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scenarios in which know edge of the |location of the
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
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10008} 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 uscd by thce at Icast onc terminal or the access point, cte.
[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
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shows a process for positioning an access point.
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[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] Tcchniques for supporting positioning in wircless nctworks arc described
herein. The techniques may be used for various wireless networks such as wireless
local area networks (WLANSs), wireless wide area networks (WWANSs), 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
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access point may also be referred to as a base station. For WMAN and WWAN
t

wireless technologies, an access point may be replaced by a Node B, an enhanced Node
B (¢Node 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
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P(l)\iig(:;iélg Description
AP 1D Solution based on identities of access points.
RTT Solution based on round trip time (RTT) measurements.
OoTD Solution based on observed time difference (OTD) measurements.
TOA Solution based on time of arrival (TOA) measurements.
Signal strength/ | Solution based on signal strength and/or signal quality
quality measurements.
Cell ID for A-GPS | Solution based on cell ID and used for assisted GPS (A-GPS).

[0031] In the following description, the term “GPS” generically refers to positioning
based on any satellite positioning system, e.g., GPS, Galileo, etc. The term “A-GPS”
generically refers to positioning based on any satellite positioning system with

assistance data.
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[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,
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access point may then be given by a point within the
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Qinctibnt ohml Raepbitfeat b nh@e@iver&gmaﬁge af ﬂmdamsssgmmn ]ljyhe WLAN

the range limt. The r e i.S t caI

fteghooHREYHRKPPR(E- gaﬁ@%léb&%eirlgaﬁ ok @Qz §i fftance from the
LEGRAL! ROYhe 5&@5&‘3 ot e resﬁﬂﬁtddsbz(saﬂl Gt Hiﬂ:SrdngS dimitation of the
uncertainty e used for rcle if

RNV tihatmiolass. a@@é%d@@i%tmﬁy ﬁﬁ%ﬁi‘ e‘FFH‘ﬁ’é‘i’glﬁ% gERrally have range

tlgﬁ'@ LRe OB 58N Tdrasmd. PPNETodafibn MY NMocadsi point may then be
[ % I'n general, the location of an_ access

b@pd@m@awdﬁydhfs ﬁsrgm,ed d@(‘eatm(lémgl thet 4eEu @q;peé%lp?xgb I'Oﬁﬁ%?}l meg within
Of SHELEYINQ) at(yfi1 '(tiéhrhll?eﬁ 1hiiot 2 M@’ h ReRiaYiveh biytBe range limit.

poSitTon ng methods I n reverse. In particular, the "
dbice smgpdimit i dypncaldm givep. foe th@létl@ﬂm%&%%]écp%wroﬁ%]é’wed by the

#ty) may be used for
S0 FreSty b Uiknfilor M MonTohes SNSRI ey
sthie hma& iGRSs kvbv@&at dtecaccpBaRB]t oTHee &PMinGl HiadHew thahthe maximum
provi de a | at i on e§ghggte for a termnal based on
?@9?&%@???7 8F “AHTEECE€SS poi nt serving or received by
t fo@3ver minadenant thh dokatimanof 4o @mqss pooft mine ba cletasmined in advance
point. The |ocatio

the acc
sk g PHEEPBEAT GHYELr Bt o PC (¥, BF applyine any of the
T s‘-itlérﬁﬁgﬁtm@tﬁo@ﬁh net&shas Ir&rpamim:éa?rt a:helta}cccmt point dechtion may be

%etgeg{%pgég&rﬂﬁge ! an%ﬁng%e%%%%ﬁ g'lone ormér% I"Eet%}{als supporting
desiabickad 23b@¥R pokhRnapCiiedeys afchtdGRS) c%aGRSn e@sti mat e

t hen be dependent on the, ran l.imt.
E%ﬁﬁ}ﬂ ogyhe AhRd H@gfqdo?fme@fwwgtdeﬂ’ﬁﬁ rb%stmfldtf: tf?r o Yihal based on
age q&a{tﬁy f&f ad/\bé’é\éss qﬁJMtOb&gmgswvféobldea Myt el wnﬁneagzmd the known
up nmeters_for so | EEE 802. 11

{ shiion of ﬂésyccaﬁ;dpqﬂ@% < The deseHPB Of SR 0SRRS PO provided as the

WM on 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.



technol ogi es with extended range or where repeaters
are used to extend coverage. WD 2007/ 056738
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poi nt may be nade available to termnals within the

coverage area and/or in other networks. For exanple,

in an | EEE 802. 11 WLAN, the access point nmay include

its location in a beacon that is broadcast

periodically to the termnals. In this case,

termnals that can receive the8beacon may be able to

estimate their |ocations based on the access point

| ocation obtained fromthe beacon. 2. RITT Method . .

[0932D] THee Rratiperhied aseesyingin rmay be Mmadsravedeblgde depypals within

oSttt %@ DS HH/GNin I ther WEL MR Scabriie, QH%nofEEEDg@ 11 WLAN,

ot her ‘stations and known [ ocations of the oth

ﬁteaatcpcasspomtiﬁwy ioxbudplits locatiparind hghcomghatnis @mdéa&t periodically to the
r?al% r !lrp 1& QES f QJn&ﬁﬁé !t:ha% 'cgﬁ] %ceﬂreoﬂ@%%&&flxﬂ? %%@Q to estimate

n1na ’Oone Or nore access points
ﬂmudbcadmnsﬂ)a$ddeon the rcoeab pomy locahi@nobteingd themnthedbatras ed
on the RTT neasurenents and known | ocations of the

acces§ ﬁqlfﬂvi tl]lﬁ)ld’lg triangul ati on techni ques. [0041]

be made in various manners. For
I e, n a. n
Elﬁﬁlgﬁ) Tf'a_.;F RId0 metkﬁ%zgrov%de,F a loc%r (iﬂo %irr]nazcg gglz g ast'ﬂfnbﬁst?aggd on RTT
ﬁi&dsuremenfs der aie ax:knwbﬁdgstenbns( andgknoven l'aceiscmamf the other stations.

BECESR o Al S SR ] Bty s v

baeveaﬁ Gl&S Seripdiadtand et we edore hecasepoinie Therbooafion bétheastminal may

(e.g.,. t fi nal rch| termnal's
el e Boser 2Rt R ety Sag: by BpoFai Hfangor the access
bb@itd heisd trinkulafios fchhiqats. t he acknovw edgnent. The
t er m nal neasure the i“l me del ay .between th

190441 i ¢ R rpessgreraants i pe TR RSy o g pinle, in [EEE

BEL RV e feiPhaPleddiQ thidstte RALL a Pfes&ﬂi& R&ﬁi@ﬁloﬁﬂhﬁ@)gﬂﬁﬁtaccebs point
The term nal may then su tract the tinme del ay

r epo
BYd trRReIvRScRYs §cklmflﬁignﬂ% e ehe? FIRENeR REFPAREA %‘g}n the access
E)Qﬁltt Qi &ﬁo@féd@ﬁ%ﬁ‘ﬂ ﬂa? HRAHHRMBAL d8hy Rldasurc@ diethe access point

schemes may al so be used to neasure the tinme ,
betivasndhe ecdsitonims afethgilay part @r&eﬂl@n@%ﬁéd@teoraﬁ}alp) of the terminal’s
' onnoffdN vCGE SR f th
SEGEL 10 B SSREReiLOreL B (80K pomelnaracaestn of
fdmayledgmentp ﬂ“élettemmﬂ]amgy mqaﬁun@ﬁbmmeo@éw befwveanghe transmit time
ph i n, I .ev S
gg o ¥ i {ellrg]}’n pn{'t: %@g{tﬁh E(ﬂ EI %lgcgttﬁ% f]I%C%IJI}]’Q ﬁxlirl%_ of acﬁ@ ﬁlfsp part of the
admwdcqlgmmtt g twunejasw tnippbirac th@hmcmlaympoméi by the access
cC I N f . i
5550 o e AT B e o .
Chiser Mmma omadi klsertentsddetonineasise dhe dinfef difémendenioatmeen sending a

| ocati ons usi nrg t.ri angrul ation.
given message and réceiving arésponse.

[0042] The location of an acccss point may be detcrmined 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



[0043] In general, a location estimate for a station

(e.g., atermnal or an access point) nay be obtai ned
wowdoi/osd1es RTT nmet hod based on | ocati on-r el at edPCT/US2006/060632
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obt ai ned for one or nore other stations. A |ocation

estimate obtained wth the RTT nethod may be nuch

nore accurate than a |ocation estinmate obtained with

the AP ID nethod. The RTT nmethod attenpts to pinpoint

the | ocation of the station whereas the AP |ID nethod

estimates the location of the station over an entire

coverage area. 3. OTD Method [00441 The OTD nethod |

D5oMLEes: and OF aidrovRat staridms. f Arlocatsmaestioraty gbtegnegnwith the RTT

OID neasurenents for other, stafions i ) AP ID
e R D

131% Hf'sidn afhé‘ﬁ%‘T{Eﬁ&ﬁua attbi@tsobgenpeEat ﬁlesln_serﬁioslscif%e tstagipp gvhereas the
ITference between pairs of, access points,. )

ARAE methed cstimalys e BSaRR %ffﬁh? Statian e i 2z n‘f‘ge?"}%enaéea
inplicit or explicit timng information fromthe

access_ peT MethtRFe transm ssions may correspond to
beacon fTames br oadcast periodically by access points

{hdaFEE 020l N préveidsaeRichiam edtirbire forn siatiah teagd on OTD
1[ en be obtained based on t hﬁge asur erre]é]ttﬁ,e %ﬁl Ustations. For
rdabErbeeatsi fn. ohg045HoRs @3 kepEhSOEF I e85 (Ferent by

%xgrgél@, Q%érxﬂinil%af WRagiz€ %omm&rdﬁsﬁﬂ@iqr@imwfference between
access pOlnt tranfsmts a series of

ransmssjion . . ..
peirs efieewss poigts; Hleage Wé%feé’femsbtpﬁéi’? é‘ﬁ%lo‘?}bjgara%’fl ssions contaiming
Each 1 ARSI ss) SERYEAES GORt fenScdsipbirts.t These transmissions may
é’i?BP?lcPf reczttstzirgiglg tinme reference., Access points, P. aﬂ‘:dEE 802.11
Qorraypandan drsiaton Kiaires thrasdnsptsRITHIGaEY B agHess potnts in :
iodicglly at .fix LhiaPmhPtBEN abs sHtaihpd aded om thesc
%%?‘Ag\gspg‘l@fi \l/oe ag/l{)ﬁTﬁg t%lﬁptgﬁlon of }neach transm ssi on
Ssespieresnmsitetrdgaiiono or | ess than the repetition

R T3 Rt SRR B PRERI B R (180 Ghlosss poinis P and

€ I nformation

SOT USdcHrdRcdss podgUtarsitsre peies o, raasmifsiRghsaHenGeepe&e gIUenoes of
structure, nmpy or not_cont aj r o licit licit relative
e ofT by SR P QI Rk SRR i r i

NBMe GOfr@8BONA cbdds poilie Ak andf Qamey i trenisEEERED transmussion SEqUENCes
[00461 Access points.P and Y h el at Luelys The duration of
e ah P o e B PP L AR, e don o
SYRENEARIFSHN SRN6sse lg bexaphl td oetesatthahthstrepgiétion interval. The

transqlssion sequences r sent nmay.n b . infi 4
TP PRSI S8 TERGET GHPETTE I apicar Cpifisble, information

bg 8 ]s Aubarly fPcAted eNaRegh tHhRpoBrd struétnramay or may not contain
transm ssi on sequence fromaccess paint P is t di
asepivted anformption FRE FXFRP S F?’%hg?ﬁsggfséﬂn SEH Ielﬁege rc(;%?nreSpon 8
Sh&ian f{éﬁﬂenig BekESo2d@not ed as MQ  Markers M and MQ

may be the '

egi nni ng, the end, r a. int in
9 d 2 1a%1vgp ! 5

h
[0046] Access points P and Q may have re y accurate and[3 stable clocks but are

typically not synchronized. Hence, the cxact 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 Mq. Markers Mp and Mq 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



m ddl e of their respective transm ssion sequences.
[00471 Termnal i receives two transm ssion sequences
wo c@moseess points P and Q and identifies theCTEHEI006/860632

in the received transm ssion sequences. The two

mar kers WO 2007/ 056738 PCT/ US2006/ 060632 10 recei ved

by termnal i fromaccess points P and Q are denoted

as Mp and MQ, respectively. Termnal i measures the

di fference between the arrival time of marker Mp from

access point P and the arrivalldtinme of marker MJ from

access point Q This arrival tinme difference is

denoted as OTDi. [0048] The real tinme difference

peseivednbyrdetcaingl Mfrorarrecatsi poigtsdBnande @ as Rympied sedMes and Mo,

}%gecq{\{?&? r’?&ﬁﬁ#&?%@ﬂre& & cﬁﬁ%&ln% Ee egﬂ $H im%f@tﬁe 8F marker Mp;

kers fromaccess points an D;
éguankcdess @ B hnd dheviarraval jtinies of qmﬁrbiﬁtsmtfr@etam@ﬁ point Q. This
0 wi se, RTDi and OID are

QH?V%?§8P X %’Ielcgllqs egﬂtc(ggg bet Ween termnal i and

{1!11483;3 p'ﬁhdﬂt‘@l Binendiffgramvd tetycdvemesiprebpeenddlq @ Denated as RTD;
ﬂl?%e)l?é b?l%ﬁ’g%)g%eo%sp ut? Frg\gnln)t ?:iLEe'g%f)th?seErg&%érs from access

M)ﬂl‘tsf P and Q¢ CRTD; B @iqnﬁl ths ,OTDrif kermifl diis €Quidistdnjdveeer) access points

P SRR 0 7 e Ry RS B R nd

heddsopsints MMQ%@may fiérbssed ast(M i)} - {A(MY)
ST(MQ )} D2i . DQ Eq (3) ' c (Xi -xP)2+(Yi -Yr)2 -

(xi +(y y ere Dki is the distance

bet we@ﬁ 1’?) %\ﬁ é@’cess poi nt k, (xk, yk) are Eq (1)
hori zont al x, y coordi nates of access point k

| ocat i _ ?( )r(f{‘/fe) horizontal x, y coordinates of  gq(2)
termnal | ca(Bc1 on c is signal propagation

speed, e.g., the speed of l'ight. [0050] For

SHIR | ?ﬂl\t’[{ % iV Bel dbsdutL@seHiN@dh e Df AHaBkdrOIQFideh hdtess point k,
equation but may be easily added as will be

eV| dent to thIsSfePslel, pedl in the art I n equation (3),

var i a%@bér lér%’ %?‘?8 ?ud[ﬁﬁ%l aF%me O fkerai%l?n a§l§r?1%al§r

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

OTD; -RTD; = {AM,;) - T(My;)}— {A(MQi) _T(MQi)}

— DPi ;DQi Eq (3) .

VGG =%+ (53 ) (= %)+ (31— v

c

where Dy is the distance between terminal 1 and access point k,
(xx, yx) 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 in equation (3) but may be
easily added as will be evident to those skilled in the art. In equation (3), OTD; 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,



For exanple, the coordinates of termnal i may be
obt ai ned i ndependently using GPS, WO 2007/ 056738
w7 S26806/ 060632 11 A-GPS, etc. In this caseCT/US2006/060632

equation (3) would contain five unknown vari abl es -

the x and y coordinates for each of the two access
points and the RTD between nmarkers Mpi and MJ. Five
OTD nmeasurenents for the sane markers Myl and MZ may

be made by five different termnals at different

known | ocations and used to sollve for the five unknown
vari ables. Alternatively, five OID neasurenents may be

made by a single termnal at five different known
Po6EB) eifs I s azsedequation K&bewléﬁ Cphf@mr fiyeurigenayypriables — the x and

yacrooﬁﬁheﬁés fJERIACE of tﬁ%&&!@@ a)ﬁdctﬁé’ RAHH %E@v%eﬁfma{rﬁgrs Mp; and

WO access points na e o t base on five
Mbas Emw@m)smfemmmms for thoseme @mnﬁtqta M: god Sdi fﬂ@%’e‘?ﬁ made by five

5{}? Vr@%t tgﬁl% RN% d1$ %O%QO %ﬁqﬁgﬁ %(? E&vE 3591] 'Lﬁélfi\% unknown
tal ne “for € sane nar ersab er ent
varishlesl Altetnasveadfive Ol mensurtmentis rmaysbtt ypide dlyl aysinglederminal at
su t
TP ATERIETSRL Peflons dhi I ER ol RS dRER A Mhown variables. Hence,
Assinigloem k,ey mbminatdasactf the twotacbas meyntansy pakbtaed based on five
ur ement s ferent r k different ti
O3 SRR R ot op L Fiots, iRt Hhotrh MR laeddoBE?
{(hlSlr]ar kemD wsedurehehtsdadef '@Ipﬁmlly(}’fcﬂ ottasid efiverths sametemarkers by

B BBt e i OBl T s

aiﬁérbﬁ&ﬁh@ ba3ed ah \iffwent raiKedin siiffe@ndtrpnsnfiedion sequences. A single
are reI;ted asfollows i

RTD - .
Wﬂﬂ, i at-r(sl\,f@o}o} efrfppfvlags? mﬁlﬁw%éaea(swjeme{nﬁs( mri 511fferent markers at
BRrdds dohes while Mddifferenk (10&3tibhs Wine by Bdde, the IRT_ D3 o&' thd h@rkers used

RTD di fference for termnals i, and j, and

Toniikigyent O TIhmepsurampnis gpaggiat gidterp ﬁl@%ﬂ%?%eﬁl‘sberfps me-
;’[‘?]{g&?g_ PRLAOTO mehQPaRdntErAaL 'b?'lili(féﬁeni Rethfidle ﬁxet REbs applicable to

D difference for termnals i and k nmay be
ohy ave e e tawty, ford 4 ji. aee retatest asdollpesneen t wo
di fferent markers fromeach of the two access points.

dot er R hBe T S he 10 e KM B Th sale
the transm ssi on-aiilencer ae knduhilarhe el "
interval for each access point nay also be determ ned

Lfndrd CRTIHO_— ?@1‘2[3 efssth@ REW gicRrdict k& eRhinhlana ,ﬁa?nido n

sequences’ i Interval of tinme fromthe

begi nnirg, 9t €@/ h) t1€ BRI S Bt Q@R SIRANEACEVE MatRes from access point k.
respectlve mar Ker i s knovvn and (b) the time interval

E@iﬁﬁnc egaﬁ%t%%%@xﬁél %12[% | the I%’};? dlhlélae%g ng' el 1nal(§ i and k may be

whennddigsed petﬂnd 1ime mﬂeﬁitaEbMa}eeﬂ' kwb elﬁﬁf\‘ﬁent morkeecivi\each of the two
tag:gensg rlr)lof’ﬁc’tls R VA r%rcl:tglsvai Tor eacwnac%erals% I?o%ﬁthmta)r/ %%Sgétgl%ﬂlggd if the two

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

Eq @)

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

intcrval Ty between consceutive transmission scquences is known and cach transmission
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a sequence nunber. If the transm ssion sequences are
wovesaads t hen the nunber of sequences from PEEUS2006/060632

sequence containing the first marker to the sequence

contai ning the second marker may be counted. If the

transm ssi on sequences are not nunbered, then there

may be ambiguity in the value of the RTD difference in

equation (4). This anbiguity is of the formp * Tp +

g* TQ, where Tr and TQ are tipe repetition intervals

for access points P and Q respectively, and p and q

may be positive or negative integer val ues

sajueaspanting stqehbenumken i thutrysmision sevenewssare numbered, then

etween the nmarkers fromac i E P ,

Respeerr oaryares o BEGRERES SRRy, @Rirhier o the sequence

tontaeidihaceessd peirkdrsmapibe TpumedQ If dinel tievsrhigsign sequences are not

conpared . to the nmaxj mum value qof the i,ah ' . -

GoBREC R e ok bHEDYRY S Hhe Lle o WUTDARERIE in cquation

(€52 ”Tﬁ@'arﬂ‘tﬁn%ﬁ%ﬁﬁ off @g8sfotap+ The qrdpetviticre Mpianti€Ty ale) the repetition
i

then the a guity in the RTD difference di sappears o
$itecalsofryamass paintePf ard heresprotdvelsi ALY X pnd- qymay ) positive or

will . provide solution to H]g[]

P%ﬁ%%‘%gmrleﬁ%r m?'fefsecroéli? 8%01’5%1%%\% ceﬂrj%é‘any F%II{ %P&r%?%l%ﬂcgﬁetwem the

fn@drkass Froaf aeepgapoiars P @B Q,acgetirely.olf racprtitioovinteREDis the same

pl us four unknown and, y cpordinates for,t

R N
$%ﬁ@d7§i%fdf9e)(1uaﬂ@? ERPEE 352 dha prapagetitkn delay varpkdreninal is much

X.” The RTD for _each repmajni OTD. neasure .

Sscpribas s JEEOIoH ARGy (oK ey i ey B AP (s disappors

?gd‘@tcjn%n ond $tue _&‘Qpﬁr@]un-ggﬁaiﬁ%ﬁ&ﬁ-ﬁﬁ})ﬂi“ﬁ g@ll phe i€l asengion to equation

el

r transm ssi on sequences with goo
t@®)y ng/ f requency precision and stability in order to

I for, accurate,.QID ' . :
%ﬂég/m anSmozdpg e ﬁreeﬁl‘ééggg[?% %I?ngg%%f py%:rﬁgcaglgg?mé of equation
Q@) B SoRBYfod loinf tunbviewnt RTD plue fow whiookn rpndcy soondinges for two

one or both .acces oints. In.thi

S AT Ve DL PSR HRSHSy ﬁ%@?@?‘%&éﬁbﬁ%ﬁ%@mmwm o
VIRUlefpréadell Wk tdh tihRRown TVeiaRD X .or ThaoRAEY Ker ssach remaining OTD
ﬁfrggarl;gréetg\? g%a{yr lge;n@tq}gp?ﬁ(%g ;ilg}g a—plg,l_ Qv%%refK}ﬁ%i% %%%%I!]_l{‘{l’%df fjrqm equation
481 - t' + a0 , Eq (5) where RTD(t)is the RTD

bet ween two markers_sent at. transm.ssion tine t from 4h eood
d8038s Jheneecess RRiNte)shgpid send Lhelr IpRsmSEiof,podupRes With g
QirRing/ fesquBn &N dpBciRidd. O 2RBHIPS &Y 3&dBCTOUSAAA6/ 06 0aidArate 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) =a, -t*+a, , -t""+ .. +a, -t +a,, | Eq (5)

where RTD(t)is the RTD between two markers sent at transmission time t from access
points P and Q, and

a; is a coefficient, for0 <i<nandn>0.



13 [0056] For linear drift of RTD, which may be the
nost common type of drift, ai would be zero for i >

wda 200F0s67601adr ati c drift of RTD, ai woul d be zePOr/182006/060632
> 2. Typically, higher coefficients will be zero or
al nost zero. The nunber of variables to solve for in
equation (3) nmay be increased by the nunber of unknown
non-zero coefficients in equation (5) in order to
account for drift of RTD. The coordi nates of the
access points may be obtained Wth the sanme nunber of
addi tional OTD neasurenents fromt erm' naI S V\,hose
| ocati ons are known. [0057] Equation al so be
i8056]t 0 Het bnerrndift b€ RGRawhish why det @rﬁl@ﬁmcom@n type of drift, a;

%t ?& %% Z(Q}P APy rlenﬁg}mﬁugcﬁ'%tég V@gﬁéf '?l:}]ﬁt ﬁ%ﬁ&ldof)e zero for i > 2.

cess pol hts with kno IS case
Glypaiallpnhx@ﬁér eustificlents vidli h’¢ eho @ almks’@mo vEh¢ abmber of variables to

B% v @%\n d oo r& n at e cré gd t Pm%gld _?Ehlfnkﬁg@n Non-zero

e acces po n
rosffieients megqluatﬁmm(ﬁe mmyddmeo rectunt tbridrift BiERRPD The coordinates of the

%gﬁlzfsas% I{gggli%g&? geﬁ)&p Segi xtérrft% he (s:%%g 8}‘1{%@%%8 L %{}@oﬂé&? Q%\fl:b Heasurements
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hese access gOI nts may knovvn or can

dreeass niFiee ¢xaIpDIFE 8 [solpkEn @thganﬁ% Qla@hgﬁwgﬁg}ﬁ § gy be solved
?[QIS &ithEd o é RERS R Mo L 3¢ acllish eiRaC Tﬁemeﬁﬁs%hﬁ be formed

or pairs access poi'nts. The neasurenents may
rveitte tlaee EtCh@ssmmtSI wineTe Oho$ecessgwinieis ¢AMMPAHO mth pairs. In the

pos kOl Yo S?ahcﬁ 1138{: Qg‘c%sggo is, 1€ GORitEINed, v§ %@ termmal i may be

er m ne ocat i ons éces ol nts usli
reohedrferreld sodrdimaics eéxxrmn)ad'-tsl (i Yy flonaewess D@latslgH) Asd Qridhe pair are

0 SO d ' S
RSB R T TR T ORI o s sces
qmﬂmkwbellﬁm&mcﬁmd»é deecesedpoi nts. A termnal may
re e S ons fromtwo or e - ol . s

&gﬁ%@s i TE‘JT‘th) I octﬂ?tﬁ?f?w Se%fm?%éma{rcl:ecngss SOI}:B 0|§n e%a?%nsmlssmn timing
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if the location of the termnal.is bej determ

0SS A AR AL 1 TG, ST HELA B SH L TR A 488 OTD method
F&htrtie‘ﬁerﬁ{ilﬁe MNC%C&I@&)T hacB@s\mﬁﬂftS ubiANS) TDOmB@turetaeds from terminals
participate in the net Th savmg]ﬁi acts to.. .
ewitly ﬂipﬁ\jn\}@g@}opﬁm éﬁéﬁﬁﬁlﬁh@é SAH2lse H:g?lgxko tthF jocations of tcrminals
aggid DaM nlehsirémB@at foae @fsRfMidal AVithown 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



any explicit signaling fromthe termnals to the
access points. Nevertheless, the OI'D WO 2007/ 056738
wEaN0828906/ 060632 14 et hod may be support edP@i/UB2086/060632

network server, e.g., network server 130 in FIG 1.
The network server may instruct a termnal to make OID
measurenents and nmay receive the neasurenments from
the termnal. The network server may perform | ocati on-
rel ated conputati ons as descri bed above to solve for
the termnal |ocations and/or l4access point |ocations
usi ng OID neasurenents, e.g., as shown in equation
(3). [0060] The OTD net hod may be used for any WLAN
p@mqlomgg@etmpoxggi—@gth 3 @piWaE tbemer,qu{, ingtwork server 130 in FIG. 1.
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amaspom’dpmtsmsTismga(@lf@srseqamem@ta, R gam tshegrarh in gayation (3).
rt i f
FUORBP L TS R et e e 1A NI RClRhnotBYy dhat sencs
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Arriv )
R o IR THF AR PRI B P BT CASHUFpofigf, Sine or different
MANdfw&Qﬂ&gmgtayolbhg asthe Cﬁ" IO as(EDOAt @80 bA-refldd to identifiable

nmet hods determne the | ocations of termnals and

F@Fli?r%ﬁl 8 ARSI T 82 hACCPH PN cat | ons of base

po08t ] ONSThd OTEOPREARItmay BE sitll [Ar A6 b B hg@ied AP seF 8l MEme Difference
the locations of termnals as well as access gﬁ?I nts

é‘?’r@lﬂ%}y Bebod ofpr  GEMy pavaE Snetn  QRservsindimg; Pafifgsnce of Arrival

q_@ am@chgd M- HIVRVAn e Pk E dRBE08R  PRVUREES Foﬂward Link
QA Met'hod [0062] The TOA net hod provides a |ocatio

dsiateratien (HrFlalsigthiodfop sdmwal ) metworleie a8he EneiDs QE?OA and A-
951? AEthBRE SnﬁiI deEmah et OR iR m%nhﬁ%'d' r@@so@tla\;lﬁg knowledge

ot her stati For exarrpl e, a t er m nal may neasure
phdha flopations of fhagestations.a taeaarast, rthen @EPhmsthod can determine the

, ) . |
TR0 RERRRE RS, SLTRAIAS S0P SRR A yE AP vt o
pibeewislasg netevogks, e@RIISK, BPS DM and lhdma 2R dasworks. t he
termnal may then be obtained based on the

neasure trilateration. [00631 FIG 4 shows
TOA ne 4 WG&M{ two termnals i and k at different

t y anL' onfhg 0L Pr?eﬂ?occf slsoszlc&glanltocgﬁoﬁo‘gﬁﬁﬁacte 9811 Qtstal’aon based on TOA

mts a series of"transm SSi on Ssequences,

ewasurtmans foisenoor setpIether sthmrm@dakrmtkmcauéﬁtsmﬁ tha bthier stations.
ESF gylce\tlnelfg‘le, a terminal may measure the time of arrival for a marker from each of
multiplc access points and may associatc absolute time with cach 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 Mp;. Terminal j receives a transmission sequence from access



transm ssi on sequence from access point P. The marker
in the sequence received by termnal i is denoted as
wa/pi07/03@Bsri nal | receives a transni ssion sequePCEURI006/060632
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The marker in the sequence received by termnal j is

denoted as MPS. Marker My nay be the sane as or

different frommarker MPS. Each terminal m for m=i

or j, may determ ne an absolute arrival tinme A(Mm

of marker MPm received by thatl5 term nal from access

point P based on the term nal's know edge of absol ute

time. A(MPmM represents the TOA neasurenent nade by
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e S e s S oA s B 256 oLTB poin p i

{146dved hs REMRI AP AMAASI D] (yS)efexprddptd as:DP 5 Eq (8) ¢
(X7 xP)2+(Yi-YP)2 - (xxp)2+(Y5-Yp)2 c where DPmis

t he di stance bhe en rmnal in and access point P,

(xp, ﬁ}-DaFeAEMt‘Pii Bﬁt(]gﬂeﬂ ; y coordinates of access Eq(6)
point P location, and (xm ym are horizontal x, y

coordi es_ term-nal \in location. [0066] For Eq (7
si npllilg?]ﬁ)y,"gg\r/[f’i%cﬁ&gﬁgr’di nates are ignored in 1™
equation (8) but may be easily added as will be

SNt (NIO._§ ROBE abldihleFhnbitithife 8f farkbh®12B6h 4kess point P, and
arrival tittes A(Mi) and A(Mj) may be deternined by

t er m na(MsL, | ) dnthejabasidtcuaeisalitine of magke©M.j atdsrmisdown
in equation (6). RTDIJ in equation (7 be readily
400631 abl Equatiws (P} andd(7a ey @&OWWM@QE%FIS fromthe

same access point. RTDi1 may be determ ned based on

the omepetRthn 4 M@y sl T Ags weaMGonseaut e

transni'ssi on sequences sent by access point ~P. In

equation (8), OTDD,;amy;RTDi j may be avail able, and Eq (8)
all other variabfes gre either 4

_ '\/(Xl — %) +(y; -¥p) _'\/(Xj —xp)" + (v; ~¥p)?
C

where Dpyy, is the distance between terminal m and access point P,
(xp, yp) 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(Mpi) and A(Mp;) may be determined by terminals i and j and uscd to derive OTD;; as
shown in equation (6). RTD; in equation (7) may be readily available since it relates to
transmissions from the same access point. RTD; may be determined based on the
repetition interval Tp between consecutive transmission sequences sent by access point

P. In equation (8), OTD; and RTDj; may be available, and all other variables are either
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sol ved for. For exanple, the coordinates of termnals
WO 2@n@5§738ray be obtai ned i ndependently usi ng BPBUS2006/060632
A-GPS, etc. In this case, equation (8) would contain
two unknown variables - the x and y coordi nates for
access point P. Three TOA neasurenents by three
different termnals at different known | ocations nay
be wused to formtwo equations (with one term na
common to both equations), whilésh may then be used to
determ ne the two unknown variables for the x, y
coordi nates of access point P. Three TOA neasurenents

loyoven oF aegl be selvad fort  Ber ehafinde.dhe cRefdimstasordemingls ipgyl j may be
ghiael ‘%naéfegxd&#ﬁﬂ %Fﬁ%nb!@g ey ftfsooétg' At 8ds Q:fasé h&uation (8) would

access pol nt ations o access pol nt
cletteinrtivioe dolyasad varfabldse— TEAxmdhp dopedinases ﬁze@cm point P. Three
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[ nts. .In this case, thre
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GPRHAEl The RIGK Mihdd 8o AGHRR S&quRQI Rferdfiof betvA%&888ninals and access

point P). [0069] A network server, e.g., network

Beiptser 130 in FIG 1, nmay inst ruct termnals and/or

e8P S {é'ﬁ%nt R{E%@ﬂ ];-eOﬁqéHath Y RERN oS d@@gxﬁ‘ﬁ@ythe location of a

recelvet erreas nts fromthe termnals and

termasd ugmqu@wwh@ah@nmf leceqss \pérntm;lntthesncq@@rﬁmmpr more access

at L8090

BEFE e PRLBSEORERUNALMPNT R ARRALLAP A abihitied by tho

weroasd. Equf:ttcm (8% maSi bgragiplisd Meﬁrg&dqb:@mms ymowmsp]@gmg terminals (e.g.,
0070 I rovi .

* ggg Jllsolneﬁle g? agé] i t %@Sgﬁ%ﬁﬁ?fﬁ% thé % d&ﬁﬂt @I' %nézﬁ%&% p%mt P).

ocehgt hAareth(/mﬂc sr\@nast gguetvworly seves M(kmeFlI& I, opayoinetrigyt terminals

PG 58S w3 4 RS T A PRUD AR o &) B8 Whd Bleasurements
fietetheitdradnals bid/opadctey poinst dlhlemlgtvv(&k sehe&r:ma’p elolerbsdrfonm location-

rclatcd computations as described above to determine the locations of the tcrminals

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.
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may record the identities of all access points that
wa@an7loss7secei ved by the terminal at a parti cuP@r/uS2006/060632
| ocation. The term nal may al so neasure the signa
strength and/or signal quality for each access point
received by the termnal. 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), €lvergy-per-bit-to-total-
noise ratio (Eb/No), bit error rate (BER), packet
error rate (PER), observed signaling errors, etc.
HYihl  gbdpimipalmgy g@ogql t}@rpdg}tltg?sygf ﬁgraypcqswm@ltt; ﬁyﬁ can be received
bpdhe %&%ﬁﬂh&t Q%'art@crula[}ofocaﬁ(;he %‘h@%hﬁl‘é@lrﬂatyym'ﬁ RORYUR the signal
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r [ i4N [
tﬁt@@n{%ﬁ Iﬂé}p %g c@ﬁhﬁi& %géleeogl?%@ ﬁger;'%lrd ﬂlag Bkdrrg{;v%?gglgémﬁ of dBm.
Signal cweltty omy tichguantified by tsigel-tof-noibe ratiec@INRY camgepst-bit-to-total-
Q e, Si | .St I
RElC so REEbIcuY s8R ro 5339) BadluE ek (MEAPREG Bllbrved signating
pebmwpetc. sHpnvd quily may Be Gived, bynapinagteilve tha podicaes whether or not
fromdifferent termnals, and/ reposrts fromthe s . .
s il oy St st of R8T h &' kiR Sle Eapfii suffcient
mRYledvdiel e P adeiﬁitﬁbaﬂe lotatiaces thepimiml negealse beatbtained using

B AT oS AU A & RGB! TR arRga is locaton, the

liﬁ%(mﬁes Qﬂﬂielrbcbdi%iﬂadceiwp(ﬁﬂ@l dndrtbgisiial strerpitivghslity Theasurement for
%ions may have any shape (e.g., squares,
gt thexagons, etc.) and nmay al so have any size

Q@O'&] f AMIRBAE Serva€ 0S8 ShetwbE séR6Al 3@ An IFEEON | ﬁﬁ ¥céve reports
term nal may be map ed to a single pixel (e

o i Eedﬁlﬂtatﬁﬂ?w&lst %Vqreﬁen?%rﬁ%gm Vet qqgtt regit locations.

t’[‘?leane?&r@%ﬂ s&8r alayPbuitd 9p(£ dStabaddl B8 la8cesk Holintgl@dcdived@at different
Ero bable area in which the termnal is |ocated). The

gus pod e pepepiatad; @gnalmngqhg/ﬂgp ities. A geographic area of interest
PR fhld §R21TB%IHS &Spc&élh atgd Wbl 1¢ hgve any § shape (e.g.,

plxe ('s) to which the termnal location is

seyroes, sreateaglobt hexeadns. r gm) midt mglyealserhavaainy pige (Elge few meters
pi S

?ﬁ%’g e} rfeﬁ%olpg%lorrrla 1%L e&%: g%é%ﬁlgnél%gy Tbg?n @& % )grm{égéngixgl (e.g., the

piel cmtblnmhﬁmgmddmﬂt@nmyrdbmts@t) or ecdafsmalltsweof pixels (e.g., pixels

Ei)nc)i éeﬁsé ﬂ: %ab?%( 2&%\? er]%hgtﬂg lt%rpﬁlgilq%] ﬁ)tcgtsedga’l‘hg gccemomt identities
Bhé smalgm fslgths&ylaﬂapsemdydnﬁ asmlqmc«b oathi ﬂhlelpyxetl(fsalto which the terminal
SR g P BB PR e s it o
a&’mﬁﬁﬁﬂs thet thexaepuesmérts Ntess patts nopyetei dombined (e.g., averaged),

reshold is used, then the Qv ral.l nal ality ma -

B AR corbi TR Y 68 B Renar 487 Bpeelif c oY pplc, signa
&hé@@h&hﬁﬁ/ma@xs:@edgﬁqg b @0 3hg Waaeglﬂai dbase enape, bdere the weights
used for pos tloq)%% of . term nals. e net wor k seryer
may depend ‘on the probability that a given termma location 1s 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



may obtain froma termnal the identities of access

poi nts received by the term nal and possibly signal
wa@tooensi7Bs/ qual ities for these 'access poi nts.PdhEsS2006/060632

network server may WO 2007/ 056738 PCT/ US2006/ 060632

18 search the database for pixels marked with the

reported access point identities. The network server

may | ook for partial pattern matches for the access

points identified by the termnal and may ignore

access points not identified. IBhe network server may

then identify pixels associated with averaged si gnal

strengths/qualities that nost closely match the .

sepdr theddatilpsalfos phetgmiagiedgyithithe aeportedeaqgessprirt identities. The

BERETE SE, Y Top 2 neBRA e DRAHEE bor 1B kg potats identifiod by

tresteirhinef artdmay sgrare hegray pbiatsanaddergifiedi xidiesnetyyork server may then

necessar.i cont i . Nt N [ -

FERERT St pSB0st MR VSR SEpAC A RARY s that most closely
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LSS50 O T R B R R B M 7o el of e
kaeei inap verarset of kel et heodssariigrrostigiarus, ebrdststingy possiple locations

0074]. The petwork servyer pnstruct term.nals.t
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gapestrddlecafing e FIORLARF BIPTeA R ST put ati ons to

fed7a) M nené Rer ek abhveR sl inb@ndt t8ahisialsGo dBedih siddal strength/quality
Met hod for A-GPS [0075] . The A-GPS ne provi des

! hod
RSSPPRREE WA EY GoTRRIR AN SIS ST HESS ety The network

AGQE MBaRNEuiPaARHI SRS uph@Bakie alaeihake tAdC YePaiR location-related
 ocation estimates from the resultant measurenents.
Aespytatinestogiateming thellacstivas gEgminsls uppor t

positioning wth other satellite positioning systens

such gs [hfl FYMPRSAA fo¥ ALgpssystem An approxi mate
' | ocation™of a termnal 1s typically needed in order to

6@is;de @FQ r QREP AL BethdE Sirsl A0S Gsbidlaficd Qlatah@o 8FAMAR! to assist the
or exanple, know edge of the terminal l|ocation to

Wirntinals hequitd drshmeasuse (G Shelsardl and/op te vpaauisdgertion: ssgmates from
¥t6m tu%n%rx]ﬂjs CRsiTaN L lata Ghaxy YRR tded tB%upport positionin
g@%@%@%ﬁe ata used t oSIS,uppor%l A %DS 'n GSM and .pp P &
WitDhiher rsetoliite kipsitimyng Sy stéms posh tasofiie nguneredo §xalileo system. An
descr i her.ej %ﬂ) g,e Y B orddr8 id Lot
USBE AR I e O 0 g% pyie apoia
asgisthmy datbidadhe torosoate Borocormplof kndwiedges of élead égiminad location to
execut.e one of these 1] h f
PS-GSM
e ESy flSmBies’ VREEIMR A PHe FFlR80 Al dae g GPS-GSMLox
IGRHWODR A ditning tagsibtaace dee essdiry stpposuppePs id-GIMInd W-CDMA
OO?%V rio 0si tionin hqds .wi fast respon :
Enle’méo yiﬁ’é( %Zthggpgtnwmg Igetﬂgctis gesaneé tﬂerem may%e 333 %o 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, 2
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



delivering coarse |ocation estinmates suitable to
support A-GPS. For a cell ID nethod, a term nal
w@bdoaiomes3gyl obal 'y uni que identities of one or POI/ES2006/060632

cells in a cellular network such as a GSM W CDVA, or

cdma2000 network. The term nal may detect for cells WO

2007/ 056738 PCT/ US2006/ 060632 19 usi ng dual - node

capability and may receive cellular signals (e.qg.,

fromGSM W CDMA, and/or cdma2000 networks) in

paral l el with WLAN signals. Alldernatively, the

termnal may tenporarily suspend reception of W.AN

signals (e.g., when not needed or not schedul ed),

gwing chiai-oicdle| ¢apability od anep receivarselivler signaly &8, from GSM, W-
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termnal . and/or cells recen t he

DB RPN ST SRR B LTI O PR, Higeells detected
g@lth? kégﬁﬁa'1tﬂ1@5{s iffc@fdeCdetls @fﬁos_é eblerhge irtoemimgahe guesramhyaﬁon of the
e oba uni que. ce I dentlt. e ed t . )

et ipplt eulli Gt o BBl e ARGl focuion

pdo7A he Bt Lelidetiant etrreAhtall g dechtegibomanene glebally unique.
provided as a coarse | ocation _estinate

! ( . .ﬁqjglr t ele naJths location of
vk eell Hientily may |be mappef de & JP6FifiedPraione I &felh &y the location o
g8d SRS OYnd MehiSIRR lo&dtiochNBay BE lpro iV & a Aostat ahasen estimate

may store the |ocations of cells in qone or nore ) :
dei tlegnielsnetthiortke cell. TREe deqaipa sstimaly 158 28 i idetegyingg by the size
%'f‘&[é&ﬂ.' ocations of groups of cells, e.g., location

areas 1n GSM or WCDVA. Cell locations (or the

[6Q78 i ond ditalpsoupy stiredled losytionsyof calls i pre ebmaTeRedlufy networks.
I 11.Qni ef M. _ .

S8 RO S\ RBP4 B of A1 . ocadon

farean it H@SMeom W EDBVIAan@ell dpertionh €orl thedprations off growps of cells) may

term nals. for the.cel h O i pa P

B Sh T S5kl LB Rng bR et LA M, o, o,

lobtiiting tiie jolehiities, ofaiegrigl cetls fonythe, tegnigaks) angleding the locations of the
o cell identity for each detected

tc.., | dition I
g%qu?lﬁalﬁﬁ%rgtge ﬁ%@gctf?{éﬁ%%t s may be stored in the database
Joo79)sed Al enétat hmiyngso prrevidd osestremehts of Finging advance (TA), round

measurenents may al sa be us %ﬁgor t.he RIT metho ﬁ{}% ,
8 SPEnaenss PPN AU 09 et hiod™ Rt 4F i He gy for each
| RERtddR1I0TTHeRE nic@uFbinahts PRiyebeatcgti dh eleyddtiimne and tided to determine
cell identity al one. 6&008% A netvvorg ef,Vv .
ithe elopest cellh Thamcasyrengys ey aé%bq.lé%? rf{s)r ﬁgi{%@%{c@l}qd and thc 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.



identities. The network server may build up and/or
updat e the database by associating the reported cell

WO dennsd’Bes with known term nal | ocations, whiBOT/DE3008@60632
obtained using GPS, A-GPS, etc. WD 2007/ 056738
PCT/ US2006/ 060632 20 7. Conbi ning Results from
Di fferent Positioning Methods [00811 The | ocation of a
station (e.g., a termnal or an access point) may be
determined using nultiple positioning nethods. A nore
accurate and reliable | ocatior20 esti mate may be
obt ai ned for the station by conbining |location results
fromthese mltiple 05| ti on| ng rret hods For the
si gnal?. sCouthjnimg frox I .
may be a set of p033|ble Iocatlons (e. g , plxels)
EO081] Wi tﬁhamomncm%taesiammkﬁagl |4 tiyrmaibal ot cur pegsete point) may be

ggt%ntﬁ\l%%igl-ls:rrﬁer% 1 %nlg?sil'_ Loni e HeﬂgosdsaSA%Alje a@&lrlta{eeang:;%hable location

bstoraite Qﬁéwtieholaamaai rfourtbié rsgatmnelay (oomjpmmg loczrtmlnereeults from these

. t | '
3 ShaifbrdararsFodimrs ror tuehetiohdlp) §EPEE fitaon reaut
ARy teea @afbfq{dsaﬁlet lbcatlcnfsqb@hl pikdly), dectsimith dnusssdiiated probability of

PDF) t hat [ pos l e locatign, e
BFOEET (5P RAE L heOTPRerEr A TER0M Ay "R PhaR OFS%nd A-GPS
h@gRddsOthe redille H&&Qbﬁ@lsiﬂgﬂcy latensh Wit aRairbemEng arcaalklg., a circle or
p05|t|on|ng net be. canbi ned and

B Bieat VAR A s OO GUOr TR ERPHe WHE SJagy Ot probabilty. Each
iS¥2E8H rduliithpy Be Iceﬁ@érteqrto rael&kibélﬁhfgi&erﬁﬁy &bﬁcaidiﬁ(d’]jfgrthﬁ provides,

term nal based on multip mdegtegl ent .sets of

S SSR RSB FoghtonEhe HrobARI RS BoNaHo tspagdypllegt pt location.

R SUHEGIBE HyS My bEnsead fof a‘H @dﬂ!‘otﬁné Ehb@N a9 bembined and

The Tollowng nay be defined = event that the

psechiorpbtain ¢ fral [nspiien estimags fqrfhe statign. = probabi | ity

i ]t y Mﬂ@(gle QBecdi QF Ll 1R mb{ Be lo@¥idthOfkord £E3HiRN bed on multiple
ol nt ase on neasurenent set M, for 1 < nb5

Mde@mﬂeﬁt (scts y)? meal@mféme@ts,tMn MRal .| ddmt WbarcalN Bont Each set of

%ﬁas%)ﬁmff(}fc's r?ayc bs ?seeéi 6% e Sgl II(%C%F S‘rﬁ gecs‘lé ?%Mrfgll&%rtng may be defined:
obtaingd wi th o n%%ﬁat%ﬁ@&;;n&?i M pofi g% py) _ my be

det erntned by i ning N,

for alf (& &)06 plotabilite duhdity. funcEtQﬂ:B@’DFD Her ﬂiea&nnﬂallﬂnd:ation at point
sets may be assuned to be i ndependent so that, g\?i ven
any |ocati on(?QWéF@taSqQ orerEASUrRSAENt Seidnt 08 &< MEdN.4nd

certaip Xp Eot DE & Blyteﬂiutﬂgfﬁlé%tg(gg%g)e rl}l?f?? epdsty 8{1} aff Yeleasurement

E that Irtrona ofr’any ot
msasuremsnt Sedts M MS. comgli tion may be given as:
P(M/(E andM)=P(M/E) , fori,j E {1, ..., Nt andi:?L-

JF (ﬁ%()gaorresponds to the location result obtained W1th measurement set M,. F(x,y)
may be determined by combining F, (x,¥), 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, cach 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:
PM;/(Eand M, ))=PM;/E), fori,je {l,...,N}andi#j, Eq (9)

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



where P (a / b) is the probability of event a
condi tional on event b. WD 2007/ 056738

wEan/0828906/ 060632 21 [0084] The | ocati on resedT/5S1006/060632
all N nmeasurenent sets nmay be conbined as follows. F.
(x, y) F(x, y) = NEq (10) JJ fIF(x,y)dxdy xy j=1
Equation (10) gives equal weight to the results from
di fferent positioning nmethods. [0085] The | ocation
results for all neasurenent sets nay al so be conbi ned
with different weighting for 2li fferent positioning
met hods, as follows. N 11 F. (x,Y)P(n) F(x,y)= N
Eq(11) J.! flFj )NnG dx dy x y j-1 where p(n).is
{0084)ei ghhe fwatlm%uﬁ%fﬁéml N greapreioppyy sefs<mpy ke cambined as follows.
[0086] The wei ght nmay be defined as 05 p(n) < 1. A
smal | value of p&n) may be used for a positioning

nmet hod that is lle Eﬂ(xeﬂ abl e, and a | arge val ue of

p(n) n@k, b surenent set that is nore Eq (10)
reliable. 3 ?h&l be omtted if the PDFs F"

(x, y) alrea ﬂiec ed t'he accuracy and reliability

of the location results. For exanpl e, wei ghting may

be om tted. when conbining |ocation estinates
Somationtl0) géien gquzelweelightmo%@w&&tm@mt%%er@@wm@@wthods
:Igt?ff}gds Fht Q5 Al %Q&ﬁ?ssﬁ)rpcm MeabiREAEMORSs Ha@rr alsd M8 ddhdined with

have been det er m ned accurately and
d@ﬁﬁ@eslt‘eﬂghyng)fpérdlﬁelp@frp@dmﬁng pictheds\ssifghevhg may be
appl i ed when conbining |ocation estinmates fromthese
sane positioning nmethods before the access point
| ocations are c Fd(am)i’(“?el iable. In this case, the
orb meﬁ na;gﬂe_ass_gned_l_ess wei ght. [0087] A Eq (11)

netvvork sefrv an ma term nal several sets
of measur emsag ﬁﬁoﬁpgﬁf%%égt posi ti oni ng nmet hods
such as, e.g., A GPS, RTT, OID, TOA, signal

strengt h/quallty, etc. The network server may perform
lvagat bQ)-is ﬁieavaghmﬁnmhmrbmmt sef B, fomdE posiNt i oni ng

TEbb. HartcomnL e e 2oy SeLo oLl BeRLA SN i) may e
q858& FhRESb AR E: mERAARAY 10 B¢ 38 iaBle] /ahi$2 Qhtek FORR PE p(n) may be used
for a measurement set that is more reliable. The weighting may be omitted if the PDFs
F (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. Weighting7 may be applied when combining location estimates from these same
positioning methods before the access point locations are considered reliable. n this
case, the OTD method may be assigned less weight.

[0087] A mnetwork 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, cte. The notwork scrver 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.



22 8. Evaluating Reliability of Location Information

[ 00881 Sone of the positioning nethods descri bed above
wa@ 2705698 de rel atively accurate |ocation estPOBUSR06/060632

for access points. However, unlike base stations in

cellular networks, an access point in a W.AN nmay be a

smal | piece of equipnent that may be noved easily. A

WLAN operator may periodically nove access points in

order to inprove coverage, add capacity, or

reconfigure one or nore W.ANs.22When that occurs, any

term nal |ocation obtained using any positioning

net hod that depends on the |ocations of the noved

acces$. pBralmtiny Rebabiliyvafiboeati¢n dafprimationdr ess

this nobility issue, the | ocation of an access point

[gshe $mné adithal positicming iedhdsls desteberd mboge chre provide relatively

access . poi.nt | oca n usin bl e
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YRhtibhEsk B Y BRRAYGBEIsY paith mbf b6 altlbbuaRd a suffi c. ent
nunber of tlnes may be.assuned tq be. correct.
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o predict, at any given tine, r obabi
pbariss RO vy becessemed o heveet masde dTﬂﬂi*\e E)Vﬁfél%’a@@‘ﬁsc?é‘ © gpconsistent,

?t@ﬁ {hglrie%pi ?at‘ﬁ?gﬁ'd e HﬁE'a@ Wlﬂ&l fth@amtgﬂl‘éﬂtma; P€stored. The new
an access poi nt fpre di cted.” based
dm:am)n engnbe Nesfiod yubsefremtiat amﬂn 1ﬁ eenfupied a syffcicatpagber of times,
0i or all 0
BATS Sy 50 ST 1Bt P VAR 8RS0 hovad prio o
titsd figpt anﬁlthghewdlmcmanausadntcdt@d represent actual 2 or 3 ‘
sio Jocat|o The. access i I

g@({%c at I?' Iteé aé)fi f??cmgn%m Iﬁ]é&la%%gl S%eés Il)’ﬁlll:].]d \Svitﬁ#n &/ glven arca 1S
nfovedCiaby M2 ddterdtingd @ad 'thred hérhet rbshbmatmovem@rt la$tory information
tinme T2 o |l ocat

at .t] 3. T )
ACRS disdh APrPch et Y Gk S Bt PrargbilEy ke afiien pooges point hes
Tﬁov};)ﬂgn lfﬂhd ﬂis@iti]cd d)ﬁ&lg%hablé nicans 6Bifd$tﬁ?§hﬂgdhe mdwzmtoﬁt t Higc movement
probability that _the is sti
e, eGP g i BT B 2501 B TP SR iR ipfign for only
A R 8ess POId br RRScHMRY Boints[i0@PLdivenaRra0r all of the
| ocation history infornmatiaon fo%Fthe access %alnt ma

He09%sed Fit- aéh‘é‘f’?rmﬁ’é( epoRRt HORar B REFCSE PP UEge AsHiS!e dimension
9 c&irk QR adtRkl L& RIRensidndBldcations. Te access point is initially at location

1.0 at time TO. The access point is moved to location L1 at time T1, then to location L2

at time T2, and then to location L3 at time T3. The access poiht is verified to be at
location 13 at time T4. At a later time T35, 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)
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access point was fixed at location L3 may be used with
wo b@7seres (T5 - T4) during which the access poP@I/USING/060632
have noved. Alternatively, tinmes (T3 - T2), (T2 - Ti)
and (Ti - TO between novenents may be used to
determ ne statistics on the tinme duration the access
poi nt spent at a given location. Simlar statistics
may al so be obtained for other access points and used
to determ ne the probability af3the current |ocation
of this access point. [0093] The probability of
novenent for a given access point k may be detern ned
idoriug wibbasthemacess point fvaadted ot pwrtion k3imay hovead with the time (T5 —
ti th ti _
340 P iy e A5 e UG ARG e Qe e ERRSH(13 — 2
0D balb])lamﬂ)(Td)f— Te) s serpoiontmkntl mawdoermédo determipetstatistics on the
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JbERSR RPIdthemaveesEpdintsaynd ﬁib@lntob@temnneﬂecﬂpmbahél’f)a of the current
Poi sson atistical process. In this case, the
?%B‘SBPfSIWaWS%]PO Nhccess point k | ocation remaining

qoosd)ant TheprétabHity JfayoRenddi V& gﬁnen Rkcess pointlx maphe determined
the probability that access }ggl nt e\%a HDX q i n, the average
il | faERPH GATRE- t ISPFRCES POY o 04t MUY NS dot Vet | &
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e PORE K TOTed FOOT RS ISP SRFO P é?{%(iﬁte"fbofh time

3&‘!18“[3@ ﬁuragHﬁ %Irb'&ﬁf dg3nPRYthe RErrbMACiabdt . ITH}é ebfbe@&icﬂﬂ&lﬂovement may

probability Pk that esssp bility Pr of

hh@n h@tfem‘@ﬂﬁ@éﬁdf@ra Ppisson sigHsqeE PEICGEN %{%" 150858, thf’ Ii5°b% ility Py o
4 ace 0 — ot/D

S ok e SRRl PPy R P, =, s

rREBIvaLiR tight ﬁé&:&@ﬁbm{ RGat heNsd Ellovbiag uBes diocoid kication was last
various statistics such_ as nean duration, variance of
treei figd o bmgwenl iast F+BUTT off ascessroipluk has prier bepn observed to move

Thldshdbsnte@l rg@d[ td ﬂé Qﬂ' ﬁ@tbdﬁl@ 13&%1&1@% gafe dlﬂ@tu?tpﬂ"sﬁféﬁ the average

PRt St ca be used obtain a nor
rairbticht n esyY lo:ratleca@bntmey ;bmtsalnned tq/ beHat> decdbs Pé@'?%whfy Py that

k locatiqgn _has  chan 0 Access pOLtm /T
rﬁ.?\?%ssﬁ’é’é‘ﬁ ks‘faét‘ﬁ%ﬁﬁ’rvﬁgg?r tffg?/ & Foved™St ff r eq%é% y 50

9§4lany I?é&deg@ﬁ(ﬁnﬂt hid BB RMafP €méa i8R ef: tithe dufations in which the
ration 1 n one |location may be unrel i abl e. In this

cmess mmtesmlamd at differens lmaélﬁabmaiytb? ushto %@E’é‘s‘?“ﬁ&? Fgtistics such
h@%?ﬂr%& Sndel S HRCAIhOMhs VS HHiBStonY 8F kifd GQraﬂBﬁ(s etc. This

ai ne ase on statistics collected for a
oﬁafwme'smfmaﬁm mpireplees 18 Reijsarostetitivahmodst ee@ gnay be used to

(gt?tgllnsalrﬂoreh%h%ﬁl\l %tf’ilnatp redgt el ahasn iR elccs AGRERSIocation has

nt's, access points In the sane area as access point
kchanged:ess poi nts belonging to or associated with a

l% 515]c ul a&cceséo‘ 1')“01891? atyqr{a’ve $L&n stla{ioﬁw or may have moved infrequently so

that any estimate of the mean and variance of its duration in one location may be
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 opcrator, ctc. If any

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



access point in set S noved, then the tinme of the nove
may be determ ned and used. to WO 2007/ 056738

wEOn828906/ 060632 24 obtain an expected ti nePAIUS1000060632
D bet ween successive noves of any access point in set
S. Moves for each access point in set S may be assuned
to be Poisson events. If there are N access points in
set S, then the nmean duration between noves for any
access point may be given as N*D, and the probability
Pk that access point k has not2dhoved at tine t may be
given as: Pk = e t~cN*D> More accurate probabilities
of novenent may be obtained by using the nmean ..
dioirint droexpcd disrecduritien Df bebveerosusaessty cHpetasraf@gy gpeegs point in set
et S j i j
3o e B R R B o S i P B PERSon events. 1fthere
mei Macemy painsainiset Sathen fHermehn duraipothbetwiesm AEAVEs rdngraccess point
usi ng ot her ho E : .
tay B fhng CFio) REEine RS BHATR. S BRLAR DOk Xhes not moved at time
Ayt hie givelBad: OPf aieMY® of Mare at@ritei mababititepofientvenment may be
be use§ to predict novement. [0097] A location L
ebirinedthy using the naream; dusetianolN* B desormined frpmsmgveypent histories of a set

[ Q#S% ' for K access points,
&ﬁéc?c%b% >ntfeﬁ8?f%dg 0 s?‘%%ptﬁgéer@ri 01%2 defined: Pk = . )
(981 | onThebickbbility pf fusvemetieeSapaeeess ROint graylalsp ke determined i
= bi | i hat in cat. t ini
T e s
aclthbRity ofehi syisten toy ofmporieot attloresediei tameetoBrilirneef an electrical

usi ng the | qcations. of. ess points, =
B?%B%%‘?nltin%a? ehug?gp%gl%fhé%a Ol‘%ﬂﬁlgﬁ%f al | K access points
p@05T] not Achmated estimate tiuyy be whrivetl afr @ tramineld besed on locations

| ified 98] The. rel i abidi Locat i _
BEN RO RCH fu T BPron ATy "R Ky b Phe oMo B R defined:

Pk i f chapges.of.locations for.all .acce points are

i nd%p@ﬁ%@ﬁ%}“@&{”(hﬁ%’r 3eeqS popt & %05 1P§%i$§thanges of

| ocat abflity 1the: a668$ popai Bilscaion Bay hel shethedEdnce it was last
(13) =1 [ 0099] Equatfi onéé 2) indicates that the

overal | PRPingdOF [y vttiadnand ocation estimate is given

by p heRENAHCE a0bcdthtf dsiifiavd SiHaihed abinalid obat@shsWiall K access points,
the probabil'ity of a change_ in_locatiqon of any access .

poi nE H@Wh%l‘éﬁgﬁdb% focgiophet #EK 9¢ess ReialsihaNe nBt 3@9&%? since they

access ﬁ@{-é’]ltaﬁd%@a\{ﬁed)&qa&%ﬁﬁzae access points used to
e

obtain t | ocation estimate are
[0098] The reliability of the location estimate for the terminal may be given as:
K . .
P= nPk if changes of locations for all access points are independent, Eq (12)
k=1
K -
P> I__[ P, if changes of locations for the access points are correlated. Eq (13)
k=1

[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



typically close together, which allows the term na

being | ocated to receive signals from these access
w@oeinsa73Thus, novenment of one access poi nt NERCDHES2006/060632

positively correlated WO 2007/ 056738 PCT/ US2006/ 060632

25 with novenent of other access points. For exanple,

if a WLAN operator decides to reconfigure or expand a

WLAN, then it is likely that nore than one access

poi nt would be noved. If a given access point k has

noved, this may result in high& probability that a

nei ghbor access point has al so noved. |f access point

k has not noved, this may result in _a higher .

pritbaloivéneyt efhethemacrebyhdiois. akereeenpdenid aﬁﬁ@@ﬂtoperawr decides to

Vi (ch i ref | i I j ;
R Dok s LARE R, 1 BRYIE Kl Hhan SROJREIS point would
beasovedf r Kregivem ab&BE poBO X has mOyied, rthisirapy r¢suit ipfhighss probability

aga% Ry io? tacclegé: %84 PHadBYo pr?) é&]'t Eﬁg&%&g@bﬂﬂg hgkfnot moved, this may

riou reasons: For exanple access poin

ket inoa Higher obbadbdlityothet et ndglebdr caceessopaini has not moved, which is
d%igg Zniggiyhe l,ocation, errors in nmanual entry by a
TGS HdVerent of the access point without

PPSIEN0 Ng Aint Scck@C pbind mayeprovidenitd &ebtion ¢.p., S0 teacon frames in IEEE

Al Wi xi st.ence and w a.high prem um on .
S020T "R ety BEH Ses@N oot efioh v Fer ML Byfith due to various
aeHuhat Eoangdampr), itlid héceko patnit docationl iayaneaps doerect due to errors in
provi ded. [00101] Posi t.ioni ng nmet hods make use of
etendis i oo, FORS Haar T $he WL AN ERE Figh o foment of the
@0E&s bt lvigrfut @pdaingdils BREA6S, Q1 M fidSwhReD many WLANs now in
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[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 rcccived acecss point may be uscd as an approximatc location for

a received access point whose location is currently unknown. This may then be used to
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within SUPL or X.80024 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
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Table 2
WLAN
Position SUPL SUPL Message Description
Parameter
Method




Table 2 W.AN SUPL Position Paraneter
Met hod WD 2007/ 056738 PCT/ US2006/ 060632
WQ@8B00P0si788 oni ng SUPL INI T, An identifier
met hod SUPL RESPONSE W.AN posi tioni ng nethod,
AP I D, RTT, OID, TQOA, signal
SET SUPL START, An identifier

Descri pt

each

e.g.,
etc.

i on

SUPL Message
i S usedr/I8T006/060632

strength/quality,
is used for each

capabilities SUPL POS INIT WLAN positioning nethod AP

I D, supported by a term nal.
START, Serving AP identity,

RTT, Location | D SUPL
e2§., MAC OID, SUPL PGS

INIT address, |P address, etc. TOA, and Location ID
SUPI_START, Serving AP location coordinates signal or
new SUPL PecliohidgT pr ®vPHENIDy t he ARnidenfifierfis osad for each
st rengt himghodnet er| YERLRESAQINSE| h WEAR 8@ &idhing method, e.g.,
quality|Location I lﬁl SUPL START, W ANPEERIBT,0QYDt P&, signal
e.g., ar new SUPL POS INIT 802. 11 )str&@h/llﬁﬂityB&E 11n,
par anet gTg viiy  TESCEPTOT 1D P IR« LTS,
power, U3e, Inided e Iligt pd péiaw S MohiANeAGa
w f( ormunl QIt 1 on paranet e an Oe gdlateqmnal
re[g'?'&‘ve(% ctrgnaf IL recei-ved n&ﬁ
et ﬁashqcamn Hy JusUPPES A(RT:om P §9rvdreg dentity, e.g., MAC
rreg'%ﬁh rent for pay$GBH PO INGAT t  adiliPspiP gidess, etc.
AR ot T e ASSTPITRTtAR TNEW BYBL/id WP 18Fhtion coordinates
] GBRE il g8 L@ OF hel SAPD oK EITRTT| PRNAREE S the AD. wr. fomm
é‘é B RESPONSE. Provi de| sefctichrPil 08113011
I 1T Ul UUT U 1 Ubd.l UTI
csg?wndt@gan%w sUPPURL @Té\ﬁ%pc t 3% plop e, o
i dent it i{@EPFBr ot her SEPE PQY INIT 11g, 802.11n,
parameter WIMA.X etc.
Location ID SUPL START, Transmit power used by a terminal
or new SUPL POS INIT and/or an AP for communication,
parameter antenna gain, received signal
strength, received signal quality, etc.
Positioning SUPL POS (from Provide RTT measurement for
payload, or SET to SLP or SPC)| serving AP, RTT measurements
new SUPL plus AP identities for other APs, etc.
RTT parameter
Positioning SUPL RESPONSE, | Provide serving AP location
payload or SUPL POS (from coordinates, location coordinates
new SUPL SLP or SPC to SET) | plus AP identities for other APs, etc.
parameter
Positioning SUPL POS (from Provide reference AP identity
payload, or SET to SLP or SPC)| (default is serving AP) and one or
new SUPL more other AP identities. For each
parameter other AP identity, provide measured
OTD value between this AP and the
reference AP, statistics of
oOTD measurement accuracy and
reliability, etc.
Positioning SUPL RESPONSE, | Providc idcntitics and charactcristics
payload or SUPL POS (from of APs that can be measured by a
ncw SUPL SLP or SPC to SET)| tcrminal, RTD valucs between
parameter identified APs, locations of
identificd APs, ctc.
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statistics of OID neasurenent accuracy

SUPL RESPONSE,
payl oad or
new
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paranet er. identified APs__|ocations. of

identified APs.

et c. WO|2007Z1i®b87,38 FCFL WSEDDGVI) 606 BRoviddaksobat iTOA (Lx., GPS
SUPL PO%E pobitibpingr ov)i SIEPRIPIA (frem TOAtiE®) for, a GBI from serving AP
posi ti onipagloStiRir PASSET t@8LPiorSPC) pend idntityadnd retative timing
servi ng |APw $idgl.oad, or SET to SLP| Ge.gSB@mneanuaber) of this signal,
i dentity pandndted atijve tinmng new SUBA{ fer gther idemtified signals
nunber) [of this signal, paraneter | Fohsother idehtifiéd APs, etc.
| GERA T o LS | R UEE. | PRI | B A an dShfitacteristios
Posi t 1 01,00 SE RESECRSE 7 @Y 08| L HRBIAL E5, 80 cauced by a
charact ITEET pabtash e OB echf (1 i Apthspapa
can be rreasure[dLby > hew %8 P SEP & B ues,
) d ed APs and their
term nal ,paléa%%grt ed [TOA val ues, pa a;g:%st? olcgltlll ns g? 4
i dentifiled APs and [t heir absolute {f gg er‘éﬁ"gtgir%ﬁé?ﬂsplp (g to
(991 tlo (:DQ)1 etic Dncifi;min%;‘ ] j(_frnm
Provi de |Slogitminingt r enYURLBRY (romi ghBrovigagiBoaldirength8Bd/or signal
to SLP ﬁrpaﬂé@)i, qual | $§T toBLP lve SPENY inglithPor thiegerading ABwsignal
SUPL st rlemgt3igPRnd/jor qual ities fof swtighs appbdeaqrediges for other
[ ?géailf ilpdrafiRger t erfm nal | ocati on, | Blegtified étRs, terminal location,
strength/ — ste. - -
quality Positioning SUPL RESPONSE, | Provide location rcsult
payload or SUPL POS (from corresponding to signal
new SUPL SLP or SPC to SET) | strength/quality for a sct of pixcls
parameter contained in a local area in which
the terminal is located, cte.
Location ID, | SUPL POS INIT, Provide global cell ID(s) for cellular
positioning SUPL POS (from networks, TA, RTT, signal
payload, or SET to SLP or SPC)| strength/quality measurements for
Cell ID | new SUPL each provided cell 1D, etc.
(e.g., for parameter
A-GPS) | Positioning SUPL RESPONSE, | Provide request for cell ID
payload or SUPL POS (from information and indicate if TA,
new SUPL SLP or SPCto SET)| RTT, signal strength/quality
parameter measurements are needed, etc.
[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.80024 PS or PDE may support the WLAN positioning methods described above.



strength/ quality Positioning SUPL RESPONSE, Provide
| ocation result payload or SUPL POS (from
wa@ o ®sq@endi ng to signal new SUPL SLP or SPC tBCBEI)006/060632
strength/quality for a set of pixels paraneter
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Control Plane Sol ution [00113] Positionin

0
eler, rendamayi cindaNBassetatips S asErodlgpp G EY: ngéB( DHPHg Controllers
F@&%} . C ?Pfl ln'e{vbc?ﬁ B rﬁﬁF}; 8L 8RnER006 AktvrdBNEc., and may include
I’'on 'so utlons or 3GPP and 3GPP2
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 Mobilc Location Center (GMLC) 732 and a Scrving 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 cntitics that may includc a Mobilc 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
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be bascd on transmission sequences (c.g., bcacon framcs) transmitted pceriodically 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.



an identified termnal. The new signaling and features

for RRLP and RRC nay al so be used to support SUPL
whewansa3phot h RRLP and RRC may be used as par t POf/USIIPE/060632

[00117] For 3GPP2 control plane |ocation 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 sanme as or simlar

to the signaling and features in Table 2 but would be

added to the TI A-801/C. S0022 @2otocol. For 3GPP2, a

PDE may function as a network server and performthe

oper ati ons descri bed above for W.AN positioning

pERefls. Féx thabﬁ)ll“é) mequoromspemr@m mnayy b ypedsi by at least one

s an.identified. termn I
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%h%éRﬁDvém&s measur errents associ ated with an access
poi nt may al so be repl aced by corre%?ond n
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@&?dlﬁéloﬂirnag sl @dsess 4R%Ar i lrad IBSEEtﬁjnnof @hd @acadse I:B)mt may then be
termnal or an access poi nt in a gln(g%% be used

dgteamined braed ontthe TEM IP%T?F@}G“FH (&3 wecatiops §E gées at least one
%%gjalu 2 dﬁ?gé&hﬁﬂé NGTACHESrdRedl For MBS r&ﬁq{hﬁts ofifeBminals may be

r at l'east one access pOI nt i.n V\LAN ]
(dotepwinegIimped Thd Qb aReAWIvEIES Hade by gugtiglederpnals. The location of
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transm each access point. The
d@awlecmhmsoﬁﬁgttb e by multiple termnals at

Cﬂg@{aﬁen% d.l.gc \ 'vs% %ce?s §o %]repc;sﬂf(ﬂ?ﬂ?[«m %Ec&bfﬂoﬁ{tenAt least one

ons oca Pon of _each ‘access poi nt
detioni o dt baste dneneritivalmeasiyingnAngnissions rffoé% @B gpwepOInt in a

1 4
Vq\(igﬁiiﬁp (ﬂ%%llﬁ!gg &1ﬁ%lg%agglreé§r‘%ht8§ K r Bl %cte%% dE@fmined based on
lthaat l«asteond Ricaticwlof ter atalegst wbdelanmebéalcp@q 914) T’ﬁ}@e location of the
EEE%E'R%M ey Ry doemein b Aties Phie Rhaates MEfif bR Efo ecmology

LAIER© . 1ay alseuajynmeamm mzﬁmtsﬁa@sr used by the at least one
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3aR&d bn ¢f) AeFe@s ToPRIitSs ofhe at Rﬁﬁtdr@l’loﬂm&ﬁtfﬂth@atk&ﬁ one terminal,
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n the
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point determined based on the at least one terminal location.

[00124] FIG. 10 shows a proccss 1000 for positioning a tcrminal. Mcasurcments 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



termnal. RTD values may be determ ned for the OID
nmeasurenents, e.g., based on a function that accounts
wo eoo7samB8g drift in the transm ssions used t oPObUS2006/060632

the OID neasurenents. The | ocation of each access

poi nt may then be determ ned further based on the RTD
val ues. [00122] For the TOA net hod, TOA neasurenents

may be nade by at |east one terminal for a single

access point. The location of the access point nay

then be determ ned based on t33¢ TOA neasurenents and
known | ocations of the at |east one termnal. For

exanpl e, OID neasurenents for at |east one pair_ of
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paé Meatlidy obthcdeingh il Mgttheh d8 @Stedmin(ed) baddE 6@ g measurements and the
coordi nates of the at | east one |l ocation of the at
Ity Frfach ae9FsHBPINE (b) a centroid of a geographic
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ot her  point determ ned based on the at_ | east .one
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408008 bRESRI &4 RIEhAGh BistGy ThddhatidE aSUsA '\?'Qﬁ‘itsacf:&rs poit or a set of
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catlon e at east one access p0|nt
\gatign r¢spbie 3% pblagred: foe ammrakéx o6 POSTHPTNgeES wéhlpgk 1112). The
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ccess I oca [ on 0 erm na be
Bé’fTe mﬂtln.’ei;i OFbPethetlon, tT@AthEMaﬂgmmmesg@makWOWthod cell ID

?}E’%d%f 8%?%, et%t "Ilhg ﬁira]? %ﬁg&ggﬁ I'ngllltgtls c{rﬁﬁmé@ﬁ) obtain a final

neasur
lc&a’mamaetsuftc(bloak ligdst Atlwoatpm evssnrate fcuacstslmrprsmht&nedrbaed on the

TN N TN N T o T
deastyfanaions fansbskibbylochthamtaf 0]116 stafiori. NnEhaprdabilipp dedsity functions
anoagf tgchceor;lr‘t()%ﬁ‘cggct) %%ga’in -erlqual probability dcnsity 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] FIG. 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



measurenents may be nade by at | east three access
points for the termnal. The |ocation of the term nal
woray7beass be det erm ned based on the TOA nmeasUuPETYERL086/060632
and known | ocations of the access points. [00126] For
the AP I D nethod, the neasurenents may provide at
| east one identity of the at | east one access point,
e.g., the serving access point. The |ocation of each
access point may be obtained based on its identity.
The [ ocation of the termnal m&y then be determ ned
based on at |east one location of the at |east one
access point. For the signal strenﬁjt h/ qual i ty net hod,
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1212). T termnal e anges signalin j net \

SReeebpr (AP0 PSR Ag: ard Fud FARRERAT 178} RS20, onty one
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SOPEMEHCAOBOIRORTIY b 3P o PSRESVES3 §#Poshd:y one controlier
%géeké%%opﬁiogﬁé%emory 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



34 |l ocation (e.g., for 3GPP or 3GPP2). The term nal
receives location information from the network entity
W@ biogok673216) . The | ocation infornmati on may CcOPQI/USE06/060632
access point |ocations, access point identities,
access point timng information, assistance data,
etc., and may be used to nmake neasurenents, conpute a
| ocation estinmate, etc. The term nal my determ ne
its location based on the | ocation information (block
1218). [00130] For term nal -b&s$ed positioning, the
term nal may obtain neasurenents for at |[|east one
access point in the WAAN, e.g., a serving access point .
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PeMBch @Bsiﬁaﬁiﬁlg&g a fs@mb&l @10, 4 formsilt £ ddcads peint] @k Bome other entity)

signaling, a ) .. . L.
ma%/ be in%plemented w% in 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 (FPGASs),
processors, controllers, micro-controllers, microprocessors, electronic devices, other
electronic units designed to perform the functions described herein, a computer, or a

combination thereof.



toterminals within its coverage area. These various

types of data are processed by WO 2007/ 056738
wEON0828906/ 060632 35 processor 1330 and condPCT/OR®A6/060632

by transceiver 1334 to generate a downlink signal,

which is transmtted via an antenna. At term nal 120,

the downlink signals fromone or nore access points

are received via an antenna, conditioned by

transcei ver 1324, and processed by processor 1320 to

obtain various types of inforrm&tion. For exanple,

transcei ver 1324 and/or processor 1320 may make

vari ous neasurenents for any of the W.AN positioning
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F%%ﬁ%@% g%%%?aéégﬁggscribed herein may be

|nplenented by various neans. For exanple, these

techni ques may be inplenented in hardware, firnmnare,

software, or a conbination thereof. For a hardware

i npl enentation, the processing units used to perform

positioning at a station (e.g., a termnal, an access

poi nt, or some other entity) may be inplenented

within one or nore application specific integrated

circuits (ASICs), digital signal processors (DSPs),

digital signal processing devices (DSPDs),

programuabl e | ogi c devices (PLDs), field programmabl e

gate arrays (FPGAs), processors, controllers,

m cro-controllers, mcroprocessors, electronic

devi ces, other



el ectronic units designed to performthe functions
descri bed herein, a conputer, or a conbination

wo berasd73s WO 2007/ 056738 PCT/ US2006/ 060632  36r¢D03884/060632
For a firmvare and/ or software inplenentation, the
techni ques may be inplenented with nodules (e.g.,
procedures, functions, etc) that performthe functions
descri bed herein. The firmnare and/ or software codes
may be stored in a nenory (e.g., nenory 1322, 1332 or
1342 in FIG 13) and executed 3y a processor (e.qg.
processor 1320, 1330 or 1340). The nenory may be
i mpl enented within the processor or external to the
processor. [00139] Headings are included herein for
?ﬁﬁﬂﬁ?nCﬁn@ﬂﬁﬂkﬂcﬂhﬁhhmphﬁ?ating certain sections.

hese” headi ngs are not intended to limt the scope of
the concepts described th [ Nﬁ@er, and t hese
concepts nmay have applicabﬁ??fglln ot her sections
t hroughout the entire specification. [00140] The
previqus description of the disclosure is provided to
enabl é- any ‘e FEIPPRYE N the art to make or use

t he diasgbesubeio MsthinOmsadisthérts Fbd ANSadtGrieNcess point in a wireless
disclosure w |l be readily apparent to those skilled.

19¢al trea getvork AWLAND agd e dpterpiedesapioaof gash aktle at least one access

RefebasciRY: (RE nRRRIEREnk Oart her variations wi thout

departing fromthe spirit or scope of the disclosure.

Thus, atARneyseupledrta thesprreesseit ended to be limted to

the exanples described herein but is to be accorded

the w dest scope consistent with the principles and

novel 2f eat Uthes apliasatne sddelran el .nwhiyeip (by /oseragents are based on
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obtai n neasurenents for at | east one access point in a

W rel §ss l"[%%ala r?t% n&t 2[11% (I\ALMrbinaQHe te ije%gte rogli NEcess point

| ocati-on of &alhof the a east one access poin

bagsespoods the simgs wcesssmicint, svhdren Hesrpngasoouphsdedioptideeround trip

roc . 2. The apparatus of claiml. .wherein the .
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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.



corresponds to a single access point, wherein the
measurenents conprise round trip tinme (RTT)

wore@sosa@aent s made by at | east one term nal foPCT/H82006/060632
access point, and wherein the processor determ nes
the location of the access point based on the RTT
measur enents and known | ocations of the at |east one
termnal. 4. The apparatus of claim1, wherein the at
| east one access point corresponds to a pair of
access points, wherein the ned8urenents conprise
observed tine difference (OID) neasurenents nmade by
at | east one termnal for the pair of access points,
and wher ei Thetrpppradiseot sleir ot evheraias thenproressat dsirges real time
g%’i}er&%g )Rf%hf%g ffmbcﬁg‘ %ﬁ"ﬂ etaﬂﬁ'elgggs %Q%H{e% ﬁ{gs Sthé@‘l%gaﬁon of each
NoOwWN |ons 0 e at [east one term nal :
acpq@wlaim’sﬁmthetbaledmﬂ:ch@/\hi%rarhu%he OTD neasur errents are
made by nultiple termnal at different |ocations,
and, wherein the processor determ nes the |ocation of
each acces§hpoapphraln& efl chuimt GewlHiBimtws progessat sletgmdines the RTD

’2%5%8% atio S Of g%@g)ualggfg% @gﬁrggr mf_ﬁg}l ersrﬁ%fﬁa ions u;ed to obtain

ﬂie&DFD%eaﬁﬁfﬁilﬁinltB.the processor determnes real ti rre
difference (RTD) val ues for the OTD neasurenents and
deternmines the | ocation of each access point further
basedgon th&leRI@atahsnesf claimThe xap@arnatthxs af lealstaiom: Baccess point
wherei n_ the processor determ nes the RTD val

PSPPI e R GECRt OB 1af FCAGEPPHE CPRPrice B of arrivl

g:{;@ﬁ@ %&%ﬁ&ﬁ&n’t&ﬁ@f dclié By Qbﬂ@l\iﬂoné ’fb@mﬂhléﬁ) fﬁfﬂfﬁwoemhtcﬁnt, &8nd wherein
e apparatus of claim1l erein the at |east. on
thec dEecesinrn deteppines sihiGn leoation 20 éﬂﬁﬁl WOEEC é’?gltpgﬁﬁ’g, on the TOA
m%&ﬁbﬁeﬁﬁ QnARASWH EFRIoEs 60BNt BastdnBe@hindl I val
(TOA) neasurenents made by at | east one term nal for
the access point, and wherein the processor
det er %nes e rﬂpgﬁﬁls' Sf‘lelfm Bhenakatas POAMDATEHeME are made by
the T measurenments and known | ocations of the at
imedidple ofgemingt ot rdifferent lqypsionppanchtwherein e aprpegssor determines the
mgﬁgﬁ '?)F HRE 2 d (5 % g@ P %é‘é&e&{ 12T G ATRLEs RYmerdy |ahﬂ%%wn locations of
erm na di ent |ocations, and wherein the
ﬂrmeﬁ@bﬁrteumr@ism nes the |location of the access point
based on the TOA neasurenents and known | ocati ons of
the nultiple termnals. 10. The apparatus of claim 8,
wher eilf. t heTtat abparstuson® cdaivess pbemin thoratebashdnet access point

ggﬁlf)srplg gg Cé’:rgl%g]fe OFQS}S{? gmf{’?er LD, ttﬁg measirehn {1@%&%1&3515% ;c/m'le of arrival

measur ernen .
(TOK) pheasuteaicntsnahde By mmﬁlﬂesat@unmlsp‘bi- tite, acaesd pwhiely enchwherein the

tpllzlo(:'\cessor obtains observed time difference (OTD) measurements for at least one pair of
terminals based on the TOA measurements made by the multiple terminals, and
determincs the location of the access point bascd on the OTD mcasurcments 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.



processor obtains observed tinme difference (OTD)

nmeasurenents for at |east one pair of termnals based
wWo@roorloss73OA measur ement s made by the nul ti pl e PCT/US2006/060632

termnals, and determnes the |ocation of the access

poi nt based on the OID neasurenents and known

| ocations of the nmultiple termnals. 11. A nethod

conpri sing: obtaining neasurenents for at |east one

access point in a wireless |ocal area network (WAN);

and determ ning | ocation of e&®h of the at | east one

access point based on the neasurenents. WO

2007/ 056738 PCT/ US2006/ 060632 39 12. The met hod of .

cl ai m31, Whemesthod pEclgim dil nivherehe s AbEHBREINRASHSFI S B comprises

I : i

e B A L R Sme terminal

Poiamady ofavdesshmints randieheteingheidaienmiting lcpon eomprisos gkptermining

gl%t 1%%%81&{ gg ea&? %cée%%_%;dirﬁnino{he 1h baGREST RO\ D! RedsQfements and

pai r based on the nmeasurenents and known

kowat iwatows oftthe atleadteas teroimalt er i nal . 13. The net hod

of claim 11, wherein the obtaining neasurenents

conprises obtaining tine of arrival (TOA)

measunanenthemagthodpf alkhirh daswhere theratitainingfroeasarements comprises

sjngl.e ,.access.poi.nt, .and wherejn t det,er.m ni . .
Pudite iREGar BRL T Bl PRt R A ToB} Rpipel for asingle
atcBgH poiaf eadSvipatintthbasedmoing heallGA comasisesedeasnagdhe location
kpown .l qcations of th at | t one termn 14. . An.
AbiBErRAIE SESs PPST RS BERIoHRG: ALt Chisiftons of the
hOeagttonk @aflinglne access point in a wireless |oca

area network (W.AN); and neans for determ ning

| ocati on of each of the at |east one access point

based 1an tAipagRas e5BfigGng:15. The apparatus of claim

14, wherein the neans for o tainig? measurenents., . .
conpr PEeEs AeaARtafERe SICETRTIRGISOIE &F JeA OPFECEisP RO Wireless

(A rea ABRDH EWBNAS); e by at |east one termnal for
a pair of access points, and wherein the neans for

det er mesn &P desrntining desrpion 98 sackoahthiorad foagbors aFcRpsRpint based on

ihentocal iR of each access point in the pair based
on the OID neasurenents and known | ocations of the at

| east one termnal. 16. An apparatus conpri sing:
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 recelving
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.



a processor to obtain at |east one |ocation of at
| east one termnal receiving transm ssions from an
waec@emss7poi nt in a wireless | ocal area networ kPCENISE6/060632

and to determne |ocation of the access point based

on the at |east one |ocation of the at |east one

termnal; and a nmenory coupled to the processor. WO

2007/ 056738 PCT/ US2006/ 060632 40 17. The apparatus of

clai m 16, wherein the processor determ nes the

| ocation of the access point 40urther based on a range

limt of a radio technology used by the WAN 18. The

apparatus of claim 16, wherein the processor ) .

det er A7 nes Thisepperetusialislains 1&, péepie Epsprpessier deipryess the location

Pf‘ﬁ?edac%gssl ?&B’E‘ @:‘theg QYEEd YR &dr¥e i ¥F 4 BRRS tQBBology used by the
erm nal of the access point. 19. The appar at us ogy

WIaAM. 16, wherein the processor determ nes the

| ocation of the access point based on average

coordi nates of the at |east one |ocation of the at

| east 18ne tTemippadatus2d.claiinel G ppgarat s pocedsar detddnines the location

rein the.pr ssor _determ nes. t [ :
1Bk 85 e LS AR hF O£ Uit Bl R crminal o
aRvRceRPoidte at | east one termnal. 21. An apparatus
conprising: a processor to obtain neasurenents for at
| east one access point in a wreless |ocal area
net work. ( WiAN)appafatistsf oitinetsyiwirrdin diat pronessbr determines the location
term nal based,on . the neasurenents f t t | east.. )
6F Ehe,eeasssPYBT Rised AP YeTiasaordinates gt 3 thieaft guscidgption of the a
I8sdne tBABIngICCESS point; and a nenory coupled to the
processor. 22. The apparatus of claim 21, wherein the
measurenents conprise round trip time (RTT)

MeasungMeNtihBHAeratl dfigaiheTdTiRkeih Bie pltReRbr HEBSHin6Ne location
access point, “and. wherein the processor determ nes

ohidhq ereasy BRInbPaseHon & CRIERIF BasEtpSrai¢ frsapepyerng the at least one
ppements and the at | east one |ocation of the at

| east one access point. 23. The apparatus of claim 21,

wherein the at | east one access point corresponds to

at | eagt tWQnQ@%%ﬁmQEmﬁgﬁﬁﬁgzp°ints’ wherein the
serv

measur enent's c rse ed tinme difference (QOTD) .
neas Urepmentssontaebtain icesuremerits £br floleastheneatcceesapeing Woa wireless

a'ali Sar oaf ngm;:c (@) 5(1\7‘5;]9 ; ,S ancf‘?&l ‘f'lttnﬁlenlotcgﬁo@ oPCE P Hinal based on the
eerrr?nest e oca on O t he erm na .

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) mcasurcments madc by the terminal for the at lcast onc aceess 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.



based on the OTD nmeasurenments and | ocations of the at

| east two pairs of access points. WO 2007/ 056738
wEon0828906/ 060632 41 24. The apparatus of clBETUW06/060632

wherei n the nmeasurenents conprise time of arriva

(TOA) neasurenments nmade by the at | east one access

point for the termnal, and wherein the processor

deternmines the |location of the term nal based on the

TOA neasurenents and | ocation of the at |east one

access point. 25. The apparatusl of claim 21, wherein

the nmeasurenents provide at |east one identity of the

at | east one access point, and wherein the processor

obtaining the at |east one |ocation of the at | east

one aggess -poi nt b se

and - dd or rRereRET St Qficd 28, PheickP e ARG ERAG Limprise ime of
tahﬁ.\raa(Td)ﬁasﬁea@meniem’sahaMbsoﬂxetdu desat oheassess poiat fg ¢hgstorminal, and

i nt.. apparat us Ia n121 t

Siin hEtCtsp P reantiy dr ToBBangt (G5B Bied on the TOA

S QB @er@H | antifloditias @feumnﬂsast ome dmm iignal strength
and signal quality neasurenents nmade by the term na
for the at | east one access point, and wherein the
processor deiehppanges bieldiacat, I\@]i\ereifn ﬂlbenbzfsnmrmits provide at least
based on the neasurenents and at ast. ope i dent §¥t]nn the at
one gty of ghest least ong Aecsss B%‘Phtand A 141= -1 P (= VT

GLARt BhibcaBEbeiR diMusPbRe @&%ﬁkf p(ﬁﬁi basail Aasthé heleast one identity, and
| ocation of the term nal ﬁ 3 ﬁsed on rel q ;ﬁ
seterpnesithe location ﬁgﬂ}eo‘@ﬁ{lﬁ“éh oRdhgat eé‘%tts ne&ﬁ%“ ion of’the at least

Gl %%E&m? bift. 28. The apparatus of claim27, wherein
e processor determines reliability of the |ocation
of each access point based on |ocation history

I nformgy i o&ﬂ%g}?ﬁﬁu?%@’e&ﬁm POI Phere@Othe IABasaRPAERE USmprise signal

of claim?2 el n rocessor determ nes
rsedengﬂbl meetsyrermts, h@naquhtb megsueEEhtsapt el sigmah strength and signal

cglc eg's %peaglgr%&teh Qges &r&r ﬂlol REQEIRILP IS QF 18058 VncOfccess point, and

d conprising: obtaining
nelaseine rth@tprobeﬂsoat deteragtesoribe atosatien poff rthe j fprpginal based on the

207 GRS B UL RO BB S "8 et SRR 5kt on

of a term nal based on the neasurenents for the at

| east geess poin and ,at t L0 9fes the locati
the at 2feas S AP 5 tg%gé clﬁgn %? Wil&%?n th@ %‘f‘oéegﬁ)@td es 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



31. The nethod of claim 30, wherein the obtaining
nmeasurenents conprises obtaining signal strength
worr@sos@dent s, signal quality neasurenents, or PODUKB2006/060632
signal strength and signal quality neasurenents nade

by the termnal for the at |east one access point,

and wherein the determ ning | ocation conprises
determining the |location of the term nal based on the
nmeasurenents and at | east one identity of the at | east
one access point. 32. An appdZatus conprising: means

for obtaining neasurenents for at |east one access

point in a wreless |ocal area network (WAN); an
neansddiamidiegdopdtivionef & eraindrbased gnites rﬁl??é}“’\%ﬁg’dpoé fhe at least
the neasur fonk R6catith of 8RSk 1QRERELRSS RPN

AT nggls{gE @%éle %gg%ikgcr?tlgé the at least one ﬂ;?(h:ess

poi nt. 33. The apparatus of claim 32, wherein the

means, for bt ai i hg 3 160 BBLiSRS R3S kAl comprises
obt ai #'ng gﬁf@ﬁ%ﬁt ogét?feér%?ﬁ%ﬁe%ggg%%éntgnts,a Si %nal p,
Stahidoysiped syreaptn teeaswembas,hsighg nataldy mespgeremests. or both signal
si gnal al i t surenent e érﬁﬁr'ﬂl%f Okt least one
vﬁ%gikw&ﬁgg@a%ﬂﬁﬁﬁggggguggﬁﬁg?ggﬁgﬁa&gngn t he nmeans _
{REssOIiRY, Bhdiwigreih akateterminmgplocatits amapgsel gletermining the location
determ ning the |l ocation of the ter Reyt 1east
ks (FEHBHt SQ&&“& ePE?@TE%ﬁ%mfﬁgﬁ¥F%%ﬁg???ﬁgggfgﬁeast cast one
ANBssAsMSS point. 34. An apparatus conprising: a

processor to obtain a plurality of location results

for a plurality of positioning nethods, to conbine

the phyral iNyaRbrdn@c@m@idgesul ts to obtain a final

| ocation result, and to obtain. a cation _esti . :

for amseny fRnOYASEIE BIFCPHENFTH JPr |aLge‘§ts{ BA° PETr {Tp% Engnuc} a wireless
EP ¥Q£¥dgngb@qjg@%Q£§ processor. 35. The apparatus

of cla

I'm 34, wherein the plurality of |ocation results
cor r espentlfacieierplinipg|lpeionrf BrigBABHY 1?5159‘? g ﬁ]_%? pipasurements for the
%\ﬁl@gstt 190508 pBRAF SAPhAARBAL IRBLOH of 1h at Bast drRMhccds Goint.
erein the pPocessor conbi nes the plurality of
probability density WO 2007/ 056738 PCT/ US2006/ 060632
43 fungtiong,t o hLaln ¢ fdal PLOBARKL Yndlentihy for obtaining
function, and obtains the location estijmate  for the

steatiromehiasestprises hmedisn&ir phtakming signg! gapagthymeasurements, signal
function. 36. The g P e , Slofsuelie de b
ity aSEmiogiy o PRACALY Sp et ot St qUiley ol ents made by
lo2s Remanl el thebit ledsy cof dohess poutapid yheteipdhe ricgRs Hy determining
thods. 37. The appar at £ ' i . q b
Fhan yepepaie SR g5t S TmPlnELR Dodfon (196€1RAR based on ta

ML s@nrAtsandes eapoimd idemtepof the {tARst @) FasesrmPintg
round trip tine

34, An apparatus comprising:

a proccssor to obtain a plurality of location rcsults 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



(RTT) nethod, an observed tine difference (OTD)

nmet hod, a tinme of arrival (TOA) nethod, a signal
watoognsdi7Bs or signal quality nethod, a G obal PCT/US2006/060632

Positioning System (GPS) nethod, and an assi sted GPS

(A-GPS) nmethod. 38. A nethod. conprising: obtaining a

plurality of location results for a plurality of

positioning methods; conbining the plurality of

| ocation results to obtain a final |ocation result;

and obtaining a |location estdbate for a station based

on the final location result. 39. The nethod of claim

38, wherein the conbining the plurality of l|ocation . .

fuastiisso cbtaps b Sesl potrbitibndenaitp furdions ndebtaing ghpjoepiqp estimate

ensity.functions for s £ridgocation
%églﬂ %%tl ubaB%ci g ﬁleaf%%allhg?eoaglrlg%g%%&?&tfgﬂd%nsi ty function
for the final location result, and wherein the
obt ai pi ng e locatio st i ri <Ot BLiBhR9he plurality of
the | dCati &He apRAFA R OF RET 35?%?1%1%61 et g%s?g% Srichgne plorlity o
folchi@dn RE@BARsEd by relbiity wf fhendtiabity ofsitimingpmatwdss
conprising: a processor to conmunicate with an access

point in a wreless |ocal area network (WAN), to
exchapge sapalpbR@msl dfftldnnes walideeiarthe tpjurhigty of positioning methods

positioning of a station, to, receiv ' ot
PermprFraeh oAt PRPL AR aﬁ%‘?w"éﬂ?l?w,(%&in Ik, g tp time
[OPR) LRMARA, ahNEbseslaltigd difiseato(OTDP nhahad, i ofime of arival (TOA)
rnfornation, wherein the signali IS exc ed _vi ,
widhodae sl PR OB NERIH DT TP SR hE System (GPS)
1d BS SsiRbPOPSI(AC@PEPetlodcont rol  plane

ocat 1 on; and? a menory coupled to the processor. WO

2007/ 056738 PCT/ US2006/ 060632 44 41. The apparatus of

cl ai my40, %ﬁk‘?ﬁ&%&o‘?ﬁ;ﬁsﬁ@é:i on is a termnal .

communi cating with the access point and exchan mgp thods:

si gnalobtegning eiplutbityneflaertionapiulisfor a plpralyy @ BB%EP ggnetnods;

of cl al m 40, . YeL ek S185 1RBulisSto OB iR 6 FREE10RANA! result; and
43. Thcé’mé)btbl% ﬁkuélﬁ%ptipglom 40, wherein the | ocation I

i nf or rotdining adnpationestimete foeastation bassd cibedwaplgepfion result.

| ocati ons, access point identities, and access point

timng information. 44. The apparatus of claim 40, .
wher ei39. t heTlpr metedarf cidied § svheseis dheprnbining e phyrality of location

| east one access .point in.th . e AESs et plurali
(BRI COFPEESS FEnRIpE; ARl urqliy gg}!%o@%‘?%gﬁ %glgsg r%ﬂlngntg andepum.lty
tdreobaal fepilts fif Obtant & dinat ostiabidy fdensitst Amctien Wer khe final locat1.on
?thglg{j %@ﬁéﬁ{%ﬁ;{g %S&g{é&t u&ﬁegfgga%ilofall Miftite &4?1%1%69 obfifhing the location

estimate for the station based on the final probability density function.

40. An apparatus comprising:

a proccssor to communicatc with an acccss point in a wircless local arca nctwork
(WLAN), to exchange signaling with a network entity for positioning of a station, to
receive location infoﬁnaﬁon 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.



one of round trip time (RTT) neasurements, observed

time difference (OID) neasurenents, tine of arrival

W@ T@apsemegasur ement s, si gnal strength neasur enePCEUSZNG6060632
signal quality measurements. 46. The apparatus of

cl ai m 40, wherein the processor obtains neasurenents

for at least one access point in the WAN based on the

| ocation information received fromthe network

entity, sends the neasurenments to the network entity,

and obtains a |ocation estinmdte for the station from

the network entity. 47. The apparatus of claim 40,

wherein the network entity supports Secure User Plane
Locat#nn ( SwBLhpmwatds SO0 2daind 840,Theherpivarthe ustagpn c (% dn terminal

(?qof?’ JgWhixp lgﬁt%ﬁé]‘gt&pkﬁ%%]g Loy koit?trlltnidt c %%%ﬁﬁl%t\{lﬁﬁ thelHc®R8rk entity.

networ ks or” 3 net wor ks.
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 nctwork cntity supports Sccurc
User Plane Location (SUPL) or X.50024.

48. The apparatus of claim 40, wherein the network entity supports control
plane location used for 3GPP networks or 3GPP2 networks.



