and

the absolute arrival time of marker Mpj at terminal j is denoted as OTDij. The RTD

between the absolute transmit times of markers Mpi and Mpj from access point P is

denoted as RTDy. OTD j and RTD j may be expressed as:

OTD ;i A(M Pi) -A(M ) , Eq (6)

RTD U = T(M i) -T(M Pj.) , Eq (7)

where T(M Pm) is the absolute transmit time of marker Mpm from access point P, and

A(Mp
1
) is the absolute arrival time of marker M m at terminal m .

[0065] Equations (6) and (7) may be combined as follows:

OTD
1

-RTD = {A(M
P 1

) - T(M Pi )}- {A(MP j )-T(M Pj )}

D , - D
' J Eq (8)

_ (x ; Xp )2 +(y t - yp )2 --J(X - Xp ) 2 (y j - y )2

where D m is the distance between terminal m and access point P,

(Xp5YP) are horizontal x, y coordinates of access point P location, and

(xm, Ym) are horizontal x, y coordinates of terminal m location.

[0066] For simplicity, vertical coordinates are ignored in equation (8) but may be

easily added as will be evident to those skilled in the art. The absolute arrival times

A(MPO and A(M PJ) may be determined by terminals i and j and used to derive OTDy as

shown in equation (6). RTD y in equation (7) may be readily available since it relates to

transmissions from the same access point. RTDy may be determined based on the

repetition interval Tp between consecutive transmission sequences sent by access point

P . In equation (8), OTDij and RTD j may be available, and all other variables are either



known or can be solved for. For example, the coordinates of terminals i and j may be

obtained independently using GPS, A-GPS, etc. In this case, equation (8) would

contain two unknown variables - the x and y coordinates for access point P. Three

TOA measurements by three different terminals at different known locations may be

used to form two equations (with one terminal common to both equations), which may

then be used to determine the two unknown variables for the x, y coordinates of access

point P. Three TOA measurements by a single terminal at different known locations

may also be used to determine the coordinates of the access point. The locations of

access points determined based on the TOA method may be used to determine the

locations of terminals using the RTT, OTD, TOA, or other positioning methods.

[0067] The TOA method allows the location of an access point to be determined

based on TOA measurements for just that access point. This is desirable in scenarios

where a terminal can measure transmissions from only one access point. The TOA

method associates arrival time of a marker from the access point with absolute time, e.g.

GPS time. The TOA method does not require interaction between terminals and access

points.

[0068] Equation (8) may also be used in reverse to determine the location of a

terminal using known locations of access points. In this case, three or more access

points obtain absolute TOA measurements for transmission markers transmitted by the

terminal. Equation (8) may be applied with access points now replacing terminals (e.g.,

terminals i and j) and the terminal replacing the access point (e.g., access point P).

[0069] A network server, e.g., network server 130 in FIG. 1, may instruct terminals

and/or access points to perform TOA measurements and may receive the measurements

from the terminals and/or access points. The network server may then perform location-

related computations as described above to determine the locations of the terminals

and/or access points.

5. Signal Strength/Quality Method

[0070] The signal strength/quality method provides a location estimate for a station

based on signal strength and/or signal quality measurements for one or more other

stations and known locations of the other stations. The location of the station may be

determined using pattern matching, as described below.



[0071] A terminal may record the identities of all access points that can be received

by the terminal at a particular location. The terminal may also measure the signal

strength and/or signal quality for each access point received by the terminal. Signal

strength may be quantified by received power and may be given in units of dBm.

Signal quality may be quantified by signal-to-noise ratio (SNR), energy-per-bit-to-total-

noise ratio (Eb/No), bit error rate (BER), packet error rate (PER), observed signaling

errors, etc. Signal quality may be given by a binary value that indicates whether or not

the signal quality is above a given threshold, e.g., whether the signal quality is sufficient

to decode the AP identity. The location of the terminal may also be obtained using

independent means, e.g., GPS, A-GPS, etc. The terminal may report its location, the

identities of the received access points, and the signal strength/quality measurement for

each access point.

[0072] A network server, e.g., network server 130 in FIG. 1, may receive reports

from different terminals and/or reports from the same terminals at different locations.

The network server may build up a database of access points received at different

locations and the associated signal strengths/qualities. A geographic area of interest

may be partitioned into small regions or pixels. The regions may have any shape (e.g.,

squares, rectangles, hexagons, etc.) and may also have any size (e.g., few meters

across). The location reported by a terminal may be mapped to a single pixel (e.g., the

pixel containing the terminal location coordinates) or to a small set of pixels (e.g., pixels

included in a probable area in which the terminal is located). The access point identities

and signal strengths/qualities may be associated with the pixel(s) to which the terminal

location is mapped. If reports are obtained from multiple terminals for the same pixel or

set of pixels, then the measurements in these reports may be combined (e.g., averaged),

and the combined measurements may be stored for the pixcl(s). For example, signal

strengths may be averaged using a moving weighted time average, where the weights

may depend on the probability that a given terminal location is correctly mapped to a

particular pixel. Signal qualities may also be averaged. For example, if one signal

quality threshold is used, then the overall signal quality may relate to the percentage of

terminals for which the threshold was exceeded.

[0073] The database may be used for positioning of terminals. The network server

may obtain from a terminal the identities of access points received by the terminal and

possibly signal strengths/qualities for these access points. The network server may



search the database for pixels marked with the reported access point identities. The

network server may look for partial pattern matches for the access points identified by

the terminal and may ignore access points not identified. The network server may then

identify pixels associated with averaged signal strengths/qualities that most closely

match the reported signal strengths/ qualities. The network server may take into

account the fact that the sensitivity of different terminals may vary. The result of the

search may be a set of pixels, not necessarily contiguous, representing possible locations

for the terminal together with the probability that each pixel was in fact the correct

location. The network server may derive a single location estimate that minimizes the

expected location error (or the root mean square of the error).

[0074] The network server may instruct terminals to obtain signal strength/quality

measurements and may receive the measurements from these terminals. The network

server may build up and/or update the database and perform location-related

computations to determine the locations of terminals.

6. CeU IP Method for A-GPS

[0075] The A-GPS method provides assistance data to terminals to assist the

terminals acquire and measure GPS signals and/or to compute location estimates from

the resultant measurements. Assistance data may also be used to support positioning

with other satellite positioning systems such as the European Galileo system. An

approximate location of a terminal is typically needed in order to provide appropriate

assistance data to the terminal. For example, knowledge of the terminal location to

within few kilometers is needed to provide acquisition assistance data and GPS-GSM or

GPS-WCDMA timing assistance data used to support A-GPS in GSM and W-CDMA

networks. Any of the positioning methods described herein may be used to determine

the location of the terminal with the required level of accuracy. However, some amount

of time is needed to execute one of these position methods and, if successful, the

resultant location estimate may be much more accurate than necessary to support A-

GPS.

[0076] Various positioning methods with fast response time may be capable of

delivering coarse location estimates suitable to support A-GPS. For a cell TD method, a

terminal obtains globally unique identities of one or more cells in a cellular network

such as a GSM, W-CDMA, or cdma2000 network. The terminal may detect for cells



using dual-mode capability and may receive cellular signals (e.g., from GSM, W-

CDMA, and/or cdma2000 networks) in parallel with WLAN signals. Alternatively, the

terminal may temporarily suspend reception of WLAN signals (e.g., when not needed or

not scheduled), switch to cellular operation, scan for cellular signals, and decode the

received cellular signals. An access point serving the terminal or a network serving the

terminal via the WLAN may also provide the terminal with identities of cells with

coverage in the terminal's location. This may be achieved via unsolicited broadcast or

point-to-point signaling or in response to a request from the terminal. The cells detected

by the terminal may include cells whose coverage included the current location of the

terminal and/or cells recently detected by the terminal when near its current location.

[0077] The cell identities for current cellular technologies may be globally unique.

A cell identity may be mapped to a specific location within a cell, e.g., the location of

the cell site antenna. This cell location may be provided as a coarse location estimate

for terminals within the cell. The location estimate has an error determined by the size

of the cell.

[0078] A database may store the locations of cells in one or more cellular networks.

The database may be simplified by storing locations of groups of cells, e.g., location

areas in GSM or W-CDMA. Cell locations (or the locations of groups of cells) may

also be obtained by positioning terminals using other method (e.g., A-GPS, GPS, etc),

obtaining the identities of nearby cells from the terminals, and using the locations of the

terminals for the cell locations.

[0079] A terminal may also provide measurements of timing advance (TA), round

trip time, signal strength, signal quality, etc., in addition to cell identity for each

detected cell. These measurements may be stored in the database and used to determine

the closest cell. The measurements may also be used for the RTT method and the signal

strength/quality method to determine the location of the terminal more accurately than

with cell identity alone.

[0080] A network server may instruct terminals to obtain and report nearby cell

identities. The network server may build up and/or update the database by associating

the reported cell identities with known terminal locations, which may be obtained using

GPS, A-GPS, etc.



7. Combining Results from Different Positioning Methods

[00811 The location of a station (e.g., a terminal or an access point) may be

determined using multiple positioning methods. A more accurate and reliable location

estimate may be obtained for the station by combining location results from these

multiple positioning methods. For the signal strength/quality method, the location result

may be a set of possible locations (e.g., pixels), each with an associated probability of

occurrence. For the RTT, OTD and TOA methods as well as the GPS and A-GPS

methods, the result may be a single location with a surrounding area (e.g., a circle or

ellipse) within which the actual location is expected with a particular probability. Each

location result may be converted to a probability density function (PDF) that provides,

for each possible location, the probability that the station is actually at that location.

The probability density functions for all positioning methods may be combined and

used to obtain a final location estimate for the station.

[0082] Multiple location results may be obtained for a terminal based on multiple

independent sets of measurements, Mi, M , . . . MN, where N > 2. Each set of

measurements may be used to obtain a location result. The following may be defined :

E = event that the terminal is at point (x, y)

F (x,y) = probability density function (PDF) for the terminal location at point

(x, y) based on measurement set Mn, for 1< n < N, and

F (x, y) = PDF for terminal location at point (x, y) based on all N measurement

sets M1, M2, . . . MN.

Fn (x,y) corresponds to the location result obtained with measurement set Mn. F (x, y)

may be determined by combining Fn (x,y) , for 1 < n < N, for all N location results.

[0083] The measurement sets may be assumed to be independent so that, given any

location event E, each measurement set has a certain probability of occurrence

dependent on event E that is not additionally dependent on any other measurement set.

This condition may be given as:

P (M ; /(E and M,.)) = P QΛ. /E) , for i, j e {1, . . ., N } and i ≠ j , Eq (9)

where P (a/ b) is the probability of event a conditional on event b .



[0084] The location results for all N measurement sets may be combined as follows.

Equation (10) gives equal weight to the results from different positioning methods.

[0085] The location results for all measurement sets may also be combined with

different weighting for different positioning methods, as follows.

where p(n) is the weight for measurement set Mn, for 1 < n < N.

[0086] The weight may be defined as 0 < p(n) < 1. A small value of p(n) may be

used for a positioning method that is less reliable, and a large value of p(n) may be used

for a measurement set that is more reliable. The weighting may be omitted if the PDFs

Fn (x,y) already reflected the accuracy and reliability of the location results. For

example, weighting may be omitted when combining location estimates obtained using

the OTD method and the GPS or A-GPS methods after the access point locations (for

the OTD method) have been determined accurately and consistently over a period of

time. Weighting may b e applied when combining location estimates from these same

positioning methods before the access point locations are considered reliable. Tn this

case, the OTD method may be assigned less weight.

[0087] A network server may obtain from a terminal several sets of measurements

for different positioning methods such as, e.g., A-GPS, RTT OTD, TOA, signal

strength/quality, etc. The network server may perform location-related computations

for each positioning method and may combine the results for all positioning methods

into more accurate location information as described above.



8. Evaluating Reliability of Location Information

[00881 Some of the positioning methods described above can provide relatively

accurate location estimates for access points. However, unlike base stations in cellular

networks, an access point in a WLAN may be a small piece of equipment that may be

moved easily. A WLAN operator may periodically move access points in order to

improve coverage, add capacity, or reconfigure one or more WLANs. When that

occurs, any terminal location obtained using any positioning method that depends on the

locations of the moved access points may be inaccurate.

[0089] To address this mobility issue, the location of an access point may be

periodically verified by determining the access point location using any suitable

positioning method and comparing the current location to the previous location of the

access point. If the two locations are in agreement, or at least not inconsistent, then the

access point may be assumed to have not moved. Tf the two locations are inconsistent,

then the new location and the time at which it was obtained may be stored. The new

location may be verified subsequently and, if confirmed a sufficient number of times,

may be assumed to be correct. The access point may be deemed to have moved prior to

the first time the new location is detected.

[0090] The times and frequency in which each access point within a given area is

moved may be determined and stored. The resultant movement history information

may be used to predict, at any given time, the probability that a given access point has

moved in the absence of any reliable means of verifying the movement. The movement

of an access point may be predicted based on movement history information for only

that access point or all access points in the given area.

[0091] FIG. 5 shows movement history for an access point using a single dimension

to represent actual 2 or 3 dimensional locations. The access point is initially at location

L O at time TO. The access point is moved to location Ll at time T l , then to location L2

at time T2, and then to location L3 at time T3. The access point is verified to be at

location L3 at time T4. At a later time T5, it is desired to estimate the probability that

the access point is still at location L3 or, equivalently, the probability that the access

point has moved.

[0092] Some or all of the location history information for the access point may be

used to determine the probability of the current location. For example, time (T4 - T3)



during which the access point was fixed at location L3 may be used with the time (T5 —

T4) during which the access point could have moved. Alternatively, times (T3 —T2),

(T2 - Tl) and (Tl —TO) between movements may be used to determine statistics on the

time duration the access point spent at a given location. Similar statistics may also be

obtained for other access points and used to determine the probability of the current

location of this access point.

[0093] The probability of movement for a given access point k may be determined

in various manners. If access point k has moved multiple times, then the average

duration D of access point k being in any location may be obtained. The probability of

access point k being moved at any time may be assumed to be independent of both time

and the duration already spent in the current location. The access point movement may

then be represented as a Poisson statistical process. In this case, the probability Pk of

access point k location remaining constant for time t may be given as: Pk = e~t/D , and

the probability that access point k has moved following time t since its location was last

verified may b e given as: 1- e~t/D . Tf access point k has never been observed to move

and has been observed to be at the same location for time duration T, then the average

duration in any one location may be assumed to be D > T. The probability Pk that

access point k has not moved for time t may be given as: e~t/D = P > e t/τ .

[0094] If access point k has moved many times, then the time durations in which the

access point remained at different locations may be used to obtain various statistics such

as mean duration, variance of the durations, distribution of the durations, etc. This

statistical information may replace the Poisson statistical model and may be used to

obtain a more reliable estimate of the probability that access point k location has

changed.

[0095] Access point k may have been stationary or may have moved infrequently so

that any estimate of the mean and variance of its duration in one location may b e

unreliable. In this case, an estimate of the probability that access point k has moved

since its location was last verified may be obtained based on statistics collected for a set

of access points. This set S may contain all access points in the WLAN, a

predetermined number of access points, access points in the same area as access point k ,

access points belonging to or associated with a particular WLAN operator, etc. If any

access point in set S moved, then the time of the move may be determined and used to



obtain an expected time duration D between successive moves of any access point in set

S. Moves for each access point in set S may be assumed to be Poisson events. If there

are access points in set S, then the mean duration between moves for any access point

may be given as N*D, and the probability P that access point k has not moved at time t

may be given as: Pk e~t/(N*D) . More accurate probabilities of movement may be

obtained by using the mean duration N*D determined from movement histories of a set

of access points instead of a single access point.

[0096J The probability of movement of an access point may also be determined in

other manners and/or using other methods. For example, methods for determining

reliability of a system or component such as the time to failure of an electrical

component may be used to predict movement.

[0097] A location estimate may be derived for a terminal based on locations

previously obtained for K access points, where K > 1. The following may be defined:

Pk = location reliability for access point k, for 1 < k < K,

= probability that access point k location has not changed since it was last

obtained or last verified, and

P = reliability of a location estimate obtained using the locations of all K access points,

= probability that the locations of all K access points have not changed since they

were last obtained or last verified.

[0098] The reliability of the location estimate for the terminal may be given as:

K

P = JfX Pk if changes of locations for all access points are independent, Eq (12)

P > ~ Pk if changes of locations for the access points are correlated. Eq (13)
k=l

[0099] Equation (12) indicates that the overall reliability of the location estimate is

given by the product of the individual reliabilities when the probability of a change in

location of any access point is independent of whether the locations of other access

points have changed. The access points used to obtain the location estimate are

typically close together, which allows the terminal being located to receive signals from

these access points. Thus, movement of one access point may be positively correlated



with movement of other access points. For example, if a WLAN operator decides to

reconfigure or expand a WLAN, then it is likely that more than one access point would

be moved. If a given access point k has moved, this may result in higher probability

that a neighbor access point has also moved. If access point k has not moved, this may

result in a higher probability that a neighbor access point has not moved, which is

reflected in equation (13).

[00100] An access point may provide its location, e.g., in. beacon frames in IEEE

802.11. The reliability of the access point location may be in question due to various

reasons. For example, the access point location may not be correct due to errors in

determining the location, errors in manual entry by a WLAN operator, movement of the

access point without updating its location, etc. In fact, with so many WLANs now in

existence and with a high premium on saving time and resources, it is unlikely that an

accurate and reliable location would always be provided.

[00101] Positioning methods that make use of access point locations may verify these

locations. Once the location of an access point has been verified, it can be discovered

whether the location provided by the access point is correct. This may be performed for

a large number of access points. For a given access point location that has not been

verified, the probability that the location is correct may be determined by assuming

equal probability of correctness for any access point. For example, if m out of n access

point locations are correct, where m < n, then the probability that another access point

location is correct may be given as m/n. In defining correctness, bounds may be placed

on the allowed error (e.g., 50 or 200 meter error) and separate probabilities may be

obtained for correctness for different error bounds. Equation (12) may then be used to

estimate location reliability for any terminal whose location is determined using access

point locations that may be unreliable due any of the reasons noted above. In this case,

Pk in equation (12) may represent the probability of correctness of the location provided

by an access point or the probability that a previously verified access point location has

not changed.

[00102] Once an access point location has been obtained or verified, e.g., as

described above, it may be used to estimate the locations of other access points. A

terminal may provide the identities of all access points received by the terminal. The

known location of any received access point may be used as an approximate location for

a received access point whose location is currently unknown. This may then be used to



approximately locate other terminals, e.g., using the AP ID method. The location

estimates for these terminals may be coarse but may be sufficient for A-GPS and other

applications that accept low accuracy location results.

9. Location Support with OMA SUPL and 3GPP2 X.S0024

[00103] The positioning methods described herein may be supported by terminals,

access points, and/or other network entities associated with a WLAN. Positioning for a

terminal may occur locally. An entity may request the terminal location from the

terminal or the WLAN, e.g., the access point.

[00104] It may be more efficient to support positioning of terminals in WLANs by

extending existing capabilities of wireless user plane location solutions such as Open

Mobile Alliance (OMA) Secure User Plane Location (SUPL) and 3GPP2 X.S0024. The

user plane location solutions may be used to support positioning for terminals, store and

provide location results, support privacy for a terminal user, support authentication of an

entity requesting a terminal location, etc. The user plane location solutions currently

support a number of positioning methods such as cell ID with timing advance, E-OTD,

OTDOA and A-FLT, which are applicable to WWANs (e.g., GSM, W-CDMA, and

cdma2000 networks) but not WLANs. The user plane location solutions also support

other positioning methods such as GPS and A-GPS, which are applicable to various

wireless networks where specialized WLAN support is not needed. The user plane

location solutions may be enhanced to support positioning methods for WLAN.

[00105] FIG. 6 shows a deployment with SUPL and X.S0024. Terminal 120 may

use WLAN 100 to access the Internet 610, an IP Multimedia Subsystem (IMS) network

620 in 3GPP or 3GPP2, or other 3GPP or 3GPP2 services as described in 3GPP TS

23.234 and 3GPP2 X.P0028. Terminal 120 may communicate with WLAN 100, which

may be used as a Generic Access Network (GAN) to support access to GSM and GPRS

as described in 3GPP TS 43.318. Terminal 120 may use WLAN positioning methods

within SUPL or X.S0024 when communicating with WLAN 100. In SUPL, a terminal

is referred to as a SUPL enabled terminal (SET).

[00106] SUPL utilizes a SUPL Location Platform (SLP) 630 that is responsible for

SUPL service management and positioning. SUPL service management may include

managing locations of SETs and storing, extracting, and modifying location information

of target SETs. SLP 630 includes a SUPL Location Center (SLC) 632 and may include



a SUPL Positioning Center (SPC) 634. SLC 632 performs various functions for

location services, coordinates the operation of SUPL, and interacts with SETs over user

plane bearer. SLC 632 may perform functions for privacy, initiation, security, roaming

support, charging/billing, service management, position calculation, etc. SPC 634

supports positioning for SETs, is responsible for messages and procedures used for

position calculation, and supports delivery of assistance data to the SETs. SPC 634 may

perform functions for security, assistance data delivery, reference retrieval, position

calculation, etc. SPC 634 has access to GPS receivers (a reference network, perhaps a

global one) and receives signals for satellites so that it can provide assistance data.

[00107] X.S0024 utilizes location entities 640 that may include an X.S0024 Position

Server (PS) 642 and an X.S0024 Position Determining Entity (PDE) 644. PS 642 may

perform functions similar to those performed by SLC 632. PDE 644 may perform

functions similar to those performed by SPC 634.

[00108] WLAN positioning methods may be supported in SUPL or X.S0024 by

having new identifiers for these positioning methods in SUPL and X.S0024 and/or by

enabling new location-related measurements to be sent from terminals to SUPL or

X.S0024 entities. For terminal-based positioning, a terminal performs measurements

and computes a location estimate. In this case, the SUPL SLP or SPC and the X.S0024

PS or PDE may send location information to assist the terminal make measurements

and/or compute a location estimate. The location information may comprise, e.g.,

location coordinates of access points, RTD values for the OTD method, etc.

[00109] Table 2 lists signaling that may be included in OMA SUPL to support the

WLAN positioning methods described herein. For the Cell ID method, cell identity

may already be included in SUPL START and SUPL POS TNIT messages but may be

expanded with new parameters shown in Table 2. The location-related information

shown in Table 2 may also be included in other SUPL parameters and messages.

Table 2





[00110] The positioning payload may be a Radio Resource LCS Protocol (RRLP)

message in 3GPP, a Radio Resource Control (RRC) message in 3GPP, a TIA-881

message in 3GPP2, etc.

[00111] With the features in Table 2, a SUPL SLP or SPC may support the WLAN

positioning methods described above. The SLP or SPC may also function as a network

server for WLAN positioning methods and perform the operations described above. A

SET may function as an identified terminal. Different or additional signaling and

features may also be provided in SUPL to support WLAN positioning methods.

[00112] Similar signaling and features may also be provided in X.S0024. An

X.S0024 PS or PDE may support the WLAN positioning methods described above.



The PS may function as a network server for WLAN positioning methods and perform

the operations described above. A mobile station (MS) may function as an identified

terminal.

10. Location Support with Control Plane Solution

[00113] Positioning of terminals in WLANs may also be supported by extending

existing capabilities of wireless control plane location solutions for 3GPP and 3GPP2

networks. The control plane location solution for GSM, W-CDMA, and other 3GPP

networks is described in 3GPP TS 23.271, 43.059, and 25.305. The control plane

location solution for cdma2000 and other 3GPP2 networks is described in X.S0002,

TIA-881, and J-STD-036 rev B . These documents are publicly available.

[00114] FIG. 7 shows a deployment with 3GPP and 3GPP2 control plane location

solutions. Terminal 120 uses WLAN 100 to access a 3GPP network 710, a 3GPP2

network 720, or other 3GPP or 3GPP2 services as described, e.g., in 3GPP 23.234 and

3GPP2 X.P0028. 3GPP network 710 may be a GSM network, a W-CDMA network,

etc., and may include Base Station Controllers (BSCs), Radio Network Controllers

(RNCs) etc. 3GPP2 network 720 may be a cdma2000 network, etc., and may include

BSCs, etc. Terminal 120 may communicate with WLAN 100, which may be used as a

GAN to support access to GSM and GPRS as described in 3GPP TS 43.318. Terminal

120 may use WLAN positioning methods when communicating with WLAN 100.

[00115] The 3GPP control plane location solution utilizes location entities that may

include a Gateway Mobile Location Center (GMLC) 732 and a Serving Mobile

Location Center (SMLC)/Standalone SMLC (SAS) 734. GMLC 732 may provide

various services such as subscriber privacy, authorization, authentication, billing, etc.

SMLC/SAS 734 may support positioning for terminals. The 3GPP2 control plane

location solution utilizes location entities that may include a Mobile Positioning Center

(MPC) 742 and a PDE 744, which may function in similar manners as GMLC 732 and

SMLC/SAS 734, respectively.

[00116] For 3GPP control plane location solution, new signaling and features may be

added to an RRLP protocol used for location in GSM networks and described in 3GPP

44.031 and/or an RRC protocol used for location in W-CDMA networks and described

in 3GPP 25.331. The new signaling and features may be the same as or similar to the

signaling and features in Table 2 but would be added to RRLP and/or RRC messages



instead of SUPL messages. The new signaling and features may be extended to support

positioning of terminals accessing a 3GPP GAN supported by a WLAN. For 3GPP, an

SMLC a SAS, a BSC, an RNC, or a Generic Access Network Controller (GANG) may

function as a network server and perform the operations described above for WLAN

positioning methods. A user equipment (UE) or a mobile station (MS) may function as

an identified terminal. The new signaling and features for RRLP and RRC may also be

used to support SUPL because both RRLP and RRC may be used as part of SUPL.

[00117] For 3GPP2 control plane location solution, new signaling and features may

be added to a protocol defined in TIA-801 and 3GPP2 C.S0022. The new signaling and

features may be the same as or similar to the signaling and features in Table 2 but would

be added to the TIA-801/C.S0022 protocol. For 3GPP2, a PDE may function as a

network server and perform the operations described above for WLAN positioning

methods. A mobile station (MS) in 3GPP2 may function as an identified terminal. The

new signaling and features for TIA-801/C.S0022 may also be used to support SUPL

because the TIA-801/C.S0022 protocol maybe used as part of SUPL.

[00118] The WLAN positioning methods described herein may also be applicable to

other types of wireless network. In these cases, the role of an access point in a WLAN

may be replaced by a base station, e.g., a GSM, W-CDMA or cdma2000 base station.

The measurements associated with an access point may also be replaced by

corresponding measurements for one or more base stations. The positioning methods

described herein to locate a terminal or an access point in a WLAN may be used to

locate a base station.

[00119] FIG. 8 shows a process 800 for positioning access points. Measurements are

obtained for at least one access point in a WLAN (block 812). The measurements may

be based on transmission sequences (e.g., beacon frames) transmitted periodically by

each access point. The measurements may be made by multiple terminals at different

locations or a single terminal at different locations. The location of each access point is

determined based on the measurements and in accordance with a positioning method

(block 814).

[00120] For the RTT method, RTT measurements may be made by at least one

terminal for a single access point. The location of the access point may then be

determined based on the RTT measurements and known locations of the at least one

terminal.



[00121] For the OTD method, OTD measurements may be made by at least one

terminal for a pair of access points. The location of each access point may then be

determined based on the OTD measurements and known locations of the at least one

terminal. RTD values may be determined for the OTD measurements, e.g., based on a

function that accounts for timing drift in the transmissions used to obtain the OTD

measurements. The location of each access point may then be determined further based

on the RTD values.

[00122] For the TOA method, TOA measurements may be made by at least one

terminal for a single access point. The location of the access point may then be

determined based on the TOA measurements and known locations of the at least one

terminal. For example, OTD measurements for at least one pair of terminals may be

determined based on TOA measurements made by multiple terminals. The location of

the access point may then be determined based on the OTD measurements and the

known locations of the terminals.

[00123] FIG. 9 shows a process 900 for positioning an access point. At least one

location of at least one terminal receiving transmissions from an access point in a

WLAN is obtained (block 912). The location of the access point is determined based on

the at least one location of the at least one terminal (block 914). The location of the

access point may be determined further based on a range limit of a radio technology

(e.g., IEEE 802.11) used by the WLAN, transmit power used by the at least one

terminal or the access point, etc. The location of the access point may be determined

based on (a) average coordinates of the at least one location of the at least one terminal,

(b) a centroid of a geographic area covering the at least one terminal, or (c) some other

point determined based on the at least one terminal location.

[00124] FIG. 10 shows a process 1000 for positioning a terminal. Measurements for

or from at least one access point in a WLAN are obtained (block 1012). The location of

the terminal is determined based on the measurements and at least one location of the at

least one access point (block 1014).

[00125] For the RTT method, RTT measurements may be made by the terminal for

the at least one access point. The location of the terminal may then be determined based

on the RTT measurements and known locations of the at least one access point. For the

OTD method, OTD measurements may be made by the terminal for at least two pairs of

access points. The location of the terminal may then be determined based on the OTD



measurements and known locations of the access points. For the TOA method, TOA

measurements may be made by at least three access points for the terminal. The

location of the terminal may then be determined based on the TOA measurements and

known locations of the access points.

[00126] For the AP ID method, the measurements may provide at least one identity

of the at least one access point, e.g., the serving access point. The location of each

access point may be obtained based on its identity. The location of the terminal may

then be determined based on at least one location of the at least one access point. For

the signal strength/quality method, signal strength measurements, signal quality

measurements, or both may be made by the terminal for the at least one access point.

The location of the terminal may then be determined based on the measurements and the

identity of each access point.

[00127] For all positioning methods, the location of the terminal may be determined

further based on the reliability of the location of each access point, which may be

determined based on location history information for only that access point or a set of

access points.

[00128] FlG. 11 shows a process 1100 for combining location results. A plurality of

location results is obtained for a plurality of positioning methods (block 1 112). The

positioning methods may include any one or any combination of the AP ID method,

RTT method, OTD method, TOA method, signal strength/quality method, cell ID

method, GPS, A-GPS, etc. The plurality of location results is combined to obtain a final

location result (block 1 114). A location estimate for a station is obtained based on the

final location result (block 1116). The location results may correspond to probability

density functions for possible locations of the station. The probability density functions

may be combined to obtain a final probability density function. The location results

may be weighted based on the reliability of the positioning methods prior to combining.

The location estimate for the station may then be obtained based on the final probability

density function.

[00129] JFIG. 12 shows a process 1200 for performing positioning with user plane or

control plane location. A terminal communicates with an access point in a WLAN

(block 1212). The terminal exchanges signaling with a network entity for positioning of

the terminal (block 1214). The signaling is exchanged via the access point. The

network entity supports user plane location (e.g., SUPL or X.S0024) or control plane



location (e.g., for 3GPP or 3GPP2). The terminal receives location information from

the network entity (block 1216). The location information may comprise access point

locations, access point identities, access point timing information, assistance data, etc.,

and may be used to make measurements, compute a location estimate, etc. The terminal

may determine its location based on the location information (block 1218).

[00130] For terminal-based positioning, the terminal may obtain measurements for at

least one access point in the WLAN, e.g., a serving access point and/or other access

points. The measurements may be RTT measurements, OTD measurements, TOA

measurements, signal strength measurements, signal quality measurements, etc. The

terminal then determines its location based on the measurements and the location

information (e.g., access point locations) received from the network entity.

[00131] For terminal-assisted positioning, the terminal may obtain measurements for

at least one access point in the WLAN based on location information received from the

network entity. The terminal may send the measurements to the network entity. The

network may then determine the location of the terminal based on the measurements

and may provide the location estimate to the terminal.

[00132] Location estimates obtained for a terminal using any of the methods

identified above may also be used to improve the accuracy and reliability of other

location methods (e.g. GPS and A-GPS) in situations and environments where these

other location methods may otherwise be insufficiently accurate and/or reliable.

[00133] FIG. 13 shows a block diagram of one access point 110, one terminal 120,

and network server 130 in FIG. 1. For simplicity, FIG. 13 shows only one controller/

processor 1320, one memory 1322, and one transceiver 1324 for terminal 120, only one

controller/processor 1330, one memory 1332, one transceiver 1334, and one

communication (Comrn) unit 1336 for access point 110, and only one controller/

processor 1340, one memory 1342, and one communication unit 1344 for network

server 130. In general, each entity may include any number of processors, controllers,

memories, transceivers, communication units, etc. Terminal 120 may support wireless

communication with one or more other wireless networks, e.g., GSM, W-CDMA,

and/or cdma2000 networks. Terminal 120 may also receive and process signals from

one or more satellite positioning systems, e.g., GPS, Galileo, etc.

[00134] On the downlink, access point 110 transmits traffic data, signaling, and pilot

to terminals within its coverage area. These various types of data are processed by



processor 1330 and conditioned by transceiver 1334 to generate a downlink signal,

which is transmitted via an antenna. At terminal 120, the downlink signals from one or

more access points are received via an antenna, conditioned by transceiver 1324, and

processed by processor 1320 to obtain various types of information. For example,

transceiver 1324 and/or processor 1320 may make various measurements for any of the

WLAN positioning methods described above. Memories 1322 and 1332 store program

codes and data for terminal 120 and access point 110, respectively.

[00135] On the uplink, terminal 120 may transmit traffic data, signaling, and pilot to

one or more access points in WLAN 100. These various types of data are processed by

processor 1320 and conditioned by transceiver 1324 to generate an uplink signal, which

is transmitted via the terminal antenna. At access point 110, the uplink signals from

terminal 120 and other terminals are received and conditioned by transceiver 1334 and

further processed by processor 1330 to obtain various types of information from the

terminal. Access point 110 may directly or indirectly communicate with network server

130 via communication unit 1336.

[00136] Within network server 130, processor 1340 performs processing for any of

the WLAN positioning methods described above. For example, processor 1340 may

build and maintain databases for various WLAN positioning methods, provide location

information to terminals, compute location estimates for terminals and/or access points,

etc. Memory 1342 stores program codes and data for network server 130.

Communication unit 1344 allows network server 130 to communicate with access point

110 and/or other network entities.

[00137] 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 positioning at a station (e.g., a terminal, an access point, or some other entity)

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.



[00138] 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 codes may be stored in a memory (e.g.,

memory 1322, 1332 or 1342 in FlG. 13) and executed by a processor (e.g., processor

1320, 1330 or 1340). The memory may be implemented within the processor or

external to the processor.

[00139] Headings are included herein for reference and to aid in locating certain

sections. These headings are not intended to limit the scope of the concepts described

therein under, and these concepts may have applicability in other sections throughout

the entire specification.

[00140] The previous description of the disclosure is provided to enable any 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 variations without departing from the spirit or scope of

the disclosure. Thus, the disclosure is not intended to be limited to the examples

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

and novel features disclosed herein.



[00141] WHAT IS CLAIMED IS:

CLATMS

1. An apparatus comprising:

a processor to obtain measurements for at least one access point in a wireless

local area network (WLAN), and to determine location of each of the at least one access

point based on the measurements; and

a memory coupled to the processor.

2. The apparatus of claim 1, wherein the measurements are based on

transmission sequences transmitted periodically by the at least one access point.

3. The apparatus of claim 1, wherein the at least one access point

corresponds to a single access point, wherein the measurements comprise round trip

time (RTT) measurements made by at least one terminal for the access point, and

wherein the processor determines the location of the access point based on the RTT

measurements and known locations of the at least one terminal.

4. The apparatus of claim 1, wherein the at least one access point

corresponds to a pair of access points, wherein the measurements comprise observed

time difference (OTD) measurements made by at least one terminal for the pair of

access points, and wherein the processor determines the location of each access point

based on the OTD measurements and known locations of the at least one terminal.

5. The apparatus of claim 4, wherein the OTD measurements are made by

multiple terminal at different locations, and wherein the processor determines the

location of each access point based on the OTD measurements and known locations of

the multiple terminals.



6. The apparatus of claim 4, wherein the processor determines real time

difference (RTD) values for the OTD measurements and determines the location of each

access point further based on the RTD values.

7. The apparatus of claim 6, wherein the processor determines the RTD

values based on a function that accounts for timing drift in transmissions used to obtain

the OTD measurements.

8. The apparatus of claim 1, wherein the at least one access point

corresponds to a single access point, wherein the measurements comprise time of arrival

(TOA) measurements made by at least one terminal for the access point, and wherein

the processor determines the location of the access point based on the TOA

measurements and known locations of the at least one terminal.

9. The apparatus of claim 8, wherein the TOA measurements are made by

multiple terminal at different locations, and wherein the processor determines the

location of the access point based on the TOA measurements and known locations of

the multiple terminals.

10. The apparatus of claim 8, wherein the at least one access point

corresponds to a single access point, wherein the measurements comprise time of arrival

(TOA) measurements made by multiples terminals for the access point, and wherein the

processor obtains observed time difference (OTD) measurements for at least one pair of

terminals based on the TOA measurements made by the multiple terminals, and

determines the location of the access point based on the OTD measurements and known

locations of the multiple terminals.

11. A method comprising:

obtaining measurements for at least one access point in a wireless local area

network (WLAN); and

determining location of each of the at least one access point based on the

measurements.



12. The method of claim 11, wherein the obtaining measurements comprises

obtaining observed time difference (OTD) measurements made by at least one terminal

for a pair of access points, and wherein the determining location comprises determining

the location of each access point in the pair based on the OTD measurements and

known locations of the at least one terminal.

13. The method of claim 11, wherein the obtaining measurements comprises

obtaining time of arrival (TOA) measurements made by at least one terminal for a single

access point, and wherein the determining location comprises determining the location

of the single access point based o the TOA measurements and known locations of the

at least one terminal.

14. An apparatus comprising:

means for obtaining measurements for at least one access point in a wireless

local area network (WLAN); and

means for determining location of each of the at least one access point based on

the measurements.

15. The apparatus of claim 14, wherein the means for obtaining

measurements comprises means for obtaining observed time difference (OTD)

measurements made by at least one terminal for a pair of access points, and wherein the

means for determining location comprises means for determining the location of each

access point in the pair based on the OTD measurements and known locations of the at

least one terminal.

16. An apparatus comprising:

a processor to obtain at least one location of at least one terminal receiving

transmissions from an access point in a wireless local area network (WLAN), and to

determine location of the access point based on the at least one location of the at least

one terminal; and

a memory coupled to the processor.



17. The apparatus of claim 16, wherein the processor determines the location

of the access point further based on a range limit of a radio technology used by the

WLAN.

18. The apparatus of claim 16, wherein the processor determines the location

of the access point further based on transmit power used by the at least one terminal or

the access point.

19. The apparatus of claim 16, wherein the processor determines the location

of the access point based on average coordinates of the at least one location of the at

least one terminal.

20. The apparatus of claim 16, wherein the processor determines the location

of the access point based on a centroid of a geographic area covering the at least one

terminal.

21. An apparatus comprising:

a processor to obtain measurements for at least one access point in a wireless

local area network (WLAN), and to determine location of a terminal based on the

measurements for the at least one access point and at least one location of the at least

one access point; and

a memory coupled to the processor.

22. The apparatus of claim 21, wherein the measurements comprise round

trip time (RTT) measurements made by the terminal for the at least one access point,

and wherein the processor determines the location of the terminal based on the RTT

measurements and the at least one location of the at least one access point.

23. The apparatus of claim 21, wherein the at least one access point

corresponds to at least two pairs of access points, wherein the measurements comprise

observed time difference (OTD) measurements made by the terminal for the at least two

pairs of access points, and wherein the processor determines the location of the terminal

based on the OTD measurements and locations of the at least two pairs of access points.



24. The apparatus of claim 21, wherein the measurements comprise time of

arrival (TOA) measurements made by the at least one access point for the terminal, and

wherein the processor determines the location of the terminal based on the TOA

measurements and location of the at least one access point.

25. The apparatus of claim 21, wherein the measurements provide at least

one identity of the at least one access point, and wherein the processor obtaining the at

least one location of the at least one access point based on the at least one identity, and

determines the location of the terminal based on the at least one location of the at least

one access point.

26. The apparatus of claim 21, wherein the measurements comprise signal

strength measurements, signal quality measurements, or both signal strength and signal

quality measurements made by the terminal for the at least one access point, and

wherein the processor determines the location of the terminal based on the

measurements and at least one identity of the at least one access point.

27. The apparatus of claim 21, wherein the processor determines the location

of the terminal further based on reliability of the at least one location of the at least one

access point.

28. The apparatus of claim 27, wherein the processor determines reliability

of the location of each access point based on location history information for the access

point.

29. The apparatus of claim 27, wherein the processor determines reliability

of the location of each access point based on location history information for a set of

access points.

30. A method comprising:

obtaining measurements for at least one access point in a wireless local area

network (WLAN); and



determining location of a terminal based on the measurements for the at least

one access point and at least one location of the at least one access point.

31. The method of claim 30, wherein the obtaining measurements comprises

obtaining signal strength measurements, signal quality measurements, or both signal

strength and signal quality measurements made by the terminal for the at least one

access point, and wherein the determining location comprises determining the location

of the terminal based on the measurements and at least one identity of the at least one

access point.

32. An apparatus comprising:

means for obtaining measurements for at least one access point in a wireless

local area network (WLAN); and

means for determining location of a terminal based on the measurements for the

at least one access point and at least one location of the at least one access point.

33. The apparatus of claim 32, wherein the means for obtaining

measurements comprises means for obtaining signal strength measurements, signal

quality measurements, or both signal strength and signal quality measurements made by

the terminal for the at least one access point, and wherein the means for determining

location comprises means for determining the location of the terminal based on the

measurements and at least one identity of the at least one access point.

34. An apparatus comprising:

a processor to obtain a plurality of location results for a plurality of positioning

methods, to combine the plurality of location results to obtain a final location result, and

to obtain a location estimate for a station based on the final location result; and

a memory coupled to the processor.

35. The apparatus of claim 34, wherein the plurality of location results

correspond to a plurality of probability density functions for possible location of the

station, and wherein the processor combines the plurality of probability density



functions to obtain a final probability density function, and obtains the location estimate

for the station based on the final probability density function.

36. The apparatus of claim 35, wherein the processor weights the plurality of

location results based on reliability of the plurality of positioning methods.

37. The apparatus of claim 35, wherein the plurality of positioning methods

comprise at least one of an access point identity (AP ID) method, a round trip time

(RTT) method, an observed time difference (OTD) method, a time of arrival (TOA)

method, a signal strength or signal quality method, a Global Positioning System (GPS)

method, and an assisted GPS (A-GPS) method.

38. A method comprising:

obtaining a plurality of location results for a plurality of positioning methods;

combining the plurality of location results to obtain a final location result; and

obtaining a location estimate for a station based on the final location result.

39. The method of claim 38, wherein the combining he plurality of location

results comprises combining a plurality of probability density functions for the plurality

of location results to obtain a final probability density function for the final location

result, and wherein the obtaining the location estimate comprises obtaining the location

estimate for the station based on the final probability density function.

40. An apparatus comprising:

a processor to communicate with an access point in a wireless local area network

(WLAN) to exchange signaling with a network entity for positioning of a station, to

receive location information from the network entity, and to determine location of the

station based on the location information, wherein the signaling is exchanged via the

access point, and wherein the network entity supports user plane location or control

plane location; and

a memory coupled to the processor.



41. The apparatus of claim 40, wherein the station is a terminal

communicating with the access point and exchanging signaling with the network entity.

42. The apparatus of claim 40, wherein the station is the access point.

43. The apparatus of claim 40, wherein the location information comprises at

least one of access point locations, access point identities, and access point timing

information.

44. The apparatus of claim 40, wherein the processor obtains measurements

for at least one access point in the WLAN and determines the location of the station

based on the measurements and the location information received from the network

entity.

45. The apparatus of claim 44, wherein the measurements comprise at least

one of round trip time (RTT) measurements, observed time difference (OTD)

measurements, time of arrival (TOA) measurements, signal strength measurements, and

signal quality measurements.

46. The apparatus of claim 40, wherein the processor obtains measurements

for at least one access point in the WLAN based on the location information received

from the network entity, sends the measurements to the network entity, and obtains a

location estimate for the station from the network entity.

47. The apparatus of claim 40, wherein the network entity supports Secure

User Plane Location (SUPL) or X.S0024.

48. The apparatus of claim 40, wherein the network entity supports control

plane location used for 3GPP networks or 3GPP2 networks.
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