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DI FFERENCE MEASUREMENTS This application is a continuation-in- p@rté?h ﬁ[ﬁ
Serial No. 09/131, 150 (Attorney Docket No 34645-423) filed on A g}u .
.1998 FI ELD OF THE | NVENTI ON The invention relates generally to toecating the
position of a nobile comrunication unit in a wreless comrunication network

and, nore particularly) to making downlink 10 observed ti rrelmummmwm H‘ﬁ“'
measur enent s BACKGROUND OF THE | NVENTI ON The ability to | oc tion
of a nobile conmunication unit operating in a wireless comruni cati on system

(for exanple, a cellular comuni cation-kysten) provides 15 wn
advant ages. Exenpl ary uses of such position |ocation capablﬂmwmummulm @m
security applications, enmergency response applications, and ve

ol va & e e P RRMENTSURAP A Bs RS R BB N o, "

signals, such as the tinme of arrimaEasURENIENTBe round trip delay, or the
angl e of arrival of a conmunication si gnhal . Sone of these techniques can be
20 further divided into uplink or downlink approaches. In the uplink

category, a base transceiver. station (BT th erforns the
rreasgr e?lrent s on co P%Cé’t“?“dshacgf“{j?fﬁtl' ('BrpaéPﬁ;%% ‘bﬁgf’ Ogﬁﬁi%ﬁr(ég%‘mﬁmni cation
uni t (orsnobi hgcigt &b Uss- 4tjn) fﬁ%l Sta;pmggaches the nmobile station

perforns the measurenents si gnal s originating at base transceiver
stations or other transmitters. 25 One exanple of a downlink technique for

| ocating the station is the observed tine difference
(OTD) techni qgﬁ%ggﬁﬁﬂﬁ%@l"ﬁn now be described with respect to the

d obal System for Wﬁdeﬁtlmgb&%ﬁl %%cﬁﬁ@liﬂ&pomn%haﬁ]&nl‘%lﬁ&ﬁmbrﬂ&ﬁoﬁf a

cel lul ar comuni cation systemin V\:hl ch downlink observed tine difference

t echni ques ar emtmMewmoﬁ@lmcatuapwbmmmdemifﬂaearﬁﬁ’\[ham;eQdmalmgiomlmk
|rrplemanb for earrple havi ng the nobil e station neasure the tine

di ff er efle bef’%@é"ﬁ Hpe; Ff?é%sufj’?“esfél ected radio signals transmitted from
di fferent base transceiver stations Assum ng the geonetry shown in FI GURE 1
) and further assumng that two signals are transmtted sinultaneously from
t he base tranBAIKEROTNX OHREEBNSENAHANBTS2, and letting 1 and T2 denote

the tines of arrival of.the respective Si |s at the nobile station, then
the observed e Thaspuineidosetoils positigl of AR BF COmBT P SAT ST GPERE B T | -

= (d | - d3)resess cbERtunitatibn é@@l@x’h@fopexginﬁE'QCéilgla%%ﬂuﬂﬁ:aﬁcﬁﬁ%ﬂ) Yé&viddt st ances
from BTS1 and BTS2 to the nobi 1e station. 10 The | ocati ons fp BTS1 and BTS2
are knowa, andlatl}'welkkoe\smetnlweltdgeazﬁmmpmwesctfmhpmbxoh cgioatipabilitineludescr i bed

by the h b h Fl GURE nbi ts f t
R g b R M N e e A R e SRR

station can bgeRRARiovakchdiied foﬁﬁﬂ}ﬁﬁx@h&sﬁﬁﬁ‘l‘owﬁ&l&%iv@ﬂmeﬁl%ﬂﬂéﬂbrﬁéﬁck% syst ens
(i ncluding GSM systens) are 15 asynchronous, that is, each base transceiver
station uses phasammtwsrmtfemnwmaahmignaleﬁwhmhﬁemte@ffgeV@fT&Pé the¢reurfdtpre  and

time slot strycture the frame str ure of the diff rent base
transcei ver ngl?X SHEeWFaIO Yf’goqa(fo’é‘muf"tcatf%s‘tgf] qnéﬁ hFSeLec s een ‘?1ot her,

because 20! ock urifefdiDkd RES Hitink oy d&mnmeapp,%acles CRNBEGI R CBregdt, Lokt
measurenent is not really neaningful for |ocating the posi %I on of a nobile

st ati on unl esgransheivedsthtiam(Bhi8)esother recéiver pggfoes thesneasuremmentspeordBurticatins cei ver
stations being, used.i.s known. This difference, of en r ef ed tg as the
real time di f?@Péﬁ%@&aﬁmﬁwmpfegﬁeee%ate%ma&r T R R ihbs of ut e
time between taﬁﬁoécﬁér}ﬁéﬂ)&ﬁlkgﬁloﬁ erfPRPRE InleXsBree A Bh Sl HiginalifSRELE! Ve
synchroni zation bursts in GSM fromrespective base transcei ver stations,

whi ch si gnal s tramsgkiders@atibnsorsthiet tragmsttenuu| t aneously if the frame structures

of the hase transceiver stafions, were . t|y synchroni zed, 25 Anong
sever al “Bossi bl e aﬁﬂ?ﬁ‘&@ﬁlég adg é‘i“h’i‘&?f‘irﬁ%gat}“g&ep?ﬁ"ﬂ@’OSPF’PB‘}"@F?&‘@“ RTD

isthe observed time difference (OTD) technique. This technique will nowbe described with

respect to the Global System for Mobile Communication (GSM), which is exemplary of a

cellular communication system in which downlink observed time difference techniques are



bet ween base transceiver stations, two conventional exanples are: absolute
time stanping in the respective base transcei ver stations; a{]mz @f
stationary reference nobiles |ocated in known positions. Iﬂ Q er
.exanpl e, the reference nobile nmeasures downlink signals sent fromvarious
base transcei ver stations. Because there spective distances between the 0
1 APR 2003 -3 various base transceiver stations arid the stationary

ref erence nobile station are down) the expected tine difference in arrival
times of the respective signals fromthe base transceiver stations can be
easily calculated. The real tine diffé&-ence RTD bet wen base transceiver
stations is sinply the difference between the expected tine difference of
arrival and gppbcablecis€Taechhiqnes idipfemented) fe exrfplerbyhwabg therbelale btgtioobser ved  at
the reference nobile stgji on, The reference m)(l_?i e .st, ::~n cgﬁpgeri odically
make the dowRFASHR HePRederenseprryssn ayadEssresced s TRl BPmHERPPo a nobil e
location nodge By f06; iwgtﬁiﬁ? AsQting h@%e&ﬁ&wdﬁmq@mmwdma updat ed
record of the RIDs_ The techni ques underlying known OID nethods are vcry
simlar to pssesedgthasveseds 0 rasminedsinoirabduyly bym fpbase gansteater statenst 0
synchroni ze to a scrvittg base transceit%er stati on nd make rreaFurerrents on
a nunbet of RETMBBIPhardetes tipahkdenqreihe wpepi el AR CTHRIFHETEW by t he
serving cell ;{fs, bﬁne@%{ﬁﬁﬁ@%&feg@d BB Gfehc2PES REIVERNS) the M8 wIRDI | €
station needs to know whic ase transcelver stations dare to be nonitored
for OID neasequetimncs. 'This information cart typically be provided in
conventional systeminformation_nessages l?r)? broadcastcd in e cell, for
exanple on a GSM cel | 's BCCH (bera&Eaiélc‘S %ol channel s) frbghéhcy. Thi s
system | 7 O Fhlrk fkrls¥PA-E AL letpel Ve RS frohiBs) Bd S TR AR Bhiofie! dhbor i ng
cells which are to be rreasureof. e nobile station scans the designated
frequemei es The ldefiend of BT aqdiBNEY are Riiava indalie dosyildt Jocatvng bf themalileeasi | y
identifiable burst that_ appears approximately every 50 ns in GSM ?0 After
successful depERY pEresribgd py dbpuxpetpolaol terndy FEPHRE ! t ¥ cRbivng st ati on
knows that ip.G9M, [T Bas kM ; ' : [ Lapidour st SB.
The synchron?]zeatl orﬁ flﬂé}gﬁﬁe X coni%sgelrérr#sce'l't9 ﬁg&l t%gggeoé;é}g?%gﬁgt?g&e%%hgeﬂ%ode

{13SI C) and stadordanbe obtainadli cati ve of the frame nunber of the current frane

in which the synchronizatjon burst SB js,. occurri.gfgﬁ .The nobil e station
measures the ume YpPstseeRnenal erlularremapricpiog RisEas (IR dng M SRl ¥he nobi | e

3S stafkon r%yﬂéh'gafﬂ%ué,ﬁaatw&cﬂ&E?;t%s&ﬁve}Jagiomézgi&%“aﬁ[ﬁ%a@aﬁrawané%vi ng cell.
e “nobi t he

Since now th e station knows t rane structure of the nei ghboring
base tr anscepereratestsditame andtahastdt mesctupe. iTherefovanthsfeanvd sgehiyessétht differsatei ver

station timnpg) it is possible to repeat the tinme of arrivaL asurenents
to i nprove aPTEFAESFIveRyAtionsyitieadta fft indime gliting taaneIARHNer byfausgg Oégﬁéenci es

i.e., all B s .a ns e 1SN i j
((j: ffGer eﬁce V}afﬁpéx)fecﬁg ble eA(fl EL;S/ %lﬂéér{% REETDIRAIMERA s nblElQRREF NG tbi e

ues record
locating the position of a mobile station unless the differences in timing between the base

20 transceiver stations beingused is known. This difference, often referred to as thereal time
difference or RTD, represents the actual difference in absolutetime between the transmission
of respective signals (e.g., respective synchronization bursts in GSM) from respective base
transceiver stations, which signals would be transmitted simultaneously if the frame structures
of the base transceiver stations were perfectly synchronized.

25 Among several possible approaches to determine the real time difference RTD
between base transceiver stations, two conventional examples are: absolutetime stamping
intherespective base transceiver stations; and use of stationary reference mobiles located

inknown positions. Inthelatter example, the reference mobile measures downlink signals

sentfrom various base transceiver stations. Because the respective distances betweenthe



30 nobile station arc D1 APR 2003 -4 then transferred to a nobile
station | ocation node in the cellular system which node ppriagﬂﬁ @@f
position determ nation based on the observed tine differenCe 3 Wt he
teal time difference values and the geographic | ocations of the base
transcei ver stations. Because the nobile station does not know when the
frequency correction burst (and thus the foll ow ng synchroni zati on burst
SB) wil | appear, the brute force nethgd descri bed above, nanely nonitoring
for the frequency correction burst, nmust be used The tinme required to
capture ava?%ﬂ@hﬁ&%%?&i&?st@%rﬁtanwﬂlﬂclsziﬂi‘%ﬁ@r@%f@r@néﬂﬁom%foﬁ@@hmdﬁ-];e Orb
measurenments can be made, for exanple, when call setup is being pertorned
on a GSM SDeded (isrcahieratasrie amed traescaf UBbissneslivechanahdiom therbaguimamgeil i dl e

For  oxanpt B FEREC robRatkblt: ofherb B84 HERiRee KT Bk i thiic, T hen

t he nobi | Qarsdratii SingAMheOdikiErefBk Berveas ihe @XPERIE! WHE QiTErérdk @ fafrdBnd wﬁi ch
conventional Iy occur _in GSM systens every 120 ns. The probability that a
par t iul a?bssyyre sl derenerofinmmval agiuplly ohpsesd @ harefenchee mebite Fatane Tre

appr oxi | B.:1Q,..:R use: t | Zat | t..con Lonal |y
coours 1t sl S A ARG PR AL RO PUE A SMEIRR Y
frames widrd regomehenshad a mEARiloEOn Godeinaheserpork soalse the s ok caR mask@dhi on.
Thus, if it is gesi rgd &o neasure at | east 6 nei ghboring base transceiver
st at i ons, 2uPdalrerepped bR &ri&¥ent tinme of 3 or4 seconds will be required,
whi ch may be pyigdtedinid hBwBTD ) ¥ ; ' lon is
guaranteed to havemrxrﬁe%l\séﬁ%ddeh'he %ynchrop@gﬁﬂﬁé_ bﬁ?g{m%%ﬁirﬁ?&fg&rteﬁg&ﬁobi | e
st atibn ceapventvsainbly mobile statons te syehronizesio @ senvingliass mansteivenmation apd t he

BTS s B reque t.n. GSM_for .10 S i f ranes. However,

provi di E?ﬁﬁ%c rrs}oa l‘ltbgﬁ/cgksa%ni ao%‘%eﬁ 0{ ﬁ%ﬁ@%&ﬂg%ﬁ?ﬁgﬂﬁ&ﬂ AT IR '%%B’&EPPN to
capture (edéhmparill@s i meWifkSIssiatkd hahdr8l opertiORdJRIThe Mndblle kthioAMeEL&ULI Ve
franmes is di sadvant ageously conpl ex. Mreover, in areas such as urban areas

char act erF28u™bigh brgmhirpne avfrefaiens atedo degnomrednigr OF O measuremens Bhish | ar ge
di stances;; ReIMRED BRIGnitAIR EE PrdRiS B B nb Al HLRAN At YiolR  messages

15 broadcasted in the cell, for example on a GSM cell's BCCH (broadcast conrrol channels)

frequency. This system information typically includes a list of frequencies of neighboring
cells which are to be measured. The mobile station scans the designaied frequencies 1o
detect a frequency correction burst, which is an easily identifiable burst that appears
approximately every 50 ms in GSM.

20 After successful detection of a frequency correction burst, the mobile station knows
that in GSM the next frame will contain a synchronization burst SB. The synchronization
burst SB contatns the Base Station [dentity Code (BSIC) and information indicarive of the
frame number of the current frame in which the synchronization burst SB is occurring. The
mobile station measures the ume of arrival of the synchronizarion burst SB at the mabile

25 station relative to the timing of the mobile station’s own serving cell. Since now the mobile
station knows the frame structure of the neighboring base wansceiver station relanve 1o its
own serving base transceiver starion timing, it is possible to repear the time of arrival
measurements to improve accuracy. This procedure is repeated untl all frequencies (i.e., all
BTSs) on the list have been measured. The observed time difference values recorded by the

30 mobile station are



detecting the synchroni zation burst SB may be unacceptably | ow, because
the signals will typically be characterized by | ow si gnab-f %ﬁobﬂsﬂ% rati os.
Due also to the low signal-to-noise ratio, it is typicalPy y fficult
to decode the BSIC in the synchronization burst SB. The probability

of t aki ng ghost spikes instead of a 0 1 APR 2003 -s synchronizati on burst
SB is therefore di sadvantageously increased in instances of |ow

s~gnal to-noi se ratio. For locating a nobile station operating in a network
using a Code Division Miultiple Access (CDVA) air interface) one known
downl i nk OTD appr oach, which has been-% proposed for standardi zation, uses
sone conventional cell-search signals provided i n the CDMA network. This
known downl i then@hEfeagio mmactileststioalosmion ekien thecklitlar sysemewinelf tode peaformshe
"proposed” aﬁlproach or techni que Exanpl es of conventiognal nobi]e

conmuni cat i oHe#PHIFEETRIRtEHFe\PnihecDiay editimediffsence wadugs fhe Gl IS - cal | ed
W deband CDMA ef DM : : I { Lle

Tel ecommuni catffeon Sys%egﬁ?(? &g%?%&ca{gcﬁg&Eﬁgﬁﬁ%ﬁf}{ﬂaﬁ%@-ﬁg%%%&%st em | n such
systens, the propBsededewobilaskati@idieposinbohemie ftegehayicometiorbupdpddr med by
the nobile station during predeterm ned idle periods wherejn the nobile

station®s sef¥hgohouas pngarztigrhurs R)Wilhspreas debarefpiee pethoddssedbedsy j n or der
t o enhancet hg JBHahR1 il for 8 tdohihcl SofiBhiGbur MiRbaudhansm Lt ed by

nei ghbori ng base transceiver~stations. rtain sighals conventionally

provi ded for cel | Theame liequired o tdpdurt aSyadhesnedod bonedilCligénd yatteas, nanel y
a first search code (FSC) and a second search code (SSC), are also used in
per forni ng d8kATUFsmenEmpsie, OdiDimespyremgenty fap hgmadseor pmplserieaqaiseipis t s serving
base transceiy Lon, i i ' that is
mat ched to thégé?e?%s? ésogoraaracgfﬁ‘g I\g%gtetﬁé%h%j a'boi)? Dg(g&?eg%agﬁ)tééﬁaﬁg%%#\?gﬁ% onal

cel | - saar chi itle frahtee wheénthd nSobtlestvienis in ealiad oy, bridariygpdeticitetdypt. ok extample,

transcei ver stations in 20 CDVA networks such as nentioned above. The FSC

is 256 chi ps Hfithsmybusiiptioamakesthe meashramensin eadode thep thg mebilsstplienscen@ion once
every tine s ] : J 1 IS, 2, 560

chi ps long). a%rﬁéa?gr%m!g?sdgﬁﬁ@ﬁ%ﬁéﬂes&%ﬁh&%\{eﬁp ﬁ@?g%ﬂlngﬁm&sfsh%e\{ e nobile
station's hea?2@bs. @heproigdilityabaih pasticular §ntreization bure wsll gopadr withih theidld r om t he
mat ched filter. |n the conventional peak detection process, the results
from sever al TRPAE RARKIRately dingl O hpcansetie syndrqiizaHoHRES FRIVEHIRIFESEIS, t o i npnwe
t he pe det j 2 o) - L ek tation

t ypi caﬁFy chgg‘geleega?#g?? (rgglxlges '%g%rggjgydoiag%gghb%f\%éﬁs i'n ‘"'!t"ﬁgdeg’r oposed
downl i nk OTDnpasing 0.6 sicogispedastit@hecivedation. Mauwilf it Bdéesiredtb meaWdht ledseach
detected peak is neasured by the nobile station usjing conventjonal tinme of
arrival neasQPERMARING ResaiAnsSRiwEstationanavelpgs meatyemegt tupeof LI 4895eRds Wil i ne

di fferences GO ked S BSMhyiHRSduitiBEIPh A hahd! L respecti ve peaks can
be cal cul at ed E@gﬁe(gase trgns?rewer st’gltf] n oap ragltglrcﬁg&?h th a af orenenti oned
CDVA net wor ks al s@hemsbvlestitionisghdryhtdet mhaveneasuedd tiesgrhioaiz&dndecBRif sear ch

code ($SSO), ich.includes a set of 5 16 codes arranged and transmtted in

a certdin or dimobilggtation capryess andrstoresal] sigpals (frgxanr]eat £iga3ls gp theBES't ode

pertine sl ot g ] r q?cm by sly

W t ht heFSCt r aanm t’f@%ﬁ? %%W%%g? (éc)ot91 .ge% dg%reabgﬁp af%ﬁ%@ég‘{;ﬁg‘tﬁg{&%yst ens
ment i oned abeagorheithehehfentoryand sdngfusatipid capacip® cagore (edd thatehfteeprGisss) plat t er n,

i ncluding alll6 codes, is repeated once every frane. The SSC pattern) with
its 16 codes Sinpldpfgaaption iny 10 epneesptive framss dretisadwgntagreysycomplem anong a
plurality of possi 1 ngl ap. . [ with the
base transceiver glitogﬁoiggﬁﬁggéﬁkjg%ggﬁaﬁ ;g% c?aﬁ%ﬁ?é&%ee@yg] lﬁ?%ﬁ?%tc @E‘ge " CDVA

spreadi2ig codedinnadldre@sadih IDgskstint eV REe tRinsdeiveritatis® ghaécbabilityloh e
spreadi ng codes fromits associ ated code group. For each base
t r 3nscei ver std8EFtEa thepxnshranipasian busit 8B may heunageepigbly law, becayse basigralsvil i ng

typically be characterized by low signal-to-noise ratios.
Due also to the low signal-to-noise ratio, it is typically very difficult to decode the

BSIC inthesynchronization burst SB. The probability of taking ghost spikes instead of a



15 the proposed downl i nk OTD positioning technique correlates the tenporal

| ocation ofthat base transceiver station's FSC peakw th [)I‘)eApg ges of its
SSC pattern, just as is done in conventional cell-searching. Thi
correlating process typically uses non-coherent conbining. Ifthe peak is
successfully correlated wwth an SSC pattern, then this correlation result

i ndi cates the code group associated with thebasetranscei verstation that
produced 20 the FSC peak. TheFSC peak timng (i.e., the neasured TOAs

and/ or OIDs) and the code group for each detected base transceiver station
can then be reported to a nobile |l ocatisn node in the network, along with
power and quality neasurenents nmade during the FSC peak detection process
and during t heynEEDiB56 most $Bis teretne qradartggousBinchsd mbisiuces df lowaghabn  node

al ready knows the RTDs anpng the base transceiver stations (conventionally
obt ai ned fron® ™8 ¥"%psol ute tine stanping in the base transceiver
stations, or a St &g poahYarh@iei AR SRl Endhak LaCotvkSRMNS, Wi thin
a range of uncertainty due to the unknown | ocation ofthe nobil e station,
when t he nobi Aecest @DNA) shmterfdcd)aveknowo dbwelthkt GIED Bg@gsbakhitl mmbagny gi ven
base tranpsceiver station. Using this 0 1. APR 2003 kno RTD.i nf ormati on,
in conbiNat | owoa?ﬁ%fﬂ@"daf%%%m&fW&Ofas%{wnﬁlf -%ﬁg?h%mﬁ?%b“%au%?% ty

i nformation rgﬁmﬁé?w&'icp‘?‘hirs%M%ﬁn@ﬂﬁb@%acﬁi?ﬁs&&@:‘récﬁoh&aﬁéﬂeﬁm node can
identify the base transcelver station corresponding to each FSC peak For
exanpl e, i ft hihelmombéddappadat o nmhmitpesEdm pdes of @kventismal rhdbite eptnrbunication

kil omet errangeofuncertainty, this range.5 coyrrespo 0, 64 chi If the
frame struct u?%‘%sﬁgﬁgewﬂl%% COM G datnBics é‘cgufi%lﬁg'ﬁgfjeae‘&‘d's“’?%{’tdi ‘gthf\ ffers
fromthat of ' f [ adohlink At sa/e code
group by nor ea?ggyé%szagﬁk gﬁ?%ﬁ%@Z?%%@ﬂ%}% %g%??he cornlrldggét;”hgynse of those
base transcei {&VTS}Yaad the N CIMIT-2008eby stern elndedhaysminsghbk préyesadabwglinki0dD t he frane
structure timng, of each base_transceiverstation is%{Iand,o t he probability

that any two loning tehnique {as iby the mppHlqstafoRuripgpredeiermipedidie periges yr e
timng differ . \(@m ; ' | ' D) of 64
chi ps orl ess ?’g&%ﬂrgg{o@}gﬁh ecgﬁl& e%tk: Sc1‘e ?g%%nn%%l%g%%%gg&ghﬁs
(16timesl ots o cAb&fte hbmpBildstativs't abiiljty todetestsighhletrprsmireld by ndighbbliag base peak
produced by one base transceiver station can be ,dig igﬁgui shed from a peak
produced by aHBREYEaLHRS Grraetignals copuanfiongilyproyifed Lafll-tepiging in the

gr oupi 839- 8% gxfo@e%e?lgo&g%MA_ %&mﬁ{aﬂmg%rf&agaﬂkbmﬁmem%@s@mﬁmr e 15
advanced schenes, forinstancebyusi ngpower neasur ement sandbychoosi ngt hebase
transcei ver stadtei(88C), hatalsgiuyeisin prdorinérgg dofwinfink OTR positiveng i onal

| ocat i on- det er m ni ﬁg@%ost.-fun&{i&n Once .each FSC peak ha .lbee.n mat ched to
its corresponding therid]epeped(s) aits sepvaRg base rapselver g ANBHE BN PS5¥ or m at i on

can be used, iaHla&ﬂEﬁﬁl{é%? ﬂné%l%ﬁ'toﬁﬂl‘?xréf&%ﬂgﬁlﬁ%é, S0 RBbe@eoritdnddag known

geographi cal locations of the base transceiver stations, to 20 determ ne

t he geogr aphi cell-sqaohini Dhe RYC is doaveantidniall ptrasaitedy: all Dhse tpnsspigsstiticdawn| | nk OTD
posi tioningtechni que has the foll owmng exe ar I sadvant.ages. , Because t he
timng theﬁ%ﬂéﬁw chai BiEUoBPLA RYY THak F?i%@%?%fm@f *P\S‘Bﬁ@_g i s

conpl et el y Unk POl rdniivBRRlbonS! Aty Ale Wit sl onbReth Btnd e loiihd nk OTD
process, the nbbile station nust performthe FSC SSC correl ation processing
forthe entir eslpt 312,560 shibalesg)2 Batchrranefzechimse sdnataiensiatiandbidpethe owbdg . Thus,

thematched filterused  in detectingthe ESC peak st di sadvant ageopusly
operate fort hé‘aB?I‘kéi?‘Faéaﬁleéﬁ&FFS‘HF '%hklpme%ngewﬂa Pml{lew}"%ﬁ‘g*ﬂ%g’é‘g"f he” codes

in the SSC pathfehricha e%kﬁét@crti%ﬁ] rolclss GRC R s TomSdePdral thfles SO RE hpicah@t | on must
correlate with severa SCs, and then save the results for naon-coherent
conbi ni g. Thicembihadi-astergdyto Bhprovegpeak daeciotd infcbmvastionat celipedretingothe
capability and additional nmenory. 0 1 APR 2003 Because the FSC- SSC
correl ation pﬂ’ﬁ%’dé%‘?tr@%@{ly@é@ﬁféﬂ’@P%R"Ig?tfi%?qtme%kh%wwfﬁ%‘é.eRroﬂ‘éqteécti on,
the acquisiti ! } ; ink. 3
di sadvant ageo@gﬁ/ﬁ@rygp oki.gflgglgé gﬁ@ﬁ%% tﬁ?ﬁé@é&gﬁg r a(? '9 Z‘E?%g% g?&%%% ﬁﬁs
interference Intdeiralby e mdbildstatidn Bingeshivantidrial tinfelofyerivhl meaanrement tecliniges) base
transcei ver stations, can nmake it difficult, znd 5 sonetines inpossthle) to
detect the FSC and the SSC with sufficient probability. Anotherproblemis
that the codes associated with different base transceiver stations




have quite high cross-correl ations, because the FSC coﬂef fpfgg Ed i denti cal
and because the 16 codes of each SSC pattern represent “a sl\J 2. 3produced
froma set of 17 unique codes. These high cross-cattelacions do trot die
out with increased nunbers of conbined 10 cotrel ati ons) because the sane
codes are repeated its wry frame. This di sadvant ageously increases the
probability that the nobile station may correlate a given FSC peak to the
wrong SSC pattern) especially if the FSC froma strong base transceiver
station arrives tenporally close to the FSC from a weaker base transceiver
station. PCT Application No. WO 96 35306 (Tel ecom Sec Cellular Radio f.TD)
describes 15 a nethod for detecmnine the | ocation of a nobile unit of a
Cel | ul ar radsoohe;qbstremtbye differemces (@) bdneceditfeftmree niaesval of the nespegtiiset ween t he
base stations' transm s as neasured at the nobile unit) determning
fromthe ti 5 &9 if‘é“g the differences in the distance o f the nobile

unit from each OfEatsmsaﬁaﬁ&e&&r%ﬁ&%ﬁeratﬁ@%tﬁ@a?dréfﬁeaﬁbnw@mql%b%w the

nobile unit fromthe differences inh diSstance so determ ned. Minday dots not
di scl ose usi agiverhiensllyren@bitdaassoothitddbenmiseach codefB$E) Winch ifdndadeddtof ng a
measur epent search w ndow which sinplifies negsurenent of the tine

intervabs. AFER4SS HEangsd and tagsrpitied P‘aﬁa‘leéa'i"ﬁ”*?fe o0 PAT FHFEEBINRY to i mprove
the mob' 1€ SIahdilyorBdepliimk QoflliElth oAb AK|s BhRRAsHR ARy at oun

downl i nk obser ve tinme erence appr oac e present ention
attenpts to w&ﬂﬁﬁsetrhxksﬁnﬁéd@mmmnmlem%heders]ﬂdymagmsalmmmmembmI i nk

observed tine difftrencc ﬁg&r oaches byprow ding for inproved sensitivity in
det ecting t hEeoHARRT 2uoKe RYRM AP ESIRtS RS '3§]egsﬁ§1€§m HaBFmrfﬁﬂPﬁil‘@g‘Hb]séerved tinme

di fference npagur I iat M Rith ifs 16 ¢ 8a BRI EF
oesr b oA oo B e 95@3,% o nmacl ca&r‘*ﬁ R e how
the | ogati Onc@fam@rd%t)h’pel:xﬁe§frﬁﬁlmdngﬁﬁlnrab@oﬂ:eisfbl’elﬂ@delgeﬂps,lssmgyecddelglbl.lpnk observed
time differrnce neasurenents. FIGIR>r 2 i a block diagam of an exenpl ary

wirel ess conAeraedpithihebasgangseiverstaen Eeghisedegtominpindes aplaiity ofCPMde
dif ference ”F}?r&}éﬁ g'&@&fs aﬁ@pa%pbgs%:&%s?&%?{tmorﬁgsetsBnetd?ﬁleppgi@%coh&\ﬁ% i on.

FIGURE 3 ill ustrat’es one exa ative timn ence between base
transcei ver &t afsdbgdnad side groap. shovvn in FIGURE 2. FI GURE 4 illustrates an
exenplary time sl I(T)c;[r easc:}u ggs(e: ;[r;rjlgc%xve(:)rfstatgog?mﬂfnln gga?a%le?gngf L n%JbF\:E st?:)mon performing
15 the proposed downlink OTD positioning technique correlates the temporal location of that
base transceiver station's FSC peak with the 16 codes of its SSC pattern, just as is done
in conventional cell-searching. This correlating process typically uses non-coherent
combining. Ifthe peak is successfully correlated with an SSC pattern, then this correlation
resultindicates the code group associated with thebase transceiver station that produced
20 the FSC peak.
TheFSC peak timing (i.e., the measured TOAs and/or OTDs) and the code group
for each detected base transceiver station can then bereported to a mobile location node
in the network, along with power and quality measurements made during the FSC peak
detection process and during the FSC-SSC correlation process.
25 The mobile location node already knows the RTDs among the base transceiver
stations (conventionally obtained from, e g., absolute time stamping in the base transceiver
stations, or a stationary reference mobile station), and thus knows, within a range of

uncertainty due to the unknown location of the mobile station, when the mobile station

should have received the FSC peak from any givenbasetransceiver station. Using this



10 0 1 APR 2003 -9 FIGURE 5 illustrates an exenplary quarter bit
structure of the tine slot of FIGURE 4 FIGURE 6 illustra ﬁi@ﬁ&@ﬁg

portions of a nobile station having downlink observed t nce
measur enent capability according to one enbodi nent of the 5 present

I nvention FIGURE 7 illustrates how an exanple downlink nonitoring w ndow is
determ ned according to the invention FIGURE 8 illustrates pertinent
portions of a nobile station having downlink observed tine difference
measur enent capabilities according to further enbodi nents of the present 10
i nvention. DETAI LED DESCRI PTION FI GURE/-2 il lustrates one exanple of a
pertinent portion of a wireless conmuni cation systemincluding the downlink
observed ti nmo&inmiehwtmmmmm“mﬁtmafpamehﬁqnydmlctbnidg,nqwr@ﬂd he present
i nvention. The invention is menied i.n net wo i n the exanmple of
FI GURE 2. Asqgaﬂamomwvﬁrre&mdgpm W%BOW ‘%F%IW@M“H&“&&'H{*%‘PWBC i s

coupl ed forcgagua Il Ehbase st abi QinflORigeo! | ers
BSCs, whi ch %re |lrt1r9'?stﬁ%lg&éé%% C&Qgﬁbn& %ﬁ%er?%ate ﬁh ongﬂbor n%re GSM base

transcei ver Batatonoﬁberﬁb'BSsstana&Ime}qiowsmmlm stfsdensterrangt afunamgingrtbis pagrabl e of

radio communi cation with a 20 plurality of nobile s s MSs via the air
i nterface. CHYHRIAMEaIICAANIPT mﬁtff?é“q\%”@’FBmt%é’f‘WS?QAa‘%te&%et@%&“’ﬁ d the BTSs

is well kn Owﬁat'id?n iR fRNthat ﬁmdlﬁ&%e%kmﬁatﬁmm shife dRESHHPN

center MLC coupled to conmunicate bidirectionally with the nobile swtching
cent er MSC ubymngredanthe 6t dhinatera@sly, &exgmadonngoxmoﬁﬁaommﬂrhmcdﬁeﬂmm the M.C
can receive a r?questto | ocat et he po 41t|on of a nobile 25 station M5 1.

3

Such a requeSt" FE2YS)5i deterpiped cAsuEe thitdhs Hame SmMcs timing of eag tl")‘ﬁe 21 coupl ed
to communi catg,lilefsidiBifis Mrfom, thBfobBHR thA ThyRRPdsCithi RiVerdthiGRAWilRRv@ node

W thin the
10 aframestructure timing difference therebetween (that is, a real time difference RTD) of 64

chips orless is 64/40,960, because each frame includes 40,960 chips (16 timeslots x 2560
chips/timeslot). Thus, the probability thata peak produced by onebase transceiver station
can bedistinguished from a peak produced by another base transceiver station of the same
code group is 99.8% (1-64/40,960). The other 0.2% of situations canbe handled by more
15 advanced schemes, for instance by using power measurements and by choosing thebase
transceiver station that gives the best fitin a conventional location-determining cost-function

Once each FSC peak has been matched to its corresponding base transceiver
station, the TOA and/or OTD information can beused, in combination with the known RTD
information and the known geographical locations of the base transceiver stations, to

20 determine the geographical position of the mobile station.

The proposed downlink OTD positioning technique has the following exemplary
disadvantages. Becausethe timing of the neighboring (non-serving) base transceiver stations
is completely unknown to the mobile station whenit begins the downlink OTD process, the
mobile station must perform the FSC-SSC correlation processing for the entirety of its base

25 transceiver station's idle period(s). Thus, the matched filterusedin detecting the FSC peak
must disadvantageously operate for the entire length of each idle period. Also, becausethe
codes in the SSC pattern are different in each time slot, the mobile station must correlate
with several SSCs, and then save the results for non-coherent combining. This

disadvantageously requires additional computation capability and additional memory.



network itself, or an external l|ocation application. In response to the
request to locate the position of nobile station M5 1, the M.C interrogates
the network to thereby deternmine the 0 1 APR 2003 -10 servifnd RPR 2083(i . e
, the serving GSM cell), and decides which BTSs should be selected for the
downl i nk observed tinme difference neasurenents The ML.C can then generate a
positioning request nessage for nobile station M5 1, indicating the
frequencies and BSICs (theBSICs are convént i onal | y avail able in networks 5
such as the GSMaetwor k) _ofthe base transcejverstations selected to be

moni tored, and tREHEIPE FPae X Fwidiap BOCEFHS MHist iekRUthelodey vhats (akex and
each of th egt PR it o E6

conmuni cat gdg%;e](‘%klo% ?ﬁte%;\g/@%m}gﬁMggélmv?gy %%’c‘{&fsﬂé%%%?@%s 23@3%%& He gler
interface bkiadeamapimsBCoagdAMS, urban BeaadswaddSiztd kybigh imvhderesgenevsignid
zation bursts wll af‘rive fromits o servi ng BTS, M5 Iin%gn.tés t he RTD 10
i nf or mat | orf“RHEAT WiPATES ASPGSS BIRY EP P RRHERSSYIFEHP LN £3E FBre B Eednang |
arri yesfrombmanﬁekzﬁgéﬁfbxé}% AkRANhOBS BLRBihe BICSwiM Wirfidien Jestabiliaed in nore
detail hereinafter. The aforenentioned information can also be sentto M5 1
as a dedi cat ed niRuheyrrehitmigtharbe cadeapgspaatedvith didferap! bavp ranseeiver sthiens

br ondoast cant o R Re SR Rt NER Rl Oy B bR

be cal cul atlédodys bheacMISQgdrizgn fopk2seritfacihzet prxduceddiiny 8 detfofamaiftebgance
mobi | e statjon, as described herei nabove, ortheRTDs can be provided
t ot heleQJsi%S%thﬁ@‘r CEQHFEREREARY dp R\ rAig I8 Wit} dagrgased3 nembets eft eamlinehe

concepp of &b ihi ' Y. aeoales '@0&9' r ik 9 d ' M
netvvo?ks S&ﬁ'@igg%%c%%%rgﬂégﬁgﬁﬂ net wor porl{‘i on WEI @E@%ﬁo%igg?@hE 3
illustr a]E esnargRscs @alpmﬁab’éimﬁhﬁﬂbf: enbécdm_tqmycghdakgggkgsgpmgi@ggﬁahg;gB_cl)_fs
a pair o ranscei ver .sta esignated in as an

L PTn oM ERePaHo il (BT Forh e e PasR et Yo v s aperndy
nunber ed i RiRe I@PRIFIC KBmWEAI@r PRk @R eivepdRticaycl € (al so called a
hyperframe) including 2,71 S, 648 frames nunbered as frame O through frama

2,71 S, 647. 1n tHel apahgdtiondfa-VEDME 33306 (Letesom St QelhganRadionbllily debibes

| i f .BTS2., Referyd . FI.GURE. 4 h TDVA f
S Gont: s i el oy AefinE P SRR A BN s & e SRS v geR g
tinme slot BcreAsirdhpive differklcetMRiting 8ot GBYIbbictRBhD trahSnikdibhse hedduréded

into 625 quarter hjts OB, so that durinpg each tine slot a total of

625/ 4=156. 3516iMePg iy Aeframiningdm Hiedipiag differences the differences in the distance
timediffer gpgRREIdhgt T idn PR RRYink Shet i Ay
expressed as the t_riup ?ﬁ%&@?@%&ucéﬁg& 'V\,hec%gi w@%&%@iozﬁﬁ@ﬁ%ﬁ%@%&e
(FN2 - FN from ghetdiferencedsan ddMacé sadacmmingb ridunday BeSR disdloBT Sihg the TINR ~s

the dhfference (IN2 -TN 1 ). bet nt he tine sl ofnunbers, of BIS2 and .BTS 1,
and R b PR i aaiop Gt e BBl AR HiiePt S SPRURGer
of BTS2 and ni#k§urkmkar ofShemephervai th reference to FIGURES 3-5, if
quarierbit O oftine slot O of frama O of BIS 1 is aligned mtinme with

quarterbit 37 ofAscawlirglytitis desirablednwicsxd tbe farespingtmimproyrshe mebile stagon’s
di ff : T TS1 i i iplet ( EN2- FN1, TN2- TN 2
U1 RERE TR RO Stpe, By 18 RIS bl Vel D (PR o

quarter biappoaties. of BTS2, and FN 1, TN | and ON 1 are the sane paraneters

of BT§ 1 10 Thus, the triplet is (828 - 0, 6 - 0, 37 -_0), or si rrplyt(828,
6, 3795\When t he IRSHIEENLINKEnton auemplsiie o¥ereme fheqformmeniangd disagdvaniages o

e e e L e R S E L R R

i s to makeirdemutinglthd davenlink camiunidation signals used for making observed time difference
measur enent s, f or exanpl eBTS2of F1 GURES, t henobi | est ati onVSl canuset heRTD 15
triplet (FRISSSHFRBENSRDPORIGHZNMSt h t he known frame structure timing (FN I
TN 1, ON 1 ) ofthe serving base transceiver station BTS 1 to determ ne the
frame structure timng of BTS2 relative to thatof BTS | . The foll ow ng cal
cul at 3dns can be made b y the nobile station M5 1 to determine the current
frame nunber FN2 of BTS 2 at any given point (FN 1, TN 1, QN1 ) in the
time base of BTS 1. 20 Q\2' = QN1 + QND (Eg. 2) TN2' = TN1 + TND + (Q\2'
div 625) (Eq. 3) FN2' = FN 1 + FND + (TN2' div 8) (Egq. 4) FN2 = FN2' nod
2,715,648 (Eq. S) In the foregoing equations, "div" represents integer
division) and "nmod" is nodulo 25 n division, wherein "x nod n" _ "the

remai nder when x is divided by n".




The synchroni zati on burst SB in GSM contains 78 encoded infornation bits

and a predeterm ned 64 bit training sequence, as is well Fw&rglnﬂﬁ art
The 78 encoded information bits contain B SIC and the so- caI g
frame nunber, conventionally expressed in three parts, T I , T2 and T3 '.

The conventional relationship between the frane 0 1 APR 2003 -12 nunber
(FN) of the synchronization burst SB and the paraneters T 1, T2 and T3' is
as fol lows Tl = FNdiv (26 x 51 ) (Eg-8) T2 = FN nod 26 (Eq. 7) 5 T3 = FN
nod 51 (Eq 8) T3 _ (T3 -1) div 10 (Eq 9) Thus, once the current frame
nunber FN2 BRIEBTHES CRIPTHOBNOE AIHLDRAAWINGS shown above with respectto
equations 2-5, th he . paraneter 3. can be determnm ned pl uggi ng FN2 into
equation 8 abovi‘- G | hd@qu&ﬂlwﬁngﬁu?mgP %Vﬁé‘flﬁ DR Aan ba

burst SB ogguffinkd ut QpQfveliiANES flerendelme &y isand 41 of a 51-frane
repeating sequeﬁ%e Jkgﬁdﬁhg§ka%esetransnﬁ%%ed on the TS s BCCH (broadcast
control channel FIGURE2 éva bmhdlaﬁgnm@u@angiaaawerslcmmhemm sysotef r ame
FN2 is.located,. wthin.the S 1-fr.ane eatin uence ecause,

rent | ofeq. SSGEE BRYPGUR Shisvd HRFoPERREE WeBERt depiiy i gist e wy
frames 15 éns&ﬁnn@ino&l and 41 of this 51- frane repeati ng sequence, the

next T3 (call it T3n) that satisfies therelationship, (T3 -1 ) nod 10=0,
wi || designate FHaUREaMallusmrsoonsnexgmpia Wﬁgaﬂv%%ﬂ’%ﬁgﬁr‘mﬁﬂfwm brse st SB

wil | occurt?qﬁ g§$r (call it FN2n) is then

det er m ned gﬁkﬁﬁs&ﬁgg%g&ggf#§§”ﬁ€?9 f% 648, (Eq.1O 20 where DI3 =
(T3n - T3) m)d PIGUREW :lmmtwm@lsyﬁmcsmsammiafmafmmwﬂ@mned by
pl uggi Bg FN2n into equations 6 and 7 and plugging T3 n into equation 9.
Accor d ng to the GSM st andar-d, the paraneters T1l, T2 and T3', along with

t heBSI C, can be expressed using 25 bits. The BSIC bits can be determ ned
fromthe BSIC information received at M5 1, and the bits 25 representing T
1, T2 and T3' can be determ ned fromequations 6, 7 and 9. The nobile
station M5 1 can then apply to the aforenmentioned 25 bits, a well known
codi ng al gorithm descri bed i nthe GSM standard (ETSI GSM Speci fication
05.03), in orderto generate fromthose 25 bits the 78 encoded bits in the
synchroni zati on burst. D ~ APR 2003 -13 In this manner, the nobile
station M8l now knows) with respect to the frame structure timng of its
own serving BTS 1, the franme nunber FN2n of BTS2 i n which the
synchroni zati on burst w 11 occur As nentioned above, the synchronization
burst always occurs in tine slot 0, so the nobile station M5 1 now knows
exactly when the 5 synchronization burstwill be transmtted by BTS2.

Mor eover, the nobile station M5 1 now al so knows all 78 encoded bits al ong
with all 64 training bits of the synchronization burst. Wth know edgeof
142 bits ratherthan just 64 bits, the nobile station can achi eve better
accuracy in making tine ofarrival neasurenents than in the conventional
situation wherein only 64 bits are known. Moreover, with 142 known bits, it
is possible forthe nobile station 10 MS 1 to achieve, in a farnoisier

envi ronnment, the sane accuracy as could be achieved using 64 bits in a |ess
noi sy environnment. Because the position ofthe nobile station M5 1

rel ati veto a given neighboring BTS (e. g., BTS 28 of FIGURE 2) is not

known, the synchronization burst SB fromthat BTS will not
arriveatthenobil estati onMsSl at precisel ytheti nmet hatwascal cul at edbyt henobi | e
15 station. FIGURE 7 illustrates one exanple of how a search w ndow can be

defined to enconpass the tima at which the synchronization burst can be
expected to arrive at the nobile station M5 1. Let FN denote the frane
nunber of the next SB (SB2) that is expected to arrive from nei ghboring
(non-serving) BTS2. How this frame nunber is calculated can be found in

Eg. 10. M5 1 knows when the corresponding SB (SB 1 ) with the 20 sanefrane
nunberw || arrive, orwould have arrived, fromthe serving BTS 1. Let this
time instant be denoted by TO, relative to the nobile station's tinebase. M
S1liswthinthe circle 71. The radius r of this circle can e.g., b a
determ ned by the cell radius orderived fromthe timng advance val ue.

Consi derthe two extrene cases. One extrene case is when M5 1 is at 74. Then
SB2 arrives at time TO + RTD + d 12/c 25 since SB2 travels d 12 furtherthan
SB 1 does. The other extreme case is when M5 1 is at 75. Then SB2 arrives
at TO+tRTD+(d12-2r)/c. Thus, when thenobile is between 75 and 74, SB2
arrives in the window [TO + RTD + (d 12 - 2r)/c - k, TO+ RTD + d 12/c +
k), where k accounts for inaccuracies in the provided RTD and d12 val ues.



0 1 APR 2003 -14 Since RTDis knowmn, M5 1 can predict wwth a certain
uncertainty when the SB2 from BTS2 (non serving) wll ar(i ygp‘[{;gu@bi lity to
cal cul ate a search wi ndow pernmts thesynchronization burst to be detected
with higher reliability conpared to when the arrival time is conpletely
unknown, 5 and the conplexity ofthe nobile station is reduced conpared to
prior art nob ile stations For exanple, data fromthe whole search w ndow
can be received mreal tine and stored for |ater processing, which is
notrealistically feasible ifthe search windowis required to be 10 TDVA
frames long, as is necessary to guararftee capturing the synchronization
burst using conventional techniques. In addition, the search w ndow permts
the total 10 measUdEHRRS illpstigiss ansxamplanpgnaaed sgsupof hetimaptRHdGBEge to
calculate the,starting tinme and search wi ndow forthe synchronizati on burst
SB can significantly reducethe neasurenenttime in nmaki ng downlink OID
nmeasurenents. Wt TQGURERLIGLMaRY périifenféibitiof b FRbilOftatdntRy B bvelIEd ation i's
conventionally required to search continuously until the frequency
correction burbservedtimédiffenerastmedsuremuent ¢raalihiy agpotsiingdo grepmbedimanbefghet he
synchronj zati on burst will occur in the next frane. Wth RTD i nfornation
cor r espohdi ngt'&* B PYHHERt r anscei ver stations to be neasured, the nobile
station can scheduligURBEYIRETRYSowWHR esipRimBRhimkadeitdringwindoBies deRAhih&r | Ngt i mes
to the search wi ndow periods, which is not possible using the prior art
scanni ng t echavcepding t-th@WREN®Eon | | ustrates an exanpl e i npl enentation of a

pertinent portd +the mobil ~a 20 station 1 of kI 2 formaki ng

downl i nk obsJW‘W&%F&W@PW&’%%@&%?%&@he‘i‘%‘é’ (rka?'cr;{rlljlglr:\;E ?%ertvﬁetmber esent

i nvention. ThgfreRRke reauréhadt caabiliNgs 618 8ind ok ERPd FREtOSE thdMirédendet er mi ner
61 which receives as input (for exanple from M.C of FIl GURE 2 vi aMsC, BSC 21
and BTSIQ3) tineertioaquency, the B SIC, and the RTD relative to the serving
base

transcei verstati on, of eachbaset ranscei ver st ati onsel ect edf or OTDneasur enent s.
The 25 synchrpairAftE®DERER$ETIORt €r m ner al so receives information about the
di stances between its serving base transceiver station and all nei ghboring
base transceiver sKIGURINE, illestrotes\one lexarple of adpensnenhpontiont ¢fon wirglessal1

nei ghboring bas a transcejver statjons This information can be

per {odi cal Uy GRMRYHERR) e rShih bk R A FRB B nor y s
shown at563"  capaliliRBeordingtothe phesel o bfAdRETKS inRhtiblig i MéREN@Lih GSFEN be
included in the positioning request nessage provided to the synchronization
bur st det er mi nesworksin the egampleof SYGIRE 3 isshewoin F/RE 2,a&SM mipbidaswedhiget er mi nes

f h sel ect ed th i rmt t L h
Synchr oni 2at | BB PaRsPORREnEne Frb ety e Bee e tbal o0 of 1ne

serving cel | Bsef,whmgmbm&@nwx%wa@&jomuns&ﬁmmheoraleﬁkasmwe@anmivsr
information at 64 to a tine of arrival nonitor 65. Also at 64, the

synchr oni zat i ¥atiangBIEs. dée basairanseei rnstpiians are eapetleofirgdigecogtmupiqatiomyitivoni t or  t he

cach s Bect cheisbetines Bt MsPuRhPanetcd, Con AR Tl AL, 21es”

search w ndowsdsafa 188BBCS 2ldaRs BUSPIISRII khawsmehy/#f Station, and outputs this
10 search window information at 62 to the tine of arrival nonitor. The time

of arrival nonit orFIGRIBES alsp imcludds a mobilelatatineeesier MilEepuplediocoramypigaiarl s

recei ved fromithe BTSs at ,68.,.The. tine of i val nonj.to n use the

ol oul at ed ar PROGHORTNE D PP S BN AePT G| R SR The 142 bi t
sequence i nf opFsRdchD h RIGURH®EHhE VB € caffetiVéd rediRA U6 ARFBIRpSsifi Fambb$e! ect ed
basetranscei verstation Wth this information, the 15 tine of arrival

noni t or 22an efthiieiMAL.|Spclsarh@dit iseypichlly reeaived frommabastionepplésation Aredppled

necessary, can capture angd st e, signal s. recei.ved duri, ng.the various
Cear oh i ndovdd PRGN ELRLE. THE R ERanalicat R #5 uf Khode iuin
processing of n¢hrKiREIE oY &Ex@indiMthifontaplicatfheih s pésé BheRequbdtiBoQiie e 1 val can
be done in any desired conventional nanner, or in the nmanners described in

detail in copeesitiongfinGhile SationdS1Nbe MDBirn&n8gH6 thehétiverk tatherblopdetetneine th® 26,

1997, which is hereby incorporated herein by reference. Afterthe desired
time of arrival measurenents have been nade, the tinme of arrival nonitor
can output at 66 eitherthe time of arrival information or the observed tim
a diff=erence information to the M.C (via BTS 23, BSC 21 and MSC). The M.C
then uses this information in conventional fashion to determ ne the

| ocati on ofthenobile station M5 1, 25 which location is then provided in a
suitab) a nessage to the requesting application 21 in FI GURE 2.
Alternatively, ifM5 1 knows the geographic |ocations ofthe neasured BTSs,
then M5 1 can calculate its own position.



~ 1 APR 2003 - | 6 Although OID neasurenents on the GSNﬂﬁyncBhgﬂhéation
burst are described i n detail above, it should be clear Haf\ chni ques
of the invention are applicableto various other types of bursts as well In
CDMA systenms such as those nentioned above, providing RTD information to 5
the nobile station results msignificant inprovenents over known downlink
OID techni ques The nobile station can use the RTD information to cal cul ate
a search wi ndow generally in the manner descri bed above with respect to

FI GURE 7. Because the nobile station now knows the timng differences
between its serving base transceiver st@&tion and the respective

nei ghbori ngbaset ranscei verstati ons, the geonetry ofF 7 can beused as

| GURE
abovet 0 10 deeeingBikS Bdig dhe spiving6iiM geb) anddecides whish Blveshpeld§etsiicieg base

transceiver sftoratthie Q\%nlin-l;ho n Wé‘ L agflyen npg[%&qzentxgn@snscei ver station, the FSC
peak detection and associ ate 85c"correlat i ons need be perfornmed only

during the search TweRd@uah heddhddie 4 fositibrivig requebt H&Sage i nbite satien MIpect ed to
arrive at the nobile station. Mreover, because the RTD information

i dentifies nopdieatingthgfreqnenpres apdBSICa (tkaBHCHve comsrarahpvpitaBle Igtwosksy j val  of
signals 15 from a.qi Lver. ! Jdentifies the
base t ra%scei S\}‘%‘% assﬂ?eac\f/sﬁ\gﬁgglﬁg()%{t?egb %gegr é&gelrv(%'hsgpblgﬁeele%%}éo géa‘f‘?‘é‘{r‘)g"'%ags"? oci at ed

W th the basehtkaRiaeRiffeéncedFIDs®BWERMhDELrAngE THnid esthbitheichetdBIShenobi | e

station. Thus, forthebase transceiverstation of interest, theFSC peak

det ect i on andThepesiFginSs@esurestapedah beromanmiseedfen he ¥ad e MAlviadhdous| vy,

t her eby adva requci ng.a i Siti ] L gri fi conpar ed
to the above?%gtggﬁﬁg 3fﬂg§ﬁ3mti@gﬁeﬁﬁﬁ8§q\%ﬁe¥]§i@§IF@éagg%q%E)iré}oe ation nust
fol 1 ow FSC perkendidBedni Afion tRedkiGill bigie frdin oM k&vihg BTS, MSTRRAIsETht RTD

corresponding reduction in the length ofthe idle periods
dur i ngwh® cht hiaformatish trcpicylate aiiprexipately vben syrchgapizationdyrstsyidarrpve fiawtheon i nt he

idle periods i ves, t he | i.nk acit f t net a further
result ofthe {eﬁge@{’%‘){’lnggﬁgga%&? Bvﬁ?gefﬁ%cr gécjb"emgr tdﬁtg'lé%r&& %%%tser n, 25 there
is no need to cor rgleafderhdiBiohedtafifakch ci 49 beuas BS1 2&{deprbfe@mbSageas in the
known techni ques. This reduces nenory and conputation requirenents in the

nobi | e st at i ognrinBderaxaseple dallserpCMpreatkerdesaioseneptiongdigformationGmalsgbeser r el at i on
are perfornmed situl tapnequsl he results of these . ragl can be
conbi ned for @i&ﬂupte??@c Y%%"%‘i‘a&tﬁ(’rﬁ?ﬁ@m@@s?s Q?%bnégdr\&gf'gﬁlgfsgé%er ength and

t hus i nps ovedritpaEaabe tdléulated by theMEC i ROGBD BESrald6i6n rRcshRAIGM MEMBEAW | S
establ i shed foreach nonitored base transcei verstation, theprobabil~ty

of sel ecting sigbilgistotion, avdestibad hereitrbors, prihalt ERaran karmvidsa tatae MLGRSIFE cant | y
reduced Furt hgtli]rrrocrog)enggcawséﬁmtuheg correlations are perfornmed only in the
vicinity ofthe t'nie pearf(, 1 eqpr'obabi lity of selecting a false peak is also
reduced. Anot her advGURESS- M RirAYiheioncept dTeRTibe difffrecesiioagbdserdnieivaobi | e

station is that, with the RT'D informati on and correspondi ng search w ndow,
the nobile st getioss inE@iMastraketeh of the eosmpiaGIM ek poten ?frngﬁﬁé Zand SSC.
For exappl e, a nobi at i an correlate w . el
of t hebagg t ransce?I%}gr%}pé%tt%@‘fsgér;{es%fe&a&&egﬁ%mgc?e regna %@%‘?&c %ﬁﬁ%ﬁﬂggfgnti fied
from a nei ghb@pait dfbise Bhns0Qy &oRGEs A& dhARE iFIGURE s BIS28idB TINHGSMst ead of ,
10 or in addition to, FSC/SSC Along with the RTD i nformation, the network
can identify fhedDiveirarpgsiused bythabaserransdgiverstatns are pyabesddn rgpedtipacysie he base
transcei verst at,j ons, , an SO .t respect.i ve..| ( in es of the
br oadcast chaﬁﬁleef'%.edcﬁ%c%@iﬁ%ca%%%’y@?@%ﬂ#laq\eﬁ%d[’?%astsﬁg%%g%ngg%%?gsn and the
| ong code i defhhédmdhbifane2(705 0B 1AM exdniifte of PIGURE 35rahd (WFBT8NimebdseNd
conventional techniques, generate the entire |Iong code (e.g., 40,960 chips)
of the 25 broavkehp: withfameB2&ef BISgi ven base transceiver station.

Abr oadcast channel , _ f.or.exanpl e nmp r ol si,cal .Channel CCPCH
of t he af orenenti on%ﬁ%?&%@m%mmw e&ég,}x{sﬂ‘)’i“]@g]nlmye@ﬁm% power
llevel on the sRRESHMGYeredimeRBt EHBuEH tith 8ot Shs Ho8RH FIDURE S, BIcHESMIe S SC

signal power. Also, such broadcast channel is transmtted continuously,
rat hert han t etimpsetisfintheodivided inio 025 quarteiibithQBGoRBRuE8geachtimsslaiatitlyl t he

signal ofthe d channel .co i ns..nu nmor ner n @Il;ﬁFSC/ SSC
signal s. Thi sgﬁgﬁﬁﬁéhﬁﬁi}“f’w&?@Eﬁ%&?&@%g‘ﬁﬁ‘ﬁ%@@ bﬁ@%%{na%ﬁia‘? and permts
faster acquisition. Because the broadcast channel signal is continuously
transmitted, it permts a nuch

hi gherutilizationofidl eperi odst hancanbeachi evedusi ngFSC/ SSC.
For exanpl e, i nany




25 given tinme slot, thebroadcast channel provides ten tinmes as many synbol s
for correlating than doeskFSC/ SSC. This permts the

useof short erand/ orl essfrequentidl eperi ods, thus further i rgpﬂoM)R‘lg?ﬂu%e

downl i nk capacity of the network. Because the broadcast channel represents
only one "code", the anmount of nenory needed fornon-coherent conbining is
hal f of t hat required when correlating FSC and SSC 0 1 APR 203 -18 (two
codes). Al so, becausebasetranscei verstati onsi nt hesanevi cm tywi | | haveuni que
broadcast channels, the probability of selecting the wong base transceiver
station ~s negligible. Theuni que channkl-s provi de cross-correl ation
properties that are nmuch better (lower cross-correlation)than with FSC SSC,
so the probab$ thpsspnpgntigpglyexpresgecdas theitripdet GENR, TR, QNR): wheypig FNEYs thpan when
using FSO SSG el GIRES AN AITRI PN sbehd AL SR TRELLIARRBRL LT OnS of
an exanpl enob~l'e station TCheegan pertorm dowilin measur enents in

CDVA syst ens théditTer@ficeTENL | NG Bet@f R 1mSHS RukbdMb fBITSL eXdB TANadd@ND gener al |y
the sane architecture as shown in FIGURE 2, but with the air interface

i npl enent ed dededifersgca(@NECHRN ! retwreaiavarior bitvwmbey aEBTS2prd BABhilios st ation

of FIGURE 8 includes, an inpu recel vi fromthe. net e.g., MC
of FI GRE 2) TEBPav b eER GRSt s VS e P R e oo

bet ween the se#nBthnBaRvith GAHEARI3Y BftinflsBEd FRaAEE 8 bIET 2B AR kAl Bme
nei ghbori ngbasetranscei ver stations on which the nobile station is to

per f or m downl difikreTEB Tiwsveer BEH and BISé isigivouky BatrpleBNZ <28, T2-TNlom t he

net wor k code up. . dent i fj Lon informti.on for, each se 15 transceiver
station. In a%g%g&?%‘ﬁﬁem@%%“b‘ff@%&{g@? fr@Wﬁﬂm?%ﬁér?%sq_ Su%l_eerr?ﬁ?s\sur ed, the
I nput 81 r ecec?u‘dﬁ@nbithﬂm@é@fﬁTSWgﬂd@Nlhﬂ\lFa@\d@l\graﬁh_uﬁ)edaﬂl@Birbxﬂ\bt@@bf@IBl
information, |ong code identification information for the broadcast channel

of eachlbase Thuartbewiplabrs (82&10,6n.0, W vid)neteunle (828 PnEh 83 recei ves t heRTD
information from net wor, cal ates sear i ndows er al in the
manner descri bed égﬁviw%bﬁéi‘%‘?ﬂ@ﬁ“fc&”ﬁ {i‘ﬁé&f%%{ﬁa“ﬁﬁ% %’ﬁ?é¥?hewi ndow
i nformation tKkt\ﬁ‘ee%ﬁde%nﬁaseatfbnkc\éﬁrlers(aﬁ@ﬁ\fci(r%ﬁ]@BT§ﬁofFT®@RE@,rﬁnB0r 85

perfornms the required operations (e.g., peak detection and correlation) to
produce t he tamgthepbasartrapscaivemsatiour @mehich fitos temeke dewilinkdirbagkanivanscei ver
station. In an_enbodi nment usin Ltoring, .a egener a 87

ecel ves 11 or MR CEBHRP RSN R 1 R Teb i R SR SR D each base
transcejyer stiglel(BRD, DD END)@Rngwith thamewh Qi d SR8crietmpaihner, TR1, g at 84
provi des these SSC patterns to the nonitor 85. In another enbodi ment

wher ei n br oadeffhsserargbaseannsceiveestation BES ipdptagningthe friae sodprejongptRISR 87 al so
receives from|j t,81 cade identification information fo ebr oadcast
channel of ea¢ ag‘geg%%‘atto F‘%@gle}}e\goglp Wlsnﬁg{??uil)artf?"sﬁ%nnbee & é’fi egbsyq%%"éotbld%sgagmg%} es in
response to t{deterafie ticOidt frame tumDEREN2QBBTS] at Snyigh@A béihti(Ef, TN, QNrfyor mat i on
and the long code identification information, and at 84 provides the |ong
codes to the wih tiroe bB8offBEShoni t or 85 nonitors the COVA air interface at
89 in aggordance with the search d@@e{jﬁ? makes the desi dz)ti meof
arrival “heasurenments. The nonitor C 5 put to the net %“at 86

ei ther the TOA infornmation pr2t-heNnPIINDE QORRL4i9B25)The networ(gq(g) g, MC
of FI GURE 2) can use this information in conventional fashion to determ ne

the | ocation ofthe nobile stBENZGHRENRAHFONR(TNZId 8)i f t he nobi (B4 4t ati on
knows t he geographic |ocations t as. se transcei vef. stations,
R e 4 e

then the nobile station can cal sition. 10 Th dow
determ ner 83 can [hee&r¥RidgRRtiodsMIRP RPleiead intddBifividiiEadi" SbanGRsduRet ween i ts
servi ngbasetranscei verstation and all nei ghbori ngbasetranscei verstati ons,

al ongwi £h cel b divisginuwhérpihdx neting i "fherethdindeevhérroisiding beddey n”.

transcei verstatio in orderto

assi st t hewi ndowdet ﬂ%@??'ﬁ%‘@?%"r"?’r_ﬁﬁ?ﬁ“ﬂ&‘g‘éaé?sgﬁﬁPW&%fomationbi“anda _

Thedi st ancei ngn%él&HirQ:G 64 81 1RBiRREARALCA i WelRERMEH VAtV f8enchbiy Mobi l e
station roans), and stored into a | S nenory as shown at 82 in FIGURE 8, or
t he i nf or mat i wfermatioridets contdinB8IE andtha spodled iedwhed ffamenuetst, corvssmgalysent t o t he

nobile station b Thew det.erjy neruses .t he D.i nfor ion to
det er i ne fore’%’é%ﬁmwg?ﬂeetpmgﬂﬁggﬁra E%V%IPﬂaéfegﬂlP IPPRRVeEHA SMeat e
expected arrival tinme of the nonitored signal relativeto the tine base 80

of the servingbase transceiverstation, and conbines this expected arrival
time informati onw t ht hedi st ance



20 information to produce a suitable search window It will b a evident to
workers in the art that the exenplary nobile station portions of FI GURE 6
and FIGURE 8 can be readily inplenmented by suitably nDdifyiTg NquHm%e,
software, or both, in a data processing portion of a conventional nobile
station. In view ofthe foregoing description, it shou |Id be clear that the
dowel ink observed 25 tine difference techniques of the present invention
i nprove the sensitivity of downlink observed tine difference nmeasurenents
by providing the nobile station with nore known bits fromthe

synchroni zation burst SB, enhance the déturacy of the tima of arrival and
observed tine difference neasurenents, reduce the risk of neasurenent
errors, reduceunis(FN)of thesyplyopigampn.bprst SB ppdihe pasaipftere §1.t13 2Rk 11 He
necessary ntagyremen-~s, and require | ess nmenory and data processing
capability inthe nobile station. 0 9 APR 2003 -2 | WHAT IS CL~iEDIS: A
met hod of using a nobile comuni qatHNdistaxon (MSL) in a wr giesp

comuni cation network to neasure respective times of arrival of radio
signals respectwely transmuted by #2pFN@EP428 of radio transnfktéls (23, 28)
in the nftmork) eotnprising: 5 pro¥§gi 5@§1nnbile connunicab%og station
with real tine difference (RTD) informtion I ndicative of dif é*e%ces
between a time base (80) used by m'ra@ioltdiansm tter serving {mesyobile
comuni cation station and respective tinme bases used by the other radio
transmi tter s; Thiseoneeihe berrentiramanymberdiN2ofBE 8 2has beengalpygied 4sshaveeaboys ne

difference information tao. 1 | cul ate ne re search W n for each
radi o transm F’Bﬁerrefpefﬁoee uabof‘%)zég’?](fﬂ#ueﬁ?rggf tleglrslycg? a &E)errlm de t():rprlﬁl 5T 83)) in
response to thfio éfatiod 8 fvei fference infotittation and rcladve to the tine
bast used by the radio transmtter serving the nobile comunjcation
stationl0a pl ural i Ingonyentisap! GSH remprkaghe sypchraniatiopbuihiBescyrs saesiot r adi o

oLl s are expERbad i1 21118 Al e UL CRTRVREL FEOP kB 15,
arrival of thgagsaiéd chitBYS' TBCCH hrbd¥Rass &SI thid RPNk TIAME,; THMbve
indicates where the current frame FN2 is located within the 51-frame repeating sequence
Because, as mentioned above, the synchronization burst SB occurs intime slot O of frames
15 1, 11,21, 31 and 41 of this 51-frame repeating sequence, the next T3 (call it T3n) that
satisfies therelationship, (T3 - 1)mod 10=0, will designate the frame of BTS2 in which the
next synchronization burst SB will occur. The corresponding frame number (call it FN2n)
is then determined by:
FN2n = (FN2 + DT3) mod 2,715,648, (Eq.10)
20 where DT3 = (T3n - T3) mod 51.

Now, the parameters T1, T2 and T3’ can be determined by plugging FN2ninto
equations 6 and 7 and plugging T3n into equation 9. According to the GSM standard, the
parameters T1, T2 and T3’, along with the BSIC, can be expressed using 25 bits. The
BSIC bits can be determined from the BSIC information received at MS1, and the bits

25 representing T1, T2 and T3’ can be determined from equations 6, 7and 9. The mobile
station MS1 can then apply to the aforementioned 25 bits, a well known coding algorithm
described inthe GSM standard (ETSI GSM Specification 05.03), inorderto generate from

those 25 bits the 78 encoded bits in the synchronization burst.



during the search wi ndow period, the nobile comunication station

si mul taneously perfotirting a first search code peak det §ct IAPR 2008 an
associ at ed second search code sigtal correlation for at |east one radio
transmitter serving the nobile communication station. 20 2. A nmethod of
using a nobile comtuiication station (MS1) in a wireless comttrtication
petworic to neasure respective tinmes of arrival of radio signals
respectively transmtted by a plurality of radio transmtters (23,28) in

t he network, conprising: providing information indicative of whets the
radi o signals are expected to arrive at3-2~ the nobile commt uZi cacion
station; the nobile cotnnunicati4n station nonitoritlg ($S) for arrival of
the radi o signal sindbisimegnes, themplkile siwitiae My pevikaews. iith eepesh odhe dam e

i nformati on; S rl?c(?urgHrrninn%fiHsho% Ssgr@{nc %T\éﬁl %ie ranpe {uln%n:Ntzng Eﬁ%%iirl@i&%@m”i cation
station sinul aneousff’ correl atlﬁg a radio sirgnal w % atrite peak for at
| east one r aditthionaA6sH butseWilFREMT AdménfinsdBtive the Sfhchiofiiion biirkt@Bdayon st ati on
0 ~ APR ZQU3 _22_ 3. The nethod of Claim2) wherein said providm step

i ncl udes pro@Feirhdn Fimediaved: sothe mebiteatatioe MBI agydapry 6x3sdy ivdys tBe tine
during ich the re tive radiq.si [ X t i at the
mobi e commuAt T EREbu N R BRI R o R R G B Ro S MR O 1
nmobi | e commuRjseRiows Al H eatddedbitsaltn Wit'hmszft&rlmﬁ%]mtku@hesﬁchmmdnaﬁﬁsto si gnal
during the corresponding period of tine. 4. The method of Claim 2) wherein
sai d provi di ﬁ’éilfslmep’leﬁgmg ki2bits rathiettbiangust p4 tsi the mepilestation qapracherive petteence
information indicati va%nof di.f f.erences b%tlweglanr{h amRJerqg n%l%in?a?igﬁwlg 803 used by

radi o transni‘eter’ L& w%tbmetof%“ FECest icatton station an rer'especti ve

time bases ULaH 6BYitsah&névad MbrdovanGit 14k RiicwnlBRd, 1B poSB RS & moBiléhtatibn I t Sponse
t4 the real tine difference (RTD) information) deternmining (83), relative

to the 10 me BASido ashisde, ing farnaisisrenviiongent Akl same scauranyias qoeld pe achigvagusing t y  of
points (7a, 7%)4 b.lltgintz{ 1o8s noisy environment.

Because the position of the mobile station MS1 relative to a given neighboring BTS
(e.g., BTS 28 of FIGURE 2) is not known, the synchronization burst SB from that BT S will
notarriveatthemobile station MS1 at precisely the time that was calculated by the mobile

15 station. FIGURE 7 illustrates one example of how a search window can be defined to
encompass the time at which the synchronization burst can be expected to arrive at the
mobile station MS1. Let FN denote the frame number of the next SB (SB2) that is
expected to arrive from neighboring (non-serving) BTS2. How this frame number is
calculated canbe found in Eq. 10. MS1knows when the corresponding SB (SB1) with the

20 sameframe number will arrive, or would have arrived, from the serving BTS1. Letthis time
instant be denoted by TO, relative to the mobile station's timebase.

MS1iswithin thecircle 71. Theradiusrofthis circlecan e.g., bedetermined by
the cell radius or derived from the timing advance value. Considerthe two extreme cases.
One extreme case is when MS1 is at 74. Then SB2 arrives at time TO + RTD + d12/c

25 since SB2 travels d12 further than SB1 does. The other extreme case is whenMS1is at
75. Then SB2 arrives at TO+RTD+(d12 -2r)/c. Thus, when themobile is between 75
and 74, SB2 arrives inthe window [TO+RTD +(d12-2r)/c-k, TO+RTD +d12/c +k],

where k accounts for inaccuracies in the provided RTD and d12 values.

a



at which the respective radio signals are expected to arrive at the nobile
comuni cation 15 station. 5. The nethod of O aima) whereilhissPR 200Dvi di ng
step further includes using the points in time to determ ne respective
periods of time during which the respective radio signals are expected to
arrive at the nobile communication station, and said nonitoring step 20

i ncl udi ng the nobil e comruni cation station nonitoring for arrival of each
radio si~tal during the corresponding period of time. 6. The method of
Claimb5, wherein said using step includes the nobile comunication station
using the paints in tune to determ ne {lhe respective periods of tinme. 25 7.
The nmethod of Claimb5, wherein said using step includes accounting for
respective di st ancsce(R8)iskuovieMSH aanglratict byth & brstaimanicatagityywizdnghe $B2or der t o
reach the nobjle Qr%t nmuni carion station. Q1 APR 2003 -23 8. The net hod
of daim7, wePHPZAFeRRBI PRy st ep i ncl udes estimating) for each

radio St~al, a nHXTHE‘dHPhBQééleJIaQe ISt RPG80V? perinft B ynashi2iBh Ph B POSSi bl e
di stance of travel. 5 9.” The nmethod of C alm8) wherein said accounting

step incl udesdetétmsdveé;d:tgheradlablhencgmadr@dtcasheabﬂea:slmlngxeac@e@ctdmumowm nt (74)

of the associated periad of t| based oint in ti

arrival 7s expdd ﬁ’ﬂtytoﬂ@e?‘?'? ﬁtﬁ?ﬂnﬂﬁfg‘&cfﬂtc@m@ r§95’ﬁ’6‘8’ a6‘fm?q’|“sl§§/té ‘3“5and

est abl i shing ?&e%ﬁm@ ﬁhmhe(v?hﬁesgarmmﬁd&&&%é@&&&kdmﬁw%e%dswrwe based on
the point in tine arrival 1s expected and the maxi num possi bl e

di stance of tfoah&l‘proébﬁklringhlaﬂ‘IEndURhlhﬂchllpfeaﬂlaftm:Rarch\)hmd(ﬁ?vlaregalrtdit(dlm ct m ni ng

step includes_the il e communi cation station det the points in
tinme. 1 1. Théd F%Mﬁ\fb ERTRSYS 10BE.A 1 QSFSS O LA RUPAN S S62RMF AR 88@?‘59%@0&#’ st

u-ansmi tted ofih] Bhndnngl ARIRS. " ddoRloR, AECES GARRASIhiRRM Bal d St ep

of providing real” tine ference information includes expressing a real
ti me di fifer enoeasugmegt @he todestdwoere of a fi-anme nunber difference, a tine
shot nunber (TS) dlleeo g Ir{]’%'l% kx?br\lw edgeto cﬁcuﬁate thebsltatrtmg%g)tggnrd sga@ wigéowfgrrt}?en e
synchronization burst SB can significantly reduce the measurement time in making downlink
OTD measurements. Without receiving the RTD information, the mobile station is
conventionally required to search continuously until the frequency correction burst is
15 detected, so that the mobile station knows the synchronization burst will occur in the next
frame. WithRTD information correspondingto all base transceiver stations to be measured,
the mobile station can schedule the various measurements and limit the monitoring times to
the search window periods, which is not possible using the prior art scanning techniques
FIGURE 6 illustrates an example implementation of a pertinent portion of themobile
20 station MS1 of FIGURE 2 for making downlink observed time difference measurements
accordingto the presentinvention. Themobile station includes a synchronization burst
determiner 61 which receives as input (for example from MLC of FIGURE 2 viaMSC,
BSC 21 and BTS 23) thefrequency, the BSIC, and the RTD relative to the serving base
transceiver station, of each base transceiver station selected for OTD measurements. The
25 synchronization burst determiner also recetves information about the distances between its
serving base transceiver station and all neighboring base transceiver stations, along with cell

radius information for all neighboring base transceiver stations This information canbe

periodically updated by MLC (as MS1 roams), and stored into amemory as shown at 63



12) The nmethod of Claim 2, wherein the comunication network is a cellular
20 conmuni cation network. 13. The nethod of O aim 12, Wneqqlg gkzﬁ

comuni cation network is a GSM network. 2S 14. A nethod of ‘I 8 tﬂ% t he
position of a nobile comrunication station (M5 1) in a wreless

communi cati on network, conprising: neasuring at the nobile eonutunication
station respective tines of arrival of x~adia signals respectively
uansmitted by a plurality of radio transmtters (23,28) in the networi~

i ncluding providing information indicative of when tile radio signals are
expected to arrive ~ ~ APR ZUU~ 2al5-at the nobile comunication station,
and the nobile comuni cation station nonitoring (85) for arrival of the
radi o si ~t al'8 FfalPRRG, e theiafasmaygnrdohe pelvdeddn ths PPedpbnesreques meseagenf or mat i on,
during the search w.ndow period, the bi | rcuni cation station

si mul taneousﬂr())/wpeéir[ c")}}ensiy'r’\%ﬁ%‘lzsag%g rS[cdgg?%’Pgﬁﬁyg\?\i@oget her with a true peak
for at |east one ThagyndhlohRRsoRblisEdetdmERf 01idB@rnting fofeat selccledPUSiheat i on
station; and using the neasured times of arrival to |ocate the position of
t he nobi | e coRivNMateskpested ariyal imeof thesygchrmizaiop s relptivedetbeframesinague he ti ne of
arrival,o f a radio.signal at a.radi.o 10 comunicati on stati M5 1)

oper at iSng in& %SF g?é?gg’eéc' A ncf’l(l:ésﬁlévr']" %1 W ‘fewc?(r)?rt%trl?n { aﬁ’é:"“@ﬁggf“%i ng from
the wirel essinfamibniaCaf b @ im0 61 I mbo it & Bt 15 64, Bz)s y R h@IRi b rBursd N
informational content of the radio signal can be determ ned but which

i nf or mat i on dttsEninproutphts taahdtinrenf aral almmesitdrifedB anerynsesdits ensitheddtrainingt he radi o

signal ; determ nin 61.)..the jnfotzttati | coptent. aof e r.adi o signal
in ) respons eetf"(% O{lheesg?c(hion ?%PH‘EHQS‘}%E‘ Sei\eﬁtﬂé é}g]ﬂbe SWQOP‘#BME &?ﬂ%ﬁm content of
the radio sigaahlolifes¥BRaHWiRIWA for bdcABIRfed Bdsé trandéeit sthtlt®, dnadinpuisihgnal .

10 search window information at 62 to the time of arrival monitor.

The time of arrival monitor makes time of arrival measurements on the signals
recetved from the BTSs at 68. Thetime of arrival monitor can use the calculated arrival time
information, the window information and the 142 bit sequence information to make time of
arrival measurements for each selected base transceiverstation With this information, the

15 time of arrival monitor can efficiently schedule the various measurements and, as necessary,
can capture and store the signals received during the various search windows, and then
process those signals at a later time. The processing of the received signals for
determination of time of arrival can be done inany desired conventional manner, orinthe
manners described in detail in copending U.S. Serial No. 08/978,960 filed on November

20 26, 1997, which is hereby incorporated herein by reference.

Afterthe desired time of arrival measurements have been made, the time of arrival
monitor can outputat 66 either the time of arrival information or the observed time difference
information to the MLC (via BTS 23, BSC 21 and MSC). The MLC then uses this
information in conventional fashion to determine the location of the mobile station MS1,

25 which locationis then provided in a suitable message to the requesting application 21 in
FIGURE?2. Alternatively, if MS1 knows the geographic locations of the measured BTSs,

then MS1 can calculate its own position.



16. The method of O aim15) wherein said information incl udes for mat i on
20 indicative of transmssion timng of the radio Signal. DT PRe2003d of
Claiml b) wherein said transm ssion! timng information |s real time
difference (RTD) inf4rmation indicative of a difference between a tine base
(60) known to the radio communication station and a tinme base used by a
radio transmtter (23) 25 fromwhich the radio signal is to be transmtted.
1 g. The ncttbod of Caiml1 S, wherein said information includes information
indicative of a radio txa~smittt &tn which the radio signal is to 6e
transmtted. 0 1 APR Z003 -25 19. Théb-method of Claim 18, wherein tht
comruni cation network is a GSM network, acrd wherein the information

i ndi cative of the ArltildilgilQmmsmrlememsQnﬁm%ég’nd’f%a@éo@vﬁﬁfwsqf@éﬁﬂi ty code

(BSIC) which jdentifi.e An
appar at us f or‘s fi’géb(?"ﬁ 38‘211 Sﬁ“ﬁf’éﬁ q"S‘W @F '"ﬁenﬁ%'bar?aé)p{':%ﬂﬁlrerg)ﬁfré% i on
station (M5 Ipheriiyhefofur§d fSsericOMMUNI cation network) conprising: a

determ ner (61) for determ ning when each of a plurality of radio signals
is expzcted to ar rInOél\msysthessndbsthesemmnmndzbaw,mnVléltnaRTBnnfoalmloatOr adi o

si gnal n|t far asu respective tine of the radio
10 sign s) s‘é?'éeha%)ﬁ‘?"%'im 'B?WB‘II}%“VW” Vﬁ@er}ﬁ%frﬁ‘%o“ﬁ‘gi IHFI@EP \{%ng‘{e?itl on and
having an i nppte ffeBH AR L4 uSA@hER PS InedHaiiifto daRulaRE SaNRwinAEW BénkANY in

ird ormation indicative of when the radio signals are expected to active at
the nobile cotﬂmmamrmacﬂascrrbedaMBwnhremct@bﬁiﬁhJREdr B¢C@B§9<ﬂr¢$rmbéeitm10§apw

i nformation t‘(()n rTDtr}]]I or ‘gtr arrll?va o f thg radio.sig!rﬁ Sd urlngta starch

wi ndow per i od<"OYs1° ingffifferepoeshelyesuiigservingRpssirascer RSP er i ner i s
provided in theHpok 'bﬁ'se?rﬁ}m%}&ﬁkh@&e@@&ﬁét@@fﬂ@ﬁ)ﬂﬁa@%é@&hb%v% a ai m 20,
wherein said determner determ nes respective periods of tinr during which
the respecti v@term@eoea;clgwaidewafoetmxmcmednelghtanng base gansceiwerstaibpise 30
comruni cati on statj.on.
det ermi ner includes®®

SSC correlations need be performed only during the search window in which the FSC and

r{or aéﬁzﬁg q%s? ngc?ern?etr ytanon thg" ?(Il peaggétecnon angmrs]oc?a%édd

SSC signals are expected to arrive at the mobile station. Moreover, because the RTD
information identifies not only when the mobile station should monitor for arrival of signals
15 from agiven base transceiver station, but also identifies the base transceiver station and its
code group, the SSC pattern associated with the base transceiver station can be a priori
determined by the mobile station. Thus, for the base transceiver station of interest, the FSC
peak detection and the FSC-SSC correlation can be performed simultaneously, thereby
advantageously reducing acquisition time significantly as compared to the above-described
20 known techniques wherein FSC-SSC correlation must follow FSC peak detection.
Reduction in acquisition time permits a corresponding reduction in the length of the idle
periods during which the time of arrival information is acquired. Suchreductionintheidle
periods improves the downlink capacity of the network.
As afurtherresultofthe mobilestation's aprioriknowledge of the SSC pattern,
25 there is no need to correlate the FSC peaks with several SSC patterns, as in the known
techniques. This reduces memory and computation requirements in the mobile station.
Because the FSC peak detection and the FSC-SSC correlation are performed
simultaneously, the results of these two operations can be combined for each time slot,

which provides improved signal strength and thus improved hearability.



receiving real tinme difference (I1tTD) information indicative of differences
between a tinme base (60) used by ~ radio transmtter (23)8 ﬂeéﬁk éhe
nobi | e communi cation station and ?S respective tinme bases uUs %U adi o
transmtters which transmt the radio si~als, said determ ner responsive t4
the real time dif~"'crence information for determning) relative co the tine
base used by the serving radio transmtter) a plurality of points (74,75)
intinme at which the respective radi 4 sigtals are expected ~o at~tive at

t he nobi |l e comruni cation stati on. D 1 APR 2003 26 2~t The apparat us of
Clarm 23, wherein said determner rs opérable to use the points mtine to
determ ne respective periods of tinme during which the respective radio
signal s are expectBedausensearehivimdonts estatdishasiforiesch momtnierd besettiaesaeigr satiomn 25 The
appar at us of ai 4, erein said determ ner is .operable.duyrin

det erm nati ontgfc’)‘?m@ﬁﬁ'ay OJV«QQ?%%S'%W%{ OWéﬁet‘goﬁgcb@?)eﬁrﬁ?sc?% Stf“éoélbsé&?f’%@mgi st ances
(63) to be trayekeFuRlenhbi8, bE@ti e SdnBR@InSart ffOE@ENIT I8 the ORMIAY b @b | e
commruni cation station, said determ ner operable to estinmate maxi num

possi bl e di steeakgke pobabiliy ef sekenichgm falsernenk poaiso iedusedii st ances of travel and)

for each radio sigpal) to establish i.nnin oi.nt (74) of.the
associ ated pleri oijg‘g'?o%f ‘Wﬁ‘mﬁﬁ%. Brogﬂ‘ngﬂﬁggﬁ'ﬂ?h?aﬁoﬁohtée"éébﬂ HoRszhab val is
expected and mﬁm@wmmnﬂafo%lam@onégﬁoﬁ]amggea&;hwiﬁmkhe AiflekRIGSLAb! | sh an

endi ng point (75) of the associated period of tinme based on the point in

ti me at whi chcoarclatengith signaksopecthatthafSC stis SCakomaxamplessndiiile sdiist @nce of
travel 26. The arat us of ai 0, wherein the nuni cati on network is
a cellular co‘iﬁ'ﬁ?ﬁf'gc‘,"aﬁﬁE‘ﬁa‘ﬁé‘f%?%mf%?b“ﬁ@‘s%vﬁéﬁt%ﬁoﬂgf%{)‘?m@%ah{"?%c,astmher ein
the communi Ca&HaﬁHklipéiﬁp@dﬂ%rﬁaﬁue@ht@?MtBﬁ%e?%ﬁ&in%@aseﬁﬁa@ceﬁ@%i@ﬁs‘)’&st@é&%ﬂ”EasUr' ng

the tinme of arrival of a radi o signal ereat, conprising: an input (81)

f or rec& vi ngorimddditimatoj k$€/$5Co rlomg ivith tha R TDmformaean, beedtwarbeeanadentifgfort he radi o

signal can be,determ ned but which information does not.itse|lf reveal the
TP ormat  on CURTERIE BRON PP Goale BRAP oL e HBE BRERET SHs) SERIBIE ro o d

i nput and res&%iiw&oaggsﬁémngﬁa&esto'km% bbddbRY @RRsIL FTEh thaEsk Ripon for
determ ning the infornmational content of the radio signal, and for

cal cul ati ng neemificagoenfornmearacdtheipngdadesienttfinaiioninfoadatonshegmbllesaion dagr  (85) f or
measuring the tinme of .arrival of the radiq signal, sal jtor coupled to
sai d deterni n‘ési"_‘&‘:(?f’velﬂ‘g?%t_e%lﬁ’?‘ﬁ‘eﬁ’ ﬁ?“ﬁ???ég‘?ﬁﬂ’ei?i%tcgéﬁ(e'éf 4‘?%@&}%)05”1& gnal in
measuri ng t hepdohdBRstRharREIrdrY @lvePbast Hondcddirtagibgnal . and in monitoring for
arrival of the radio signal "during the search w ndow peri od. D 1 APR 2003

29 Thz appar at us ohbrGhdeastehadel, fohermplaths EbrmomEantiobithiygsierl Chemhel €8 CHNf or mat i cn
indicative of transm ssion, timng of the radio signal. 5 30. The apparatus
of O ai m 2o, REETARETeR G RGeS AR Er L £ | e

di fference (RhRiankdth@d: BRkd s of RASERIgh}BowérBlushint §SC ABSEpRed WRIBH s@ent | Me base

(80) known to the apparatus and a tine base used by a radio transmtter
(23) from whi krieadchst chandél & tengmitied dostituoudlp rathenthgmien peecgnt of e Bc asTies appar at us

of C aim 28, i.n. said nformation ingludes informarion indicative of a
Fadi ot Fanshi F TGRSR ARRREBE e R pispamel SR RE PRI ga. 2. The
appar at us of @Lﬁtherrmssu@fgﬁﬁg.Frhtsmfghaféﬂalgp1e9ab+oqmeﬂ%pwehhé@bﬂit@rf
networ k) and wherein the information indicative of the radio transmtter
i ncl udes a bap@mits faster acquisition.
Because the broadcast channel signal is continuously transmitted, it permits a much
higherutilization of idle periods than can be achieved using FSC/SSC. Forexample, inany
25 given timeslot, the broadcast channel provides tentimes as many symbols for correlating
than does FSC/SSC. This permits the use of shorter and/or less frequent idle periods, thus
further improving the downlink capacity of the network.

Because the broadcast channel represents only one "code", the amount of memory

needed for non-coherent combining is half of that required when correlating FSC and SSC



1S station identity code (BSIC) which identifies a base station in the GSM
network. 33. The apparatus of Cl aim ?8, wherein the appﬁ?m :Zﬁ@aa nobi | e
radio communi cation station (M5 1 ). 20 34. The net hod ) wherein
the radio signals are Code Division Miltiple Access (CDVA} signals_ 3S. The
met hod of Claim 14, wherein the radio signals arc Code Division Miltiple
Access (CDMA) signals. 25 36. The apparatus of C aim20) wherein Ihc radio
signals are Code Division Miltiple Access (CDMA) signals. 37. The method of
Claim 34) wherein said notutoririg step includes) for each 30 radi o signal)
correlating said radio signal with a filfst code that is periodically
transtnitted by ~ ~ APR 2003 -28 the assocjated radio transm.tter and)

si mul t aneous| ogodss) SHsabessise basaranseriwr gpong Bthespme VSl BRVEWHIY si gnal

with a code p?&&&%ﬂc{xe{@%’ls,ggecér Bilit ofps!efé%tgrl&i Bé’»a/t%tlg§§s%%9&cgi9g%§ati%.s(3h are

. t
sequentially ansm e assocl a radio’transmtter such that each

of the secondnetigiel. Thaukifpe: chHEs RatidcRidds-tdirelatigi i opeitied chasdrembihrgausly Wt h
one of said periodic 5 transm ssions of the first codc. 38. The nethod of
Cl ai m 37, i nclleRkragspioaeiamigan with SEATIC, sathie rokabiiyefisele@ing afalfeseaat i on

i ndi catiye of. [.ou whi radio transmtter bel ongs, and
further |yncl ugi%nugggﬁ%&rrm agl@%%sr%“%@g |Con station determ ning said code

pactem i n response&IGURES dagiafinGocdy Dlustlesipbtiaenpdrions.of dikxamplemortehod
of G aim37) including detecting saird transmtted first and second codes by
combi ni ng r esption vdrichsean geddegmrdemvalipkg TBmagssurementyig COMA spgemvparches d ai m 34,
i ncl udi ng proyidi L.nf.o i i.ndi catii ve 1.nG.: ectively
used by the resElbile SEREDOM Rt GreRir DRSS RN PERRER ERPCT

det er mi ni ng f WMGERET, RPWRRAUE Aigin R impleMenBd dcosrding e CPVaadivipMades used
by the respective radio transmtters, said nonitori ngﬁstep i ncl udi ng using

t he spré@di ngteehmemwes. Fhe memle stationo BIGIRE Sinelbdes o inppta &y seserving Spmdies

G aim 35, i molauhis 4 SEaas it AR naRR LRk el IR ARREE gnal”

moni tor for pp@vée tiagertiREs04 n&eidaStafiWandifhSret gactiie i f1dbinpGass fircelvadi O
signals. 42. The apparatus of Claim4l, wherein said codes inclttdc
spreadi ng cod&atiopsonwhighehemobils sjatigwis ppprrmdownling OF R raeapusementss Therrmbis .

81 alsoreceives from the network code group identification information for each base
15 transceiverstation. In an embodiment wherein broadcast channels are to be measured, the
input 81 receives, in addition to the code group identification information, long code
identification information for the broadcast channel of each base transceiver station.
A window determiner 83 receives the RTD information from the network, calculates
search windows generally in the manner described above withrespect to FIGURE 7, and
20 outputs thewindow information to a CDMA time of arrival (TOA) monitor 85. The monitor
85 performs the required operations (e.g., peak detection and correlation) to produce the

time of arrival measurement for each desired base transceiver station.
Inan embodimentusing FSC/SSC monitoring, a code generator 87 receives from
input 81 code group identification information for each base transceiver station, generates
25 therefrom the SSC patterns, and at 84 provides these SSC patterns to the monitor 85. In
another embodiment wherein broadcast channels are to be measured, the code generator
87 also receives from input 81 long code identification information for the broadcast channel

of each base transceiver station, generates the long codes in response to the code group



43. The apparatus of O aim 41) wherein said codes include codes carried by
said tadi o signals. 0 1 APR 2003 -29 44. The apparat usgquEFa'%ﬂ*ﬂan 43,
wherein said codes include code patterns respectively asSoc € ith radio
transmtters used to produce the respective radio signals. 45. The
apparatus of Claima 1, wherein satd code generator includes an iaput for 5
recei ving code identification information responsive co which said codes
arc provided. 46. The apparatus of Claim4l) wherein said code generator is
provided in the nobile corrtrnurucation station. 14 . Af. ASNf . A
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10%\ & (3~ + 1 agion (té %rpkﬁc&%sggbﬂe)s_egrch wmdg&'.

It will be evident to workers in the art that the exemplary mobile station portions of

FIGURE 6 and FIGURE 8 can be readily implemented by suitably modifying hardware,
software, or both, in a data processing portion of a conventional mobile station.

Inview of the foregoing description, it should be clear that the downlink observed

25 time difference techniques of the present invention improve the sensitivity of downlink

observed time difference measurements by providing the mobile station with more known

bits from the synchronization burst SB, enhance the accuracy of the time of arrival and

observed time difference measurements, reduce the risk of measurement errors, reduce the
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L109%Z&’ () - CETEYHYRANRR worﬁ@%&(ry respy 155&@:? ?[ arrival of radio signals respectively

$109%Z& () - lnhétddd BKAR1u @5 0P &R O%Eitteks (23,28) in the nerwork, comprising:

S providing the mobile communication station with real time difference (RTD)
information indicative of differences between a time base (80) used by a radio wansmiter
serving the mobile communication station and respective time bases used by the other radio
transmitters;

the mobile communication station uysing the real time difference information 1o
10 calculare measurement search windows for each radio transmirer;
the mobile communication station determining (83), in response 1o the real rime
difference information and relative to the time basc used by the radio transmitter serving the
mobile communication station, a plurality of points (74,75) in ime at which respective radio
signals are expected to ammive at the mobile communication starion;
15 for each radio signal, the mobile communication station monitoring (85) for arrival
of the radio signal during the search window periad; and
during the search window period, the mobile communication station simultaneously
performing a first search code peak detecrion and an associated second search cade signal

correlanion for ar least one radio transmitter serving the mabile communication station.

2. A method of using a mobile communication station (MS1) in a wircless
communication network to measure respective times of arrival of radio signals respectively
ransmitted by a plurality of radio wansmitters (23,28) in the network, comprising:

providing information indicative of when the radio signals arc expected to arrive at

25 the mobile communication station;

the mobile communication station monitoring (85) for amval of the radio signals
during a search window period in response to the information; and

during the search window period, the mobile communication station simultancously
correlating aradio signal with a mue peak for at least one radio transmitter serving the mobile

30 communjcation station.
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mcludmg thc mobxlc communication station monitoring for armival o each radio signal

during the corresponding periad of time.

4. The method of Claim 2, wherein said providing step further includes:
providing rea} rime difference information indicative of differences berween a time
10 base (80) used by a radio mansmiuner serving the mobile communication siafon and
respective time hases used by the radio wansmitters being measured; and
in response 1o the real time difference (RTD) information, determining (83), relative
to the rime base used by the serving radio rransminer, a plurality of points (74,75) in time
at which the respective radio signals are expected to arrive at the mobile communication

15 station.

5. The method of Claim 4, wherein said providing step further includes using
the points in time 1o determine respective periods of time during which the respective radio
signals are expected 1o arrive at the mobile communication station, and said monitoring step

20 including the mobile communication station monitoring for armival of each radio signal

during the corresponding period of time.

6. The method of Claim 5, wherein said using step includes the mobile
communication station using the points in time to determine the respective periods of time.

25
7. The method of Claim S, wherein said using step includes accounting for
respective distances (82) to be traveled by the radio signals in order to reach the mobile

communication station.
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of travel.

5 9. The method of Claim 8, wherein said accounting step includes, for each radio
signal, establishing a beginning point (74) of the associated period of time based on the point
in ume at which arrival is expected and the minimum possible distance of travel, and
establishing an ending point (75) of the associated period of time based on the point in time

at which amival is expected and the maximum possible distance of travel.

10
10.  The method of Claim 4, wherein said determining step includes the mobile
communication station determining the points in time.
11.  The method of Claim 4, wherein said radio signals are ransmitted on time
15 division multiple access channels, and said step of providing real time difference information

includes expressing a real time difference using at least one of a frame number difference,

a ume slot number (TS) difference and a quarrer bit number (QB) difference.

12 The method of Claim 2, wherein the communication network is a cellular

20 communication network.

13.  The method of Claim 12, wherein the communication network is 2 GSM

nerwork.

25 14. A method of locating the position of 2 mobile communicarion station (MS1)
in a wireless communication network, comprising:

measuring at the mobile communication station respective times of arrival of radio

signals respectively transmitted by a plurality of radio transmirters (23,28) in the network,

including providing informarion indicative of when the radio signals are expected to arrive
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performing a signal correlation together with a true peak for at least one radio wansnupter
serving the mobile communication station; and
using the measured times of amival ta locate the position of the mobile

communication station.

15. A method of determining the time of arrival of a radio signal at a radio
communication station (MS1) operating in 2 wireless communication network, comprising:

obtaining from the wireless communication network information (63) from which
an informational content of the radio signal can be determined but which information does
not itself reveal the informational content of the radio signal;

determining (61) the informarional content of the radio signal in response 10 the
information; and

using the informational content of the radio signal to measure the time of arrival of

the radio signal.

16. The method of Claim 15, wherein said information includes informauon

indicative of ransmission timing of the radia signal.

17.  Themethod of Claim 16, wherein said transmission timing information is real
ime difference (RTD) information indicarive of a difference between a time base (60)
known to the radio communication station and a time base used by a radio transmitter (23)

from which the radio signal is to be transmitied.

18.  The method of Claim 15, wherein said informarion includes information

indicative of a radjo ransmiter from which the radia signal is to be wansmined.
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station identry code (BSIC) which identifies a base station 1n the GSM nerwark.

5 20.  An appararus far use in locating the position of a mobile communication

station (MS1) in a wireless communication nerwork, comprising:
a determiner (61) for determining when cach of a plurality of radio signals is

expected to arrive at the mobile communication station; and

a radio signal monitor (65) for measuring respective times of arrival of the radio
10 signals, said monitor provided in the mobile communication station and having an input
coupled to said dererminer to receive therefrom information indicative of when the radio
signals are expected to arrive at the mobile communication station, said monitor responsive

to said information to monitor for arrival of the radio signals during a search window period.

15 21 The apparatus of Claim 20, wherein said determiner is provided in the mobile

communication station.

22 The apparatus of Claim 20, wherein said determiner determines raspective
periods of ime during which the respective radio signals are expected to arrive at the mobile

20 communication station.

23.  The apparams of Claim 20, wherein said determiner includes an input for
receiving real time difference (RTD) information indicative of differences between a ume
base (60) used by a radio rransmirter (23) serving the mobile communication starion and

25 respective time bases used by radio transminters which wansmit the radio signals, said
determiner responsive to the real time difference information for determining, relative to the
time base used by the serving radio transmitter, a plurality of points (74,75) in time at which
the respective radio signals are expected fo arrive ar the mobile communication station.
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IS Ope
use the points in time to determine respective periods of time during which the respective

radio signals are expected to arrive at the mobile communication station

25 The apparatus of Claim 24, wherein said determiner is operable
during determination of said periods of time to account for respective distances (63) to be
traveled by the radio signals in order to reach the mobile communication station, said
determiner operable to estimate maximum possible distances of travel and minimum possible
distances of travel and, for each radio signal, to establish a beginning point (74) of the
associated period of time based on the point in time at which arrival is expected and the
minimum possible distance of travel, and to establish an ending point (75) of the associated
period of time based on the point in time at which arrival is expected and the maximum

possible distance of travel

26. The apparatus of Claim 20, wherein the communication network is

a cellular communication network.

27. The apparatus of Claim 26, wherein the communication network is
a GSM network

28. An apparatus for measuring the time of arrival of a radio signal
thereat, comprising: an input (81) for receiving information from which an informational
content of the radio signal can be determined but which information does not itself reveal the
information content of the radio signal,

a determiner (83) coupled to said input and responsive to said real time difference (RTD)
information for determining the informational content of the radio signal, and for calculating
measurement search windows; and

a radio signal monitor (85) for measuring the time of arrival of the radio signal, said monitor
coupled to said determiner for using said information content of the radio signal in measuring
the time of arrival of the radio signal, and in monitoring for arrival of the radio signal during

the search window period.
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29 The apparaws of Claim 28, wherein said information includes informaticn

indicative of transmission timing of the radio signal.

5 30.  The apparatus of Claim 29, wherein said transmission timing informarion is
real ume difference (RTD) information indicative of a difference between a rime base (80)
known to the apparatus and a time base used by a radio transmitter (23) from which the radio

signal is to be transmitied.

10 3].  The apparams of Claim 28, wherein said informarion includes information

indicative of a radio wansminer from which the radio signal is 1o be ransmitted.

32.  The apparamus of Claim 31, wherein the communication network is a GSM
network, and wherein the information indicative of the radio ransmitter includes a base

15 station identity code (BSIC) which identifies a base station in the GSM netwark.

33.  The apparamus of Claim 28, wherein the apparatus is a mobile radio

communicarion station (MS1).

20 34. Themethod of Claim 2, wherein the radio signals are Code Division Multiple
Access (CDMA) signals.

35.  The method of Claim 14, wherein the radio signals are Code Division
Mulrple Access (CDMA) signals.
25
36.  The apparamus of Claim 20, wherein the radio signals are Code Division
Multiple Access (CDMA) signals.

37.  The method of Claim 34, wherein said monitoring step includes, for each

30 radio signal, correlating said radio signal with a first code that is periodically ransmitied by
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codes in the code paftern is transmitied simulianeously with one of said periodic

5 ansmissions of the first code.

38. The method of Claim 37, including providing, for each radio wansminer,
information indicative of a code group 1o which the radio transminer belongs, and further
including the mobile communication station determining said code panem in response to

10 said code group information.

39.  Themethod of Claim 37, including detecting said iransmitted first and second

codes by combining results of said correlating steps.

15 40.  The method of Claim 34, including providing information indicative of
spreading codes respectively used by the radio transmitters, and the mobile communication
station determining from said spreading code information the spreading codes used by the
respective radio transmitters, said monitoring step including using the spreading codes fo

monitorradio signals of broadcast channels associared with the respective radio ransmirers.

41.  The apparatus of Claim 36, including a code generator (87) coupled to said

radio signal monitor for providing thercto cades for use in monitoring said radio signals.

42.  The apparamus of Claim 41, wherein said codes include spreading codes

25 respeciively associated with said radio signals.

43.  Theapparatus of Claim 41, wherein said codes include codes carried by said

radio signals.
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45.  The apparamus of Claim 41, wherein said code generator includes an input for

5 receiving code identification informarion responsive fo which said codes are provided.

46.  The apparams of Claim 41, wherein said code generator is provided in the

mobile communication station.

10



