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BACKGROUND Rel ated Applications [1000] This

application clains priority to U.S. Provisional

Application No. 60/452, 182, 1fi | ed on March 3, 2003.

Field [1001] The present invention relates generally

to position determination, and nore specifically to a

nme i r r r [

acMBErEh ANF AP RAEHS FORRERED RTNG RogITION
DETERMENATTQNAIN re WHRELESSHCOMMIENFC ABEON DIETWORK

[1002] A common techyyHPE REPEATERS the position of

atermnal is to ascertain the anount of tine

required for signals transmtted fromnultiple

transmtters at known | j reach the

termnal. The pr opagatilg‘&eg(?rgélp\h? the signals are
RelatePApplitationgnverted to "pseudo- ranges”, which are

estimates of the di stances between the term nal and

[1000he tThis sppliceties claiiae pripawi to BS. dfrovigenale Apphieationdyo. 60/452,182,
f1led gq\ﬁm}gﬁfje%dgmt ed based on the pseudo-ranges to the
ansmtters’ and the| r | ocations, using a process
often referred to as trllateratlon [ 1003] One
. .systemthat provides signals froma pI urality of
Field y ansnitters (satellites) at known locations is the
1001F! | -TROPA G ORALN RS id1h QP UM doliish - d t d
[ gﬁcur at eﬁ%ﬁr ee- d]?mensn:é onal g%gm ?I on I{gstl mat e nalon ane mmore
specifically Yo faomethot emdi apphratvayfob @edbtraing q:bsbmentbtmlsatgmalhlsa wireless
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required nunber of GPS satellites may not be avail abl e

in certain operating environnments (e.g., indoors) to
Baclgwpipé this fix. Another systemthat provides signals
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amowt|of Wingd Jequiz€dTos @ig@lalsltfalﬁsrﬁﬁte‘dﬂ'fdin At ‘tfilh@iﬁﬂﬁ:t@ﬁta{nown locations
(2-D) position estimate for a term nal may be

to fe%?é‘tta? Fraenhs EBe BiRPagagan tises drthe signdly arcabicalsomprted to “pseudo-
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position of the terminal may then be estimated based on the pseudo-ranges to the transmitters

and their locations, using a process often referred to as “trilateration”.

[1003] One system that provides signals from a plurality of transmitters (satellites) at
known locations is the well-known Global Positioning System (GPS). An accurate three-
dimensional position estimate (or “fix”) for a terminal may be obtained based on signals
received by the terminal from a sufficient number of GPS satellites (typically four). However,
the required number of GPS satellites may not be available in certain operating environments
(e.g., indoors) to derive this fix. Another system that provides signals from a plurality of
transmitters (base stations) at known earth-bound locations is a wireless (e.g., cellular)
communication network. A two-dimensional (2-D) positidn estimate for a terminal may be
obtained based on signals received by the terminal from a sufficient number of base stations

(typically three or more).



[ 1004] WMany cel lul ar networks enploy repeaters to

provi de coverage for designated areas wthin the
woeimosodr to extend the coverage of the net weCRUSI04/006602

exanpl e, a repeater may be wused to cover a geographic

area that is not covered by a base station due to

fading conditions (i.e., a '“hole" within the

network). Repeaters nay al so be used to extend

a008E255 S s 200 bt O b B desgnatd ares
withit B8 hO&Rfork Br FE a8 Ehe cB@é‘rg%é’ &5the G@RFHrk! #BSe ﬁ%e, a repeater may be
retransmts signals on both the forward andxr erse

used|tp okwer dTgeogrdphiorerea that sknat ebeersd by at bese statiom dive &t fading conditions

. Link from.t base statjions to t erm pal s d the .
e g oI e RS BFPE: R gRAL ARG BEIBHL A o] Svetigg into rural
aread @! ;{TJ AeigSa Feew AP thasee Sitsite RScovEAHI0 alea VREROBESe stations. A repeater
chal | enges are encountered in determ ning the position
receiges, gonditionpadnd retEnsmiss wignkls tgabodinthieolpswandpanst egverseCinks. The
. I.n G t trapsmts. a repeated
rorw I B i SRR UG R o Pt and e
revefis@ @ink esfafisnatie osinirhirdicdtios liaR ¥@hage teheaals & the bide@dtions.

[ocated within the covera%e area of a_re&éater_is o
[1003k 1 oY 351085 Shplksnges 8% sneewiiereddn deigHBINE S hgMoskiggeof a terminal in a
. c . . : > ) .
n BN o PRSI 8y 4008 S B et s
at high powerhandreitle addition] cdelgs tgbe darednalyithonier coveragerarga. A terminal

i nstances in which repeaters. are used .g., inside .
tocatg i 0% CoaREIREER bRy i3 eS MDY ioCs iR P TYiRg signals from
base @ions @l foi 4 @Smib@ABoh BFUDE irEpRRld ABNBTs higN YowedNfus the isolation
al so cannot be received by the termnal. Thus, a - .
nornjailjriapsegiatadhivih tif repeajerdd eovemgs sicdst. yMorgoyerp iremgity instances in which

m.a repeater.) . avai lable for use, to .
repelfid ke e oY Bl A fobPhoafa s ome s, from GPs
satellifa® hawdinsifiicadnt PetvayBveln bh@dls6 @Enit beaBeRVRI 19y §@Nerminal. Thus, a
. .distort measurements nade by a termnal for signals
limited pemberceisignals (pessikly @alieons. signahsfaemarrepgater) may be available for use
IBAGHY Qﬁﬁfﬁn r..si.qnals received fromrepeaters are
tOdenorrraltﬁy |ség§&g%hgﬂd not used for position
[1006let efmrthetmare, fhe ceditena sddlaat iiatsduced| \byf empeaters can  distort
rreasurerretsbmay be %vilableto-cgputethe posi tion _
MmeasYLRTRE &5 0%t ACTTUPR IRAISIBTALS ETENEt dTom Sh Fpeiatser Sonsequently,
meastfé@nditsS 63 f8ghls the el Fom %ﬁé§&@ﬁoﬁﬁh@1¥p&§da&(ﬂéﬁnmd not used for

esti mate oblai ned based on mai ni ng signhals may be

positiagr detprainatiqnl 007 [celhisr etuatornsh enkyf fave nanwenieits mine baravailable to
for..a nethod and ratus to,provide a position,.

compyB 15 AR P s ERE s T e el W5 o Bl igporced, then the

accufaey WPthé pobiion @Bih & DbtaeieE dagddson( @{naﬁﬁﬁg%lm ﬁiﬁ? BE $8+y/qfbor.
sources wWith simlar characteristics). 20047 0801

[100FCT/ (ber04 fraeiors2 nedduyirlforarpe8pd andrermamiustiagrovide a position
PR3 Uaph A 2R DL PR BB SRS petrs or e
trans{réssghn, soarcee hlithl strhiliedhancteyistids).h repeaters. The net hod

and




apparatus utilize a repeater database that contains
various types of information for repeaters in the

WO eamo8Mps as descri bed bel ow. A position esti nBCEUSHIN/@06602
term nal may be obtained based on (1) neasurenents
made by the termnal for signals received by the
termnal, (2) information in,the repeater database,
and (3) other information that may be avail abl e.

[1009] In accordance wt di ment of the
di scl osed net hod and appgﬁwﬁ&o perform position
[1008Ft er ARk dOahd ﬁafh%sni@tﬁi\@\ﬁﬂed’\hérglnrt%ﬂﬁ:%%%osﬁoﬁ'cﬁfé‘?ﬂmnatlon in a
recei ved by the termnal is initially identified as
wirelgss pgmintpieeon apiveare(e. thaecqﬂolarmebvprb} witherepepgersi filedmethod and
IS bt e rom rep
appe R et Bl Sttt S S8 BE Thsiruatiopfor repeaters in

the rdebiork! & dséxdedi Heldw.MAl SosaiohlbsBin@tefos b tdrfin $hdy Bt dbtdiféd based on
the term nal cannot be obtained. A position

(1) mgrswemants myadedyy the terminah forfsignglsreprivadehy Whayeratied, (2 information in
. . . g
the 198t QRELABORANS) LSO BF AR ey BSORRRR) ot

[1009Dbr tTheactexiamdealvith| dnen@yibodinetie op dgs tistiesed metddaand apparatus, to
the npre accurate position istlmate for the term nal
o

Perfmpqsgwaf%t%@ém@a%ﬂ? netUpraith repgptersya pignd regejyed bycthe terminal
by n{ n |

is 1n‘?c§allh ltdglgtﬁ?égpgﬂtbg@% ﬁ&g/ %qgﬁeta‘ce? ah&cd g?ﬁg&é SJ? ?tﬁ% I1@etnﬁﬁed repeater is

obtaimadiiesg., ofromethe urepeatert éata@a) la&al;i Ill‘@vqj@i forthe position estimate for the

tr teration for t al
termiga) 7% P8 ASHrARpotuo Bt iR tip R chanqt be pbtpifed oA position
uncekt@in@for ﬂ@ﬂéntﬂiedﬁfé?eé@éﬂrﬁﬁ’}oﬁls@ BY bb@IHEB Mhgair) from the repeater database)
determ nation may further be made whether the term nal
and previded ag e ungerfaintyiie thel BDSEIOQ%Hm@tetfhl‘ethE trerninali Ednay not be possible
to Ogtggqgé g{ re l@u?at%r%ég%lﬁérﬁ %ﬁﬂh%% ?glit?ll nﬁ%quPn q8tv:a]§%%s 1&68§ons such as,
for ﬁa&gﬁiplest(l)aletch r(ESﬂﬁfﬂrﬁhat@iil o Gfd hddi)tﬁbrﬁﬂi dehags iag@dtatdd @éth the repeater
eater may_al so be provided as the position estimte
and/gr o&) lake of asfigiant prmbereofiragasimerientsgequiedrie @eHorny Eﬂletﬂatlon for the
termidd; @n i ndoor environnent or (2) located sufficiently
close to the identified repeater (i.e., the received
[101@] gna(it dstermingtitn enxeelds tehmathvestiek dhe tdridal is lif an mdoOr or an
formti on for the, additional delays associated wt

oudp I SRVIBRIFRY o JeISgaAgon mRay HFUET B Pepde (R e izl is located

sufflﬁﬁﬂ%%l@g@fﬂ thé @Mﬂfﬁg répkatehe ThRY ML BE abiREvddy CJ %ecﬁe received
processed to renove the additional del

SIgn&hstrénab dow @heeldp@iﬁm @pe%@t agrintse aftbreshdid. El@rpnsmm ofethe identified

repe&r%%ragn&?earlr%n I ;/p%gw? ntpl‘)?lgg%l {lrl‘glens]?) HI? itergnnalvﬁf the terminal is
deentddetoa@dil iiwaAlindtRlr a:yislrds:aﬁw&ﬁ)(:m[&atedmafﬁmﬁmyr@w&ﬁhe identified
for at least two other transmtters received by the

repeatey (i nie reqel iFenghstrangth exspedsithe tiesheldodi nent s of

ro1ifie uPYaRALRnto (e AGEHNRE delnb Usldfhie A he 186 repeater is

available, then the time measurement reported by the terminal for this repeater may be

processed to remove the additional delays. The more accurate position estimate for the
terminal may then be derived based on the “compensated” time measurement for the identified
repeater (i.e., with the additional delays removed) and time measurements for at least two other
transmitters received by the terminal.

[1012] Various aspects and embodiments of the invention are described in further detail

below.



BRI EF DESCRI PTI ON OF THE DRAW NGS [1013] The features,

nature, and advantages of the present invention wl|
wheweng1ndre apparent fromthe detail ed descrP@L/Us1004/006602

set forth bel ow when taken in conjunction with the

draw ngs in which |ike reference characters identify

correspondi ngly throughout and wherein: [1014] FIG 1

shows a wirel ess conmmunicati on network with repeaters;

cstimte {or PRERIRSGRIBEESS of e i WNGE Ve by
[1011’,Ee tBieMeR@tesf h@tﬁieb%ﬁﬁ aﬂ%%th%@sofaﬂﬁgl p2éseh€ Hﬁ/@ﬁt@(ﬁrﬁ will become more

net wor k; 1016 FIG 3 s rocess
appagrat i fydy ghfad ¢d dengripien el @rﬂlobelam when haé:en mtn abnjuastion with the

o 55 VAL e S5 PR RGP o B s i

[1014] r ermet e&hoves 4 RiBlefadommisi caiond@sw bk fiRbelteisNi Ny
in the network. DETAI LED DESCRI PTI (]\I

[101§]101é%GTI3eS}\%’|SoP ProgessoR dgriving aupesitione puinpte dome 4¢minal based on
signa §ferc¥1r'¥E@ B?rﬁe@ﬁ?m%ﬁﬁgpdsrﬁ Brﬁée Z&Stfg)?g gncgg{{ep&ltéry £ 8t efuﬂdrk
[1016]exerﬁiGar3yéhom nptocosscies sketiving 4 @osikien ce@ﬂmmreuie»d aaferminal that has

pr fe,rreldf or dvant ageous .ovgr ot her enbodi nents or
recel@%‘if‘é‘lgga forp foieast ope TopedRR8Ya di agram of a wirel ess
[1019PMMyGC At é}Rﬂvsnﬁtb\I&:'kkdﬂQ[gni’\”oﬂﬁ b&BER RIS a regg 0 K tehfhal, and a
may be a cellular netwofrk that may support one or nore
posit@D\gtermirida eatsty (BDE) in the 8e®®rk.| S- 2000, W CDMA, and so
on) and/or one or nore TDD\/I A standards (e.g., GSM.
- Al'l  of these standards are well known in the art.
I\Ietvvork 100 may i nQEEAIBEDUWRSCRIPTIONE sStations
However, for sinplicity, only three base stations
[101§b4a Theougsd “sremplens I%P@dm to mjean Fyegying as Ea@harbabelnstance or
111ust§étﬁ>tnl -0 Q&n%/%%lb%%{r}{&ﬁ él* He%%{‘@éd ﬁe%&ﬁ a%gg ;ggrglozn& necessarily to
es” conmuni ca on of ‘term na

be coaustrhfbmasl prefenrod or aiyantap&is ofebdtier eltaldiroehtObr dldsfgns
or both, are often referred to as

(10158 ¢ FIG dchienA iR WHREESACIRUBARR Rokwork; Ki0rwits repeaters.
Neth?@‘iOO Erila?aﬂ:] a EERERA LB work #:h Tl 'ﬁ?eérg%ﬁgﬁs k hg%ﬂ?gl%éaf)w{éﬁdards (e.g.,

ovi de cover age
IS- 9thIEe’&O®£),sW OPMbyvaded dy ahé/sae o8¢ at imresTmMA staadards (e.g., GSM). All

repeat.ers 114 be in are s wher e
of BRI SF CHEKEPER Fh OB B oVETRE L meDgne idp gopummier of base
statichid 404 2 $1ofRYEO for sfidmtityNofly Ghred bas-Erh@atﬁﬁﬁ’ H04£ ‘I@ﬂ; 1288 10BYare shown .
be due to fadlng conditions or sone ot her ph enonena.

in Fitapéat &egh brge stationl K eawennl yalﬂélpilabwevjemgq larga 102 and provides
COH].IBH]IIICQ[}(RIQ§ T tgrml ¢ O].\t% %gtgngﬁgverSag?Veé g\%%tete &Zl?a}ge station or its

e use tO exten

covefa@@ arealichbeath, dre gftom sefddetbto and“cbl?2depbidifig 6n tHe cdnext in which the
general , repeaters are nore cost effect ive than base

term & useflons, and may be advantageously depl oyed where

[102?]2 d 'ngiteﬁ&%rs G9Y HF9e deloVed i RwBHE 1RAGIESRARL 0B RRAGSE Mgions that

would not otherwise be covered by base stations 104. For example, repeaters 114 may be

deployed in areas where reception of signals from base stations 104 is poor, such as region
1122 in FIG. 1. The poor reception may be due to fading conditions or some other phenomena.
Repeaters 114 are also commonly deployed within buildings to improve indoor coverage.
Repeaters 114 may also be used to extend the coverage of network 100, such as regions 112b
and 112c in FIG. 1. In general, repeaters are more cost effective than base stations, and may be

advantageously deployed where additional coverage is desired but additional capacity is not
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nunber of base stations within the network may be

w0 eemsmEoy dependi ng on the network depl oynmeneCT/psda49o6602
A nunber of terminals 106 nay be dispersed throughout
the network. For sinmplicity, only one termnal 106 is
shown in FIG 1. Each term nal 106 may conmuni cate
with one or multiple base stations on the forward and

reverse I|nks t term.nal _may
requistihARY BHEPGT Rlhfie ARE Y i OB Biop he traatsch depending on the
netwakde?) ymdhgndoff “ is supported by the network and if
ermnal is actually in soft handoff. [1022]
102811 t ifp|reinidws eofs teaminalss 106 Anayr det gigparsdd yhrooghpiuedht metwork.  For

B LTI T RHCTA - c—

with RAS 8r AuBip1OBise sNBBE on t AN @hd réVveR@3inks @Many moment. A terminal
determ ning entity (PDE) 130 may be coupled to BSC 120

may gaacurtesdy cooymynigsita With mdtiplenbasastatians #DBoft3endefy” is supported by
ter s 106 and nmay
the na& eir(\réhn%é ﬁ%%r%g‘s%ﬁslaggr‘@ﬁg} §o£t'ﬂa{1§rt§n nal s based on the

[1022]ECGIM@lﬁpIEB§sH rsediont 904 age dgncillybasiplddniof dhd Reftrélidaby, one base
bel ow. [1023] For a CDMA network, each base station is

statiops gqriirodlgr Bk b - BRdkA W@@atem)e copgivaigatiionyfor fheybase stations
of f (FIEN [
undeagtggbgﬂ;&t )fé gfggﬂ gtege‘qﬁig%ﬁg“&tﬁg gPDEg 'i‘{s? J’a?pr CEBRA%0ESC 120 and
used dat posptmmdetd:mnnatmns rABS il 3hmay eeceﬂeemémmm&iltd frok. tefSsiohls 106 and
may getgjg‘a]?}tg | o(?ﬁtla%; |%f H{qégrrr]r?lénqlg Eftq%d%glrtﬁéﬁec?lﬁg Iq}eéssurgrlngrﬁls,yas described
in fufiR&detal bYowpread w th the PN sequence assigned to
the base station. The signal transmtted by each base
[1023} at iFon 2 €RYEA inpitankiesacl %@@t $t@na¢rylss«3pslga@ﬂ e @sendarrgndom noise (PN)
i ] ot. oS i on det ti :
sequleg it p 3RGaNs et B St TR AN SBnesiaued hutggpese sation
to spe@sdly preddie GOl tb eesinviedoP¥ve the Ferivaal 1kl ORddhise station also
base station. The tinme of arrival of the signal at
transpits & RijGY Which ansimpdy 8 seenseneicalbenrssdonall eres)ihalsis spectrally spread
a
with té%?lélggl ﬁgeﬂggﬁéégélgg ‘If]cgth%)fwlagéq&au&t th @fa')l/ ﬁgrrx%ngiétgcsl ga/ e?%h base station
thus oletwalen sjideirall Phprpdtbdeea andlﬁmt mat i on t he neasur ement

tal ed hy e terminal is often referred to as
[10Z Bﬂgé%n Hetﬁ@gg%}% ﬁ§eu@pﬁmge t@ﬁeglbqq base ﬁlﬁgg%may be estimated

base&r%ﬁStHé S7FRAL rebélvé’@ 89 alt@rBRAl Bh&ht BEsARH.  Phe tibdFof z{mval of the
t akes the signal propagate fromthe base station
signal lak theetermimal may Ibsslep‘rmpmg dvtase@lmrt tmephmof the Mnmm@dused by the
pseudo- r.ang udes or, act yal
base ot B e REATER Sy g B PRALY BrneeS e BRI HE P phase

inforffRA6H BEBMas@eihSebthih8 by thdltekhimal & b REerred to as a “pilot phase”
description, the term"tine nmeasurenment” is used to

measgeayaané (BPMpye dda il Rbase egasyrementsis gisec i etingie éhe apount of time it
takes t'hg rQfaénalr t%cﬁ'bf{aeg% & lSarSQQt%m)ﬁtt {he(tgrn%nal. afl‘ﬁé”‘ﬁl%pagatlon time may

be converted to a pseudo-range, which includes the “true” or actual range between the terminal

and the base station plus measurement errors.

[1025] In the following description, the term “time measurement” is used to denote a
measurement that (1) is obtained based on a signal received from a transmitter (e.g., a base
station) and (2) may be used to compute a pseudo-range to the transmitter. The time

measurement may be a pilot phase measurement, a time of arrival (TOA) measurement, a



station) and (2) may be used to conpute a pseudo-range

to the transmtter. The tine neasurenent may be a
wpErioensqEhase neasurenent, a tinme of arrival (TEE)/US2004/006602

nmeasur enent, a WD 2004/ 080105 PCT/ US2004/ 006602 6

round trip delay (RTD) neasurenent, or a tine

difference of arrival (TDOA) greasurenment. All of

these different types of measurenment are known in the

rt. a n escri bed herein. 026 not e,
rounln 3plew L)) BryEStenvcinch BinetiiBisuts abaThal (P Ageasurement
All df Qﬁes@ aiREH t Eyﬂla‘xé 0P 3RBs1HEAEMARSknoWHLIR tRS addahd] h@t described herein.

di ngs. ch repeater 114 couples to a "donor" base

[102§l at |Aﬁ1n0tqcmb0ve; telpeatelzaum%'cbd ysedito provislegioverage Iﬁ@*rreglons not covered

AT AT T M O R me—

104, retheadifctly @ ghroagh anotB@nepéates] inal wirkled® 6rfkﬁ1r@iﬁfé01'ink (e.g., a coaxial
base station, conditions the donor signal to obtain a

or fibgr e cakie JAB thesfogiai linka AdeRepigR E16FIVSS  idonaré sigaelefgom the donor
R A

base %&@iﬁfl Ccdnt {Sfﬁ%xg xﬁeef‘%chgrg XletB (3’11)?3?1#1& He%e!\tgd HBS I, sﬁéﬂﬁ %hg transmits the

repeateh dadcersignat eiavesener’™ arpd:nnaktd) tlsd @nﬁinafsr\mmhlh he c@@émgé area. On the
antenn condi tions the ink signal to obtain a

reveisf Ugbn e GORNAT TROC S gHHR P ke g omee PeiyERagna, conditions the

li e r t

oy oLl (R0 R PR anS Sh4 e IR s 0 e

donor haset séatienn dlhs upliok Bigaalrlepiee\ctsa\everse Figpsgoas tral}qmnttadl by the terminals
i ncl udes a,hard uni d,to perform si.

ot eREE ol g NBIEh &Y HIOHbr MRAetch IE G Grial € Ve tg egrform signa

condstﬁfnv@ ofnhe daot 84l ubBnk SRAGKI dndt e seFRPaAERAa ARB@ o transmit the
to the termnals and receive the reverse |ink

repeaﬁ ﬁ%trog signghia We teiaringlp and receivgdhe evorse liaktségnads Emm the terminals.
The Q&(l?ﬁ"@fﬁ?ﬂ g&nénttd @MWQI% Llln%: ﬂlta?q)ea#)czgéé of dﬁfgren%ls%tgg of co-located at the
CO-10cate any

samel siieathh any cdsef the I&ative bf ﬁetsaﬁ}'ﬁlaarlt&ria)i@t}@ﬁially ussesh 88 location of the
the location of the repeater. [1027] Each repeater is
repealelsoci at ed with additional delays that include (1)

[102‘” an %ﬁ SkfWaterdg! ﬁﬁ’%le{?@% ik aci(fi' Q%fayp qgﬁeﬁzclgb'ﬂg Q1) transmission

and the repeater an it er nal
delaysi etwidenrthe dandihhase stagomn epd dtearepdaer raadQB)/mxemairﬂEMyis alng to circuitry

with@dfe BT B et 7 SEBY0 e CNRTEL (ISR PG doncr base station.
For exRbplef b@ffe a8o\tioSE (SANDANRR §mm1h&*s naﬂdrlﬂherr RRFBh&ts within the
i ntroduce delays to the reépeated donor sign

repeatergintAflgceedrelays toHbe regsetedegonor ﬁlgsain@ansnnmchhn dhe reltph@ter In some
i b
ol HORARLE TR RE COTRRRARME, IS P RRERD g an, e

transhﬁﬁﬁ)nSdeadysdfbrh thel dshok ®h4E siation tEL'fﬂlUéSterrhfnaI hehad 6f the @Bdikional delays
del ays of the repeater are not taken into account,
of the FrAtER e POk KeR HYY AGRERG tea ihg e sregrapmerider thecsignpl received by

the t 4l $lo 1% atb! QEhSERERTMI E?e'arw tdetg?mﬁi‘-g ltﬁﬁ%ﬁé&ﬁsﬁqhé Rrminal.
term ne epOS|t|ono e termn
[1028ﬂet hddmthdadaqmﬂmngm is pm\mdﬂddezdelh eo @erfotno ppsitibo dotermination in a

i on deterni natlﬁn in a. wireles

wire S REPRUPIESIPT DO (- FUAL PR AP, W Bt s [heaethod and

appaﬁﬁishﬁﬂlzéﬁ%peater database that contains various types of information for repeaters in

the network, as described below. A position estimate for a terminal may be obtained based on
(1) measurements made by the terminal, (2) information in the repeater database, and (3) other

information that may be available.



apparatus utilize a repeater database that contains
various types of information for repeaters in the

WO eamo8Mps as descri bed bel ow. A position esti nBCEUSHIN/@06602
term nal may be obtained based on (1) neasurenents
made by the termnal, (2) information in the repeater
dat abase, and (3) other infermation that may be
avai | abl e. WD 2004/ 080105 PCT/ US2004/ 006602 7 [1029]

/
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from base stations and/or fepeaters in a cellular

and/pretepenters iPacsdskr povorky Poecepe2bmap detperfoDied B9 RDE 130 or some

ot her network entity. [1030] Initially,
Othelfrlgegglarrkeer% ‘s are obtained for one or nore signals

[1030F c eiliigidilpy nlehirerh&rteri el obti! ieof ofBhére signals received by the
trapnsmtters in the network (step 212). Each received

termigialyfrgm que or e transamiftersrin e natwak(step @12). idck Weqpbyediségnal is from
: 1.on a peat er. I.tipl .
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may p¢ 0BtejneRdor engl keceivedisigndl. si gnal , a determination is

de ether the.recejved signal is froma,repeater. . .
1103FF 2 RGO et byt detdindiony s suate Whilbmelhe daceitgd signal is
fromag fePeatsrepeat Bhise sdGH i(blepalliddn BicPCERS iAREkefBY B€as the repeater
. performed based on (1) the one or multiple _
identification PHaesS anchiey bsareriosned hesedrancd) Vhedors ghmultiplel measurements

. ' ' ' . ase. As rt of
ol b SEE TLLRA Lt O, CARRRH R0 0h SRR penEp el pr of e
repedteddentiitafioproaedseifaai@inl istrbgdived felgh @ rgfeart, thth M@¥ermination may
| so be de whether it is an indoor repeater or an )
also Be, Mg Vel it s an Tdpar ersgier 08 ge gUkloor epaater efya dpdgor repeater is a

dt83that & A& cith ty % N "that i
T T Te
outsiflé atbimedingads thictttamsmitfer af @i giem reeciecd/sgna icgmadt beddamified, then this

Slgnq?gl‘gé‘_‘)? %Et %Clg? el’do{gglgiglllstgp Sr Sitg‘,{g‘\?@ljefﬂ@”a ﬁpagig)gglti“ ea rrgge%terri%gr]ltiﬁcation
procdsd @ ddstisealih @Btail eR/ESS 1S described in detail bel ow
1032] A determ nation is then nade whet her

[103%k a5 ¥¥ daterminatien isathsnfhadd whethemsesurehent ferea stfficiamt iumber of
. thr r [\e [e i ] ahble (step 218). 1f the .
v s 5 ¢ B0 B BNEHD R (TGP BHE) e, HEF poscin

estinta€d fior Bl teinsinalds dsievbdiasabsotdly eh YhedfedsbenivRasiof 8i¥BakSstations (step
faor the_base stations (step 220). For step 220, the
220) gk tip Adthithe mgpsupeapes o sepeaistyire discerded. Tewhmiques éer deriving the

posit{)o%r edfdt 1189 e GrmBRF il; k&{l oﬁsﬁx.ﬁ%}e@né‘n%r f(grhgastee&?qidﬁ%l in a cellular
ased on neasurenents for base stations in a cellular

network are known as Advanced Forward Link Trilateration (A-FLT), Observed Time
Difference of Arrival (OTDOA), Enhanced Observed Time Difference (E-OTD), and Uplink
Time of Arrival (U-TOA). These techniques are described in U.S. Patent Application Serial
No. xxx, entitled “xxx,” filed xxx, which is assigned to the assignee of the present application
and incorporated herein by reference. In general, position determination can be performed by
well know means such as, fér example, the ones described in 3GPP 25.305, TIA/EIA/IS-801,

and TTIA/EIA/IS-817 standard documents, which are publicly available.



network are known as Advanced Forward Link
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we o Of @ process 230x for deriving a position estim
full’t gomnatiennfontie athigest vas idetidied edpatesi (grpl31£).0mh dtscription of what
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consitlered ab ebntaind@ntdef ih foatb@6h RSrOL 8iven irépettee X A14 Fﬁd&itﬂn@nd a position
2.. Process 230x may be used for step 230 in FIG 2.
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o EBERN oo By BT b PR e S e,
[1036] If the answer is no for step 312, then a determination is made whether the terminal
is in an indoor or an outdoor environment (step 322). This determination may be made based
on signals received from repeaters and/or other information that may be available. For
example, the terminal may be deemed to be located indoor if a signal is received from at least

one indoor repeater. The repeater identification process in step 214 in FIG. 2 may indicate



identified repeater, then one identified repeater is
initially selected. If only one repeater has been

w0 d@ansdiped, then the sel ected repeater is sinpCHUS1964/006602
single identified repeater. If nultiple repeaters
have been identified, then one of the identified
repeaters (e.g., the repeatergwith the strongest
received signal strength) is selected. The position of

whe 85 y }A&ﬁg é%c? TeR& graifsg'l?l 1{1%3 tr?%%me ‘r%g gllz g;tlélﬁo%rf@eater-rh@e determination

of theiedRsAuidoeredviofineat fos theltdB3d1 id aeskﬁsecﬁﬁ%ﬁﬁeﬂ cﬁstanlooelow
f or steﬁ) 312, then a determ nation is made whet her the

[1037%r nvilhdhe tql‘%lmah l%udeq‘»m@bt;r be docatedoindders themthier mositimt of the selected
repel®h T pRRfea ACKR PR ST, TRl B 2. For the indoor

env1rdmfnmht[&h¢ positidias! e Yepeatea watybizbll R suffiefent 8X &P oBitioh REtimate for the
term_nal may be deened to be located indoor if a

termiiag Moxegwreé@ thedndpesnsmyiropmgst it gl naidwopossiblreta ebtain a more
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a t door. repeater
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1dent1ﬁ@:l fb@bzﬁtb’r with theCdtRM receifedai@as btkdn@th RSIrbWabE® af M pobiion estimate
nal.. Moreover, for the i1ndoor environnment, it may

for th%tteraenﬁé dsisp BPO. t ho bigarlrstisngtr thresheldunay be selstted dased on various
fact0§$tag H@Cﬁpg@ﬁﬂlpﬁ J&Hﬁ wbecause the required nunber

ase at| ons and/or GPS satellites
[1038Dr tE‘dr Isapetht IB(M am1383moihe hacaaitl @b ke pdskda@stilmbtetfbethe terminal
termnal js in.an i ndoor environnment, then a
may fet %f'rtn‘?qﬁéllt %Y fi BOsHiRRe UnGariaine fop then ifenfified §?HeéW§tWhQ§? position is

provRRWEK (B pbdifors LR e TSCHE Y@rﬁnﬁilorﬁo? afn??emfélf %?é{)eater that covers a

repeater - exceeds a partic sigha reén
larget hm@éng)ladd (s Eeppl% 29 Lhd fdomdreb?ﬁ@ $Mn| |a yaebaky I@ehsie,t léarge position
ocat ed {3] ci entl Ly cl

mcct G R, Bt A ifhigs GHEGIST: nJh BB Fik6n dporERRIdingly large

uncett@@6f inhi 86 uéﬁlﬂﬂﬁﬂﬁrtefﬁhﬁaﬂ pofifios bEtBRte KRR & JE6h t%isgﬁﬁéater pos1t10n
stren provided as the position estimate for

(1040 mlgﬁle 8@§W@rpls 3-4P1 stap é3%,|t@¢17aﬂhl%md@ﬁ@s ithat 1t Hetbi dﬁrdum% not in an

indo xee 1‘0%%(?@? ﬁb}? g]lfﬁme}{ﬁ 6%§i?g £l (ﬁ’%%g % Srggeelzsé 4fr%§ﬂ a{l}p identified

repea&&4 and (8 theopeatal ddtybast ifchelep psitint SrdedSt inf@ttibe Forlthe at least one
., termnal may be set equal to the pasition uncertainty
ldentﬁfeﬁfn FREAPTdaR (i et Peiselion resvma@efobée. teypinal ay be derived based on

6)) tﬁﬁ@‘fﬂqugex?lg'ntg grr Bgﬁélg 'r%l\%ﬁtfr(?]mtt?asé QUatibhe aﬁ? é@? mc‘egmpensated time

For exanple repeater that covers a
meadumﬂl@tm@rargﬂa]ssremqudl feain trepetatees dxbamn'34m.s G‘hsttmhe oasuranent for the
ositio cert ai

. able, a lar be .
signd) guii o R EPepie 6 e B REREd by DR ieang indludes (1) ransmission
delafOf 618 RO BEMdFBaVe 5@fi&Lto the repeater, (2) internal delays of the repeater, and (3)

propagation delays from the repeater to the terminal. A compensated time measurement for

this repeater may be obtained by processing the time measurement for the repeater to remove
the additional delays associated the repeater (step 342). The compensated time measurement

for a given repeater i may be expressed as:



uncertainty may be used for the term nal position
estimate that is set to this repeater position.

wQ 1@®40%010F t he answer is no for step 332, thenpP€hiUS2004/006602
indicates that (1) the termnal is not in an indoor
environnment, (2) a sufficiently strong signal was not
received fromany identified nrepeater, and (3) the
repeat er dat abase includes peéertinent delay information
for_the at |least one identified repeater. In this
cadé~ B Jesiton estimate for the terninal nay
derlved based on (1) tine neasurenents for signals
recei.ved from base statio conpensat ed" tine

whepe % i RSP RHTeme, mpgﬂ?‘ibiéﬁwéemp@m Epedeh s

(bl ock 34Q). The ti neasur enent for the signal
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delays of the repeater, and (3) propagation delays
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trandnSik@6n 84dys 7,TheAcompenRRidaind mERuRERAMY HeRBR obtdiREd Rr each repeater
given r epeat er i may be expressed as: WD 2004/ 080105

for VFKEH 1U820014ibANGRAR s afdkridwnTi.Bl, avadliable in the r@@atér cﬁﬁhb(@e)
where pi is the tinme nmeasurenent reported by the

[1041% r rvi "Hi comprenspadgsbtime maasurerpepftfor 2 repepige mapitherused to derive a pseudo-
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The additio del ays for repeater i is_the
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epegat er. dat abase 41] The,. conpensated ti e
1048 FAGRenZ B 4 nERERL: SHRRY o TRPUE G, Viigrming position
deteRE@HEST inf PAYR] 4 detitik MERERBbSers. CWaﬁSMBQifﬁgﬂldhs ﬂ1£‘5€be made to the
time neasurenent for a base station nay be used

disclgeqd qrabodipertsdund thisge within He @as%og.tl@tmmntwﬁh dor exalnple the steps

o RERGERITHS, R TRt RS B8 540 may e moved

betwst@btepn31 2241l 322¢i T thiecadd, ﬂﬁspoaiﬂl@n (2impeguioe tén’ﬁﬁﬂﬁ&n?ﬂbe derived
the repeaters and their Iocatl ons (step 344). Ste
usm%ratyl%%a%} fibratedl! (RosHblet He- AL HIDF FRepRIRMEtH cangy sompensated time

meaduféfedt$dFh ngé 3_%&[1&&14 %% X Bl @fl?lgma BmBel %?r ﬁa?s@ Nitations and repeaters,

speci fic enbodi nents performng posit
respebtitvelypri Wapically, ipsewaloemhgasl tathrae bywaroke tmamdmuttexrs%é at&led to derive the
ificatio made to the. disclosed

termf B L v o P P oRC £900 A FRAS & base station or a
repedtB €t hsRfdo-Fige £¥AARLFicidnd Quifb8P ST transmitters are not available, then the

position of an identified repeater may be provided as the terminal position estimate. As

and the

inti

another example, steps 322 and 324 and/or steps 332 and 334 may be removed.
[1043] Some of the steps in FIGS. 2 and 3 are described in further detail below.



for the process shown in FIG 3 may be rearranged. As
an exanpl e, block 340 nay be noved between steps 312
w@pw482A05 1 n this case, the position estinmate POT/US19684/006602

term nal may be derived wusing trilateration if at al
possible (i.e., if time measurenents and conpensat ed

time neasurenments can be obtjgained for a sufficient

nunber of base stations and repeaters, respectively).
Typi cal |y, pseudo-ranges to three or nore transmtters

are nggrled: iRnABLdNG the terminal position estimte
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(104878 37 Aoy PRI el e FORFHES: HEEaM Shirioocivea by e
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i ncl ude a | egacy network I on
embegiepents of denlegidyaretPikmatthod ard dSdHedimiow he dow@iagy overlap method

rk, neth the transmtter of each signa
mui?%%ﬁqb gm%Inqﬁ%i termnal is identified, one signal at

[1046] t i Mihe dlﬁraﬁt@e WVeABRSHERO® Metifd len ?rgnsfn‘ﬁftelt BE e840 Dkived signal
informati on avail able for the base stations an
base(?@% éatdeptifipgrcqveaagsaone for. therisrminabtdesatitied belowdraatl itheegoverage areas

ne r e| ved sign
for aqgg 8{ {55?1 ?elnl:?]mesg% rs %@rrtg 31§Ha1 %glmf ?}J@maily,()@e sigaal from the
refertregdmye steﬁwmokrelpeitbﬂii 1&51&1%@3?&11 Re@dnbeli¥ceival ﬁgr‘/a‘?é' a%ftis may be

nmethod and a rel ative phase net hod
achl@fﬁi g&’B@’éﬁ%@ Rpved Pashe RN Y treistieaqupides of tthfercwam s:gnalerthe arrival

timeOforeaeh réc@%liv%gna?lb 9l oRRP elP e((ﬂ] &N tl'leg ggéelsfee:dggbgnglﬁ,d some other

coverage zone r the térm na descri
measpiegnentsy er agmndn%mn thercofi [Fos tadhf iteratieh, ditleof the remaining received
ans the s bei ng |dent|f|ed
Slgnaﬁ SR SW@ ?O"t lﬁlgméf%‘ﬂg? ;ngﬁﬂetfﬁét itgrasiomy discidentifissl evarage Aone is set

to th® boie@ig%air@e[ of fhel I@Fe@&‘icfe'tﬁge b8 61?%?'&’[911 ! Fﬁgrega%g ﬁgsgquent iteration,

ignals. This may be achieve exa
the 1c{eﬁgflq:ﬁ}\pqyyefagétz§ne gse’”qmaﬁt%a cxfmpdsﬁe Déthf:lcm&ekage gneaé 6f all be&e stations

and r ee\r?g\(sa{ha? fl%\%g)%?lg %:cgzl §8<5 gr}cérlﬁgﬂggs 1 naI (g)t htl{]eePIG sequence of the signal

to be m@mﬂe@ iretht Sprreit ieer D fadnl RRerihRiae of hstF&rbaE@é?tE'tlons and repeaters
ion, one of the remaining received signals Is

{
ass1g%e@| ‘@@f ts sane P sRanace i IPQ%ﬁ obtgmedt ITQC tovesagq arex af ¢agh base station
and réftitel G lﬁdt%j v S rehoaEL
g?%a of ‘the ref e?éﬁ% ase aOV ag%?m? ehiprate H%ybeObm“md
basedear ithes tdpsatqu ensitiph endtdither a rhlibﬁmludﬁ‘ Biite it ehng@®IARE or a position
n c{ d as _a conposjte of the coverage areas of
uncergz‘nr yﬁt@% tgg i'eppater database for the repeater. Each base station and repeater in

the list is then evaluated. The base station or repeater with a coverage area that overlaps the

identified coverage zone by the most is then selected as the transmitter of the signal being
identified in the current iteration.

[1047]  The relative phase method identifies the transmitter of each received signal based
on the identified coverage zone for the terminal and time measurements for a list of candidate

transmitters. Similar to the coverage overlap method, one of the received signals is selected for



and repeaters that have been identified in previous
iteration(s). The PN sequence of the signal to be
WO d@ansdiped in the current iteration is then PCT/US2004/006602
determ ned. A list of base stations and repeaters
assigned with this sanme PN sequence is next obtained.
The coverage area of each bage station and repeater
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i t on. eat er
1deng§§]ﬁ§>}hg{1] ean e%‘tl erl%glggr%xllt%ugﬁng r%l%e 1ﬁlﬁli}ef}eéirfg)ger(a%@nedls ohtained, the
PN sequértce arf thmmgmlttalbﬁtlﬁerﬂifﬁﬁﬁd thé) clirlfént ilBREBh S dBREARBE Cind a list of
d{l f)he re te . Each base station and repeater in
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the current iteration. [1047] The rel ative phase
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measurement reported by the terminal to obtain the time measurement p; for the repeater.

[1050]  For the modulation method, the repeated uplink signal sent by a repeater to a donor

base station on the reverse link is modified by the repeater to include an identifying signature.
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candi date repeater, then the additional delays of
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[1054]  The repeated donor signal from the repeater is received and processed by a terminal
to detect for the identifier signal. The detected identifier signal may then be evaluated to

ascertain the identity of the specific repeater that transmitted the repeated donor signal.



signal is then associated with the identified
repeater. [1053] For the identifier PN nethod, a
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[1056] For the coarse repeater database, the repeater position may be coarse and may

further be associated with a large position uncertainty. Thus, the coarse repeater database may

be used for applications that only require a coarse position estimate for the terminal.



i ndi cat or outdoor repeater. The repeater I D may be any
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signature in the repeated uplink signal sent by the

repeater to the donor base station (for the

nodul ati on net hod), the PN s?%uence used to generate

the identifier signal (for e identifier PN nethod),

and so on. [1056] For the coarse repeater database,

the repeater position may be coarse and may further
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the coarse repeater database may be used for

applications that only require a coarse position
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dat abase may al so contain the paranmeters listed in
[105§hL | dog repeater identification and position determination methods that are affected by

the additional delays of the repeaters, the full repeater database may also contain the

parameters listed in Table 3.

Table 3

Parameter Description

Internal repeater | Delays caused by the repeater due to internal circuitry within the
delays repeater.

Delays due to transmission of the donor signal from the donor
base station to the repeater. The transmission may be over the
air, via a coaxial or fiber cable, or by some other means.

Base station to
repeater delays




Tabl e 3 Paraneter Description Internal repeater
Del ays caused by the repeater due to internal

w@reogstny within the delays repeater. Base SPEL/USI004/G6602
Del ays due to transm ssion of the donor signal from
the donor repeater delays base station to the
repeater. The transm ssion be over the air, via a
coaxi al or fiber cable, or by sone other rreans WO

2004/ 80105 PCT/ usz 4/,0066 6 The
The Filgial ot SRt fRd Basanep 46 roRralss FERb4Puitie the additiona
delagietor e &PBSEL UTRIE dbIRG iddethiticn@by b %L;&m sfteqf 342411% FIG 3 to obtain a
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and tBOSItI on determ nation nethods that are affected

the signgth o pPewekeffhe signalp sinpymiged by dhestegeriets, the Arkrepeateridatabase may
|, repeater database may al so
also%l}}tmgledﬁé ?ﬁga%%szl}rsé%d;rﬁg aﬂeszt'ed in Table 4. Table 4
Par amet er Description Repeater server Various types
of information such as gai rMfabier4 entati on, antenna
i nformati on horizontal beamm dth (antenna opening),

Verlt'a'h%ﬂ{et&eaw dth, downtilt, anq)q§ gﬁ? of tEe .
rom-the onor

asr?% e&ér%teh% oVarimlsnﬂpae@f arfonfalronaucl{mngmn loaisatation,
sta
Clan
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tTanmsnitted Uy tte |cpcat to—the—termnrats LUUU
B dr At pdvaReat rPIVeE ff theidoneT wiEnahet W@@ﬁteﬁﬁay(’flrt@ §101éﬂ¥ base
di fferent typesﬁt?ﬁfonr nformation (e.g., delay or power
information) to 1dentify repeaters. Nbreover,

di fferent position
The parameters listed in Table 4 may be used to determine the power of the repeated donor

signal transmitted by the repeater to the terminals.

[1060] Different repeater identification methods may rely on different types of information
(e.g., delay or power information) to identify repeaters. Moreover, different position
determination methods may also rely on different types of information to derive a position
estimate for a terminal.

[1061] The repeater database may be such that (1) only coarse information is available for
each repeater in the network or (2) full information is available for each repeater. The repeater
database may also be “hybrid” such that coarse information is available for some repeaters and
full information is available for other repeaters. For a hybrid repeater database, a coarse/full
field may be provided for each repeater to indicate whether coarse or full information is
available for the repeater. The position estimate for the terminal may be derived based on the

coarse or full information available for each repeater received by the terminal.
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Signal Strength Threshold

[1066] For the position determination process shown in FIG. 3, if the terminal is located
outdoor but sufficiently close to a repeater, then the position of the repeater is provided as the
position estimate for the terminal (steps 332 and 334). The determination as to whether or not

the terminal is located sufficiently close to the repeater may be made by comparing the
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50 neters for 67% of calls and within 150 neters for

new basg,stiopdp pandydaie sqtiprbp Eﬁr@m?éyThﬁ eandidatssset inchudeh ell base stations

| I v term.nal s
whof Ak FLH OG0 1BSREEh b 835 GBS s IIEy be st
to tralmspendatagocthe ttxenidssi S@de @nemplaﬁy Rblyied that iBay BOUsEEGor the signal
n, esti for the term nal The threshol d may

Y S Gy R
thresROWCEnd¥hRA} %t‘ﬁﬂ*l @k s%e‘?ﬁ t}gqu\ﬁé}ﬁltoﬁr s away fromthe

repeater. The signal strengt reshold is typically
[1068le| edthecsatre theesholdheay bhascdafor adidrepbatesholthe network.  Alternatively,

T DAY PEESE L9 B TS B ek ot v
each lrépblatéﬂ @fayd scPBsRdDhahd ?&ﬁer 18AQ%2 tRd Apadied ﬁf)ﬁorrs%ﬁl Xtet‘ée repeater

by the termnal with sufficient strength and
servep@ntgangc féis outpntinoaies tvel oay éveta@cqrtaenetdérmd]am thﬁ&umar antenna and

path ?%%gen t %ﬁlég% hgar ena]éabgeBws%ﬁ %%{ tli\eh atafia% ?@r the repeater. A

thresﬁblﬁéreld/aiay etsor)inclded inehe fpeattOdatitice fdera&Sl‘BgE&er als field may
thin the scope of the invention 63] The

be usgglFFéStP’f‘?r g‘% Kend siageth éhrﬁﬁi’éhj fop thegepeai@peat ers in the

network. Alternatively, different thresholds may be

used Nekotiddfigiegnt repeaters. In this case, the
t hreshol'd used Tor

[1069] FIG. 4 shows a block diagram of an embodiment of a base station 104x, a repeater

114x, a terminal 106x, and PDE 130 within network 100. Base station 104x is an exemplary
base station in the network, repeater 114x is an exemplary repeater, and terminal 106x is an
exemplary terminal. Terminal 106x may be a cellular telephone, a handset, a computer with a
wireless modem, or some other unit. Base station 104x operatively couples to PDE 130 via

BSC 120, which is not shown in FIG. 4 for simplicity.



each repeater nmay be set based on the power |evel of
the repeated donor signal at the repeater server
w@niogisE0s Thi s out put power |evel may be ascerp@i/nsmo4/006602

based on the server antenna and path |oss information
(e.g., shown in Table 4) stored in the database for
the repeater. A threshold fijgl d may al so be included
in the repeater database for each repeater. This field

t hr eshol d

oY B8 5 TR B PR S SR b e e ot

term@nal Q@ﬂhuﬂit@%b@&hgé adl. ereesiva®als QbedoPase agé %Mc@@sed (e.g., coded,
104x, a re&gater 114x, a term nal 106x, DE 130

modwatq@u riilirsedho praphified, Bleséregu«mcvonpmnmadé bm axerlaoy transmitter

(B ANETR) 230 Ribcblhak NP0 A ighelP T80 Soroiatd ik S ipagtsp through o

dupltedrmamalprockesed bipla sHlieisr 0By 408, and @lahsthidded tveh @RNAASHINA Y26 to the
handset, a conputer with a wirel ess nodem or sone

termipalevithinithe cosarge granaf hasertagionchddiat i vel y coupl es to

[1073PC ]ﬁ%}ex{e?1@%&%%%@%@%%%%@%@%@ it 424 Within donor

base[slz(m?)ﬁ] 108r. tWehihaepentat 114xnkhe faserd liak lstgﬂalll@liduted throu h a duplexer
ilot, data, an naling to the termna

430, opRined bV R e Wl 45 Sa ey Pats at%@erom a0l transmitied
via a%ra%teﬁl'hﬁ @86 $6 the(Brlinals GRASHthe cﬁ%iﬂzl%@él;%g of Eég'eﬁt%f f ?tenna 436 is

anplified, and frequency upconver nodu
the servgnantennadior theNbphalUTR) 420 t o provi de a f orwar d I|nk

rvvard | i.nk a routed throu
11073) 27 el 4061 Fkites Kiai BMEiends GBI ite oa 23pHE e statons (such
as baseasnaivnt 10216) \&h@ 7340 @%@f&%yé’a@’&s tQuchhR rep&iidp ﬂarkf at an antenna 452.
within the coverage area of base station 104x 1071]

The pgepivsk ﬁhpuwa&alr é@éiamé%nat‘iﬁél may thas dndludeka mimgbrr| of fferoyard link signals
rece@l\?& 'fltotn? C{%ﬂe% ea% Frgrl';] nnﬁ‘éf P/]b%4gl( base station or a

hi n repe or war
repeatenlt ﬁtﬂletlbcﬁu@hlr@ud lsurghﬂXS rrouttd Gthrab@h ci Hupl@ﬁ@f o34 and Z?rocessed by a

. t 432, ted through dupl exer
receiggioe qﬂ?@%&&? &Réﬂ‘l’R@%n%@% 450 i prruide Jerioes Whes elnfarmation that may be
usedeérh kfﬁ)eﬁtiéﬁbgs@v claAgf 1@5& 09{10 ea%ﬁagsgm&il“d% f@ﬁ}\%ﬁ%ﬂa 4RO particular,

server antenna or the repeat
RC VPdDmmdlé! S6108x prastds ¥ eisef meavaratndnt nkd si goel suéltgnmmsm:ement for

R S e CON e TN,
1mpl&ﬁ§1ﬁrhn1%ké 5@0elve}_|ﬁ1@at REEPaMIR of 'cBﬁ’éﬂrre%ﬂQ %ceﬁsﬁ@rﬁﬁ;ﬁ@ @i%nal instances

452 may thus include a nunber of forward |1 nk sig
(or multépathy sempersmtsl formbliplediase staens andaepsatanhelThe méxcmecelver includes

a nuﬁlﬁé‘rb?f 'He}r}cﬁ[ﬂaﬂ?%f gpo% lopsa@F “fztﬁ%tés” (?lb nghlgﬁpeat l%exeéspg&%qlto process

recelver 1 npu

and teacht amaotdmﬁsaiﬁﬂulﬁpatﬁ com@ogdny.er / demodul at or ( RCVR/ Denpd)
ovi de yarious types of information that nm

56 t r
[107 ! @‘efrﬁYerfeeb’élétt@W%?ﬁég%ﬁw NS TRt T lobndior aimaling to the
referBR2HabOadisi @41 NIRL §@Ron | B4R 2L &l‘ﬁlnﬂﬁe, terminal 106x may send back the

time and signal strength measurements made on the forward link signals received by the
terminal. The various types of data are processed by a modulator/transmitter (Mod/TMTR)
464 to provide a reverse link signal, which is then routed through duplexer 454 and transmitted
from antenna 452.

[1074] Repeater 114x may receive the reverse link signal from terminal 106x at antenna
436. The receiver input signal from antenna 436 is routed through duplexer 434, conditioned

by a conditioning unit 438, routed through duplexer 430, and sent to donor base station 104x.



RCVR/ Denod 456 nmay provide a tinme nmeasurenent and a

signal strength neasurenent for each forward |ink
wa@nasoloet ect ed in the receiver input signal.PCT/US2004/006602

RCVR/ Denod 456 nmay inplenment a rake receiver that is

capabl e of concurrently processing nmultiple signa

instances (or nultipath conpgnents) for nultiple base

st atl ons and repeaters. The rake receiver includes a

10737 ook Sl sciemd sl TP B etk pibaEirin il 106x at
antePid 426;UITBE réBetviek RBjul sBARPROE Hntenhd 26 is %sé&‘ﬁlr&fgglesrgﬁﬁer unit 424,

link, term nal 106x may transmt dat a,
routed gHavghh guplexarn2, raed @revides isas eem‘ear:{domo(hda@r (RE3RIDemod) 428.

RO Bl SR ST e R BBy o

provide vdreouk ayper ek 1|nfcfﬂ‘{r1aﬁb1grkﬂl|118h meseihég berotitgd td 8rpidbddddor 410. For
The various types of data are processed b

exarpRlg K GV B PemafdaR mhist TeCHtsA ViR and@ﬂgrlabstéfkgﬂi ieagurements sent by
termli Y 406€ lRCEV %ﬂﬁir 423"4?1&1? 8SPIPDI%Q QLG sénzr% f?l%fgfgﬂﬁasurements

upl exer 4 ansm rom-ant enna-4t
madRepelzetleveridhuk sigyalrecdveddrdoh eermine@166x.1 i nk si gnal from

rmnnal 106 I antenna, 436. The recejver input
[IOfgfgnﬁ o SRRt ShaB i Flgn St CORPBBRURIL () port 414 within
baseABftionClOaidpkAReEly BYples (egﬁdblta'm 90 \4Bi4 tcb%?iﬁunléiﬁf&lg)%n 476 within

t hrough dupl exer 430 and sent to donor base stat.l
PDE] §3%. Genmooir060 oss AdH we2a06 allos6bae @Pidnl 0 aBAPOE 130 to

ti 10 X lso recejve er
eXd%B%: er%?hafnfégémgij%ﬁnﬁgﬁﬂﬁ 2. %ﬁ@nrg%awgﬁwl%nﬁwp position
deteﬁmgﬁl&in fSoaie eMhRnridfond HaPBe sRsdrEhOHIRCEREH Foff terminal 106x.
424, routed through dupl exer 422, and provided

[107¢} fa Ip gentrob ihedidrpifination of (REVRISDaddEye waBns and the determination of
4 r ceiver . inpu
the t@%ﬂ%ﬁ%% C?ag &eF&{r}%eﬁ ta§§$§' S n‘é’? %tef:f&medo oY aeé—rr@réqﬁ 188§ base station
104, W5 134, o sbme ms&tar aeatworkh bﬁ:tlftyl'r&‘_‘he tehety ﬁb@foﬁhﬁl\gl tHe eepete@base station
ocessor, 41 For. exanpl e, RCVR/ Denod 428 may
idenficai08  ances B Rostioa ‘%‘it%}'ﬁlé‘l’at@flrlé rigeridee 4t peprrdnageinformation.
ol Sy 4868, EOTRPA 40P BERY i i
1062, et s@dl |srgnab|sgmm rsesuveankrfy don tersei foalarlOGxk signals, pertinent

f‘%%ﬁ% the {)rrent shown in FIG 4, a

information fiogh 6?Pe(a FEr 4PN t hin  base station

[1078D4X TQiéepr@Edas‘éﬁi'thoCMéﬁﬂlﬁ/sth(eereﬁeaterg' Eﬁld% 18ont Fof the forward link
comruni cation port 476 withihn . Communi cat1 on

s1gnﬂé%)fq<>§lvaqlpyamrnna161%m 2o¢ th dsBve tfmm@mojl@mma@rfdr PREen3i0al may be

|nfo ion for r ea er/ base..
pertcrfheq B ERGSBADARN ot TB P L0 SR b3 Ssion 1041, or
a présesser dﬁOt\hthSmI PIDBri®et i mmmy ubBs MERSYIE %HUWJ fagibkasked to store

fromter m al 106x. 1077] In general, the
variqu dFRoS A ARIAPBAUEN UesibA Fereatea ReseHaons Mﬁsonadﬂiertm@auon This

1nforﬁﬁ¥18ﬁ 'Hl@a{rﬂcﬁﬂeo%or &t mp cfe il R opfbsrfvgf{iggl;n( ngﬁ%g{el\? by terminal

above, be perfor by ter ase's
106x, time and s1gnal strength measurements for these signals, pertinent information from the

repeater database and base station almanac, and so on. Memory units 412, 462, and 472 may
also store program codes and data for processors 410, 460, and 470, respectively. A repeater
database 474 within PDE 130 may be used to store information for the repeaters in the
network, such as information for the parameters listed in Tables 1 through 4 described above.

The base station almanac may be stored within database 474 or memory 472.



104x, PDE 130, or sone other network entity. The
entity performng the repeater/base station

WO d@anpsdipTat i on and/ or the position determ nat PORNUSR04/006602
provided with the pertinent information. Such
informati on may include, for exanple, a |ist of
forward link signals received;by termnal 106x, tine
and signal strength neasurenents for these forward

i nk signals rtinent informtion fromthe repeater
1079}, 5o Riedhah aﬁiammﬁ%@ﬁ%ﬁlﬂ?%rﬁp S P e it y4tipus means,
sucht £86in HARRALE oAk, RS onibhldiBR $hdr86r. 1 I REYGLA iHﬁ[E'fnentation, the
signals received by termnal 106x and to derive the
methogsAnd; appatatissimait ke faplembnsed wiithimere erayoteeapplieatfonrspedfic integrated

e TR 4670 P 9SP Bhd Rt P oseon
progrfimaBe . lodfe ravices TPLBs Y} Gfeld Hidaraditfibie’ gatdByrahe (FBEGAsE Brocessors,

store various types of information used for™
contpQlistsa rEgropaEroerst MisioRIACESHUSI atherrelerstoaioninitst designedriy erform the
i. A i.ncl f nple, the |ist of
fun(#lgéﬁ&/aég%%el%me@’gdﬁ glccg H{rﬂ’g%aélf’@@%"?@' term nal 106x, tinme
[1088hd diqgradofistare igplemerad o, ehe fichdddestiB&Eh&GE@NAhE be implemented
. pertinent information fromthe repeater database and ]
Wit ORUIER (6 . OB IMGHETSS 870 10 B BH PestAPESha dznctions described
hereft® 2Th 8ttt cOB% m&Y B0 st '3, i
eref or pr ocessorcs 41%%L 46(8), anigl ﬁ%@%gggfgo%&gﬁ“ 412, 462, or
472 ire fKat Brandckaeabad by 47ptovdssdri (6. cRRE0dB 0oy, B60,uset¥0).0 The memory
.store.information . for the repeaters.in_the network,. .
g T S e rop9sEO R X IFERAL < theiREgRgof fn wiich case it can
be cdigRuBRadvel NEQHIY th tREFOEERENiARANEus mdd8 aP A& 0Vnah kit hrt.
al manac nmay be stored w thin database 474 or nmenory
(10847 2. Nepdies4ro8eiusd berinugrosirovecnd tozid jn bzefngéretain sections.
i bed herein ma e . .
oIR8 PERL AT ARG R0 R Dol putgheren ner and
thesSafncepts tayhavaagdichbitiat in@ther RedtRAk thrb@Fhodt hakediRIsPecification.
i.nmpl erent ati on, nmet hod _and apparat us na

the , . y be
11082}y ebhsrrredions flescHPEeRe obthendipdosgdambagiments dparavided to enable any
i i 1S, ( i aital si P
L
emb¢DBRDs)will b ogpddprapbhrent gthosadekilleg sn (RLBs) andf ihel gineric principles

. pr.ogr anmabl e te arrays (FPGAs), processors, o
defifeg WEredh Piay O° afp tp&éh%@&}%@?%@;r?twgﬂ%%%e%% from the ggigit or scope
of theliRhfieR! FThid)ihSpdesh aRe&PisRRA REMNS be ikl 9% embodiments
descri bed herein, or a conbination thereof. [1080] For
shoven keseinviait és fonpd eenerdedtthe widesh ecapetdoosisidaiswith Itk piueyiples and novel
. iplemented wth nodules (e.g., procedures,
ﬁ”“?%%%?ﬁ%ﬁggeﬁﬁb so on) that performthe functions
described herein. The software codes may be stored in
a menory unit (e.qg., nmenory unit 412, 462, or 472 in
[1083] G W#Aa'ﬂég Qle%@gEbﬁy a processor (e.g., processor
410, 460, or 470). The menory wunit may be inplenented
Wi thin the processor or external to the processor, in
whi ch case it can be communicatively coupled to the
processor via various neans as is known in the art.



[ 1081] Headi ngs are included herein for reference and

to aid in locating certain sections. These headi ngs
wW@e@4/081103 nt ended to limt the scope of the cOPCEPSR04/006602

descri bed therein under, and these concepts may have

applicability in other sections throughout the entire

speci fication. [1082] The pregyious description of the

di scl osed enbodi nents is provided to enabl e any

person skilled in the art éﬁ gﬁé@ or use the present

i nvention. Various nodific A to these enbodinents

W ll be readily apparent to those skilled in the art,

and the genericfprinciples defined herein may be

appl i ed At methoder! pesfooaingeposiion détemminatéqain & rvgraless mommunication

L] r e _of the invention. Thus, the
net&r??lg\s”ztﬁtrééetﬁbegsntclglglﬁg?nslg'not intended to be Iimted to the

enidediifyRiy &sighdl QudeiveaIbgyi adwilelbssiterniifallt bRRETrSIed réfeter;
wi dest ' scope consistent with the principles and novel
f e Qbtginéng ypesitiensefdher@pester; apd 083] WHAT |'S CLAIMED | S:
WO ﬁ)@%ﬁﬁ? ﬁgéé%gitﬁ)g({f%g peg)%%tgxo 986% é{)SlaGn %M@ forlthe'%erminal if a more
met hod of p ornming position ermnation ina
accuwite posisen estinrateniot dtel terminsaletinmotfbewbtdingdepeat er s,
conprising: identifying a signal received by a
W reless termnal as being froma repeater; obtaining
a posi t TR nRihddR clafR92kEher Sdlp iRy di ng the position
of the repeater as a position estinate for the
t epraviding iaf pesithy encesianlly doe theosépehten agsdn mategtafndy it Hbe position
.term ngl cannot . obt ai ned. . 2. The nethaod of .claim1
estngdt fhro e SEPRE 6 e oButEay BosioR FREANG (Be PRIl cannot be
obtafned. t he repeater as an uncertainty in the position
estimate for the termnal if the nore accurate
position estimate for the term nal cannot be

obtai ne ai rein the. nor
acur i a7 Pl oF ERRY, Bl ff Inorf JEC AR, PR B or ahe
termixial eannetbalolstained tacto 1adk dfrifvimat or0for fadditidtsidelagn adsociated with the
del ays associated wwth the repeater. 4. The nethod of
epeyPLi m 1, wherein the nore accurate position estinate
for the termnal cannot be obtained due to |lack of a
requi red nunber of neasurenents to perform
t r il at ellht inmthddoof thaam tle rvhienah .thd morbecombisopbsiifoncésaime for the

b AR SRR ST LT T ST S ens b0 et

trilatd8R@on for the terminal.

5. The method of claim 1, further comprising:
determining whether the terminal is in an indoor or an outdoor environment; and
providing the position of the repeater as the position estimate for the terminal if the

terminal is deemed to be in an indoor environment.

6. The method of claim 5, wherein the terminal is deemed to be in an indoor

environment if the repeater is an indoor repeater.

7. The method of claim 5, wherein the determining is based on the number of

signals received by the terminal from satellites and base stations.



providing the position of the repeater as the position
estimate for the termnal if the termnal is deened

W0 200b®8aG105 an i ndoor environnent. 6. The net hodP@f/Us1084/M6602
5, wherein the termnal is deened to be in an indoor
environment if the repeater is an indoor repeater. 7.
The nmethod of claimb, V\,hereiz;g the determining is
based on the nunber of signals received by the

ter,m nal . from satell.it nd base .stations. WO

2064/ 030 TE A %’6‘41?32}%?6501“9%51%%‘ The nethod of

cl @bRipdring retdined siSRTBIréSItI by tK @Jtéﬂ@afn@?z?th\‘@sﬂoﬁ% gngl
an

strength for the reFeater agai nst a threshol d;
pr ¥Qvéing thenposiiden of 8¢ xspeatéreasy ibp gwsitionastitiate fooghd tepminal if the

[ e t t 1.pal. i.f, the received signa
recegvt%?gﬁg%lhsnfggétgéaggeetd%éﬁyttﬁl%(se}%g'l d. 9. The method of claim
8, wherein the threshold is set based on an expected
regeived signal strength for the repeater at a

pa

ti cullhp Pethed of (ki BeWhejsemther thrasholdrisesaiehasedi onfan expected
ey ge ™ TP oy it
recefel st s dRERTo e RRPh: et lac e o The ERRAE, o

further conprising: processing a tine neasurenent for

the.repegater to. r ve the additjonal delays. . )

asig'ci at &4 r’(}ﬁt{‘(l’fl P ggfrgp]eé’i’}éﬁr‘?m éF&?r@éW?Wf%gaqdﬂf@ﬂ%ﬁ@lays associated
withaBE Hp8dt6r 1D AeAildbRy) tRShitBd Rirfhef cdhigridify:m nal based on

the tine neasurenent for the repeater, with the

adafocesHyl adeingymeasgraswead foartbe trepeatomretas temgoventle fdditional delays

t ddi ti,onal transmtters received by the
asso?ﬁé}e?ﬂ%ﬁ%tﬁéﬁe% eanﬂet hod of claim1, wherein the

| daerivifigy ithg rherebasaehted Hositis ibfrfafsioMe YRR HaBM on the time
sequence used for the signal received fromthe
meaguErRet der the zepenics. with Hsaadgiticnrhdalays, remuediand e measurements for
j S EVID [ - l.ation. characteristics of
t
ot 1k R bkl e RS O TR Ll 37" e et hoc
of claiml1l, wherein the identifying is based on a tine
nmeasurenent obtajned at the term nal for the signal
r ei@i ve ?P??ﬁl?ocdh% ﬁg@ﬁ%ét gh?feumt.he?ﬁ@tﬁém_ada bgsedcory p rpsqudo-random
numbBePRY) Bedubficd {eAFA i & ndlﬁe&%ﬁqro%]f@ %éegtﬂ%l strength
measuf ement obtai ned at the term nal for the si gnal
received fromthe repeater. 15. The nethod of claim1,

wherei nfhe wirel ess co njcatiqn network is a CDVA )
net Vior kﬁlﬁ @%‘f aag pé?’é? guWhergm\M%}ee F‘%é‘\g%@%”}ﬁ rfaged i ¥n modulation
chardv@dridgEkofvhé Bigh@REeH RIdSrork EREH S

13. The method of claim 1, wherein the identifying is based on a time measurement

obtained at the terminal for the signal received from the repeater.

14. The method of claim 1, wherein the identifying is based on a signal strength

measurement obtained at the terminal for the signal received from the repeater.

15. The method of claim 1, wherein the wireless communication network is a
CDMA network.

16.  An apparatus in a wireless communication network with repeaters, comprising:

means for identifying a signal received by a wireless terminal as being from a repeater;



means for identifying a signal received by a wireless
termnal as being froma repeater; WO 2004/ 080105
weEFanAN8AaN4/ 006602 24 neans for obtaining a ppSI/UBIN4/006602
of the repeater; and nmeans for providing the position
of the repeater as a position estimate for the
termnal if a nore accurateoposition estimate for the
terrri nal cannot be obtained. 17. The apparatus of
t her conprising: neans.for determn ning
E}l ¥ ﬁgt%{mn%ﬁ H%ﬁl{]?%oﬁsth g‘??e?tﬁﬁgaﬁi or an out door
e n meﬁms"m ptovidiag thelfRaitdn o thetbpatediab g pbﬁﬁoﬁ) Ostirhdt® ForPhe terminal if
the repeater as the position estimte for the termn?
a INQre agaygate E‘PW%"FSUW%IEE phectermainglecannotdy obteadeesk
environment. 18. The apparatus of claim 16, further
conprising: nmeans for conparing received signal

st ﬂéngt hé appatdtes ofggiat F, fa@taﬂrﬁsmpﬂsm%rr eshol d; and
e repeater as

nmeans ovi ding the position of t

t h@ebfb“sﬁgf Flg'ﬁn’éléltf}%h"éh$fd e feqp@inab s galindqor of ge outdoor environment;
and recei ved signal strength exceeds the threshold. 19.

The apparatus of claim 16, further conprising: neans

f omemﬁoepmvi(@n@tmipmitmm thearapaater fao thet gositiod Re@inate fbOthe terminal
ifthd 8Iove a dltlﬁ‘?ﬂ’e del a¥§ associ ated with the

+ HRINALS degp WEFPVTWGPChe nmore accurate

position estimate for the termi nal based on the tine

measurement for the repeater, with the additional

delys Fentnpagitusefclaiimis, fusthsocempnitisg: for at | east
t V‘ﬁle%ggpé %oqg}%l]n %@%ﬁv st@g‘ﬁlra St%eg%g] %rg] é%%t gﬁ‘g‘é’lt %g q}ﬁ{eshold' and

t hmepisdgr provRiMEihe posigion ©K ﬂfé%@a{e@ at thetpolitioh @8¥mAte for the terminal
[ dent|4¥ a_signal received by a wireless termnal as

if thefepeiyed gl é@%ﬁéﬁ’@c@ﬁdsﬁ thg Bhrgshelds position of the
repeater; and provide the position of the repeater as
a position estimate for the termnal if a nore
actﬁjratﬁhqoqmiataiummfeﬁaihmmrfmrcmhmm@rri nal cannot be
obt ai n&dw 1. A device in a wreless conmmunication

PR Eigeh B Sneaskighients {on fic ipeaiRdioyremaye additional delays
asso@ﬁgdg,gth\{&ltege&ct&oﬁﬁda dat abase of information for the
repeaters in the network; and WO 2004/ 080105
POI¢asXon4¢08S6 Qi nRFe accurate position estimate for the terminal based on the
time measurement for the repeater, with the additional delays removed, and time measurements

for at least two additional transmitters received by the terminal.

20. A program embodied on a tangible storage medium, the program comprising
executable instructions to:

identify a signal received by a wireless terminal as being from a repeater;

obtain a position of the repeater; and

provide the position of the repeater as a position estimate for the terminal if a more

accurate position estimate for the terminal cannot be obtained.

21.  Adevice in a wireless communication network with repeaters, comprising:
a memory unit operative to store a database of information for the repeaters in the

network; and



a processor operative to identify a signal received by
a wreless termnal as being from a repeater, obtain
w@2@emstipdn of the repeater fromthe database, P@ntis2004/006602
provide the position of the repeater as a position
estimate for the termnal if a nore accurate position
estimate for the term nal cagnot be obtained. 22. The
apparatus of claim 21, wherein the database includes a
position and a. Siti uncertainty.for each of at X
e AdtOXGs" PRpRYe ioRnia St oeved by FrwEelsts armigas being from
a reateg] Ebtih 2positdardithe tpBaf 8ERSHE dalabadeUAdd Slovide the position of the
operative to obtain a "position uncertainty for the
Tepepish @ BeRosHion esempicolardbe ttrmiplsf i ropreuarcerateaporijorasstamate for the
temﬁﬁ’?a‘f@%ﬁn%iﬂééfbtbjﬂed,t he position estinmate for the term nal
I'T the nore accurate position estimate for the
term nal cannot be obtained. 24. A nethod of
performng position determnation in a CDVA N
confuni 8¢ i38RAalet hoFlrinni2ln wheprdmitke slatabesepinchidaga position and a
i G R def inlOFoR o HARSY ast one
pOSlsli gnale re elovgofrhby ?%Et%eg@eﬁﬁg&mﬁég?ﬁvggﬁ bei ng a
repeater or a base station; and if a signal is
regeived, froman identified repeater, providing a . )
bo0Ft 1 oAb AP HESTRE P5a oG ds Bpbosiors BUUIR ppsFative to obtain a
osi€&t initeftBinfyofor iHeGep&idHanalo blovRleRE FodGsHifkRanfSidd inty i
P estimate f}gI: t he ﬁte(m' nal i)cz;l/nrﬁ'ot % oﬁaﬁeg %f Siz#n%ceﬂmntym
the pasitionegstimatel for shejteaminl ilothoembrocaspardtei position extiomte for the terminal
Cann%pgég&&gg&“. 25. The nethod of claim24, further
conprising: providing the position of the identified
repeater as the position estimate for the termnal if
received signal strength for the identified reBeater
ex?zedsAamp%pgﬁ(ﬂe@f_omung position determination in a CDMA communication

network with repeaters, comprising:

identifying a transmitter of each of at least one signal received by a wireless terminal as
being a repeater or a base station; and

if a signal is received from an identified repeater, providing a position of the identified
repeater as a position estimate for the terminal if a more accurate position estimate for the
terminal cannot be obtained or if the terminal is deemed to be located in an indoor

environment.

25.  The method of claim 24, further comprising:
providing the position of the identified repeater as the position estimate for the terminal

if received signal strength for the identified repeater exceeds a threshold.



