; e3e| dD$6ZT - |1 ~N ~I WAV 1 tpp7 METHOD AND SYSTEM FOR 2 @JG 200
FACI LI TATI NG TI M NG OF Mm S I N AN ASYNCHRONCUS CDIVA MOBI L

COVMUNI CATI ONS SYSTEM CATI ON This application clains the
benefit of the filing date 0618 S, Provisi onal Application No. 60/ 074, 494,
filed February 12, 1998. BACKGROUND OF THE | NVENTI ON 10 Technical Field of
the I nvention The pres m ] relates in general to the nobile
comuni cations field aﬁm m”’"mmm’”mul ar, tola method and system for
facilitating the timng of .fgge stations . in an asynchronous Code-Di vision
Mul tiple Access (CDMA) nobil e comuni cations system 15 Description of

Rel ated Art Direct- Seq '59%) ' (Catl syst ens
can be either inter-ceﬁﬁg;anc ronlél?? or m@@?%:“ieﬁlm cqmcéystens. In

other words, the base statQBBASBSTATIONSINANASYNCHRONOUS0US system
are accurately synchronized with one another, and the BSs in an inter-cell

asynchronous system 20 ar CDMA M@BILE COVMMUNICATIONS S¥SEEMs BSs do not
share a comon tinme reference, and their transm ssions, therefore, have
arbitrary, not predetermined timng relative to each other. An exanple of
an inter-csll sREDATEDUSPEMEAATONs the North Anmerican |S-95 system
Exanpl es of inter-cell asynchronous systenms are the Wdeband CDVA (WCDMVA)
systems proposed the apppplication clgims nefipobthafibing datgred Uniy Byovisianal cal
specifications. Jhe. pai | A6 a ' synchronous systens is
that the BSs hav}\e‘;}ﬁlcc)%dql\\}g'ry aﬁ“a?gﬁdy%’?ﬁ%’m%ﬁ??ée'd (down to the ,us

| evel). This high | evel of accuracy is typically provided through the use
of highly accurate tinme references co-located with the BSs, such as d obal
Posi tioni ng SystRACKEBOUNPQF JHEINGENLEMNver ;| because of the Iine-of

si ght natype of satelpd.fficAEidor HeARedRLhon: the use ~ 2 auc zooz -2 of
such co-1| ocated refer‘e‘n‘CE‘s—a‘r‘e_ﬁ‘EfeT‘y—r’Gt_f easi ble for BSs | ocated

under ground, in buil diregsesent inuemihseclatdn i feneral & thicabbdiesathnamiagiens fcldhat
the GPS systemis controlled by a governnent _agency. nsequently, the use
of GPS recei ver #Mflgfn PB@‘%@F@W?W@PH‘{#}F@H{ f°6??cﬂﬁ§“%ot%ﬁ Heuas phbrse stiaHorb e
national regiongy ,{B&s%enRndh é‘ﬁiﬁ&&%w@ﬂﬁpliz %%ESEQ'(@DM&%B@IWW inter-cell

asynchronous systens “are now bei ng considered. For ‘Inter-cell asynchronous
systens to work conmperidagions fistemn.are two crucial functional issues that need

to be addressed: ( 1 Sof ¢ dove (SOHGs); and (2) Cell-Searches. In a
state of $0HO amb!@@&%ﬁm& in conmunication 10 with nore than
one BS at the same “rﬁﬁec_t-EQ%\;e%Eé bWA?DS@Dﬁ%%obﬁ%anﬁ@ﬂﬁn@@§§té§n§ﬁ£‘1ﬂS

for other BSs in the vicini The M5 'can ther’eby nonitor the recelve
signal quality fhemithethieteretll syichroBSss amidtetetkk pspnokronbies tystemsdét atheowordse

BSs. For a SOHO o, occur, t bei handed over has to be able to
recei ve the "ta_rtb%lf’aseégugnssé%‘?g/ﬁl ﬂ}‘ngegﬁfﬁﬂ"?fgfoé\oys fwgergﬁrﬁé‘c?‘_frﬁ%lyas the
"source" BS' s signdlronikél vith 8hél8tothe, dthdBES iPatf in@dride a5 RIMIdBIBEsterd | - €.
a smaller time difference between BS signals requires |less buffer "area than
| arger ti @0 diffaze notc ddore speaificallyhasynchropmaus BiSsidesiot shasea gpinmondini¢ nd t he
M5 s signal vvithoyt an unreasonabl.e. expendi.t ur.e of .processin esQur.ces.

d il pEElels

These SOHO i ssudECENEeAd RHLEaTsBHssIQnG BEreENE, fave sdiiard 1 Lpmed|

timing relative to each other. An example of an inter-cell synchronous system is

the North American IS-95 system. Examples of inter-cell asynchronous systems
are the Wideband CDMA (WCDMA) systems proposcu in the CODIT, ETSI
25 SMG2 Group Alpha, and ARIB techrical specifications.

The main disadvantage of inter-cell synchronous systems is that the BSs
have to be very accurately synchronized (down to the us level). This high level of
accuracy is typically provided through the use of highly accurate time references
co-located with the BSs, such as Global Positioning System (GPR) receivers.

30 However, because of the line-of-sight nature of satellite signal propagation, the use



20 synchroni zation technique, which is disclosed in "A Design Study for a
CDMABased Third-Generation Mbile Radio System" by A Baier ﬁ? @E | EEE
JSAC, Vol. 12, pp. 733-743, May 1994. Using this technique, t bi 28981 ved
it the SOHO cal cul ates and reports to the network the tine difference
between the target BS and source BS. The network notifies the target BS via
the Base Station 25 Controller (BSC) or Radi o Network Controller (RNC
about the time difference. The target BS cad-then adjust its receive and
transmt timng for the signal intended for the M5 involved, to conpensate
for the differenefsucinceletatedrefrenoes s80ksly sotfrasible f¢1§3$lsledatedlundurg1hundle VS

h ff b d
ban 1 ansi ssi orth S RERAEHSN AP e SR B RO SRS s
transm ssi on andcdnf8l18PbY & O\Eéﬁnrﬁeﬁtra@!%k’ﬁc'?I TOnSKHuekiEEse of GT‘SereEéieerB/ﬁ)r

transmt/receive timng relationship ~ 2 au~ 200z -3 always fixed, the
two above- descri BQQGWKJSWMITQU@E Irayée updesitablalin qumtmhbm’gxon?h@hae

t ech dt o) t. t h
words, the W6 acir i aReas S s Rethe e i N B AeT RSP e RHeP FEHEE | n
timng between tihgngd énglerddS and source BS. A cell-search generally refers

to a procedure Wnereb an MS acconplishes chip-, slot- and
f r ame- synchr oni zat i onfatiinter-gelBssynelenaus sesgens WOIBS!TQPQ!M\WGWM(C@W arvslal ng

and-conti nuous! yeHREPBGsHES iRl S bk bR SorHAeb s SUORL D6 T

searching for SGEN-sadithedalea Rate oflsa)wosm@bﬂ@ﬂm em)tl@m céhmuiRblion O
search can be perfornmed efficiently (i.e., with a relatively |ow |evel of

conpl exi t y)0 becawile monethen vae BErah Hisl semg tivesd T cfapilibade ﬂlﬁeSDIﬂQs,atht MsBs. As

i ched 111 er (shoandy fehdforBRE BE Fuf Xl oloqut B i PeeBlmbrflathAy e

cannot be readi |ﬁéc¢i$€tﬂslgrihlé}ﬁalﬁ§%ﬁhth@ﬂﬁﬂﬁp16%fs@ﬂal beeanine i tithé @eldy bf @eent
scranbling codes used by the 15 different BSs. Consequently, a need has

arisen for a | ovﬁ%rﬁﬂf@xsmilo tp S, the MS being Ransded oxer s t9 b? able ynedepiya dhes
CDIVA t A i
VA syat o’ has ‘BEH, BS ikl 3 A Sl P sy RHRRIC M LR PBEVSEATING

symbol . Thiss tr astder thtngidivsiyeboffering ﬁmxm@bnlmy(xa glsmhaléd tim& differeb betwegnde,
w t hout a scranbling 20 code, in each slot of each frame. |n one such
proposal, this s@%’@ﬂalﬁeoﬂ‘@ﬁﬁ)*eéﬁb‘af?f areaphanlareer tgeglitfergacenh shlse, thy tasagt
(LCVB)". In a se r ,

Synchroni zati on %ﬁﬁ% nt%I b%p%? ﬁntdmlg%&alﬁ hﬁﬁp ‘%g?%g‘é%’el% g%éﬁml{tg(retoef
procedure, an MyproessinBussohitcesl the chip- and slot-tinmng of a BS, using a
single matched filter_whi cgls mat ched to (M;ue Pri r SCH. 2 Supse que ntIy
the M5 still has to fThfiecREIQissuespreesolye %653%‘? OHBW yisteme YHFE

code (whiofy spa it whIARPaRE o8 ihi"ASD &R S RE @fw GQDMWG M5
can find the BSrE?n?[ﬁgrrlrlfg?tl me%lgn%y detcgctl ngoa slecond regul a?l yatransm tted
synbol , whi ch i sBabed@had-GenertioPMathle RadiehVEystam,” bBdc Badtarey alSTREE JSHICS

second synbol |s tr sm' i a I wWth the. first nbol,, hut. the 30
Socond ool | aval PEar BYEded DeBnldten Sisimkbitdteludne ﬁ\ﬁl\?ﬁa@tol\aeds'eﬁ%w i ng
cede). The Seco@bﬁmwuw@svarﬂ'réﬁbr&%wnémmﬁe fiRR e frirky @ JERFstnahe

pattern per Au~ zooz -4 frame, and by detecting this pattern, t e VS
can determ ne thBS%‘dsodrwaBS: ffhcmq:tg'orlfl'tmmfmprtl@atdrgtrgBSO'@tetha@de Swtiohhe second

2Lt ual 1y eq scaeR ol B EuReR CoRfTuRR R ShAT s Fhenct”

scrambl i ng code PgedreebBS&an fithakjulditi¥ebdlvd Rl Salsantiming f6OMe Sighabiateaned N9
to the indicated group, at the above-identified frame-timng (or at

di fferent possi bﬂoetHerMSen\tqlmdngzsqomnéom@H thcadlﬁﬁerﬂub@m with the proposed

1 ePabl very it i st ki sOHO 1t GE R S0 i wBicp MG e AT BE Sy o
(which the M5 hat?m%% REEEREBBRech the e@!BSbs'J‘ﬁén%}mssml MAQEshSin REXRINM t h

inter-cell asynchronous systens is that the timng difference between BSs
makes it dlOFfi cudathet thad¢hediffersace betwpensthe tasgetddS’s trangumssioneiy] the source BS’s

communi cati ons systens. capabl e of. det,er esition Q n the
system are beco mllsr'?l?rneg'g‘?%edﬂl Sﬁlggh}eﬁ%es tf%ﬁ?‘t}%ﬁ%‘&e IR rF%uBI&Sj'i]R Foni ng
is generally performed by the use of external systens, such as a GPS
system 15 Preferably, however, nobile positioning would be performnmed by
the cellular systemitself w thout the need for such external systens. To
perform such cellular positioning, a method is needed to accurately
determ ne the absolute or relative distances between an M5 and each of
sever aI d| ffer ent BSs The d| stances can be cal cul at ed u5| ng pr opagat i on

[ ——m\ 11" Y ~ N o ——— N\



~ 2 aas zooz -s BSs to determ ne a TDOA between those two BSs.  The
position of the M5 can then be estimated to be al ong a curve, ﬂre?y\[ﬂ,
hyperbol a, in accordance with the TDOA cal cul ati on. By using three or m)r
BSs, nore than one such curve can be obtained. The intersection of these
curves gives the approximate position of the s M5s. In the sinplest nobile
positioning technique, a SOHO is made to a nunber of BSs. During each of

t hese handovers, the propagation tinme bet weén each BS and the MS can be
measured. The | ocation of the M5 can then be deter mined by triangul ating
the position of alWaysisid the tvrﬁuaborfo@ﬁsw'aﬁﬁhS@Hﬁé@qr@mwgame%se@rlnw equtivalent10
i npl emrent becau

design. In addi tslﬁ})érsié técﬁegag%eﬁege?%odeﬁte%h%gﬁgg ut etdp%rrgBPAjlfIé encetRer e.,
this nmethod may \b@'db,&ﬁdMShﬁﬁtsahymﬁm(BSQES:oﬁl@hlhsahﬂg for Yisd differdnodBVihing
because of the geogr aphr cal aration_between BSs, handover to two ot her
geogr aphi cal | y |ts¢¥eadhaeest8 %ﬂdysob’é9§§sbl e |n a smal | nunber of cases.

ot her word when t he

ot her BSs \ism |1 often Ang? 1 Bgarwége&%@ gff‘ﬁs 'S i s %%tﬁ%r%}%%ﬁegr%%mh%

si gnal s bet ween dhiye, N&t—andiﬁﬁuietsypélﬁmﬂmldmwllth 28Said detdogs the BE'§ &cﬁ\ﬂﬁ:ﬁrﬂdy
Anot her possible solution_is _to use an.,antenna array at the BS. Wen the BS
has an antenna afablingeedpoThis prsedyrednusefgotiring rewee om Gnkial by

estimating the %g,ng};rgﬁgltgtﬁ}ig ag% ? tiﬁ‘f‘ﬁ?{iﬁ%ﬂ{é}éaﬂ@r &lrahSidie 6 &'EHP%?!%& ?fﬁilgnd

by neasuring the“roun e comuni c t| ons si
met hod, the M5 ché MSBedachinglfer S@H@mamhdatezﬂﬁsom wsydthmmeuB@stem ahd cdll-at e

Lhe posl I@”exr'?"ea“q’%%ﬁeén% ERGHIFR SEIIEID 471 BERS TERLTRIY oo el DIOpGAOOn
characteristics kaldey &h}é‘é&@ﬁ\ﬂm@%ﬂé b%%gﬁ%ﬁllﬂs%e&sﬁﬁcmmaﬂm enna

array undesirabl e, partrcu arly 1ncities re’ signal s fredue~:~I
reflect off builpgkrfogs thﬂncbmplbtersea‘t:h fmtBSsesmngymmhglemmicmﬂd'u&r (orta snmnlaﬂ SO
possi bl e that a GPS ca{;m)e |ncorp at ed | to t he m)g ‘;@églgt hout using an

extra radi o recdipgionaly).s HWFH‘Hd ‘Wé(ﬁﬁi“?"é nan_ _
conput at i onal améﬁ&&&r&eg é}HIBE@gﬁké arfthedrf&?edv&rm%g}lﬁgeédeehsapﬂ,y@'eon is to
nmeasure the propagation t| OA, or signals"transmtt by the

BSs to thd5Svs ordlffyrenhBSWOIcseQMtIﬁSsneeﬁdnas ent@npibey loav-complexiBt)@id 08l 6

downl i nk sol ution cgn bedus d V\/nerhe n, @M%e case of CDMA, the MS neasures
the TOA of pil ot SCHITARRACANS: ﬁr‘isﬁﬁ‘f prous PHER by several different BSs.

Alternatively, an uplA%l&%ﬁrms@éb GA0sehRh PEREANYR T5:CdsindRYRIBICIMA 83athhs
measure the TOA of a signal transmtted by the nobile to the nultiple BSs.

However, both ofhas betrepepossihwiiercbeeachBS wansobis ohetemodulated gymbel. rldliat i ve
time reference i synchroni zati,on o he BSs f or bot h wnl i nk
and uplink sol uttf%ﬁglltﬁ%iywq’f)glsrs&fﬁflg &iquQy‘ﬁ‘QP‘HMP%Pf% < Wlt%gutdﬁr d@& &ver
| ocated i mot he BRge!id cabtt dbioftdabh RemeS It Hiee BSH brdpﬂsﬁﬂhﬁ%yﬂfbbri@mﬂ&eﬂlﬁi yor K.
A system and met hod are needed for reduci ng the conplexity of and the 10

processi ng resouPeech luben dedd Mgsked Syl (]-sﬁMSE'h In agegnmdiprerqsals this simbeg

processes in asyn Agt vor rtl " ageous
to utilize as m® eléoqff? rgg%ry ?IH%IE él Béggwﬁw&&—ﬁhg‘?}éﬁ educe
the level of Cormbﬁddeaynlﬁﬂ@tdprm@aﬁ@ arhprssmrtm ﬁrﬁttﬁetmp e $loseming s and
to enable sinplified nobile positioning solutions, described in detail

bel ow, the presedS$, usingantinga matched didtes which iy maiched \Petbe PreaghdGH- descri bed
probl ems. 25 Subsequently, the MS still has to find the BS’s frame-timing and duwnlink

scrambling code (which spans one frame in the proposed multi-step procedure).
The MS can find the BS’s frame-timing by detecting a second regularly transmitted
symbol, which is denoted as a "Perch 2 LCMS" or "Secondary SCH".
This second symbol is transmitted in parallel with the first symbol, but the
30 second symbol is spread by a second short code (again without a scrambling code).

The second symbol may also have a unique repetitive modulation pattern per



SUMVARY COF THE | NVENTI ON A net hod and system are provided for fﬁ&i l'itating
the timng of base stations in asynchronous CDVA nobil e conmuniicat Adhs200?
systens, whereby a 20 source BSC (or RNC) sends to an M5 (e.g., in a

nei ghbor cell list message) estimates of the Relative Tine D fference (RTD)
bet ween the source BS and each of the BSs on the neighboring cell list. For
SOHO purposes, a plurality of MSs can report to the network the estimated
RTDs along with signal quality information-for the nei ghboring BSs. Each BS
can maintain an RTD estimate tabl e, which can be 25 updated conti nuously
from the RTD r edtame andby deteetintgrtbinpaternivibs MSarsdejeraring the Bie fid@s-traingsend

moscage, Al ong vERPE PELPINOTHI oL 0P AP Ay baldBgonge Pahe DAY hitf e of |

techni que, the BRssibR\erakibding cwésahhiaw.an'ymagscpunﬁmﬁlrg%e@sem%r\%.eq'ﬁ@ AL
when the M5 initiates a cell-search for a potential "target , the M5

al ready has an 3@n#um;fins the séramhling ¢odennged byichuelates with dmgssansblingrodes

source BS. .As syc the resulti cell-search pro re used.in a

asynchr onods CDIL\h&Pds?f’s etﬂlﬂﬁealgdga&g\%?w’ atjﬁﬁa%'l%ﬁgl%ame'twmﬁgﬂf)&exi ty and
thus can be accaiiffbrefit\RsdsiBleCtaniie tifiligds).t HaweWdr! Aiprdblet wilh @te8stp&ed niuki-

anot her aspect of the invention, the accuracy of the estimted RTD s can be

gL eatly i Lrpr ov e ditepypracadyreis ithay thedevel o6 pergplexidnobibe a?lbswé%mdééﬁlllfﬁéti\r?' and |
BS . i T i
Lo turther | mor QUEb e RS MRt FaPR DL R spMRA YR eI i e “o°

i nproved RTDs cgerfahfionkaeggsthasig).cal cul ate the position of MSs in the
nobi | e conmuni cati ons system Once highly accurate RTDs are known,

di st ances 18et ween an Athgrdreldemveth BRs-celd asymabiongunwysigasds thiahidd timihgg t he
propagation 10 tj. T T Of: S| I [ | i ha..bet n e M5
and t he several dé@%%m nb%l%r%r%%lr %Snl?gfb%é ‘%‘.ﬁ?él?‘ qgg\gltgﬁp%égheoé‘&l’fthogl 0\3?‘2%%1%{;'

invention is thaWobitd @nainidgidBSsystématrpably vt deteitiningChbPoditidr 6£MSs in the
- conmmuni cations system have known relative timng differences.  Another
i mport ant t echnisYsiPMaAs hepoaes wrraapiaelydssisabie. i Girsentlyomobide positioningis] 5

har dwar e and sof 8%3! géi i 0 %Q?é& bile
comuni cat i ons s%%%rﬁr}'?s re ué’gﬁl}g@see'lt\@iﬁt)e agrgysﬁén%%%%ln{;%@% n céﬁq'oadvant age
of the prasent iRtgRriblyhowsvérfmbbildipositictiing Wohld\belperforneaaiip) thx icéljulaf sybtom

cell-search procedure in an asynchronous CDVA nobj | e conmuni cati ons system
is significantl ytsrakfm@eat. the eest for suchiaernal sysigs-+ L perfransicaellvlay ant age of
the present |nveRhBRineSa Miflod!il fecBl ffladdliraldlf abiBirhing BRIBOSMRR LRIV | 1
asynchr onous nmobi P& communi cati ons systens I'S significantly 1 ncreased
as conpared to piistacepbeioechneMS dniodabk of savpral tHdfeternt BShnThadistateesndaade of

the present inventi f)n js.that 25 nohile .ﬂ%‘gsi ti onif can.beﬁgft ermned in an
asynchr onous rrptﬁalcé‘ Rf&?‘f%‘ﬂgn Hyney tiipe 9y apya @[&?ﬁ AGHBE APFEENCI%¢ul at i ons
on easi |y bt ai nabl g (”?Bb%g%ﬁ'&sﬁﬂé'hkh@% th@%émﬁ@gaﬁﬂm@dwb&%&{ fRMSysiem
BRI EF DESCRI PTI ON O "THE WNGS — ~ 2 AUG 2002 _8_ A nore conplete
under st andi ng ofeatlnef sestiabdifferoht BSpaOatethesd medsarepantseart available, a number of
algorithms exist to calculate the geographical position of the MS. For example,
according to the TOA method, the distance from an MS to each of the BSs is
obtained using TOA measurements. Each of these distances can be conceptualized
25 as the radius of a circle with the respective BS in the center. In other wuids, the
TOA measurement can be used to determine the radial distance of the MS from a
particular BS, but the direction cannot be determined based on a single TOA
measurement; thus, the MS might lie anywhere on the circle defined by the
calculated radius. By determining the intersection of the circles associated with

30 each of several different BSs, however, the position of the MS can be determined.

The TDOA method, on the other hand, uses the difference in TOA between two



invention may be had by reference to the follow ng detailed description
when taken in conjunction with the acconpanyi ng draw ngs wherein:] gl 2
is aflowdiagramthat illustrates an exenplary nethod that can S be US .
for facilitating the timng of base stations in an asynchronous CDVA nobile
communi cations system in accordance with a preferred enbodi nent of the
present invention; FIGURE 2 is a sinplified block schematic di agram of an
exenpl ary nobi |l e comruni cati ons systen1thar5can be used to inplenent the
met hod shown in 10 FIGURE 1, in accordance with the preferred enbodi nent of

the present i nvehtstenieterpora B0ADesvegnipesertved3 s ddw positieraf the MSqn am of
an M5 that is in,gyd ésﬁﬂBPéﬂlgotbg a earcu?vesggfl)e]%%glyﬁ)%gla?ﬁ)naclggxigligﬁt%dwf;}?&ﬁr "

facilitating inproved timng cal cuFations$ N an’asynchronou

nmobi | e conmuni calDOAscakyition) Byusigthicd anaoreBS4) nforp ihenesgcleciiodiamsy  of
the present invention; 15 FIGURE 4 is a diagramof the relative timng of

si gnal s i nvol vedbiaingd, cIhsapfersseligimefi thesgSprves atyes femppoxgrimate pasiiorpIbRE 5 i s
a flow diagramt\hzat illustrates an exenplary nethod that can be used to
determ ne the position of an M5, in accordance with one enbodi ment of the

present invention. 20nBkeTsdnbEs: HESERIRTH O gIechtitudDRSVHNGE hde toratfwitesd
enmbodi nrent of the _present invention and its advant ages .are best under st ood
by referring to HESSRESTNgHach of thesedandevsss the preeazation lime depusengacBY 1 or

| ke and cor r eDARGISAAR S fasiibE. YAE IR AN MEPcardBelEBo8RLARhLYby 11 a0

asynchronous CDVA system a BSC "knows™ scra Ing co for
all of its BSs. tiiggmguiatingythe poditicit ofdhe mebiléibThis pgsitehihg nieshddrie dtkcsmplesttoeach
cell (for Mss operating in the idle node), or transmtted on a dedicated
control cH&nnel 1{‘4’%‘#“99%?‘3%%9‘&?}"9 e’P’NCWHEH%E}H“%IQ@S&QbIW@HoéﬁSI% Iecei ves

the neighboring Gglion! {(l;&fgl Sﬁbin%?neédtanda%&h@tgﬁégg}éuc%cf.é‘”@lié xﬂgth‘éﬁ?rgair p@f the

i sted 30 nei ghboring S that are potenti candi date ce Havi ng
such a priori knged atgeasghichirénons selldaddystam. dbabeevienfbecamae bbthefgeograpisical

candi date SOHO cel | s.enabl es 1.2 AUG 2002 -9 the .t qQ. reduc he t ot al
SOHO cel | - sear cr?eP‘?rﬁtéO’{WE%$%§‘P’P‘§PVFE(%P")°,Ot‘b"écgﬁﬁ%rglﬁllﬁélyﬂﬁ?%%‘flg‘é? lspﬂ.’)’&i bl e

scrambl i ng codeg,s§bleSf Y SEEI1IninberPRCas &0 Tn WHel woll, WHBP&e NIQhs intiddeal
synchroni zati on (power on). However, even if the set of scranmbling codes to

be searchdd by tprexiiityits oneB&t a SOHO with|dther Bifs Wil often bt blopsssibte. Kniois t he
timng of 5 these codes., This. |ack of timng information.i e nmin reason
why current proptS31s§ eo#‘e%\rﬁglé‘%ﬁgm%‘ﬁ%@g}‘%%gtﬂé%&np- @HP%#%&W& nore tine
(and are nore cqpphety bé BAtgasyRchr onous system cel | -search. The present
invention solves this Fack of timng information problem by having the

source BS send to theAndhdrgiossiblewsplubion isctorisé gin Btenmiareaylat theiBS.) Waen the

estimated RTD 1 tween the source BS.an ach, of .the B nthe ..

nei ghboring cel &?ﬁ%ﬁan erge ﬁgﬁy,\kﬁt’r B%S,%lc?nrfgfttg%ﬁfgo?ansbgr%}chl‘ff%%(ﬁtf)glespﬁle@tmg the

scranbl i ngocodesgiRbiibfoMelEIBR aplindsi Bss éerpf gifhg dnd®ysaedsainBHeabs-
0

transmts each of their estimated RTDs. For SOHO purposes, the MSs can
report (on a regtibdelalgafthe commuyeations signalo ke thismathod ghe HIS erelirasedsite & t he

BSC) to the netwark the.est) TRhede BER &lanek # bisitbdNBbwabd! bidtspread use

i nformation
of antenna arrays for positioning purposes is expensive. Furthermore, the effects of

multipath propagation characteristics of the uplink and downlink signals often
25 make an antenna array undesirable, particularly in cities, where signals frequeiiily
reflect off buildings and other structures.

As mentioned above, it is also possible that a GPS can be incorporated into
the mobile without using an extra radio receiver. This method, however, requires
excessive computational and receiver complexity in the MS.

30 Another solution is to measure the propagation time, TOA, or TDOA of
signals transmitted by the BSs to the MS or by the MS to the BSs. For example, a



15 (e.g., signal strength, signal-to-interference ratio or SIR, etc.) for

t he nei ghboring BSs. Consequently, each BSC can maintain an RTD ékﬁikﬂseﬂmz
tabl e, which can be updated continuously fromthe RTD reports received from
tthe MSs. In a preferred enbodi nent of the present invention, the RTD
estimate table is maintained in a database at the BSC. 20 Subsequently, the
BSCs can send entries fromthis RTD estimate table to the M5 in the

nei ghboring cell list nessage, along with tfre correspondi ng scranbling
codes (with the BSC keeping track of the estimated RTD information it has

al ready sent i n dewalinkseluties eadresnsed whaeinvi) thewggseef GIRMA, tlae/MS meashresdhre,
the BSs have kn r i i I ren n nt in an
exenpl ary enbodm'bﬁto?h%te%gﬁ%l g)‘rlltja%gq f%l‘?%sglﬂntgegﬁbg Ss%g’gr%lgﬁyffee{)eﬁ gsﬁ'ot enti al
target BS, the Mitehate@Dyamaplirknsofsionrah e afediwigeréintengaladSd daeh nBasrk (1R

fromthe RTD i nformation) as con‘&gred toits source BS. As such, the
resul ting cel | - S @ha sigheldrnsritipddyy theymaghileto the mrudiiple BSsDiaweyer, bothodn be

acconpl i shed mu i i i res, Wien the MS has
Synonr oni 2ad w HHeErSE ol iab e et AE RN R R ehei et cori mat e
of the 30 RTD, wWhphehionizationrof, tht BSs.MBherafors, &t dovadiik #n@ uplik s61utie BS
(preferably along with ~ 2 auG zooz -1 o quality information for the
potential tar getnopsslly reguireexiradiardyzare (-84 & SP3gserivaitleqpt@dnheBs torabtainpdat e
this entry int | t ifically, FIGURE 1 is a flow
di agram t hat ”Fﬁn 'Egg{g%]jagr?}erﬁaé}rr% a%oﬁéﬁgﬁ%%o that can be used for
facilitating the timAgystdm Bbmathdd areateedei fog rddaeing phecbripletithefhd e r

candi date cell-searches in an asynchronous_ CDVA nobi | e communi cati ons
system i ﬂoaccoma%ﬁ&%nwe@wraeweg avm%theﬁﬁ%m%ﬂnwohlk@oa#@@mprpwm i on.
At step 104 of t hﬂﬁ% o] i S a

nei ghbor cell IIHE? S@éﬁgﬁ%"ﬂﬁr@el g E’ogl @%?w?ﬂhﬁz‘j; W@%ﬁ%ﬁ%&%ﬁﬁﬁ%&
respective scr anmichrgprivetiarchdhfongatidn 43 ppsgiblentahelpyedicRTHR leséliofebmpleRity ween
a source BS and the respective 10 hand-over 'candi date BSs from an RTD
estimte tabl e @Pf&HEsassihe sgachias frgeilnearckesnad e enabic simplifigbinobile st ep
106, the source . o) ARSdd | i i: W th
scranbl i ng codegggﬁgﬁgggﬁﬁgéﬁﬁﬁé%%%ln alh?g%gﬁﬁgﬁkﬁggﬁ%ﬁggEggéha¥o the M5

i nvol ved. 16n actsualessfylly tehelv8SGe kbeypsdaseritedd ppdbletne esti mated RTDs it sends
to the M5, in order not to unnecessarily duplicate RTD information the M
may al ready 15 have. At this point, the M5 has now received a list of the
BSs it can synchyiaihEEr Yo THENS WA PioNeport quality information for). The
recei ved nei ghbor |ist nessage can al so include an uncertainty estimte
(described in nore deX miethodehdwysterlare pvbvided foefadilitatingthghtining ofbbsel i st

i nf tion in |ocal . At 108, with th Lori nei ghb N
RTD esti mte (¢ SHEAB) M estinitors fIRA ekl dormtponiGatint syelivs WEROY e of her
correspongpng nghRBSC@E RNC) send¥ab b MS g@% MR fedghbob béll ﬁét%?ﬁgek/g?;y

|

cel |l -search using a conventional matched er arrangenent.
utilization of testdmptes afbithg Rekitive Jame Bhfferanesh®J )i betweenpghe shisesBS iagthedchpeaks

t hat d tg the BSs that th ' i th suffici i t
Lo qual | Ty ba. neReG LG aF Baer e U S ot 3 BBy TSR B 1 e
RTD estimates Viréhid tﬁé”‘ﬁet{%ﬂéjt%%@tirﬁﬁé&hﬂ"@)sfaildﬂg%itﬁéigﬁtﬁ%@ﬁ@rkﬁfohﬁatﬂﬁf RF M ne

whi ch peaks are nost |likely to correspond to which scranbling codes in the
nei ghbor cel | | itha nqighbeping BSy. Eagh BS epn mamtaipas &I astinpate table, athigh eande

pr oduced step 2, the M5.can sel h r kN f th st.
i kel y a2t ovendafd et bubiy Alrifie Rl B %ﬁ%%?é [k GERES:. 'sPhataiEnil
then initiate t kg BSY tamSRAd eftriesSrem tALRTD 3Qinldie b foaht MS inl the héighborin
above-descri bed RTD estinmates are perfectly accurate, then the M5 cou
(up-front) di scaeldlisimessige; Alongatidirorresnonddg seippling spdasalUsiegtkis npyel 1 2
AUG 2002 -11 corfrespondin D} s o i t.h

hypot heti cal si{ﬂ%?ﬁ%%ﬂh?ﬁég§€%§§€ﬁﬁﬁ§h§§%Eﬂﬁﬁf?%%g%?%gq%?gggﬁhﬂé‘?%5@,,
step 112) coul d (keMSThitia@d adkll@e@th &r.a gofMEvElarget BSathy MS alitadyifasagcor dance
with the present invention, the M5's utilization of the RTD estimates to
det er mi ne30he mestimate péfhe tivaing obthat BSas gpmanied sits sowreRSt We sacthdigghbor
cell list enables the to disre Si_gnif d
filter peaks, aﬁﬁwﬁFgéﬁsgﬁﬁgﬁ8§€8¥ﬁéﬂﬁ%gﬁ83%5 %ﬁ%%gEgagﬁéﬁ%&%%?g?gghﬁgﬁg
scranbl i ng codes, which significantly reduces the conplexity of the

cell -search procedure and substantially increases the speed of the search.
By using the above-described inventive nethod, each BS (cell), with the 10
assi stance of the MSs connected to it, has a known relative timng
difference with respect to its neighbor BSs (cells). If, for sonme reason,
there are no Mss connected to a particular BS, the RTD estinmate table

M - e o, ~ o o . oy e

-




~ 2 AUG 2002 -12 "dummy" Mss can be thus advantageously | ocated where they
can be reached by a plurality of BSs (e.g., near the cell borders)1.2FA@J%
2 is a sinplified block schemati c di agram of an exenplary nobile 02
comuni cati ons system 200 that can be used to inplenment the nmethod 100
(FIGQURE 5 1) for facilitating the timng (e.g., the known relative timng
differences) of BSs and increasing the speed of cell-searches, in
accordance with the preferred enbodi nent of-7t he present invention. System
200 is preferably an _asynchronous CDVA nobil e communi cati ons system t hat

i ncl udes, for i |lpvedof serpplexityaibibs cantheraseorpslishgd snuch quisksgban wathevior | i t
shoul d be under at the nunmber of BSs and Mss shown is for 10
illustrative purposes only, and that a typical system can include nore than
three BSs and three NBsnotheraspbitf ehednventionNbe dcdufacy O€ fidtdstighated RTO's @&t | ve
node and connected via air interface link 202 to BS 1. In accordance with
step 106 of met MSEreRly IMpresgrby prcounting fos prensgatiansdelays betwaen dhe MSsandiibe sage
pr ef er abl y ¢i ncl ygk tive.: i j I ci at ed
ncertaints oot ftber &8 B b ¥ RROURI I rhSchro A R b BSERE 203
(via BS 1 once ifurthe itnpeoveairhiag ‘estimatddot pprforfiing e¢lbeatohes.oThé feproeédqyhbor s
(cells) listed as_entries in the RTD estimte, table are BS2 and BS3. On a
periodi ¢ basis (FD®sanRlsmbaiysed (ascalcylgsthegrositionof MPointthe mebilgual i ty

(signal strengt Y| : L0- R0I I gﬁl)ﬁ = g e o e or BER,
etc.) of those §g§% @1%%%9%%@%46?{#@%%%&83@@ I ncear%%‘géfacggt?lgggei ved RTD
estimates from 2nB%0 aAMS (aud sevBfal BSk catvBasily badeteymninbd asing ¢he propagdation
relatively rapidly with BS2 a@%sg\%:gf gt | east during the first occasion

when Ms 1 Wear cHiRes; §PAssor T . traxmiing betweenhe MSodAbe seieral BSS2 (or
BS3), it can be assu r%é@{ i t Q¢ thd D eRfink ; that BS. On
a periodic basis, or%1 maggﬁc%lé@%%ggar?t%g%ortte%%g efél??i%%@elg%saitgnal

qual ity of at | emighboring BSs irhan asyhelirersouis CDMA mebitphdomimumscatidns systém hB&C 204
(via 25 BS1). In addjtion to t.he quality estimates, M5 1 can al so report
the current RTD‘%’QW‘rfﬁ]I@EV‘E Bmﬂgcélgféﬁ.ﬂcef’he cel | -search situation for MS2 is
simlar to that of Midom&ifipBhafidchhiadl WQ%@oﬁtﬂQ?ﬁseﬂY%én?oh nvhiigd in a
SOHO with both BS 1 and BS2, "and nonitors on one other BS (e.g., BS3 via
ai r interflace | ihakdwdrd pnd safiwarh cempheaitpbEMShBBan gsyBchroparsdEDMA mobtléie i dl e
node (has no connection set USF ,.but it can still nonitor the BSs according
to the nei ghbor i QYUREIFaLONE §Y: BilfeY°0n the broadcast channel of the BS
the 12 AU G 2002 -¢& NS eFRipor@at Behid® adi@bize 8P fhe présehi ib&Ridnas (it 9:
in this case BS3 via air interface link 218). As such, MS3 can al so nonitor
BSI (via air inttbe bearall ldvakof208)plexity oB8% qellisgargh pracaduncfimee agyinokrond ) .

Agai n, the RTD est]jrates.,broadcast.by BS3 assi s 3 i,n_synchroni zi ng nore
rapidly with BS @%m@%ﬂe c%rpfnéfplclr‘lté tsy§§ﬁlg 1§ flggﬁﬁwﬁgeg‘ﬁcg% synchroni zat i on
procedur e gccurs. ThesinpadkiR¥iihiporednt tdeBnie @l ddvaRagdTabe fleSerit Mentiswlisars, and

the speed of the cell-searches Is thereby significantly increased.
Preferably, eachhdvspesgef theias-sesrchdsoenpnedinasyehrmnons COMAgyehilem 200 wi | |

t it it d.RTD est i nmat. . i odi ¢ basi : d, t
Lhe BSC 204" (v SOGInicirRuS BB R aRRY (B Ebpall OPRBETTCS O

the MSs in an Ripdddursti mate table. Alternatively, each entry stored in
the RTD estimate table (i.e., representing an estimted difference between
a pair of base stati omqth@ampaéarééwélmcak@g%tagwf the peesent jayeasion icthipted from
a plurali of diff.erent. MBs. For lL.e; I: .

consti tut %an av%cr’l%{geep ogf‘notn he capg\e/id%?&ﬁr@e&&%?%sgﬁ&%éfcﬁﬁ%ﬂéﬁér I%’gﬁ?%lgns
estimates recei wgsteinbyt feefopnBRatthpig\caltulatibeson ddsity vedalnableidatd 4md Wistidue tiean
be updated 15 by replacing previous estinmates or by recal cul ating

particul ar esti rf&?@gorb‘&seégr’(‘ﬂ\ SHEy recei ved data. The values stored in the
table are then sent to other Mss, as described above, along with the

nei ghbor cell list, to assist in synchronizing those MSs with nei ghboring
BSs, as necessarBRIFBRDBSORIFPON OF THE DRoeWB¥OBeci at ed by those skilled in
the art that the RTD estimate table does not have to be stored in the BSC
204; 20 rather, the table can be stored in one or nore databases | ocated
virtually anywhere in the network (e.g., in a register associated with the
MSC or in an entirely separate database). In another aspect of the
invention, the RTD estimtes can be used to determ ne the position of the
MS. Positioning cal culations, however, require nore accurate RTD 25
estimates than in the case of cell searches. This is because the nobile
positioning concept essentially relies upon a determ nation of the
propagati on del ay between the Ms and each of a plurality of BSs or upon TOA
or TDOA neasurenents anong the various BSs. In nost cases, the speed of the

. - . a v o




In a preferred enbodi nent, the inproved RTD estinmates are stored-,i?AeUG
dat abase table at the BSC or the MSC. Subsequently, a position 2002
determ nation for a second MSis desired (on a regular basis, triggered by
sonme event, or upon request by 15 the BSC or the M5). The second M5
measures the time differences between the BSs based on the receive tinme at
the second M5 of the downlink signal fromeach BS and reports the neasured
time differences to the BSC. The BSC then cdnpares the stored i nproved RTD
estimte between a particular pair of BSs with the nmeasured tine difference
bet ween the same pai rAdrorgsemalete wisigrstandingofithromgtbod Bad appasatus of the peesent
conparison, the . I l,ay e .of .several BSs and the MS
can be cal cul at elg?é}gﬁgquﬁ&c%arbgtrgfe%%é\?omﬁﬁg@?ot%n%fi mflﬁeeCf %écrgp R er'btﬁg?f’an
be made. Again, ih@énjhctiddORitheRdct@nParyingCdiwhig Wherinised to deternine the
| ocation. Regardl ess of which pasitioning nethod is used, however, the

posi tioni ng cal cul at i FIREddhe ﬂamd}agf@pghajpl@wmawéa@ﬁx@n@ntyem@iho@ﬂ@pa@mi on

del ays in the i Vi, [: . Y2 e det e nat i f each
RTD esti rratse b%ﬂdsm?ﬁn%%ﬁ{éggg E)hrﬁ t@/g ltngg) I?g%% Sk%f\%’%ﬂ} 1 %Sgy{‘ﬁ‘rf%%"-“ﬁ%o
(i.e., a SOHO i nuobil cognrhibiiestiohs kystem)ih aB&sJamavitcpreferBy ehdBERidn o1 tHae
RTD determ nation durjng multiple different SOHO procedures, an inproved,
esti mat ed RTD beUGEBhNYCaYMSt anti al number of possible pairs of BSs can be
determ ned. The i nproyeq&H D i3 Lil i ] | her
Mss (i.e., Mss that were no?lfaélmgﬁaibﬁ&tﬁﬁ%%c%%éfe%ﬁ%@gg?%ﬁ?&%/r?%s to
det erm ne t he poasmmwaticaions byssan dianedn BdSssed itd implemeliehamethedishowa in however ,
that the ~ 2 AU6 2002 -15 pasitiaon of an Ms that was involved in the
estimat ed ®TD cafIEHRE t oRoeetHangesythyibe eaferred srakpdinnemiof theaPtesrpt BIYeRtiRTD
estimates. In any ev UBES iP0Siddhigial [elet-Te N ACE NP ..as
many BSs as possi bl eeflqg} ordgrlp?%h%ﬂrlr%?g@gm?ﬁe accﬁr%éa%ﬁg???ﬁgéysegﬂ fr?ﬁ‘t%ggls

| ocation. 5 Ref edbounig enesvatSOHDGREhaS cart breused ifer fatitiviting implosdtingng
illustration of an M5 that_is.in or is about to enter a SOHO , A first base
station BS 1 tr maﬁlgn&# Basrin gy asynchuopous Ef@l\éggnﬁbl eRPMIPHieaioNs ysiHm Gt
frame or a traffjg,dahd it Brerdth Iﬁ'[;ag.ﬁg' irftl?csp A .0 the tinme base
of the first basa{ec %tat(i%onl B%Bf. A?r(llaeupl?i n rgiognal r%é%4 E’%ﬂ%dg’ Mobi | e station
M5 1 is redei ved by tHEGURE 3tis bdmeragt af therelB8B eltimingaf signals volvedlis thel 0

measured in the i base. of the fi e gtation BS 1. Simlarly, a
second base staté%@“‘ﬂo Q}ﬁt‘?dsmzf@m’@ signal 306 at a time T,2 and
receives the uplink sgigAME 3G¢a hbﬁrﬂiﬁé}ﬁnm&l‘hﬁ‘stﬁfe@tah e aéerﬁéthéd tHafBanT> 2,
measured in the tinme base of the second base station BSZ. neral ly, the

ti me base of thebetuwwed badatersting theposition afamdifh dhacovlascawithonk embbdinteavefl a
relative tinme difference éﬁﬁTD% 0. In other words, if an event 15 (such as
the transmi ssi orfPHPICHIPEPUPRane) occurs at a time T, in the first base

station BS a corresponding event will occur at a tinme TZ=T,+0 (1) in the

second base station BS2. Once the RTD 0 is known, it can be used by other
MSs for nobile PRETAIGHD RESCRIPTHONJF THEDRANMNG®Wn! i nk si gnal has an

offset t, relative tonthe fransnm.t  .ti f the pilot. fr T ,
the traffic channel d ‘lea"f?ﬁtﬁgﬁ?f"ﬁh"‘%lfnre% Ofgléesperesé?fl glpibgnﬁlo%ggqﬂ?éd‘i% aggsn%r f Féés at
a time Tf, = Tp,untlefstood(bd)reMieiiLtoTMGURES NS dfitAedriwings| ke MiméMB Heidgaised
channel frame fromthe f rst base station 25 BS 1. Simlarly, the traffic

channel data of fonbkeiendgdrrerpesidipgpartsiob heplpiopsdiawingsni tted at time Tr2 =

Tnz + ti. {3) Wen t is . initialli ; il ' "%'fo impl y
listens t 5t he pil ot Sﬁ%‘qf@y’:%@p%%’}cgéop 6%131\/?&6?@#%&%%5%5?%{& on ﬁ]lﬁ@?i n
SOHO, the secondchagflinglcatiésfor BEf BB S¢. | Typlidatipsdmist ofladightrithgtcbRs Rivkelcast 2
of the signals will be adjusted so that the data fromthe first base

station BS | andneph csHéfond Ssoperatingin thaidbgmods) or tippppitedonpigdigpisd pentepd

channel (for MSs operating in the active mode). When an MS receives the
neighboring cell information, it determines the scrambling codes of the listed
30 neighboring cells that are potential SOHO candidate cells. Having such a priori

knowledge of this scrambling code information for the candidate SOHO cells enables



1 2 auG 2002 -16 approximately the sanme tinme. In the foll ow ng difcussi on,
a generic scenario can be considered in which it is assuned that He AUG 2002
offsets t, and tz are known. This scenario covers both the cases of SOHO
knitialization and an already set-up SOHO. Referring nowto FIGURE 4, there

is illustrated a relative timng diagramof 5 the various SCHO signal s that
are transmtted and received in the systemof FIGURE 3. Al of the tines in
the figure are illustrated in a conmon, arb?‘trary ti me base. For purposes

of making RTD cal cul ati ons in accordance with the present invention,
however, the ti #he MB tesedicethetetal SOHO il ssarchiimaier pesaplexity lexelhdseaust thene
station (i.e., : B2nu h at. L t : tJd e
Tr" as measur edhpﬁlbtgﬁ%ﬂ{oisgﬁgﬁbsase b?j]?@? ﬁgé&fl??esd}t% %)J;lge&gipgﬁ %’%&rg&ﬁ% rﬁ}e{n l%:lrlf%li or
traffic frane 4@dtialsyhclaosimatidng@otyyr or)e Howestr, baareif siieadet ofisdidmBlinglduded toane
Tmr" which is neasured

402 is received at the bile statjgn M5 1 _at a . tir )
inthe time bas@eé?ar&f’él%bi’ Megs!s‘trﬁ F‘}S‘Hyﬁﬂaﬂxt&"?%&ﬁ?l oepot knew dlag Hindee off t er

the transntssio i r ¥ o] o] [ I i | time
required P?)r t her{.h éssflé gﬁdgg ?lg?%/arc g\?@lﬁﬂaﬁg?ﬁfoﬁ@&%ﬂ@g ﬁ?é ré%lggeggée" Vgt(\g?ﬁ%ﬁk %gbqﬁgso
t he nobil e st at ife@ranMsyricheoruy syseeny eslbsearchtekemabrd téme {aatiiaeomble coniplé)shdnt S

its uplink signal 404 at time T',r. For sinplicity and w thout |oss of
general appl i caBisypehponqus sysigm ell-5&%¢ed that the robile station NS 1

transmts its uplink-g] ﬁgm% i 4t g&‘%l'?d {;h}&]gmg k
signal 402 fromthe ??"FE{@%“Q%%‘S‘?%‘%%%SB cgérﬂﬁglhgg{ ',tl\r()ﬁfjr s and§n(4)
t he uplink si gndlie séOrteiBS sead 6 the 1S ¢uldrigovith the heighb@ingtcatlilior) aBSstimated RTDe
T~, = Tr, + 2il, (5 The upli si,gngl 404 fromthe mbhile station M5 1 is
recei ved il thebgéﬁe)aﬂ&h% ce B o ool g’f’ B9 i 86"‘8§eﬁéﬁshy€’d‘”§?& er
the transm ssiof,diditnskad’of YndinPbARIREL AR, Eick biTheleignbdfing BRI s e
station BS2 also transmts a traffiC or pitlot Trane 406 at™a ti Trz.
After the propaddsS,itiesoteleBS dlsoreansmitsench afthant éstitnatd®RIADs. o4 SOHO parposesd by
the mobile statio at a time T.n,z.. Tq calculate the RTD O, nobi | e

1 Z. th
station VB 1 re@RriSs CHLrPPHLOYR Feedlas hatis,gees BtV h T PBABRER Fom me
T~,rz of the doyy pgk) & BBALtwiRE tld Qillafe REDSBRND 3R sigmal quaiigBRRatich’
station BS2 and the transmt time T',r of the uplink signal 404 fromthe
mobi | e st afi on NBglsigidl sgengtigisiphalktoTinterferefine @tio PHJIR, ttcgHontheindightmoingBSshat
in FIGURE 4, the, tine differ td, ~. _i.sr ively | e,.. which 5 |
typically indic WuS?tﬁyaﬁa?}ﬁgg(?ﬁ?n E‘éﬂﬁﬁ?‘%f‘?m%%‘a}%?ﬁagfegwcﬁga? E%u%%%?ﬁe
not ations, we capndfiRsllOfroM! BlceRrNe réirtsOYicB e@ XiPoif Stht ORMISEOr I he preFeieddy e
time Trz of the uplink Signal in the second base station BS2: T,z = 2~z +
td, ~ + Trz. (7) embodiment ohshe presénsrinvandion, thecRTDI dstimiategtablepisagaininetlan a
td,~: 10 tdy-= Trt.- Tr it - ~z+ ~~ (8) which is obtained by subtracting
the arrival ti r’rélaéf‘b?ﬁezat é}eﬁi?éfé: downl i nk signal 406 fromthe second base
station BSg (either SaBsdubmly, HeBBCHdanSEILitES fréthitkia RTID eimdtitable tafiid C

data during SOHO fromthe transmssion time T',r of the uplink signal 404
from t he nobi | e M$ in thesmeighboring tellndiskmessags. plangewvith the ensrespesdinghecraabliig

base station BS2, ,15 T i . rSt.00 . i
okt i the ar poodsiodidfe BRE Wkbipe ok (ERESBRACRRTISIONR B ORE ARG,
ta> and (9) Tn~fkert il HreviGusimessages(to By MEW Ukiag ehismevéleeiniqer alid BOS ha(d)

(7), and (8), and three unknowns: 1 ) the 20 propagation delay tine it
bet ween the mobiknews telativssinygs diffeprpoes, Conpgauenths danexgmplapy @apodimont, when

pr opagat i del L R, e i t

Pase ot at fon st M idiey § SafiChr ppiaRE hePbS hOMA Brcddiids b By ARACHE
station BS1 and thdwmigadnitht BEY¢e.s frain the REBRinfdrinatisn)easpnipareslad ite séurce BEt 0
get D= %(t~,~- Tn - T,~+ Trz + Trz)~ (1 1) 55 - which provjdes a

sol ution for thesdagh theresntting celbsspediprosrdupsised & af 3syRraipus d@qﬂéﬁymm
According to a prefer ] t b5 ed?'fo?] i i VS
1 reports the ti%ﬁ%ggflécf%g‘l ngg%&j%@?}?_ﬁmgfﬁg tgg%{ﬁﬂéf t g Caeglhe}%ss'melgﬁ]s]égg %I.IQSQL
BS2 report thei gyfchegfaedd wigh tHegpusenitial eangkt BSC dievi Sthiasea itnprdvied estirhwierdf thelThe

conputation of the 30 RTD Dis then nade in the BSC or_the .. Ip the
al ternative, th&Tddmuehn o, theMd cangspogidack E‘BthEéﬂurﬁ%BééP’Feg{'rsr%@M ar%‘gtmg‘

nobile station M5 1 or in a base station once the necessary timng data is
provi ded. By cal culating i nproved RTD estinates between various pairs of
BSs in an asynchronous nobil e comuni cati ons system an uplink solution or
a downlink 5 solution can be used to determne the position of Mss in the
system w thout the need for an absolute tinme reference. For exanple, FIGJRE
5is a flowdiagramthat illustrates one possible nmethod SO0 for
facilitating the timng of BSs and determ ning the position of a selected
M5 in an asynchronous CDMA nobil e communi cations system in accordance with

R Y oy AN " n - S




20 purposes of the present positioning nmethod 500, this involves

nmoni toring, for exanple, a known sequence that is periodicaJIyﬂthw&n?mped
by the BSs. This nonitoring procedure can include the ordinary nonito g
of BSs for potential handover candidates. It should be noted that

nmoni toring of a known sequence froma BS can usually be perfornmed even in
cases where limted "hearability" prevents a 25 S6~Owith that BS. At step
508, the MS neasures the TOA of downlink sf@hals transmtted by severa
different BSs. Each TOA neasurenment can be neasured in the time base of the
MS or as a rel atqughtyiaforaation forthe pejamtind tangst BS) + Bhesontse BiSHer itBBsocitied BR®)

measurenents are YA r i | along with information
30 identifying tcﬁé%q'{pﬁéﬂf t%g?%&%%ﬁ%?%&@an@?%. maasu?emant. This data
is then sent to the Bf6refspecificdlyNEIGPRBAES & iflog: didftemTBASHIQFHd3aH REmPlaBP
508 can be made 1 2 AU G 2002 -19 on.the pilaot channel data or the
traffic channel Tagthed 1084hatcarnbe pred fsdaciliiatingthe imingf\PSsiand inpreasigshqspeed he
time difference h [ ti [ b n .

pi | ot framg tranols?‘renﬁléfsﬁ?g‘r,lésr %f’ﬁlﬁ ﬁaetg BE%-SGI S ?lo%ﬂe ge%ﬁ%%&@?aﬁ#@ch@ﬁﬁ% is
used. At step 5lddmniviicaitns sdfenstis atdoedahC¥\withaspie fered embodingsht 0D tHe predeat
the RTDs between the various, BSs by adding the RTD estinmates to the TOA

measur ement s. AtingangignsAsstep] Mo thegxempharyiaptod shoyen indIGHRE 1, aBSE preparesach
d l'ink si | k L.USH i . Of
The Vs 1 s eat | i eiptof QRIBAEY " RpR (IO AMISIRE o Dl tedFeck 06 kit )

times. The posi tdodes, signg witha phiralinofRTDtesEMates stwdisd puae Bhmditharspectived

to the Ms, storeig at 10 tg,e BSC. ﬁr sent._to the Hon%Location Regi st er
(HLR). In18n al thepdrapeneandidgtsdbSie from ahBTD gstimals fablrs(pattersblpmamizinedsina

and 514 can als i h i '

networ k. The net agaga%gagﬂllelqsués)f ?’ét e I%?G&CI %%9%@?%%&%%%@??%%5?““
esti mat es based cef)dist witlasarambiing codenaiel RTDtebtimatSs o a 'tneizhbaisd ineasageiwolthen k
signal. In 15 another alternative e i, ment , il e positioning i

determ ned us nyém‘@b\rqdnil}%thay,.theﬁggefsmsyﬂacggf) thereired Bgf&ﬁ?%eaﬁﬁgotb%e
same as the dowggnig gabiids 98 ufieER kit {ichtl R hBim ARASHE 'l\?%ir%i}galré%r 31;]

downl i nk signals at step 508, TOA neasurenents are nade at nu
an upl i nk 1$i gnalhavéiat this poimrytheMS led now redeavada lisThEthe BSp it cak sgichrmalize with

neasurenments are then provided ta the B t he.20 MS 1d adj usted TOA
nmeas 3 rements an cfa?fr @ﬁh‘%ﬁ?ﬁtl h\‘fﬁ’d%1"g?fnialgﬂﬁ fo%i?@’ecfﬁ?edmdé’telﬁ%)og@g F’?f’s%’tugﬁ cn a5y
and 5 12 of the ;dqwM ifWnceRhily REmARBERBAPin ASreUeBAWTRRY. AMRWES kfdres the

connection with the standard D estimates, the uncertainty in the inproved
RTD esti mat es wireighhbseelli Ist irfarnsatiantil lacahmemprit he RTD estimate table for a

articular BS is not ated. E osi t.i on es. 25 however: the
Pequi red accuracy of ‘#tf%gep@% ‘@gﬁﬁ'ﬁg‘tpgé’ninglghﬁ%h eg&@?%ﬁ%ﬁ?aﬁ%waﬁg)ﬂﬂgd@&m%xt
of cel | - se@r cheseadifjéEharddNBohgWitR MR CoRedpbN®in g feih GticBR thioihidtide, HOMS

shoul d be recent endugh so that the clocks in the BSs have not drifted
conpared to eaclirantimitiate aqritaanyiceB-seqreh wping ajrenwertiopalunetched fiker arrangegentp| e,

to perform accurgt bi ke positionin erm ' t

ot hods 30 descriseqoapiv R P uEn e SRl Rl st o diersie TR
standard RTD  %ha& cbrrbbpond @the B} thaitthe M Bcamaetetnd withRuliRians goality taqelify | ar
manner to address uncertainty in the inproved RTD estimate context. The

net hod of obt ai riishgndaverepndidatd celisD Adsteprid Pethe MS earebatpethg KddP esimaigs; g

i nprove t cel | ; sear,ch .prqce [] i.n i i I :

onh 5 1 e prtBE ERHECRRRAERATIRT SERARE 3 FRRAGE it Mk Galp (8RS 0

FI GURE 1), the tdomRsydinllicewRich ecramphng &sliebin théweei fboir bel BBtRtEm! 1d).r Rostdpyl 1ds ed
to calculate the RTD estimates; no information fromthe BS is required.
Thus, refernng dgssdenthe qorelaonsproducedat deribidtheMS et selast e pgahling cadss an
MS' s receive ti " I i j 8\ S1,
subtracted from %tl;engﬂ%eﬁ%ﬁ@é@%@%}}dﬁdg@#@é]l&fﬁ%}%@g&%?érﬁ%ﬂzlﬁbrslfa M?g%ﬁa
second base st atth&ninBfa?e theRelfséddi(stkp 1tll6).s value is illustrated by the tine
differential t~,~, The direct use of the tine difference as reported by the

MS of fers 38 signifi careoratisplby shihgrabeveressribest RED ¢stigaigs e pedecdlyacedalgng,
i t . sufficientl d ' f :
brocess 1o over dbuhE AE o LBCHERTiaRa RO TP bl e Bulel B8R bEs not

nmet hods. If greater accuracy is required, however, the timng uncertainty
in the Mss that do SOHO searches can be further reduced by as nuch as fifty
percent by using an inproved RTD estinate that takes propagati on del ays
into account. By using inproved RTD estinates, the set of tine delays that
the M5 has to search during 20 the cell-search process is considerably
decreased, especially when conpared to prior art cell-search nethods. The
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sectorized cells. An estimated round-trip delay can easily be c_gl cul at ed
fromthe data avail abl e when naki ng RTD cal culations or if the Fﬁ)M}Gi Aggee
| ocation of the nobile is known. Although several preferred enbodi nents of

t he met hod and apparatus of the 5 present invention have been illustrated
in the acconpanyi ng Drawi ngs and described in the foregoing Detail ed
Description, it will be understood that the inventionis not limted to the

enbodi nents di scl osed. For exanple, neasureltents of the relative timng of
BSs, made in accordance with the present invention, could also be used for
t he pseudo- syncleooripeatingto tife B3H3 "estimate” infoematinne dnithis hipotbetipabdimation,dhe
Nnumer ous rearrangenents, difications and substi i 0 W t hout, de ting
rom the spiri ¢ ‘HPTEHEECAUB AT AaPrORORo{erdy iRl P ARSI GBRG n
claims.  ~ 2 Aow&RRE in dy e in adcSAHMAERH e preserfimVRhioH thvist ArjilZbtigt | ng
the timng of a plurality of base stations in an asynchronous nobile
comruni cat i ons ofthedTDestirpatesiondgtermmedhemeostdikelydiand-oast capdidawfcedafrdm the

lurality Qf base.stati ' | egst timt ed l.at i i
G 11 or ente Sval adciodt fibiis SRaple] s 45 A eebns s SEiFRu Durhdrir B Péiched Ve
time difference i ?@al@s? BR/b54s86kiAB ceddih R tRe bbdks Wﬁttﬂé&’f&b&&ﬁﬁ% BehWBRR:

g

said at |l east one of said plurality of base stations and a nei ghbor base
station; and saicgdemmhich significantlyrredusies thegompilexitytof|the s¢ll-seaecheprocerdre dnd

relative time dif% rei%?le.vcal ue. .10 e2'd ;t[ e rretEod of Caim1l, further
conprising the st 53%“ V’%é?%ewsisi’ee $ é\e’lsc??irc orrelating said at |east one
estimated rel ative tipgpushf e GRER-deadribRd ihidhtide TRROE kabh IBE (cePMYt With the
signal; and initiating a cell search based on a result of the correlating
step. 15 30 The agsistaneP of theM$Sneomnedted tohidy has arinoma ielptivh diming diffgrence with
estimating a prqQpagation. de { i.d hile station an t least,one
of said base sta ﬁpg%st??tg é.]lg %hgéﬁ}?%%qb?%g%gsg 1°d ﬁa88§1 t%”&%%% E{%@ﬁ'%o&ﬂgc ed
uncertainty in sgiagafiivile B, HORTDeRimAR tdble EheespBhdiag toThaCBSiiEmas updagdei n
the correlating step conprises: conparing said at |east one estinmated
relative time diGdneeqicaBy.ysinek theorelative timing, betweentthe neighbaring | B mayabel

e i kely To corpuipity B ARl Fep Sl S PR bl OaRg T

met hod of 16 ai miKis B wilkindrdake Inrpiehéral, thitOuRbRsingwRhé RED &HhRed inagikrease

scranbling code based on a result of the determ ning st_eP.
with time, but this uncertainty is typically minimal immediately after an update has

(2}

been completed (e.g., based on an RTD report received from an MS). Consequently,
in order for the communications system to be more robust during periods of MS
inactivity (e.g., at night, or during holidays in private indoor systems), as mentioned
20 earlier, an RTD uncertainty estimate can be broadcast or transmitted from the BS
along with the RTD estimate, in the neighbor list message. The MS can then, for
example, set (e.g., increase) its time-search window accordingly to allow for the
additional level of uncertainty. The MS can thus cope with those BSs having a
relatively uncertain knowledge of its RTDs, and also minimize its complexity level
25 when relatively certain RTD estimates have been provided.

An additional method for further mitigating the uncertainty problem
encountered when there are too few active MSs for relatively long periods is to place
"dummy" MSs at fixed locations throughout the system. These "dummy" MSs can
have a limited functionality, and can be called upon by BSs having relatively high

30 uncertainty RTD estimate table entries to provide more current RTD updates. Such



6. The nethod of Claim1l, wherein the nobile conmunications system 30
conprises an asynchronous DS- CDVA system ~2AUGR2002 - 23 7. Th,e rrﬁbguod of
Claim 1, wherein the sending step conprises broadcasting or trang i 2092
said at |east one estimated relative tinme difference value in a neighbor
list nmessage. 5 8. The nethod of Caim?7, wherein said neighbor I|ist
nmessage i ncludes at | east one scranbling code associated with said nei ghbor
base station. 9. The method of Caim1, whelZzin the sending step further
conpri ses sendi ng an uncertainty value associated with said at |east one
estimat ed rel at i viemny"t¥if@ cai be thue adeanageowsly kgatetvdhenethiop dambe Gaghed ly a

wherein said nobi,l e,.st atd transmts i at | east one estimated rel ative
time difference R}‘éﬁab@%f%%geﬁ”t“ﬁafghﬁé?lgﬁ%rg?ﬁs g-cell quality report to said

at |east one of said PIGURE 2ty a efmplidRd mdoktsbpaﬁaticlcﬁa%&n o8 exBipRey alobfitai m

10, wherein a base station controller associated with said at |east one of
said plurality ofonyawrcaiions pystam 2@Qthakean b ysegtto jraplementiihe msthodd 08 (FIGRIRE | ve

' di ff ' . : f .C.aim
compr i i g he sPaBt BETHERENS iy Gie-AEREN Rk s Siterl) s nd

station using sanecreading haspecddEcdlBscatohes i actbrddhde vaitiee preférrddombbodimdiior
nmet hod of Caim 12 wherein said step of determ ning an 25 appro-~ate

po; i It i on conpri Etég Prosentsingetions : Systene ¢PQds prgicgably #p agyridheenons CRMA mebile
oL | on PRREBe 58 e MR Spflact. b DBt IRl ©

ase S a

downl i nk si gnal MsanHswtiedt shoukibedmaers@ol tat ir9RmbeAd i BEY andMiSsDocaiPRE I Ng
said at |least one relative tine difference value with said calculated tine

di fferencel® o detlustrative parposes:dy, 3 theba Spiab sysraneqronclyfle mereithas thireeBSs ~ 2
aac 200z -24 s ' | &t | t 2 Sa| I | f
base stations anagﬁtsdgi%ghé\%i ght)%'r% %‘gglg%é &%qi I(S)hl? &%ngo: ﬁ?}é"%{ 12%1 gfg ahd %r{nteé/teﬁ’
synchroni zi ng a yih wirainkdrfaceflinka®(2 &t BSl onk aceoranabivith stepc 006N ind@hdd 160
“system conpri si a first:- base station of, said plurality of base

stations, said f&?@%%b MiS3t hasnrespivedn acighbeyr Heldmgssees refesbbniinclading
I : . . ! e reor
east one estl ”%gﬁcﬁ% ﬁgzt%’ﬁstﬁxhﬁ@s dhd,f GHtRRGRy, VRL A ated %hgerﬁﬁnr%feg@ﬁmta%?n%ﬁlga

estinmated relative tine erence vdl ue comprising an es
di f f er encetsbet wadsdicariddohtrslThalrs fromithé BSC 204 dvia BSe ogkeiols "bagrctt” otMS1)0n;
and a nobile station for receiving said at |east qne estimated rel ative
tinme difference Adeapttwo of theneighbors (cells) listed as entries in the RTD estimate table are BS2
and BS3. On a periodic basis (or on demand), MS1 monitors and reports the quality
(signal strength, SIR, signal-to-noise ratio or SNR, Bit-Error-Rate or BER, etc.) of
those BSs to the BSC 204 (via BS1). Since MS1 has received RTD estimates from
20 BSC 204 (via BS1), MS1 can synchronize itself relatively rapidly with BS2 and BS3,
at least during the first occasion when MS1 searches for BS2 and BS3. When MS1
has synchronized with BS2 (or BS3), it can be assumed that MS1 has a "good" RTD
estimate for that BS. On a periodic basis, or on demand, MS1 can report the estimated
signal quality of at least one of the entries in the neighbor cell list to BSC 204 (via
T 25 BS1). In addition to the quality estimates, MS1 can also report the current RTD
estimate to BSC 204.
The cell-search situation for MS2 is similar to that of MS1, except for the
example shown, MS2 is involved in a SOHO with both BS1 and BS2, and monitors
only one other BS (e.g., BS3 via air interface link 214). For this example, MS3 is

30 operating in the idle mode (has no connection set up), but it can still monitor the BSs

according to the neighboring-cell list received on the broadcast channel of the BS the



15. The systemof C aim 14, wherein said nobile station is oper,\alzl to 15
correlate said at | east one estimated relative tinme difference I d0i2h a
mat ched filter output signal and initiate a cell search. 16. The system of
Claim 15, wherein said nobile station is operable to conpare said at | east
one estimated relative tine difference value to said matched 20 filter

out put signal, and determne if said at |east one estimated relative tine
difference value is likely to correspond told matched filter output signal
peak. 17. The systemof C aim 15 wherein said nobile station is operable
to sel ect a scraMSBicapsideradthedbestonst ta listen ta ¢e.ifin thos cask BS3nwa siainderfice liskst

Ut put i gnal pebld) 18 50 AIES bt B ek e G iy S B b bsl i
conmuni cat i ons S irfeéraeMpki2i ey A%aiﬁ,sﬂ'lemBﬂﬁﬁatgﬁsr@ﬂﬁstwmssis_tsm_ﬁﬂc
zooz -25 19. The systemof ClaimI14, wherein said first base station is

operabl e to broatywekionging mose rapidyawithaBS1 candt BSAeor ot ileast ¢be fstatingethei ne
di fference yalue_in a nei.ghbor List nessage. 5 20.. The system of C aim 14,
wher oi nsaith 11 ropoy R PLBRiceaird ooliin o popilin BE Rl RaIFHeRinet ot sl
val ue associ at edredhddd, st He Shecddste RNScRShésTB tiRgebyali@ifiouatll intedid.f erence
val ue. 21. The systemof Claim 14, wherein said nobile station transmts

said 10 at |east one Resfarshly.cach MSapetatingimibe giobfle cemmanications syston@0Rinil a
nei ghbori ng-cel | | .o first. station. 2 Th em
of Cl aim 14, v\,hetrr %ﬁ%ﬂﬂad%%ésag&gégtﬁeﬁ%@gg 76 Hegé'f) 9§§§%§,i05%§e% q%tostg? ﬁsé?éﬁét

base station stof@&sBSH dheBICHB!steresthe RTDatRthtdseb@liveddrdn IR ME§ it 15
in a database. 23. The system of claim 14, further conprising a processor

for deternthing eHmEpadia madempgselyi eachogntphetoredbin| the A HD jeshmatsi tables@ied at
| east ti lative. t] i f f 2 . Th t f
oo 95° e eri PR SRl B SRS Al ot Al a TG BB

relative time dibdsed enestimatdsiteceidediirom A pluEalidy 6 fRfferepMBE ForEihly, thadtéred
nobi le station to determ ne at- | east one gossible | ocation of said mobile -

station rel ati veestigaisagan ¢qnstitutean avapgn plothemevigus 4 rersivgH wsHmBlescotsefathe on.

25 1 2 AUG 200ggimates received in the preceding y minutes. The values in the table can be updated

15 by replacing previous estimates or by recalculating particular estimates based on
newly received data. The values stored in the table are then sent to other MSs, as
described above, along with the neighbor cell list, to assist in synchronizing those MSs
with neighboring BSs, as necessary. In addition, it will be appreciated by those skilled
in the art that the RTD estimate table does not have to be stored in the BSC 204;

20 rather, the table can be stored in one or more databases located virtually anywhere in
the network (e.g., in a register associated with the MSC or in an entirely separate
database).

In another aspect of the invention, the RTD estimates can be used to determine

the position of the MS. Positioning calculations, however, require more accurate RTD

T 25 estimates than in the case of cell searches. This is because the mobile positioning
concept essentially relies upon a determination of the propagation delay between the

MS and each of a plurality of BSs or upon TOA or TDOA measurements among the

various BSs. In most cases, the speed of the cell search can be significantly improved

without having to account for propagation delays. Thus, it is normally sufficient to

30 base the RTD estimates on the time difference between two BSs as measured by one

or more mobiles without considering the effect of propagation delays of the downlink



- 26 25. A nethod for estimating a relative tuning of a plurality of base
stations in an asynchronous nobile communications system conpridi Bgt\wﬂpezgﬂz
steps of receiving at a first nobile station a first downlink signal
transmtted by a first one of said base stations and a second downli nk
signal transmtted by a second one 5 of said base stations, calculating an
estimated relative tine difference between the tinme base of said first base
station and the tine base of said second bab®f station using said first
downl i nk signal and said second downlink signal; and storing the conputed

di f ~' erence in asigwilanecaived hynan MiSifram embeofitleB8s. T@Op@formiinebitepdsitibnixfg, Gh ai m

25, wherein said,first,nppile statign is in st .0f - handover 27. The
met hod of d ai m_%‘g,og B?‘Efﬁ“f‘ﬁ%a%ct“é N _‘“Ba'ieegﬂ};&ﬁ@ ‘%ﬂe‘%%g'esti mat ed
relative time differepgepbstnt MVent@ Ve s bibich g? c&EuﬁﬁﬁQ%ﬂtiﬁg%\%%ﬁlf}% .

propagation delay of the first downlink signal and” of the Seco
signal. 28. The thetavocunts foCthei propigatiénudelaysof uplindr arsli dogvndink signels. Bbsentially,

t I tti th I f .eqli d | at i t]. i ff. .
Second mobi e st FBH a0 FoTLTHE TRgt et SusPh Runbine o DY & iy PS5RgnE ne
steps of said seggRfhifMBitt Sowhiflld sirhalHdItRS fhé AWHiELa RIEAIBS BELiAGAkhnYiEng | T

dif~'erence value with a matched filter output signal, and initiating a
cel | search baseifs downlinkesigial. Ghistimprayed R edtimpts tapbe edculated ASIGR0 (L) tBO

The met hod of Caim28. furfher c risi t he. steps of. estinpt.in
propagation del a@mg}m ei'“_é%%\rfdts&?l}sgﬂgﬁ\?‘ﬁ 88“%&3%85@?@“@1‘8@&5‘%@6N@6 §§§t°ifon
and the first bameréstaknfasiedatacts bHifa réspédtive Bs! A2 PRk WERN difftferR8 GORE
nobil e station and the second base station based on an approxi mate | ocation

of the secbhd noMiS of the dawrdink sigmplsdrann thetBis, asnepertaddy the mobile.e Thisnmproved

difference valu Jactoring ipn the estingt r ati.on .del ays to

det er m ne a I ocgﬁzl?és'{lﬁ)ﬁléfté%l ‘?"é‘ltg?q lg/eeuﬁeﬁf%%g]e? ?fg@gﬁsg%gpg?lﬁ%mgg pf%é’s%bi | e
station; said second RDYipkerséd binbbdiiRht, eh@iinpved R Q8aAMaRs lakdTBlofsd in a
relative tine 10 difference value with a matched filter output signat, and

initiating a celdatzhase thlem shedB¥n ontheddSCt Suhpseqrantlyon pesitien dejermingriaufor A
oo Lo oot AR L BB BBl B R BB S
receiving g a fiheHSOGHIhE MISH! Thé Sdond M mtasdsilld titke SifBRaiced beawsdt th BEs by
afirst based on the receive time at the second MS of the downlink signal from each BS and
reports the measured time differences to the BSC. The BSC then compares the stored
improved RTD estimate between a particular pair of BSs with the measured time
difference between the same pair of BSs as reported by the MS. Based on this

20 comparison, the propagation delays between each of several BSs and the MS can be
calculated, and an accurate determination of the MS's location can be made. Again,
TOA or TDOA measurements can also be used to determine the location. Regardless
of which positioning method is used, however, the positioning calculations essentially
rely upon the existence of propagation delays in the mobile environment.

25 Generally, the determination of each RTD estimate by an MS involves only
two BSs, even if a three-part SOHO (i.e., a SOHO involving three different BSs) can
occur. By repeating the RTD determination during multiple different SOHO
procedures, an improved, estimated RTD between a substantial number of possible
pairs of BSs can be determined. The improved RTD estimates are normally then used

30 by other MSs (i.e., MSs that were not involved in the estimated RTD calculations) to

determine the position of those other MSs. it will be appreciated, however, that the



one of said base stations and a second downlink signal transmtted by a
second one of said base stations, transmitting an uplink signal friop AU@Z
first nobile station to the first and second base stations, and 20 002
calculating an estinmated relative tine difference between the tine base of
said first base station and the tine base of said second base station using
receive times at the f rst and second base stations of said uplink signal,
transmt tinmes of the first downlink signal-l&nd the second downlink signal,
and a tine difference at the first nobile station between a recei ve~Hne of

t he second downl pesitian efrenl MSribatiwias ipgolvedumsthe estimated BT Dserlchlatpinis wan slsgbal |

id calcul ati ing for . ' | t id first .
Tobi | o stat on aldegsne phfe 88 RPERRIT TR RERRE, B eSSl dhe oohDanipe
Cl ai m 31, wher ei grobétRiré e Rk ﬁﬁm%&ﬁaﬂj%mbbs%manwa@éﬁt@mbrb{?@ch& RGBTyt

times of the first and second downlink signals are in the tinme 30 base 0f
t he base st ati onofithapgtimated lpgatom. r ecei vi ng t he respective signal ? 2 au~

zo0z _ 29 33 The method. of C ai rther, conpri,sing the ste f

determining at | east %ﬁ%%“bﬁoﬁ?@gq%’glhﬂ%\‘s Sgo‘gggéﬂt?nﬁgﬁ?lﬁ]‘bstr§9%‘??%ﬁ_lﬁ§i ng
receive tinmes atihafig i 6ERNMMoNIADichRr & SAIHO.N ACrstisisn kiatibn BSYAahsmits 3 kafetdred
by each of said first and second stations and usi nq% said estimated rel ative

time difference Sdgynlinkgigpal 398 deidter elpaliohframe of arirabite dete faniediahg tinme T stasp

ising 116 rece vieriatin?bEuRE Rt e SEEkERafion AT ARIRATR Slgnf ) et

station of an upMoBle Sstidal MBS 48 $6eivied hybthe Sbdb£:0 GetdnRYI lae asttAé i70N aRBd
using said estimated relative tinme difference 10 35. The method of aim

32, wherei W sai dmeasuredaingidie timpenbase of thenfirstbaseestationadS1.a Similardy at sgcond base

FUrtner compr  si Rt mes PR TRy IR R AR L PR R e Bl

difference to caj@ufréheheaholiRaGtion MS IR Sinid &, neadirédin tief tirde BaGoNtheFeJdntie
station relative to at |east one of said first and second base stations by

determ ning a di basgp@tionBplcGenarally, hiesigiedapatfithetworbass ationsdn an asyaeisenayse
f id first I . h j4m ;
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station byjusi ng?sacl'pbdthahhhs{niﬁiorﬁ ef @pilotdrahieyBecurdatisf thhe FLmsth Gispbade station
plurality of different pairs_of base_stations to calculate a distance
bet ween t he secoR8lrfotstTespanding eysniawidl eegemattige pl ural ity of said base

stations 25 T,=T,+A 1)

in the second base station BS2. Once the RTD A is known, it can be used by other

MSs for mobile positioning.
20 In addition, each downlink signal has an offset ¢, relative to the transmit time
of the pilot channel frame. Thus, the traffic channel data from the first base station

BS1 is transmitted at a time
Ty=Tp+H, @
where T, is the transmit time of the pilot channel frame from the first base station
25 BS1. Similarly, the traffic channel data of the downlink signal from BS2 is

transmitted at time

To=Tytt,. (3)
When the SOHO is initialized, the mobile station MS1 simply listens to the pilot and
t,= 0. Later, when the mobile station MS1 is in SOHO, the second base station BS2
30 will transmit data and the offset ¢, of the signals will be adjusted so that the data from

the first base station BS1 and the second base station BS2 will arrive at the mobile at



38 A nethod for facilitating timng between nobile stations and base
stations in an asynchronous nobil e tel econmuni cati ons network, cdn@rp@g %ﬂ?
the steps of. receiving relative timng difference data fromeach of a
plurality of 30 nobile stations, the relative timng difference data from
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between the tinme bases of at |east two base stations as neasured by said
nobil e stations, determining a relative tinliéng di fference estimate based on
the received relative timng difference data, the relative timng.
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, The met hod' of claim38, wherein data from a neighbor cell list is .
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ransm t1ed to tRerRUESOHR SRR Fafkt kit FAARER SR ure

synchroni zi ng t Be Albefhy tings it figutadd ilpBrated h Bcop@fén, StbltrhgtimdBasdNBor
nmet hod of claim 38, wherein the relative timng difference 20 estinate
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difference estimate 15 determ ned calculating a re Ive
di fference esti it BSualtheBS) assoddated withithatlevent. of neasured di fferences

received fromthe pluraljty of nobile stations 43 _The rrﬁtéhod of ¢l aim 38,
wherein saPd step of ‘HétERG{nphEcasvEed g thatimebase of thy flastopes siation Bk phdpe

further conpris . L r i el A, a
nmeasuri ng nobi | Z)?é‘iag?‘i %%ﬁgﬁgﬁtlﬁg&%w ftéed;g¥ hit%\/\f/})rwbgés%gg%gbfs?'LB ast:i i o’?ﬁ%’éfg?ﬂ%\h\aﬁgh& t he
ti me base differerbediasthemashileathtion M @tudinde-T7,, whidh is Akasiired imthé cithebhse
claim43," wherein _the relatjve éi m nq, difference estimte transmitted to

the receiving mobtheandhilgsfationiMdS 1 skhe tirge Let ' HaiE¥CERfI ietTaprmEsionigne 7, by
receiving nobil g p?&]?a{glaf?& delay time t,, which is the time required for the signal to travel from

15 the first base station BS1 to the mobile station MS1 and vice versa. The mobile

station MS1 transmits its uplink signal 404 attime 7,,,. For simplicity and without loss

"
of general applicability, it can be assumed that the mobile station MS1 transmits its
uplink signal 404 at the same time it receives the downlink signal 402 from the first
base station BS1. Thus,

20 T,=T,,,and )
the uplink signal 404 is received in the first base station BS1 at time

T,=T,+21, (5)
The uplink signal 404 from the mobile station MS1 is received in the second base
station BS2 at a time 7, and is delayed after the transmission time 7,, by a

25" propagation delay time T,.

The second base station BS2 also transmits a traffic or pilot frame 406 at a time
T,. After the propagation delay time t,, the downlink signal 404 is received by the
mobile station MS1 atatime 7, ,.

To calculate the RTD A, the mobile station MS1 reports the time difference £,

30 between the reception time 7,,,, of the downlink signal 406 from the second base
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30 RTD A is then made in the BSC or the MSC. In the alternative, the computation
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By calculating improved RTD estimates between various pairs of BSs in an

asynchronous mobile communications system, an uplink solution or a downlink
5 solution can be used to determine the position of MSs in the system without the

need for an absolute time reference. For example, FIGURE 5 is a flow diagram
that illustrates one possible method 500 for facilitating the timing of BSs and
determining the position of a selected MS in an asynchronous CDMA mobile
communications system, in accordance with one embodiment of the present

10 invention. As will be appreciated by those of ordinary skill in the art, numerous
other positioning methods, such as TOA or TDOA, can also be used in connection
with the improved RTD estimate to facilitate positioning in accordance with the
ir;vention. At step 504, a BSC calculates a.plurality of improved RTD estimates
between various pairs of BSs that are controlled by the BSC or that are listed in the

15 neighbor cell list. This calculation is made by using data provided by other MSs in
the mobile communications system. Accordingly, the effect of propagation delays
are taken into account so as to calculate highly accurate RTD estimates.
Preferably, a table of these improved RTD estimates is maintained in a database at
the BSC. At step 506, the selected MS monitors the BSs in neighboring cells. For

20 purposes of the present positioning method 500, this involves monitoring, for
example, a known sequence that is periodically transmitted by the BSs. This
monitoring procedure can include the ordinary monitoring of BSs for potential
handover candidates. It should be noted that monitoring of a known sequence from
a BS can usually be performed even in cases where limited "hearability" prevents a

25 SOHO with that BS.

At step 508, the MS measures the TOA of downlink signals transmitted by
several different BSs. Each TOA measurement can be measured in the time base of
the MS or as a relative value to the source BS or to some other BS. The TOA
measurements are temporarily stored in local memory along with information

30 identifying the BS that corresponds to each TOA measurement. This data is then

sent to the BSC for further processing. The measurements of step 508 can be made
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generally
"know" the offsets ¢, the time difference between the BSs (i.e., the time difference
between the pilot frame transmissions of the BSs) is known even when traffic
channel is used. At step 510, the BSC adjusts the TOA measurements to account
5 for the RTDs between the various BSs by adding the RTD estimates to the TOA
measurements. At step 512, a propagation delay time is calculated for each
downlink signal using the adjusted TOA measurements, and the location of the MS
is estimated at step 514 using the calculated propagation delay times. The
positioning information can then, for instance, be transmitted to the MS, stored at
10 the BSC, or sent to the Home Location Register (HLR). In an alternative
embodiment, the calculations of steps 510, 512, and 514 can also be made in the
MS, MSC, or some other location in the network.
‘ The method 500 illustrated in FIGURE 5 provides positioning estimates
based upon measurements made at the MS of the TOA of a downlink signal. In
15 another alternative embodiment, mobile positioning is determined using an uplink
signal. The uplink solution is essentially the same as the downlink solution except
that, instead of measuring the TOA of downlink signals at step 508, TOA
measurements are made at multiple BSs on an uplink signal that is transmitted by
the MS. These uplink signal measurements are then provided to the BSC or the
20 MSC, and adjusted TOA measurements and propagation delay times are calculated,
as in steps 510 and 512 of the downlink solution method 500.

As discussed above in connection with the standard RTD estimates, the
uncertainty in the improved RTD estimates will also increase with time if the RTD
estimate table for a particular BS is not updated. For positioning purposes,

25 however; the required accuracy of the RTD estimates is much greater than in the
context of cell-searches. Thus, the improved RTD estimates obtained during
SOHO should be recent enough so that the clocks in the BSs have not drifted
compared to each other. Otherwise, it will be difficult, if not impossible, to

perform accurate mobile positioning determinations. Many of the same methods

30 described above for addressing the uncertainty problem in the standard RTD
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improved RTD estimate context.
The method of obtaining an improved RTD estimate can also be used to
further improve the cell-search process described in connection with FIGURES 1
5 and 2. In one preferred embodiment of the cell-search method 100 (see FIGURE
1), the time difference reported by the MS in SOHO is directly used to calculate the
RTD estimates; no information from the BS is required. Thus, referring again to

FIGURE 4, the standard RTD estimate is equal to an MS's receive time 7.

mrl

ofa

downlink signal from a first base station BS1, subtracted from the MS's receive

10 time T,,, of a downlink signal from a second base station BS2. In FIGURE 4, this
value is illustrated by the time differential 7,,, The direct use of the time difference
as reported by the MS offers a significant improvement over prior cell-search
procedu’res and, in most cases, sufficiently reduces the complexity of the cell-
search process to overcome the problems found in other potential positioning

15 methods.

If greater accuracy is required, however, the timing uncertainty in the MSs
that do SOHO searches can be further reduced by as much as fifty percent by using
an improved RTD estimate that takes propagation delays into account. By using
improved RTD estimates, the set of time delays that the MS has to search during

20 the cell-search process is considerably decreased, especially when compared to
prior art cell-search methods. The cell-search uncertainty interval will then depend
upon the size of the cell and the amount of sectorization of the cell. For example,
in a non-sectorized cell system having a cell radius of approximately 30 kilometers,
the uncertainty is less than 300 microseconds, assuming that the position of the

25 mobile camrbe estimated to within 3 cell radii. The normal search window for prior
cell-search methods, in contrast, is about 10 milliseconds. Thus, the use of an
improved estimated RTD provides a two-orders-of-magnitude improvement in the
search complexity. The results are even better in cellular systems with smaller
cells or with sectorized cells. It is also possible to decrease the uncertainty interval

30 for the cell-search even further by estimating the round-trip delay between a target

BS and the mobile that is performing the cell-search, especially in the case of
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sectorized cells. An estimated round-trip delay can easily be calculated from the
data available when making RTD calculations or if the approximate location of the
mobile is known.

Although several preferred embodiments of the method and apparatus of the

5 present invention have been illustrated in the accompanying Drawings and
described in the foregoing Detailed Description, it will be understood that the
invention is not limited to the embodiments disclosed. For example, measurements
of the relative timing of BSs, made in accordance with the present invention, could
also be used for the pseudo-synchronization of BSs. Thus, the invention is capable
10 of numerous rearrangements, modifications and substitutions without departing

from the spirit of the invention as set forth and defined by the following claims.
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at 1€ast one of said plurality of base stations sending at least one estimated

5 relative time difference value to a mobile station, said at least one estimated
relative time difference value comprising an estimated timing difference between
said at least one of said plurality of base stations and a neighbor base station; and

said mobile station receiving said at least one estimated relative time
difference value.
10
2. The method of Claim 1, further comprising the steps of:
said mobile station correlating said at least one estimated relative time
‘diffc.:rence value with a matched filter oufput signal; and
initiating a cell search based on a result of the correlating step.
15
3. The method of Claim 2, further comprising the step of estimating a
propagation delay between said mobile station and at least one of said base stations,

said estimated propagation delay used to reduce uncertainty in said correlating step.

20 4, The method of Claim 2, wherein the correlating step comprises:
comparing said at least one estimated relative time difference value to said
matched filter output signal; and
determining if said at least one estimated relative time difference value is
likely to correspond to a matched filter output signal peak.
25 -
5. The method of Claim 4, wherein the initiating step comprises

selecting a scrambling code based on a result of the determining step.

6. The method of Claim 1, wherein the mobile communications system

30 comprises an asynchronous DS-CDMA system.
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at least one scrambling code associated with said neighbor base station.

9. The method of Claim 1, wherein the sending step further comprises
sending an uncertainty value associated with said at least one estimated relative

10 time difference value.

10. The method of Claim 1, wherein said mobile station transmits said
at Ie;lst oile estimated relative time difference value along with a neighboring-cell
quality report to said at least one of said plurality of base stations.

15

11. The method of Claim 10, wherein a base station controller

associated with said at least one of said plurality of base stations stores said at least

one estimated relative time difference in a database.

20 12.  The method of Claim 1, further comprising the step of determining
an approximate position of the mobile station using said at least one relative time

difference value.

13.  The method of Claim 12 wherein said step of determining an
25 approXimate position comprises the steps of:
calculating a time difference at the mobile station between receive times of
a first downlink signal transmitted by said at least one of said plurality of base
stations and a second downlink signal transmitted by said neighbor base station;
and
30 comparing said at least one relative time difference value with said

calculated time difference to determine at least one possible location of said mobile
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14. A system for synchronizing a plurality of base stations in a mobile
5 communications system, comprising:

a first base station of said plurality of base stations, said first base station
operable to broadcast or transmit at least one estimated relative time difference
value, said at least one estimated relative time difference value comprising an
estimated timing difference between said first base station and a neighbor base

10 station; and
a mobile station for receiving said at least one estimated relative time

difference value.

15.  The system of Claim 14, wherein said mobile station is operable to
15 correlate said at least one estimated relative time difference value with a matched

filter output signal and initiate a cell search.

16. The system of Claim 15, wherein said mobile station is operable to
compare said at least one estimated relative time difference value to said matched
20 filter output signal, and determine if said at least one estimated relative time

difference value is likely to correspond to a matched filter output signal peak.

17.  The system of Claim 15, wherein said mobile station is operable to
select a scrambling code based on a result of correlating said at least one estimated

25 relative tinte-difference value with a matched filter output signal peak.

18.  The system of Claim 14, wherein the mobile communications

system comprises an asynchronous DS-CDMA system.
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&y10%& () 5 20. The system of Claim 14, wherein said first base station is further
operable to send an uncertainty value associated with said at least one estimated

relative time difference value,

21.  The system of Claim 14, wherein said mobile station transmits said
10 at least one estimated relative time difference value along with a neighboring-cell

quality report to said first base station.

22. The system of Claim 14, wherein a base station controller associated
with said first base station stores said at least one estimated relative time difference

15 In a database.

23.  The system of claim 14, further comprising a processor for
determining an approximate position of the mobile station using said at least one
estimated relative time difference value.

20

24.  The system of Claim 23, wherein said processor compares said at
least one estimated relative time difference value with a time difference measured
by said mobile station to determine at least one possible location of said mobile
station relative to said first base station and said neighbor base station.

25 T



10%&' ()- yl0%&' ()- F10%&' ()-F10%&' ()-E- OdEH4 106e6e!i 3@ 3+: 109%& (%-
)10%& ()-3' & 10%& ()- $Z10%& ()- #10%& ()- ! 10%& ()-CcdEHA 106ebel Ay 2002
610%& ()- L310%& ()- 1109%& ()-F&010%&& ()- |.109%&k ()- ,109& ()-t_(@6ebe!i
&910% & ()-! 10%t& ()-10% & ()-%40% & ()- 10 10
10FSBMLO%&' ()-'rz[<_@6ebe! 310% & ()- &10% & ()-! g#1l0% (& ()-3Sni'10% & () -
i3S 109&' () - !sZ"10%0& ()-:yaB_@6ebelg 0"10% j & ()- !'.!10%9& () -
)10% & ()-z 'Y'10% & ()- #F10% & ()-g s!'10% & ()-:; <=LQr S406e
3109 ()-10%&' ()- %@ 0%& ()- 10** 10** 10**!x 0"10%*& ()- !x 0"109& () -
' XdEr S406e 310 S-10%5() - ALQYKoG Kol estihQis & 212 Ynikd of a plurality of base

stations in an asynchronous mobile communications system, comprising the steps of:

receiving at a first mobile station a first downlink signal transmitted by a first
one of said base stations and a second downlink signal transmitted by a second one

5 of said base stations,
calculating an estimated relative time difference between the time base of
said first base station and the time base of said second base station using said first
downlink signal and said second downlink signal; and

storing the computed difference in a relative time difference table.

10
26. The method of Claim 25, wherein said first mobile station is in a state
of handover
27.  The method of Claim 25, wherein the step of calculating an
15 estimated relative time difference further comprises the step of accounting for a
propagation delay of the first downlink signal and of the second downlink signal.
28.  The method of Claim 27, further comprisirig the step of transmitting
the value of the estimated relative time difference to a second mobile station
20

29 The method of Claim 28, further comprising the steps of.

said second mobile station correlating the estimated relative time difference
value with a matched filter output signal, and

initiating a cell search based on a result of the correlating step.

25
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30 The method of Claim 28, further comprising the steps of

estimating a propagation delay of signals transmitted between the second
mobile station and the first base station and of signals transmitted between the
second mobile station and the second base station based on an approximate location

5 of the second mobile station;

adjusting the estimated relative time difference value by factoring in the
estimated propagation delays to determine a local estimated relative time difference
value at the mobile station;

said second mobile station correlating said local estimated relative time

10 difference value with a matched filter output signal, and

initiating a cell search based on a result of the correlating step

31. A method for estimating a relative timing of a plurality of base
stations in an asynchronous mobile communications system, comprising the steps of
1S receiving at a first mobile station a first downlink signal transmitted by a first
one of said base stations and a second downlink signal transmitted by a second one
of said base stations,
transmitting an uplink signal from the first mobile station to the first and
second base stations, and
20 calculating an estimated relative time difference between the time base of
said first base station and the time base of said second base station using receive
times at the first and second base stations of said uplink signal, transmit times of the
first downlink signal and the second downlink signal, and a time difference at the
first mobile station between a receive-time of the second downlink signal and the
25 transmit time of said uplink signal, said calculation accounting for propagation

delays between said first mobile station and said first and second base stations

32.  The method of Claim 31, wherein the receive times of the uplink
signal and the transmit times of the first and second downlink signals are in the time

30 base of the base station transmitting or receiving the respective signal



#109%&' ()-7:; <=KR<b@6e !Y smlO%XX&' ()-FY snl0% & ()-Fs1l0%& () - @'QO/(A&GQUD?
10 10 10FLO10%&' ()-<JaBb@6e ! "~10%& ()-F 10%& ()-F
YMLO%Z &' ()-! F& 10%b& ()-F& 10%=& ()-Y f10%& ()- _a?b@6e !
0% z& ()-!'n s!10%&' ()- 10%& ()-3 910%& ()- 10%& ()- 10%& ()-Y}"SH=06e
10z 10z 10z110%& ()-S/-10%& ()-! ~*10%z& ()-F!
"*10%b& () - F(10%& () - 1dESH=06e 10z 109 ()- Y109%&' ()-3 3
109%& ()-:10%& ()- 10%& ()-&10%& ()->7zdESH=06e
10z10%&' ()-'109%& ()-, glo%& () - 109& ()- - AR’ ()-910% () - zhdESH=06e
10z2940%&' ()- ~$109%& (3) - "109%& ()-!"10%& 5) - | Z109&' ()-10%&' ()-9, } dESH=06e
3 The method of Claim 32, further comprising the step of determining
at least one possible location of a second mobile station using receive times at the
second mobile station of downlink signals transmitted by each of said first and
second stations and using said estimated relative time difference
5 -
34.  The method of Claim 32, further comprising the step of determining
at least one possible location of a second mobile station using the receive times at
said first base station and said second base station of an uplink signal transmitted by
said second mobile station and using said estimated relative time difference
10
35. The method of Claim 32, wherein said estimated relative time

differences are used to synchronize said first and second base stations

36 The method of Claim 31, further comprising the step of utilizing the
15 estimated relative time difference to calculate at least one possible location of a
second mobile station relative to at least one of said first and second base stations
by determining a distance between the second mobile station and at least one of said

first and second base stations

20 37 The method of Claim 36, further comprising the step of determining
a location of the second mobile station by using a plurality of relative time
differences between a plurality of different pairs of base stations to calculate a
distance between the second mobile station and each of a plurality of said base
stations —

25

38 A method for facilitating timing between mobile stations and base
stations in an asynchronous mobile telecommunications network, comprising the
steps of.

receiving relative timing difference data from each of a plurality of

30 mobile stations, the relative timing difference data from each mobile station
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received relative timing difference data, the relative timing difference estimate
S representing an estimate of a difference between the time bases of at least two base
 stations,
storing the relative timing difference estimate in a relative timing
difference table;

transmitting the relative timing difference estimate to a receiving

10 mobile station

39  The method of claim 38, wherein data from a neighbor cell list is

transmitted along with the relative timing difference estimate.

15 40 The method of claim 38, wherein the relative timing difference
estimate transmitted to the receiving mobile station is used to assist in synchronizing

the receiving mobile station with a base station.

41 The method of claim 38, wherein the relative timing difference
20 estimate comprises the measured difference received from one of the plurality of

mobile stations.

42 The method of claim 38, wherein the relative timing difference
estimate is determined by calculating a relative timing difference estimate value from

25 a plurality of measured differences received from the plurality of mobile stations

43 The method of claim 38, wherein said step of determining the
relative timing difference estimate further comprises the step of accounting for
propagation delays between a measuring mobile station and the at least two base

30 stations of which the time base difference is measured
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the receiving mobile station

5 45.  The methodof claim 38 further comprising the steps of
estimating an error range for the relative timing difference estimate,
and
transmitting the error range to the receiving mobile station
10 46 An asynchronous mobile telecommunications system, comprising

a plurality of base stations for transmitting data to and receiving data
from a plurality of "mobile stations, the plurality of base stations individually
receiving relative timing difference data, the relative timing difference data from
each mobile station comprising a measured difference between the time bases of two

15 of the plurality of base stations as measured by the mobile station,

a register storing a relative timing difference table, each of a plurality
of entries in said table comprising a relative timing difference estimate calculated
from the relative timing difference data, and

wherein a first one of the plurality of base stations transmits a

20 relative timing difference estimate to a receiving mobile station to facilitate timing of
communications between the mobile station and a second one of the plurality of

base stations

47 The system of claim 46 wherein the-register further stores a neighbor
25 cell list.

48 The system of claim 46 wherein the register further stores error data

for each relative timing difference estimate.



