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BACKGROUND [1000] This application clains priority to

U S. Provisional Application jo. 60/420,540, filed on

Cct ober 22, 2002 and U.S. Provisional Application No.

60/ 441,981, filed on January 21, 2003. Field [1001]
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soneti nes necessary, to know the position of a

W rel ess user. For exanple, the Federal Conmunications

Conmmi ssi on (FCC) has adoBV’eGKGRQHNDand order for

an enhanced 911 (E-91 1) wireless service that
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svverlng 0|n edch tine a 911 call is num

60/ém,f)&bft1@hmmuary|2"l 20@Bdition to the FCC mandate,

service providers nmay use |ocation services (i.e.,

services that identify the position of wrel ess

FRidi nal s) in various applications to provide val ue-

added features and possibly generate additional
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E’@ﬁhﬁlhﬁﬁtﬁdigsyst‘éyfﬁﬁsﬁ}rﬁg pERS)predidtionk. is a "constel | ation”
of 24 well-spaced satellites that orbit the earth.
Anot her such systemis a wireless conmuni cati on
l%%gh , a cellular comunication systemthat
I'nc es a nunber of base stations to support
{:Iil(miml daid oftenvdedirablen unt) somefimas @ecdssary twaksow [tljd)@da]ition of a
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nber of transmtters (typically three or four), and
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ggt%t %g\ggn%gpﬂétuagé)m eac 1me a 911 call is made from the terminal. In

addition to the FCC mandate, service providers may use location services (i.e., services
that identify the position of wireless terminals) in various applications to provide value-
added features and possibly generate additional revenues.

[1003] The position of a wireless device may be determined based on various
position determination systems. One such system is the well-known Global Positioning
System (GPS), which is a “constellation” of 24 well-spaced satellites that orbit the
earth. Another such system is a wireless communication system, e.g., a cellular
communication system that includes a number of base stations to support
communication with a number of user terminals.

[1004] In general, an accurate position estimate for a wireless device may be
obtained based on (1) distances or ranges from the device to a sufficient number of

transmitters (typically three or four), and (2) the locations of these transmitters. Each



2 transmtter may correspond to a GPS satellite or an
eart h-bound base station in the cellular system The
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the signal transmtted by the transmtter. The
| ocati on of each transmtter gan typically be
ascertained if its identity is known. The identity of
fafdnfEARRY ddn%ﬁ%c!]%Ytobﬁ QPFOVitElaEt bh an tAfhHoBfBbase station in the
transmtted by the transmtter. [1005] In many
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FOE s B0ies it B e off TRE Mo o BREFEE G Vithge Ras of the
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E%g_ i beegn lﬁ_gwa“@bm& udpd iR FETRACTY CBiaE messAgEDFapynitted by
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is different fromthe offsets assigned to n orin
askl reedita establish Eammub@sors with itienbase swtidn.s Secead graekl bid station

seguence t ectrally spread data pri to .
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pataeftion! FoMa CDMALs§sexaehhtia8e staflth I RLBn&BS Specific offset of the
stations in the systemnay be assigned with the sane

PN ssqyense, whiphy g di fprenhﬁymnt@p oﬁf@etp asugngddoingighboring base stations.
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identify the transmitters in a wireless communication system.

SUMMARY
[1008] A method and apparatus is described herein to identify the transmitters of
signals received by a wireless device. These transmitters may be base station

transceiver subsystems (BTSs) in a cellular communication system (e.g., a CDMA



transcei ver subsystens (BTSs) in a cellular
communi cation system (e.g., a CDVA WO 2004/ 039090
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may be a user termnal (e.g., a cellular phone). The
transmtter for each received,signal is identified
based on predicted powers for  candidate transmtters

SR e P3G B B B0 Bhing! ASR2k e w8l Bpope). The
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Mor eover, the predictéd power is obtained for the

B840} i odlhef ptelde:tfzﬂopewalgéomom cmdaé«atmpllsm,lttetrhm the list is then
rrain. a cover/| an r, the coverage zone
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predi cted power may al so be obtained for the centroid

emtgiebof hegeyergee zanse Hor example Hbe tesrai prd lang cover/land use for the

LRSI §39 ARubAPEL AR Bl KRB IROBARARY poge o b
thegiaditted powear €hd prediceaipaee (ihay&gaai s dbthined mmahel e&droid of the
power of the received signal to determnpe th
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éqﬁen the predicted power and the neasured power
e performed based on a direct power conparison
Bééhe dfheapredicttd pewpower the marpdidhtsonarmﬁmre argghert ftempared

di rect, power c ari so sche edlcte LPover

St el B e SPREE sieha bt elESyper for the
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&;n?\g%glo}\ ts&[] SF(?letﬁ&?n dlﬁecg %Pgrgp%%rﬁf]grigséﬁé+h§gqeg liheedﬁr%lgt%d power for
tdcansdiididagy traﬁsrﬂilhér i toapeed dibatyvagiiniththe measured power of the
received signal. For the relative power comparison scheme, the predicted power and
measured power for a reference transmitter are also obtained. A relative predicted
power is then determined for each candidate transmitter as the difference between the
predicted power of the reference transmitter and the predicted power of the candidate
transmitter. A relative measured power is also determined as the difference between the

measured power for the reference transmitter and the measured power of the received

signal. The relative predicted power for each candidate transmitter is then compared



predi cted power of the reference transmtter and the
predi cted power of the candidate transmtter. A
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di fference between the neasured power for the

reference transmtter and the greasured power of the

received signal. The relative predicted power for
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transmtted.t signal . [1012]. e propagation del ay _
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power compari son. e transmtter for the received

$109341 i Baridwsnspdcdenid dntedihasedf B8 didapse®@HetHdatnd a paratus are
i Qus aspects and enbodi nents of tﬁe

result.. [1013] Va

8?%0:‘3‘:[’%%’@6}%%?‘]%661‘2;\%0‘5ppar atus are described in

further detail bel ow. BRIEF DESCRI PTION OF THE

DRAW NGS [ 1014] The features, nature, and advantages

of the preserBRIBEBDESCRIPTION OF THE BRRAWINGS
fromthe detail ed description set forth bel ow when

{ddh i Theofspyrest nature, vaind radyirsagss afi they presentvilniverhiohi widl become

ters, i;dentify correspondi ngl . o
FRF BT R 8581k o S RS R e  somoneton
Dot aitdwings Sins tveiith [1IR1Gefefchée chatdcldd$t iddhS thfespondingly
"sg‘gggﬂorl zed" cqverage areas for four base stations;
[hf[ putng wheaein | ystrat es a signal transmission from
t ] = G, hows a nodel used

Fi c()ﬁ gjrsediq:gt@' %%@%ﬁ%}m{gg Q%ﬁllém@]ggﬁa%%y gtglgll’ved by the
18161 nalFIG[ 2 (hBirates Gie ‘bedtbrizedlt’ cavepszet ersifeefvut bise atations;

f e r..one received signal using a direct
@8&2? cﬁﬁaf’/?é%%t@aﬁéﬁ&naftmwssmn@orsai TShtorg gpninal;
fioagy amRG. 3B RAEWE SR ubeRfrédiMbe HBG et bAR i daf Reived by

for a.
the terminal;

[1019] FIG. 4 illustrates the identification of the BTS for one received si gnal using a
direct power comparison scheme;

[1020] FIG. 5 is a flow diagram of a process for identifying the transmitters for a
number of received signals using the direct power comparison scheme;

[1021] FIG. 6 illustrates the determination of a coverage zone,

[1022] FIG. 7 illustrates the identification of the BTS for one received si gnal using a
relative power comparison scheme;

[1023]  FIG. 8 is a flow diagram of a process for identifying the transmitters for a

number of received signals using the relative power comparison scheme;



nunber of received signals using the direct power
conparison schene; [1021] FIG 6 illustrates the
waledognstopat i on of a coverage zone; [1022] FI G P@1/US2003/033680
illustrates the identification of the BTS for one
recei ved signal using a relatyve power conparison
scheme; [1023] FIG 8 is a flow diagramof a process
fleo241dentid W R f1b® disgamndit 4 Ffo%esfs%r fenBtiREThe Qfansmitters for a
recei ved signals using the relative power “conparison
Senbreof 9y paMgrabocIRE PW@@ZO@SM@E@@@@“ISO@ s[:llmfn]
F 9 i £l aqr.am of roce for i.dent n
%ﬁstlr anélrg;j1 tltoelg\g ﬁ%‘?’ Q%agraxan% 5FC gg%fi?}gr(ﬁmgi"&nthf: i)omgon of the
U&trﬁ@alalsmg\mlSsalm! heded BaenG a¢midied &ga§ povenBedicddShnd! G
10 is a f|l ow di agram of a process for determning the
p86di on Fp- Lhds 2 smplifigd blgqhqglamssof afiomagrtitissein the system
usi ng power predictions; and [1026] FIG 11
isgg\gItl g’fﬁﬁjﬁfu ed bl ock diagram of various entities in
the system shown in FIG 1. DETAI LED DESCRI PTI ON
[1027] FIG 1 is a diagramof a wireless conmmunication
system 100. System 1BETAHLEDEPESGCRIPFION base
stations 104, with each base station serving a
S50271 cul BEG. Yyisgysiagtam ofa avirelash comimynicatiers systanatl 0@nSystem 100
1 r [ I r Lmpli.ci ty
FARct ML B Gt G’ oS M Bl Slohsg Sragf TBEUEL W partcutar
odgriphia atdad OBy four baaBtatioh €044 ereighol 0agyare [s%&ﬁﬁ]n RIG. 1 for
nu r of termnals 106 are pically disperse
ﬁﬁ?rfg{?gtﬁo@tbﬁsﬁ éta"é% ff’é%a?sed%’?l fﬁgeﬁﬁ% tq %Srarﬁ 3¢4¢SsiPeingoladg B, or some
Elﬁte%nfmoﬁl nplicity). Each term nal- 106 may actively
communi cate with one or nore base stations. Active
CHR8UNi cAtriumbebef wererinalkd 06taee ymedll yadispemsedt thpdughbutsthe system
I is referred to as "sqft )
R GRF Rerinal RO HHG 1 03 HEN P Lo ik SR 1196 may actively
tbamuhlatet RItA1 dl off $10r€ BaSd StaBENN tA@:t&@%oﬁMﬂlﬁéﬁnoﬁ%tween the
can be identified by the base station. Even if the
tesminah and jnaultiple bage a@tlpmeat hereamai trae nsOrefwetdhtoaasb o8 handoff”.
tat i and/ or, ot he
2Bk PhnglobiclRh 1968 BuPlek ol e8I Tor R e @i fh the system
exd ph ebes liewifidd) bly| e Hase t @ativnnalEvéR G RE @érvigBal RI AR H active
fromall four base stations 104a through 104d. [1029]
paERUEICalgLEh RASE Si3Hen I Yray drseiivd Rilate PABeS, ad/prather signaling
e8lab O GRM l?ibl: SfatiohS )th% mﬁ‘f@élﬁ!@vn iAGHE | at%ﬁr?m!ilhﬁ)é receives
cormunl cation between t ase ‘stations and the
pidotrinoal al fonabasasttions #da theuglnbddhi cati on with t hese

PﬁﬁS] st %ase s atlorﬁg rlO%o?}lptxéa?lr)]' communicate with a base station controller
(BSC) 120, which coordinates the communication between the base stations and the
terminals that are in active communication with these base stations. For position
determination, the base station controller may further communicate with a position
determining entity (PDE) 130, which receives pertinent information from and/or
provides information to the base station controller.

[1030]  FIG. 2 is a diagram illustrating “sectorized” coverage areas (commonly
referred to as sectorized cells) for the four base stations shown in FIG. 1. Each base
station in the system provides coverage for a particular geographic area. The coverage
area of each base station is the area within which the terminals may receive the signal

transmitted by the base station. The size and shape of each base station’s coverage area



determ nation, the base station controller may further

communi cate with a position determning entity (PDE)
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provi des information to the base station controller.

[1030] FIG 2 is a diagramilkustrating "sectorized"

coverage areas (commonly referred to as sectorized
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DaR%asd ﬁ%ﬂl&{‘ma; BE paiARNEM this RaRERE of8&frP@SE, three sectors). For
station's coverage area WO 2004/ 039090
REpliciHy Gadt 838689 oftén sapeeseytpd bylanyideld deOtpietshaped wedge 210. In
variouys, factors such as terraj obstructions, ,and so .
8 actpglrdepQymsnt dhe gOverae R BF Si5b base stagen 8ligh hisad ahape that is
§itfﬁ§én‘9 'f‘ro'n? il e iRy, GREMEEhBY oRRabifl 8&korGh afb&different from the
[1 I'n a typical System deploynment, to Increase
rcbplamc{s;rapeti hreedgov Mergeveay ba seftorseafhsdstosiged cavarage areay typically
be par 'ti ned into a nunber of sectors (e.g., three
g\éegf ﬁ E%“rs sinplicity, each sector is often

[mnpserﬂaeﬁi sEfordp sdnde@b% h2QPrepoadiiaRed rideifePdhBsyskdin (BTS).
an actual depl oynent e coverage area of each base

Epra2 fQyi§Tage aEd th%tshaa besragsstoriad. the basgistatien sewvire: tha oNerage area
gﬁ?aljher? l 1§ccf¥c?e al? [th %f@@&vﬂ{g @C&(ﬁﬁﬁg fg?r hét'\;b 3e area. For

feren romt i'de pi e-’s ape
sinplisegtog fiok sactsscAahrozngH E axeeshga ﬁfEIG tg/ﬁorctah Ifyur coverage

I th d h t b
grzgg ﬁ%@%ﬂﬁiwag@e ges tlb‘i d 8}152%0%%60 rﬁe'rhs( %%}ep Ve;é?ctors A
thr&UPheE 396 sé}rv@@b? Nt s 865 LRESuMCEIR! kplbriveRe BaS %mé)licity, the

st atl on serving that coverage area nmay then includ

abverage ar¢aeofBa'aSb BES mayqlsthbe sepresenteddfy anhilealcoxcde 22k instead of
ar ea For licity, only five sectors A through E

BFe §W&/W1€qgﬁ E‘FG 2 for the four coverage areas

FRBSEd Imhebas@oat #id apsarddd aebdivet ORerdid4fbri iefif@ng liransmitters

These five sectors A through E are served by BTSs

b@sd onpovigy prefipsiens may hectsed o/ varfoyp veralgss iceimmpnicapien systems.
er a a T e r t

AN 08 TR0 808 BT Ry ShRR LR RTIT o ime

{ileeH mulipleamtde @Tammpahatatfﬁeqdemyrdxhadn meeple at@ss (FDMA)

identifying transm tters based on power predictions

FBETD OTUSURE PHIET WHFGIGSS CORMENeAtioNcHisiehi htGlOMA system may be

t b -
ST EIng Bl E G0 M SuREaS S 1 3498 15200,

GhMAphsl acoassA(TDMY ssstememny def designed ¢y milplcmmo nne or more
?@% %aggztarfciggusciv%{:(%)aﬂdmggb@?sr&ﬁ%%ggrdggee&ew known n the art.
For clarity, certain embodiments of the disclosed method and apparatus are described
specifically for a CDMA system.

[1034] FIG. 3A is a diagram illustrating a signal transmission from a single BTS
105x to a terminal 106x. A signal is transmitted from the antenna of the BTS at a

particular transmit power level, P, . This signal propagates through a wireless link and

is received by the terminal at a particular received power level, P, . The received power



designed to i nplenment one or nore CDVA standards such

as 1S-95, 1S-2000, W CDMA, and so on. A TDMA system
woroo4oe0okesi gned to i npl enent one or nore  TDMACT/US2003/033680

standards such as GSM and GPRS. These standards are

well known in the art. For clfarity, certain

enbodi nents of the disclosed nethod and apparatus are
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BAis a diagramillustrating a signal transm ssion
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(T) -.this database includes information regarding
t er r afand cover and land use for the propagation path.

e Terminal position (m) - this is a hypothesized position for the terminal. The

predicted power is determined for/at this position.

[1038] The predicted power for the signal received by terminal 106x may be
obtained using the path loss prediction model and the parameters described above. The
predicted power W for the received signal may be expressed as a function of these

parameters, as follows:

W(G,P,D,T,L,m) , Eq (1)
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srhennd sising thie dicedtipewer porhparishe sclibeteai For thisl soeived sigadl, a list of
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dERribé ®beloWwaPettfieAdinfdimatlbh 5 leadPRIUI RBES isSRBumed to be known
schene. For this received signal, a list of candidate

BT aceitpinnblen p uph iformatios may iegludp dheslogafign ¢fsthe BES and ijs power
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detemminad.ndhisecoveragh zomd Brih@ tiea whsry tHertetmidsl b receive the signal

ocat | on _of t@s BTS and its govver ( P% and ant enna
il l%ejl.ﬁe% BIEEES 28Ry Pp EciEERIAed Bt desprediede ved
$10a97! 1 Foradasl caflBll rﬁl’IFSefin theMi e, H’lgvrgﬁf?\% é it glgpﬁgesized to

area where the termnal may recelve the sigha
halenipdeh itedsmifted foow ériaBd Sz drte pragicted poeke ofrieadceged signal may

PG e PRancELSTE Ll Tofighy Ded A sNECFEEHT B R Ju the BTS and
BREOVEFBESBhE.t Mok PRikBAIE, %Iébtaimaaepﬁ&’ibf‘ehg%w 8 the i-th
| " may h a ng thé

the received signa t'hen be obtal ned usi

paididateo BT P usidg ahé powsDgaldictiodl modddrsivivhon FIg. IMethBTHSllowing
and the coverage zone. More specifically, to obtain
PHAMBICELRTE PERY! anehpedrtor the medel  candi date BTS

usi ng the power prediction nodel shown in FIG 3B, the
f ol h)ome,@wer (P;) and antenna gain (G;) are for the i-th candidate BTS,

2) the propagation model/parameters (D) may be, for example, the Okumura-Hata
model,
3) the terrain (T) and land cover/land use (L) are for the coverage zone, and

4) the terminal position (m) may be chosen as the centroid of the coverage zone.
Based on all of these parameters, the power prediction model provides the predicted
power W, for the i-th candidate BTS.

[1042] The predicted power W, is obtained for each candidate BTS in the list. For
the direct power comparison method, the predicted power W, for each candidate BTS is

compared directly against the measured power Ec of the received signal. The candidate
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dOﬁgfa&MeqferfanﬂécDBﬁSﬁ'lcﬁx@stftﬂﬁ eht@dy bdchia3ghd #8Eminal, BTSs, MSC and
t@rasm tters for signals received by the term nal
g the direct power conparison schene. Process 500

e it .
PRSP, RIPSTRbule) B QL KRS, Gt o 558, o
i(ierb £12) ofTheee atievtbel signgin atcei vied rbyathe terbnémal dfonBiSsBES« If the BTS
bcit;:np gaen?ogr %19‘?5‘1% %ﬁytﬁrgeersg}%gtheqr%tge 3 e%?e%lmsna t?]gn \zllehst of these

rbeived kigadlk lapd tpbﬁm@ﬁtr &Rfrﬁﬁﬁ’orpé’re%o\ﬁ&éd fothRth8ly. (T@ieally, one of
the termnal, then a list of these received signals

gredregeived segmelsi mfb@matim @Tfamet}pwdmhdéld ueunmhlahasedcmteyi its time
@?%eﬁé% #18 %cﬁtl&lshgT PN ﬁftgrgfelf% eéjd %e%’%% drelfeirgnc;[eQ :ﬁéltgl ©The identity
and other information for the reference BTS (such as its location and coverage area) is
typically known (e.g., based on signaling messages transmitted by this BTS and a base
station database that the position computing entity has). For the remaining received
signals, the BTS that transmitted each of these signals may be identified, one signal at a
time, via a loop 520.

[1046] The first received signal is selected for identification (e.g., by setting an
index j to 1, or j=1) (step 514). For this selected received signal, a list of candidate
BTSs that may have transmitted the signal is determined (step 522). The determination
of the candidate list is described below. The coverage zone to use for the selected
received signal is then determined (step 524). For the first iteration, the coverage zone

may be set as the coverage area of the reference BTS. The coverage zone may also be
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S¥PIOFPFd Ay be provi ded to the path | oss prediction
nodel . The predicted power may al so be obtained, for

exanpl f rt centroid of the coverage zone (i
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of the coverage zone). The result of step 526 is a

list of predicted powers for the list of candidate

Biige. Wihes the eohdmt@:tqu;mxf thay j-thjredeivedesigial foa el id@tcandddsde BTS,
is then conpared agai nst the nmeasured power Eck of
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5%.e'ﬂ1%dpr8&e%g§hen returns to step 522 to identify the BTS for the new selected
received signal.

[1049] For each iteration through loop 520, one received signal is selected and the
BTS that transmitted the selected received signal is identified using direct power
comparison. For each selected received signal, a list of candidate BTSs for that signal is
first determined in step 522, and the coverage zone to use for that signal is determined
in step 524.

[1050] The coverage zone for the first iteration may be set to the coverage area of

the reference BTS, as described above. The coverage zone for each subsequent iteration
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the area where the termnal can receive the signals
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@?)Eg Tﬁ?eﬁl;z g nl[l%'%fa otﬁe H% tl%lgagl\(l)ér \ggl{ee g’f’s R rgéclpedt !]gnal at the
terminal using the relative power comparison scheme. For this received signal, a list of

candidate BTSs that may have transmitted the signal is initially determined. Pertinent
information for each candidate BTS (such as power P and antenna gain G) is assumed to
be known or ascertainable. A coverage zone to use for this received signal is also
determined.

[1054] For each candidate BTS in the list, the received signal is hypothesized to

have been transmitted from this BTS. The predicted power of the received signal may



represents a new centroid that nmay be used as the
termnal's position (nm) in the power prediction node

wo eso4tobosecond recei ved signal. [1052] The coreT/ag®03/033680
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rel ati Ve nmeasured power for the received signal can be
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19671 he KIG. ¥ is afigmadiagramTe a process 800 for identifying the transmitters for

signals received by the terminal using the relative power comparison scheme. Initially,
a number of received signals for a number of BTSs are obtained (step 812). Again, one
of the received signals is typically from the reference BTS, whose identity is known.
The BTS for each of the remaining received signals may then be identified, one at a
time, via a loop 820.

[1058] The first received signal is selected for identification (step 814), and a list of
candidate BTSs that may have transmitted this signal is determined (step 822). The
coverage zone to use for the selected received signal is then determined (step 824). For
the first iteration, the coverage zone may be set as the coverage area of the reference
BTS. For each subsequent iteration, the coverage zone may be set as the composite

coverage area for all BTSs that have been identified.
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relative predicted power for each candidate BTS is

&Hé}@ LA ?sr \Ag?&?&éd{) Wit the. J\% Jelve-ﬁrlfgr{aﬁfoﬂﬁe i&h.can ddate BTS,

measur éd e received si gna determ ne
Szvv:er iy 1setgg Edla‘rg{dgﬂ) % T!!?lg i %Lﬂ‘feh‘@l@ ?éjd fdrfle j-th received
signal,

Ec; is the measured power of the j-th received signal, and

Ec;,y ; is the measured power of the signal from the identified BTS.

If multiple BTSs are used for the identified BTS, then the predicted power W,,; may be

computed as the average predicted power for these BTSs, and the measured power

Ec,, ; may also be computed as the average measured power for these BTSs.



agai nst the rel ative neasured power for the received
signal (step 828). The candidate BTS with the
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measured power is then identified as the BTS for the
sel ected received signal (step4830). This condition
may be expressed as: Mn{l Wd-WI-IEc.d-Ecl} , Eq
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measur ed r of si'gna
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[ i fied BT I f. nu BTSs are used for the
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BN eHa@ draRSmith 0
i e et Eetggssrreg:géggxr\%g%b&%g% % Wef'deﬁ e:dt Eﬁﬁg relative power

@@Wp@m@@ &'or eard sglected geceimedsigneld a;hst/\drcahdldattelﬂéﬂﬂs fBithat signal is

39090 P 003/ 033680 14 0
M AR S e TR Sl PR done 0 gt etk lenab isodejeranined in

stegrs2k saritphe idaified IBIEsi deic@fd (B @D $32)Thel ﬁre&@féd powers for the
yes, then the process term nates. O herw se,

ans
mgaﬁ%%ﬂd Adentifigd BB syargl thus obiginedthaged on dhe 8oy cemhad for the

@5@& Sohben returns to step 822 to identify the BTS

for the new sel ected received signal. [1063] For each

i[1@6ddt i OFhet tetavivg lpoweo poBipBriscdneheae @hayeprosidgnabrei &curate results
‘E}g}beﬁ{?eg and the BTS that transmtted the sel ected
e

I3t gPAWET| SOMBHHONT $DEMGsi rgiis dt erqusepiberelative power
COMPaA{sof QBhei® K6 2618 Bk RPvE %Sﬁﬁﬁ’d:ﬁd 2 Qﬁ%&p@ez&rl o é)oth the

of candi date BTSS for that signal 1s ¥irst
Fendidagpargbidentifted BBSser age zone to use for that signal
is determined in step 824, and the identified BTSis

selected in step 825 The ggepi ied Eowers for the

candi dat e and i dent t ai ned based
flo65he IRbpgaticedélap thay alsottreused Ay 86 ABRaESN Kith [&&ﬁé‘d&d powers
The re% atlveajlgower conpari son schenme nay provi de nore

S ddsniive thee BESE for ttheaﬁe(teﬁ@dd$lg@%ft Pwemary nyigaléss cremmunication
tk‘?ﬁ'gethe th‘h of ﬁgﬁ%%&?aﬁdﬁe tﬁl{e 5# argvzﬁcz)g@ tq‘i ggag%ﬁ%g?d signal

SC eme rmy e to renbve common err
fnay U@oashelttzheed basedi atatifoamaiondgnthef 4igthl BTiSs. a ISDWA ay¢bm, the

| &
ans 1s31onn£n%’amvaﬂ times of each received signal may be determined based on the

phase of the PN sequence used for spectral spreading. The propagation delay PD_

for each received signal may then be computed as the difference between the time of
arrival and the time of transmission for the signal.
[1066] The propagation delay may also be predicted for each BTS based on the

distance between the BTS and the terminal. In particular, the predicted propagation

delay PD,., may be computed based on the distance for a line-of-sight path between

the BTS location (which is known) and the terminal position (m).
[1067] For a direct power and delay comparison scheme, the BTS for a given

received signal may be determined as:

,E] a lw EC,‘I"& lPDpred.i _PDmeas I} ’ Eq (6)
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communi cation systens, the tinme of transm ssion and

the time of arrival (TOA) of @&ch received signal may

be ascertai ned based on information in the signal. For
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predi cted for each BTS based on the distance between

t he BT& Bridveipktingdeeiphuded forprpdicted puopagatianhdelqy. edi ct ed

propagati on delay PDpred may be conputed based on the

ditet ARG Qe indequbtidir @) asd 8&crib@t IbdVRLBYEERatibA )BT equation (6),

| ocation %V\:hl ch is known) and the term nal position
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RDAs &6ndi6) Thd 004/ Ogg. WS2003{ 033680 , .
15 “wher egrlli’Dprggf i%u%mstﬁ%’x\ﬁ%l"@di ? s rlgg%{ga? T’zl%)ﬁ ({gg?a or”the i-th
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|§r oﬁagat ion delay for %rheérbeegvg?e\r/]etﬁ@E{egr;égltdq%égﬁ%? tis ETS and the
intsred deldy faphe ecevedsigihdli MYe wadtting dsststsf@rand o, determine the
predicted power, and ad is a weighting fact dr used for
pregghte tte dbepgopagat thenpaedrageltaThed ahdieklalyeddls, idspectively, in the

e ian escri bed above for equation (2). In
é‘%&ﬁ%‘??ﬂ?“g@‘}eaéf%gordﬁ%ﬁ?ltvegwg{wl- - Ec Iqui sI t he( " zJovver

pgs” | fvet jqd bahpi S, t :
ST 165 | vt okansiolals, BTSputth Palie B mrs or o siven

Heegi ver signelanuy etdgserminedods: t he  recei ved signal. The
gquantity | PDp7ed i - PD,,eas is the "delay delta" for

theyj.-th andi.da BTS, \which is the difference

bot Ml (g 5?’%3i‘iﬁ%ﬁ‘?@||)a’y“¢(g?bma & FBh1:d P Pignis ~ P D1
measured delay for the received signal. The weighting
factors ap and ad determne the weights to be givga(7)

to the power delta and the delay delta, respectively,

wheren&D i getstthe predicied preffagatien &T4y foothetitentifedd T dnd
signal. [1068] For a relative power and del ay

conpafDsan. scthe measur¢bpiBpagation dalagiforthe identified BTS.

The other terms in equation (7) are described above for equations (4) and (6). In
equation (7), the quantity |W,; — W, | —|Ec,, —Ec| is the “relative power delta” for the

i-th candidate BTS. The quantity |PD PD ~|PD -PD is the

pred,id pred,i l meas, id meas I
“relative delay delta” for the i-th candidate BTS.

[1069] FIG. 9 is a flow diagram of a process 900 for identifying the transmitters for
signals received by the terminal using the power and delay comparison scheme.
Initially, a number of received signals for a number of BTSs are obtained (step 912).
One of the received signals is typically from the reference BTS, and the BTS for each of

the remaining received signals may then be identified.
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The condition for the relative power and delay comparison may be expressed as:

M]I’l{a’ (' id,j “Iiv.i I - ' Ecid.j - Ecj D + ad (I PDpred,id,j - PDpred,i,j l - I PDmeas,id,j - PDmeas,j D}

Eq (9)

In equations (8) and (9), the subscript j denotes the j-th received signal being identified.
[1073] A determination is then made whether or not all received signals have been

identified (step 932). If the answer is yes, then the process terminates. Otherwise, the
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3’| W, (m)-Ec, P}'* , Eq (10)

keK

where W, (m) is the predicted power for the k-th identified BTS at candidate position
m,
Ec, is the measured power of the k-th identified BTS, and

K is a list of identified BTSs used to obtain a position estimate for the terminal.

A determination is then made whether or not all candidate positions for the terminal
have been evaluated (step 1018). If the answer is no, then the next position in the list of
candidate positions is selected (step 1020), and the process retumns to step 1016 to

determine the error for this new candidate position.
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[1077] A position estimate for the termnal is then
determ ned based on the idenygfied BTSs. For a direct
power conparison nethod, the (root sum square) error
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associ ate th the mninmumerror is provided as the
position estimate for the termnal (step 1022). This

whyreb 8V ehapr asthe gredictedpdvier Ifore mR-thEaknd 24 BPS at éﬂdﬂ%&)pom tion
KE K where Mis a |list of candidate positions for th

term nal . THe process then termnates. [1079] The

on-t he¥rfiy tS'J fre' Gtcia oot Fosch Rkt IS, ofidh ¢ used as a
the fol . y
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Ec;;« is the measured power of the signal from the designated BTS for the k-th

identified BTS.

[1080] The position of the terminal may also be estimated based on the direct power

and delay comparison method. In this case, the following applies:

Mm {Z(a | W, (m) —Ec, |+, |PD,, (m)-PD__, D*}"* , Eq (13)

keK

where PD ., (m) is the predicted delay for the k-th identified BTS at candidate
position m,
PD, ... is the measured delay for the k-th identified BTS, and

the other terms are as defined above.

[1081] The position of the terminal may also be estimated based on the relative

power and delay comparison method. In this case, the following applies:



desi gnated BTS can be anyone of the identified BTSs;
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del ay Hor thenk rﬁe@sdrg@gél%lg fo‘?‘?hﬁg% Renf (Qflggg\ te

posi tion i P e pre del ay for

?hgeilﬁa}s ‘gg nﬁ]}ﬁ Eﬁe@ de?*}wﬁ"ggﬁgga%‘%“% Sﬁ{[‘ﬁ 3 r meq(t ~thaidentified

desi gnat edB&ESa&gn be anyone of the identified BTSs,
PD, , leas,k is the neasured delay for the k-th

i dent itlfeuc@breraems apPisefined abovies t he neasured del ay for
the designated BTS for the k-th identified BTS, and

{Mth héeFhet elrrmst poweraSofphiistdd ndldE - the 1R3A1ve TB6wer comparison

m&)g lﬁe rect po ra rah %glagectorr]r?p%nscgnhIenertheoldatalm\i/ ethe (r)elwaetlrve power and
delay comparison method may each be used alone to estimate the terminal position, as
described above. Each of these methods may also be used together with an Advanced
Forward Link Trilateration (A-FLT) method (or some other equivalent method) to
estimate the terminal position. The A-FLT is known in the art and not described herein.
When used together with the A-FLT method, the A-FLT method may be applied first to
obtain an initial position estimate for the terminal with a particular position uncertainty.
A list of candidate positions for the terminal is then obtained based on the initial
position estimate and the position uncertainty. The direct power comparison method or
the direct power and delay comparison method may then be applied to obtain a final
position estimate for the terminal, as described above. The A-FLT method is thus used
to obtain the list of candidate positions from which the final position estimate is

selected.

Candidate List

[1083] The method and apparatus described herein for identifying transmitters for
the received signals may be used in various wireless communication systems. For
clarity, various aspects of the disclosed method and apparatus are now described

specifically for a CDMA system, which may be an IS-95 or cdma2000system. In a
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dlfferent|ate the various BfSs inh the system eac
Fo5i(Mdd. a sspreberfis eypidalls eisedfo sehrwhRhramgh tieneeciver input
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dQEmansrsy @) AR bifsROMEEnddY e BTS that transmits the si ignal and (2) the

propagation delay experienced by the signal instance (i.e., PN_ =64.-PN___ +PN

offset delay >
where the PN offset is given in units of 64 PN chips). Since the propagation delay is
typically much less than one PN offset, the PN phase of the signal instance may be used
to determine the PN offset of the BTS that transmitted the signal (i.e.,

PN, =64-PN,, since PN, <<64 chips).

[1087] Since the searcher typically processes the pilot to search for strong signal
instances in the receiver input signal, the measurement for each signal instance is often

referred to as a pilot phase measurement. The power of the pilot, as received at the



[1085] At a given termnal, the signals froma nunber
of BTSs may be received by the termnal. Moreover,
wo b@4msgp@l transmtted by each BTS nmay be rececTes2008/633680
mul tiple signal paths. Thus, the term nal may receive
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of BTSs. of the signal instances would be included

(BB 5T O A LA o e

S strangtl Efbﬁhﬁrmgr&zl tirygeince nhay theSﬁfiamed aeatechutibrufabig pilot power
the receiver i n(g si gnal to | ook for strong signal

PYFE therfeted notsg, an @é@r&ﬁech in {hgirecst vey Pyt tighdted by

BOBEE! AANYoteBHORE Ch VifiimbeR R}ft m%ﬁa@ ﬁﬁ&taﬂ!e@ Mt P &ePRceived by the
sequence at vari ous’ phases. signal instance Is
rmnaﬁmhforat glaenyB?ngSv érheRigmah asencetsh‘en the siamg,rB’E% magll:a:tlddltlﬁed as

ult i S abta f ound nal f .
P rinee o YR EALPhsrRg B SR RIH” Hhy BTy oy pee signal
Rstané¥ frbvi@aclPBTENS ubAr ol pediti (ﬁ%t&gﬁna’&oﬂe e @i%lﬁg’ BFthe received
(Ec) or received signal stren (Ec/10) The arrival
- signd (0., elmrasgb'gnhmn d@ﬁy&megﬁy pl@eltlgn @éwmagpatl@ls thyg the earliest
Exp?/m&mgdng% fngs'%aél s ty{tnﬁall%sleggc"t d; [Tf{ﬂ]re (&lﬁrt(oi}}%%llégele% s1lgna1 is used
&ngj 4s2Jestised dHo@@Ei@aﬂhb (pbwdﬁb@ﬂpa@ssﬁ seheneR) theh lhla%trongest signal
gnal instance (i.e., PN = 64 PNoffset + PNdel a
Wﬁt@fl%e R bpmelsﬁﬁeéetln ieithesi Gsh onR sigRRL wsigncesmapReskiepissl for each
c t AV
tﬁ‘rl;gn%g}n gﬁ‘ Qél@ ?12 gngphgﬁé%ey "Lgsbee dééf%h{cﬁedsstlhwg&&eﬁss?gnal for the
. Bii'St arhms, trhlayectmveulssglalst a tdetmmal\ssmah éaeFéNtarﬁlﬂrsedtbaséd on the PN

PRSP fadposiitiyahERRRraF Be s by HeGimming: nce the.

Fl%9]3he'Fo}%OCWAysﬁfeﬂPee‘h@l@%ltSh% Bésllg?fedt@ sPRAIC PN Bffset that is
strong signal instances in the receiver input signal,

dlﬁ@rmﬁgm badiN offents assighed iqgreaghbionisg &icks. iHovefverlue to a limited

DRI 8erds Bulleb B i RE B TS E LB D000y bb Wincllvith he

Bﬁﬂ_d RIS0el. OBRBSMA cethint iaktahdeal it isTfy pbssible &sl uidnibibeously identify
measur ed power for the s;)i%nal i nstance. The recel ved
aysaBTsthaserialely on theBNghaseaafl thensignah eeocivgg froan that BTS.

l% 6 neq:oil%aélp cél@ Jl S ﬂgl th fb@ 1@é14t1?'éd PRY&G s of)yﬁdléa'&:eBTSs for this
g D fie

noi se an erence I n e recelver | nput
Sgljﬂ] c’mhay HeltB & asAgmfthﬁhl tiesame PNioffsoriae thaobf 8ie ger@lived signal. For
' termnal for a

ST Ehe DY AL bt R iEt Hadisaies st aipoputing BT has a
Pﬂeﬂfshtfdf% #8n tmdﬂa&wsmythwgnaﬁ’uoamﬁﬁawﬁmbﬁs@ of 25.
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i nstance fromeach BTS is used for position

determ natl on. If the tlﬂmg_m_EMrecel ved signal
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formuRBC EFbs ekyaplealthey palicted @ower ffort heglpmrandiﬂatb hBTS may be

recei ved signal is used
expressed as:

W=P+G-L Eq (15)

path ?

where L, is the total loss for the propagation path between the BTS and the terminal.

The total path loss can be provided by the path loss prediction model. The quantities in

equation (13) are given in units of dB.



(e.g., as described above for the power conparison

schenes), then the strongest signal instance nay be
waedoeos®o I n either case, one signal instanceP@EYSHIO3/033680

sel ected for each BTS, and this sel ected signa

i nstance may be deened as the 2eceived signal for the

BTS. Thus, the received signhals at the term nals may

bid 082} er Mheadiabpatdioss L he iRudRhasembendf Regpbilnts ta?@ may be

power) of the pilots received at the termnal. [1089

Fexpreas€dDVA system each BTS is assigned a specific PN

offset that is different fromthe PN offsets assigned

to nei ghboring BTSs. However, due to a linmted nunber

of PN bfif Setogic & Rrbﬁbe;vnultiple BTSs in the systdm(16)

may be assigned with the same PN offset. Thus, in

certain instances, it is not possible to unanbi guously

i YEAT i ?—yz LEPGESORY ther SMpaRcal pab) lepsy inom refaenpepyissment, which is

t he signaltrecqived romthat BTS. [1090] For each

recei ved si-gh&t ¥ BR% et ified, the Iist of
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with th& same PN offset as e receiv

stgnal . FOlerdtX fbfEhPprofife i PNRES %g;@gggén%% Yo rameter

signal indicates e transm

of fset of 35n thd e TSsy for this signa
woul d al | have Pﬁmcl)g(%ggt ofioggﬁ@deﬁbé\?glr Predi ction

[ 1091]LJheepresdiscanecmpioivelr cohecti@afabioBilat d8s¢ribes the deviation from
obt ai ned based on enpirical fornulas. For exanple,

the predi ctled. fondiffdrent ypes vEhndandbdgites, BLS mBstedhonds to the

expressed as: WP+G Lpat, , Eq(15) where Leath is the
total | ossPr@meteRd. ipitopagdel).on path between the BTS

he rym.nal The total th | oss can be provided
gi}%:;ie prglfehﬂ‘%s‘%spsathp 1985 i Teowss A a?rﬁajé’f“.areﬁw‘@a)ﬁ Bﬁﬁpﬁaﬂeésus}% a formula
F4Add DY thel Sk B¢l ' ,ts qf dB. 2004/ 039090
Bsd28 8y %3%’@%5" ﬁétéqﬁﬁ‘%‘fgi‘fm#h‘éa"?"&teéi’reﬁ 51 oss LPam
i ncl udes a nunber of conponents and may be expressed
8. EPABH +26L16a30g;, (F, ) IGFER - fog &RV T a(h BA(441R) 6.59N8E €7 )) -1
Lbas; c represents the enpirical path 7%5% in a Bi5(/4))-1ogio(d)
reference environnment, which is typically an urban
area, LIOPO represents an enpirical topological Eq (17)

factor that depends on the terrain height

cgrrectign )
BPEE; VelsdreatereypaHE (130-15000Hg).cor r esponds to t he
paranﬁter T in thegﬁath | oss prediction nodel), and
, 18 the effective height of the BTS antenna in meters (30-200 meters),
h,, is the effective height of the terminal antenna in meters (1-10 meters),

d is the distance between the BTS and the terminal in Km (1-20 Km), and

a(h,) is a correction factor for the terminal antenna height, which is given as:

a(h,)=(1.1-log,,(f,) = 0.7)-h, —(1.56 -log,, (£.) - 0.8) , for large/small cities,

a(h,)=3.2-(log,,(11.75-h,))* —4.97 , for large cities and f. >400 MHz.

Equation (15) is valid over a specific range of values for each parameter, which is given

within the parenthesis.



Lcover represents an enpirical correction factor that
descri bes the deviation from Lbasic for different

wo yed3wh0 | and cover (i.e., Lcover correspondsPCDUS1063/033680
paranmeter L in the nodel). [1093] The basic path |oss
Lbasic in an urban area may bg obtained using a
formula provided by the Okunura-Rata nodel, which can

Do 5" e Sop R Ahhefin a%t%gg; iy ude qvoheﬁ{tﬁg tsgain is not
PS8 & kit BEAR 20T Bl e g m o

axpreqabdadg: n neters (30-200 rreters), hmis the
ef fective hei ght of the termnal antenna in neters

(1-10 _neters), Is the distance between the BTS and
the t i P& 1K 'Kl‘ﬁ(’l 20 Ky, and a(hm is a Eq (18)
correction factor for the term nal antenna hei ght,

which is given as; = (1.1 logo (fe) - 0.7) hm

a(hm
Wh("f g6 is pspjing hel) carregtigy fa}CtQSr | arge/ smal | cities,
a(hm = 3.2 glog o(11.75 , -4.97 , for Iarge
citi ek dhaninc IBatH@CFWUOIE@G‘é’F’l%‘ﬁ (15) is valid over a
speC|f| C ran e of . val ues for each parameter, which is
gi ven m'ms %ﬁf@ﬁ?ﬁé&’u 4ctonn 2004/ 039090
PCT/ US2003/ 033680 23 [1094] The topol ogi cal
ahe riect Koranbakt eorréctiopofacmis ey Us detewhimad férevarions apologies and
is not flat (e.g., with undulation greater than 20
meteeirie)adafﬁhiis; correction factor may be expressed as:

bcﬂ%glact TR P‘é faYerE%rr(el Fﬁ%ﬂf@gg@?'sgﬂg%ﬁ?\' ' ié{é?bﬁt? structions

8563100 B0 drodfs, b T SRR SRR B g
detn@iy fegold IMRL1 1BYSigiP AhOPb §ass2beer, Sfh@dot Bvéh through the
dat abase. [ 1095] The | and cover correction factor

_ Degistiontes arddsde redsh thg fegpinabf ThbErmyla sgé o estispaie peth loss in a
t%:reI esf IQ&Oﬁnﬂgh%%Hﬁ %@gn %f laq' 13% & %g%tr&gh%evel h@clﬁnd cover

erm nal nor ma a groun
sorgivaibn Ifagott carp@fes o ased ar adjost, thervatweeof pithdoghpiolizled by the
gbstructions in aorder to reach the term nal. The
- JFQrexampls, da% svroBMERISISuFh 8y Tyral afea gpd ma&sthﬁ ipAth loss is

F‘gxﬁg¥ﬂl'aﬁé}l thih SeVifath 1028 vaie PrRAEIA ERe $AILNRRALe, a PRSitive land

cover
cover correction factor can be subtracted from the value provided by the formula to

obtain a more accurate predicted path loss value for the environments under
consideration. The land cover correction factor may be determined for various types of
land covers (e.g., water, open area, forest, urban area, suburban area, metropolitan, and
so on) and stored in a database.

[1096] The Okumura-Hata model is further described in a paper by Okumura Y et
al., entitled “Field Strength and its Variability in VHF and UHF Land Mobile Radio
Service,” Review of the El Comm Lab, Vol 16, No. 9-10, 1968, which is incorporated
herein by reference

[1097] The predicted power for each BTS may also be obtained based on measured
data (i.e., field data) instead of a path loss prediction model. The received powers for
BTSs may be measured by terminals located throughout the system. The measured

powers and terminal locations (which may be accurately determined using GPS) may



correction factor can then be used to adjust the val ue
of path loss provided by the formula. For exanpl e,

wo 2004080000 onnent s such as rural area and wat er PCT/0182003/033680
path loss is nuch snaller than the path |oss value
provided by the formula. Hencegq a positive |land cover
correction factor can be subtracted fromthe val ue
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t he systen1 In any case, the predicted powers for the
B89 rra)plbéh‘bfﬁr‘diaﬁjehnk H3ESd.06x tranemite dstar pidotpane signaling to the
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T R e
o o eacong e ot CUBLES, L Xl o o
é:pﬁ%pr,/dgﬁ(@ip]ator (RCVR/Demod) 1154. RCVR/Demod 1154 then processes the
receiver input signal in a complementary manner to provide various types of
information that may be used for BTS identification and position determination. In
particular, RCVR/Demod 1154 may provide the time of arrival and either the measured
power or received signal strength for each received signal. RCVR/Demod 1154 may
implement a rake receiver that is capable of concurrently processing multiple signal
instances (or multipath components) for a number of BTSs. The rake receiver includes
a number of finger processors (or fingers), each of which may be assigned to process

and track a particular multipath component.
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BTS identification and position

information used for BTS identification and position determination, such as, for
example, the list of received signals, their measured powers and delays, and so on.
Memory units 1112, 1142, and 1162 may also store program codes and data for
processors 1110, 1140, and 1160, respectively. A database 1144 within PDE 130x may
be used to store information used for the path loss prediction model, such as terrain and
land cover/land use information. Alternatively or additionally, database 1144 may be

used to store field data for measured powers and possibly delays at various locations

throughout the system.



determ nation. Sonme of this information may have been
received fromterm nal 106x. [1104] The
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term nal position wusing predicted powers and possibly
del ays may be perfornmed by tengi nal 106x, BTS 105x,
PDE 130x, or sone other network entity. The entity
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EPO%E% y 1 tig 144 within PDE 130x may be

fYu4, B8 w&wasruneth@abéaewmpé@gented within the
proedisof bﬂéktémﬁlletb th§¥k@)l‘3es§§r HeWhRhRa&NH car l?é"éﬁrxl‘frﬂﬂﬁf:étl\%mcoupled

use i nformation. rnatlvely or addition
g HERCESSPT Xia \f%ﬂyumeanww knpvatiortke drtc.el d data for

re S ays at v

Rl ora R S M PR el] PR P2 008 o b d locating cerain
RCTHOWS2TBRE 0133&58@3 ardthof iik&feled Th @niEthB ot BE eaﬁ& tésdescnbed
8§scr|b d herein may be inpl enented bg vari ous

T 48497, a’?\%\F%F%‘lcegféfm%h%"e mpligaty Iiyblmrmhqrcmctlons throughout
theenhBRf spefifitatfbnhar dware inpl ementation, the method
and appar atus may be inplenmented within one or nore
E—:lﬂﬁ?] catTherpreyiess descriptivhear tiat mdclsseﬁcemﬂoanﬁe‘h&l @ﬁ)}@vlded to enable

ital si %({/ cessors ( digital sig
o@grsgpnagﬁ 8 g’ ©( H5P8s M2 F)r %rg ﬁléﬁ‘m‘gﬁl Resdhi léV‘?j“él@hc esVarious
ﬁlaﬂﬂﬂ%)mloﬂcsl t6tRese RHOHREHROW A1 S@I'e%dﬂf 5@%?61& REHR skilled in the art,

pr ocessors, controllers, mcro-con
#dcthe ﬁ?@ﬁf@mﬂ)le&ﬂdﬁl@w bereint mey be appliedgo dest gnﬁddlﬁr&nts without

nfé&rﬁgirérg ﬁh{ I eo? scoF%%ggre ﬁqg/gntgpngrﬂ%p@ present invention is not

mreptlaimnrtteatmmm tottheeBddiN@nd 8B&W A h&@mhﬁ{t & 0 EBYcRBed the widest
Sgggé emented with nodul es (e.g., procedures, functions,

st tvﬁgtthep@mcml@ﬁ arigenovel features disclosed herein.

[1110] WHAT IS CLAIMED 1S:



functions descri bed herein. The software codes may be
stored in a nenory unit (e.g., nenory unit 1112,

wd1e2/03p0 1162 in FIG 11) and executed by a ppPODESH03/033680

(e.g., processor 1110, 1140, or 1160). The nenory

unit may be inplemented withi ®2he processor or

external to the processor, in which case it can be

conmmuni catively coupled tdCLIAIMSocessor via various

means as is known in the art. [1108] Headings are

i ncl uded herein for reference and to aid in |ocating

cert ai segt| e adi ngs are not intended to

i mit {]'he s%oglg{hg)fl ﬁeﬁggn ept ﬁ%’&lgﬂsb@da Y'HEles§ gommunication
usydem, camgrisihgse concepts may have applicability in

ot her ctions throughout the entire specification.

[ 1109] °°HHRIN8 A iality Cg &eEvegsigmalsdpr 2 plarality of oashitters; and
enbodi dBedHSnii b - an erson skilled

in the art tl%§ﬁﬁ%&§§ﬂg§§ﬁ@gg?ﬁ2@%@%’d€% rYall ﬁ%’/enti on.

Various nultidringring atist dfcatdidate tanimicerEot the WidelveB8ional,
readily appgrent to those skilled in the art, and t%we
generic prihelBigeregis HdPesash sendigate ppsimitser in ghe list, and
ot her enbodi¢m@ifyige Whd i | 4 AN :

or scope of theyi%ve_n{ﬂ?g%@tq;ﬁggf h%eﬂgc%rv g@é%ép’gll E’gsé:’(rjlt?rbﬁredwted
i s notPOVERt Eidde qapdidate| iransmetiers andhmeeshaid powet for the received
shown hegrein but is to be accorded the w dest scope

consi stent with the principles and novel features

di scl osed herein. [1110] WHAT IS CLAIMED I S: WO

2004/ 3909{(_)1_ PCT/ Uq%iOOS/_OSSGSO 27 CLAIM5 1. A nethod

for identi fiF RERdefipim brehgrgingheleteiasing the transmitter for each
SEVRTeD IsAkl ARheSHLGY conprising: obtaining a

plurality of received signals for a plurality of

transm t t erempamg thel pteelimedpoigerdfot éRATARdiIEAE traRémiBRE fbainst the
recei %%? usfi:(gnal b dl?t ermning a list of candidate

transm ttersPPur" PhdnG Beeived dlegplygad wheesin shenidatified transmitter

predi édrabe pR¥REd kRhaltidGhe gmma%&sHiéé}%ﬂ i)%rgicite% Igoh\a?er closest

list, and identifying the transmtter fo

r ecei {Rethie Segstied peserd on predi cted powers for the
candidate transmtters and neasured power for the
received signal. 2. The nethod of claim1, wherein

the d&t er nThe n@thollef claRSITiviHeRin fRY deBaRthi %ﬁféetb%@x%itter for each
&ang‘gi further includes conparing the pr erc!l cted power
oy Vet gnal dthegncddep ansni t ter  agai nst t he

determining a coverage zone to use for the received signal, and wherein

the predicted power for each candidate transmitter is obtained based on the

coverage zone.

4. The method of claim 3, wherein the predicted power for each candidate

transmitter is obtained for a centroid of the coverage zone.

5. The method of claim 3, wherein the coverage zone is derived based on

one or more coverage areas of one or more identified transmitters.

6. The method of claim 1, wherein the predicted power for each candidate

transmitter is determined based on a path loss prediction model.



measured power for the received signal, and wherein

the identified transmtter for the received signal is
WO bw4o30000 date transmtter with predi cted powePCTIUSREX 033680

to the neasured power. 3. The nethod of claim1l,

wherein the determning the trgnsmtter for each

recei ved signal further includes determning a

coverage zone to use for the received signal, and

wher ei t re t r for each candldate

transm-tt ePFheDmSM ﬁél&Pnggé"d‘eW theepatly dnss pragléctippmaodel is based
don OhemoRtPsd nfdec! ai m 3, wherein the predicted power
for each candidate transmitter is obtained for a
centroid of the coverage zone. 5. The nethod of claim

3, whegein e ver z deri ved based on

or rm?gcre cov—gtr%aragt%agé)ggle o}8 oﬁ’é‘e’@l‘“ rRFeqigied poper fpr each candidate
ttransmitier isdesernfinedbaced @i fidld dafa. Cl ai m 1, wherein the
predi cted power for each candidate transmitter is
determ ned based on a path | oss prediction nodel. WO

/ 6 7..T hod
g log I4 m@g 9 O\?\,?]lgf gﬁé}tyﬁ gpcgél ?rﬁ il \gg%rem%g% WérteF]egﬁ %H@plc?gon system is a

ERMa systenOkunur a- Hat a nodel . 8. The nethod of clai m
1, wherein the predicted power for each candi date
transnitter is determ ned based on field data. 9. The

met hodoof  cithginiBtHod YHEdiRi 9] wthlaf'aen’#ﬂ'e s?ép%ggwq}a%aﬁmg%rs for each

systemis a CDMA system

retverd signpkis ajlist ofdfase statiindadnsceivem SBTS¢)arish fante BN6 T set.
received signal is a list of base station transceivers
(BTSs) with sane PN offset. 11. The nethod of claim1,

wher eili. t h&hdeedliod 6fl okgm! 1) 8yHer R $hE BdiEimihRE tﬁ@ggnsmlt er for each
recei yed sjgnal further includes obtaining predi &

Feslyag snaifuaberdyclpdss each candidate transmtter |n
the list, er for the r
Sgnal 1 s PmEbRL R obANIT LS ok Shatt el trammiter in

propaﬁwﬂwnmndelays for the candidate transmtters and

nmeasur ed 8% %tlon dela¥ for the received signal.
12. The e e dYanspitten for\th respived mignaleis duion idnptified based

the teaipeeRitt® préRibafiChelays for the candidate transmitters and measured

propagation delay for the received signal.

12. The method of claim 11, wherein the determining the transmitter for each
received signal further includes

determining a power delta for each candidate transmitter as a difference
between the predicted power for the candidate transmitter and the measured
power of the received signal,

determining a propagation delay delta for each candidate transmitter as a
difference between the predicted propagation delay for the candidate transmitter
and the measured propagation delay for the received signal, and

obtaining a weighted sum of the power delta and the propagation delay
delta for each candidate transmitter, and wherein the identified transmitter for

the received signal is the candidate transmitter with a smallest wei ghted sum.



recei ved signal further includes determ ning a power

delta for each candidate transmtter as a difference
whedmesad he predi cted power for the candi dat ePCT/US2003/033680

transmtter and the neasured power of the received

signal, determ ning a propagati®dn delay delta for each

candidate transmtter as a difference between the

pr edi Cﬂ%d promedad &m dr¢rayinihgr trifieiian dh datvareless communication

% hﬁ) gnd t he neasured propagation delay for

the rece é i gnal, and obtaining a wei ghted sum of

the poultaintie] 4 plusihity dhecd? QPSR

each c ndlng?t epltraﬁysmtter and'iév\t/(n()bgﬁlgﬁjrg1 SJS ﬁ?thrse%Pd

t r ansnfgiEERNMG2 trqnﬁ@twéﬁéleaédreselgn@klgmﬂ btyhe candi dat e

2004/ 030000 B 12838} o 3habe 5T tR hoetinseanesa signa

det er ni ni ngolitmangrpréchﬁédspb@eﬂoﬂ%i&'c@ﬁ&d&t@%ﬁhﬁt@f IHe list,
system conprising: obtainin plurality of recelved

signals for a‘Bi"@rpé‘?q“itW BOWerr ahmdlen@ﬁ@ transvhitter,
det erm ni ngd@eﬁ,ﬁﬁﬂgg?g grgﬁsé&ggr iaoqctlﬂer ecel veglgggflg%a Chgx predicted

determnlng a list can ate tiansw
recei VSVost derathe canBidaieniragnpnes theeste@iowar pdvdtlr ®RGhe identified

candi nsmtt l'ist obt ai ni ng
pr edi gt?éengn%([)e\%e%e?sfﬂfe%éww%@ ﬁ‘efrF%deer Ueraki andgneasured power for the

det er ndentifgdtthashit@psm tter for the received signal
"based on predicted powers for the candidate
transmtters, the predicted power for the identified

transnyttery of Lh cei ved signal,
and neasur e eg@ﬁg&ﬁ?‘%‘ﬁﬁw WGEH | ﬁ?idg&m%?&wg%aemtwr for each
receivEdeignet fupitieoihcloles m 13, vvher ein the determning

the transmtter for each received signal further
i ncl udes cGRPRATNG 2arclaliva H’fﬁ'@CWﬂem\mreﬁbrpmrca‘ndrdaeaohnsmltter

candi ¢ t el ati a
e T g T LR

power Pb\!ﬁh@)emgdaf ﬂléﬁemnce Heewsune thel Ipeed@ét@djlmg RPWRE candidate
for t dld‘%g}f tter and the predicted power
for t n]i R PfF i Rwstr for he 1dsptifiied, transmitten itied relative

power rdeﬁmﬁ?&i poﬂérflfeﬂ{ged"@@fe%&”ﬁ@c@egp &%H{eﬁfpggfe{ ﬂgthe received

the received i gnal” and the measur ed
i dent $igndand ﬁfeﬂrfgmsvwd rPOWanfbr\lsliaendenurﬁddl'tansﬂﬁtHr | fnided

transmtte ei,ved si.gnal_.is the
th&%[n GRS I']dén? 1éd transmitter for each received signal is the

candidate transmitter with relative predicted power closest to the relative

measured power.

15. The method of claim 13, wherein the determining the transmitter for each
received signal further includes

determining a coverage zone to use for the received signal based on one

Or more coverage areas of one or more identified transmitters, and wherein the

predicted power for each candidate transmitter is obtained based on the coverage
zone,

16. The method of claim 13, wherein the wireless communication system is a
CDMA system.



candidate transmtter with relative predicted power
closest to the relative neasured power. 15. The

woredohosbood cl ai m 13, wherein the determ ning tPer/us2003/033680
transmtter for each received signal further includes
determ ning a coverage zone tgouse for the received
signal based on one or nore coverage areas of one or
nore identified transmtters, and wherein the

predi cted pgwer fo ch candidate transmtter is

obt ai n@d bg@@o‘nﬁﬁo‘ﬁ ﬂfggelabla}’ Ayerein Giedeterminimg therrranpioidter for each
Qbcedv el sBnhBfurtM3eiRlddel he W rel ess communi cati on system

is a Cﬁ/lﬁ\ system WD 2004/ 039090 PCT/ US2003/ 033680

30 | T The rabtdinidggireditted prop8gativinedetayn fdrheackl @ hedidatdinAgsmitter in
t he trﬁenﬁgptt r for each received signal further
i ncl uées obTdl ni ng predicted propagation delay for

each candi ditfinihg prRetéd Bbpigatiod B8} Fsittne ﬁgﬂltitg&f Fndnfer, and
predicted propagation delay for the identifie ’
t ransni t t ervheagia theymansaiittertivethe regesveidtsigmal fsofurthéreidentified based

recei Iy [ ] identified based on )

or odi O Qe UPRA prbfacalbh BBy FE e rB R ngmlers, the  predicied
t r ans prdpagatson ddigy forekt esficdiroRAG®:| ﬂx@aéﬁ?écﬁﬁro?@atibﬁ Celay for
identified tra smt}er, measured propagati on delay for

the r &gV ghenal 290 Measstade pronasparatdelny det afe identified
for thendigRtified transmtter. 18. The nethod of

claim17, wherein the determining the transmtter for

each received signal further includes determning a

relatiye p r_del or each candidate transmtter,

det er rlng'ni ng)ﬁg Wegkﬂoélicfaf\fia"ﬁrl pY Eﬁef‘b‘g‘e gEWeHS}mH@ the trppgmitter for each
exzeived sigdhldfatither ihflaagM tter, and obtaining a weighted

sum of the relative power delta and the relative

pr opagat i oflet§eniaingetetasive peweradeita fammichl agrelidate transmitter,

transmtte d . rein.the identifjed transmtter _
for the regeétfgglgm i gng‘%lmf\'g Pﬁoé)agajl’?d’i 615533 fi‘?léﬁéﬂ’i tefgh candidate
Wi t h @anssmieed, @asd wei ghted sum 19. An appar at us

operable to identify transmtters in a wirel ess
obtaining a weighted sum of the relative power delta and the relative

propagation delay delta for each candidate transmitter, and wherein the
identified transmitter for the received signal is the candidate transmitter with a

smallest weighted sum.

19. An apparatus operable to identify transmitters in a wireless
communication system, comprising:

means for obtaining a plurality of received signals for a plurality of transmitters;

means for determining a plurality of lists of candidate transmitters for the
plurality of received signals, one candidate list for each received si gnal;

means for obtaining predicted power for each candidate transmitter; and

means for identifying the transmitter for each received signal based on measured

power for the received signal and predicted powers for the candidate transmitters in the

list determined for the received signal.



conmuni cati on system conprising: neans for obtaining
a plurality of received signals for a plurality of

WO ean®saobd ers;  neans for determ ning a pl ural P€yUS£003/033680
lists of candidate transmtters for the plurality of
recei ved signals, one candidatzg list for each received
signal ; neans for obtaining predicted power for each
candi it e tThegpphiatsrof cRN 19fRMRel Impridaiat i fying the
transmtter_for each received signal based on neasured
power MEANStIRE deteEBinig) a sioyerage apue o ek fereehchawenivedt signal, and

t i ] ' : |ist. determned.for . .
CAerTR: PRt REPS (et il be b tbObh 0Sseg sienal is
Ibtaieed besed apphercaversgofonefad the 1Qeivedkighglr conpri si ng:

means for determ ning a coverage zone to use for each

recei ved signal, and wherein the predicted power for

each @andi d@fee idet QL:0f ecej.Vv ' [ Is

obt ai ned bas'eda%%a@?ﬁgéndéo@élpgglg? i\gﬂg&ﬁ ot ﬁ%d?cgeglgﬁ\(}‘é’ar for each

srrgidate transmiteisalosamined Sased oml agpath [b8s pretierion modble

predi cted power for each candidate transmtter is

deternmi ned based on a path | oss prediction nodel. 22.

The appar atThe #ppachi 68 Adim \WHE AL OS3dicti i
redi ction nodel is based on Ckunﬁ?g%?g?ghﬁ%h@?qwag?nmdd 8
A A fdrupyra-lata giodelm 21, further conprising: means

for storing information used for the path | oss

prediction nodel. 24. The apparatus of claim 19,

f urt h@s. cofjheiappargius ofelaisn Qnrfu@lliﬁr&bﬂ?ﬁ@ing.’f edi ct ed

power for an identified transmtter for each received

si gnafMeaBhiPT fipanginformaionused farthespath kss predistion swideled

signal is further identified based on the predicted

power for the identified transmtter for the received

-si gnalk4. 25Thgpppaspgpaioidlais B, failter cohrisifigr t her

conprising. nmeans.for _obtajnin redi ct ed propagation

del by RET Earc ROWING @5ieied 408 dpean dghiificsh Breymttemeor each

teceivedigh#ll aidih@3RhE BERINAL: o SR rel &vddNiDFLs further identified
dentified based on neasured propagation él ay tor

{”}?Sd PB ¢hs Rredicisrd pawer tanthepdentifiaddthnpmistea fatthoreceietdsignal.

for the candidate transmitters in the |list determ ned

for the received signal. 26. The apparatus of claim

19, wkkr ei Tih¢ hgpavdtisdfes@mCITTce abhpRsisyst em is a

CDVA syst em .. . .
means for obtaining predicted propagation delay for each candidate transmitter,

and
wherein the transmitter for each received signal is further identified based on
measured propagation delay for the received signal and predicted propagation delays for

the candidate transmitters in the list determined for the received si gnal.

26.  The apparatus of claim 19, wherein the wireless communication system
is a CDMA system.
27. A computer program product for identify transmitters in a wireless

communication system, comprising:

code for obtaining a plurality of received signals for a plurality of transmitters;



27. A conputer program product for identify

transmtters in a wireless conmmunication system
wa@eogns®peng: code for obtaining a plurality of PeEUS2008033680

signals for a plurality of transmtters; WO

2004/ 039090 PCT/ US2003/ 0336803 32 code for determ ning

a plurality of lists of candidate transmtters for the

pl ural, i [ I l,s [ N .

Cacn Feteter Bet i Bl s S GRRG ARkl Ty hebturatiy

poMesi véDSigeAs lone amdiidhad Bstfoeasiivdcepied sipade f or

identifying the transmtter for each received signal

bas edCQf% freaipining Predicled PPWer foR gaghg@pilidalg tengliel.and

pr edi -8 t [ i & j d
o AR LR AL ) AR 1Bkl s
powgauoe theusadivezl sigdil and predicstdopaweys fdrehe oxhdgdate transmitters in the
list determined for the received signal; and

a computer-usable medium for storing the codes.



