;e3eDF f6TgxZ~ p i li~ Y 2002 .. POSITION OF A CELLULAR MOBI L%n dERM N2
BACKGROUND OF THE | NVENTION 5 Technical Field of the Invention € present
invention relates in general to the nobile radi o conmunications field and,
in particular, to an inproved nethod and system for determ ning the
position of a nobile radio termnal. 10 In the cellular comrunications
field, it has becone increasingly |rrportf1nt to be able to determ ne the
posi ti M\\“ radio term nals. As such, authorities responsible for
defi ni M\\\\ i 0o conmuni cations system specifications and standards
are currentj&ld(,nvol ved in the process of specifying the accuracies required

in performng nobile t METHRODRASDISYSTERE FOR PRICERMINING oSt successf ul
met hods 15 used so far to determine the position of nobile termnals are

based on neasur enent FOSIEIQNOF ArCELEALAR MOBIEE FTERMINALt urn, are then
used to derive distances. These propagation tinme neasurenents are nade on
either the uplink (base station neasurenents of transm ssions froma nobile
term nal) or BAOKGROUNDWE THEIRIVENTBRION®easur enents of transm ssions froma
base statlon) 20, Far . ex3a Ie W)rld Jdntellectual Property Organi zation

Pat ent Appllcatlo L EE PP 6/ 35958 to Ghosh et al . (" Ghosh")

di scl oses a netho i e
termnal in a Codgh %sgxliigﬁ@é%f){??%ﬂﬁgfif%@e@faﬁ'%c%%&?%%ﬁ:ég 1glrll({sg‘l)glflgstem
(e.g., in acﬁeldda(h,anpammhimt, koeanl ifipeded aetitbelrankil systdne faBrdetehmaniyyd the pbsition
teaches a net ﬁ \é\égllé h rreafurerrents of the absolute tine 25 of arrival
(TOA) of a sP ?1510 FANMIPER by a nobile terminal are made in at |east two
base stations. Theae.HnERSW&GERALS are converted to di stances.

Triangul ation is used to determ ne the nobile termnal's position. However,
a probl®em wit h thén thee sellwerapmpomications fields it basbacome inercanimgly ampontarit o t hat

:ats Lre33: oo B SpHeB Fertifd B Poste (MG ragfl Rhiggly o SRHGaEHoRAES §
;Y Q. OQesga@éiﬂBtfoﬁGGththIeTfaﬂﬁi yorfiGHikcatReisesyisteAp Bpdcifidations Bed i al

No PCT/ SE97/ 00219 (and rel ated U.S. Patent A%ppl i,cation Serial No.
08/ 799, 039) ﬁt@niaaﬁsj@rmcgrre@iy mvolved i the precess of speaifying the agcyracigsequired

apparatus fof, deg 5‘&9 ét?ﬁnﬂﬂ%o&ﬁ@ﬁ dOErAiniRs| §nd ﬁ{p@i‘ J&@Jt;qslstﬂl f8thods

unsynchroni ze enV| r out using S an
refererge). uselisedar toaletehumlthdposnfonfofmadnleaexmmdm ax"ertmfsﬁt enmeisuradens

term nal s whose p05| tions ar.e kng e used to ke dawnl,j nk agati on
e, moasur oA HER PrARAEATPA TS g T b etk ek e prdeate sm%nqﬁ};g

stations is Cgﬁag%gm&%n?&%éﬁﬁ@nkﬁtsd% ¥Rdt N RAR ’tlﬁ:nugfmﬁ h8ade0
term nal . ent Application Serial No. PCT/ SE96/03 and reI at ed

U.S. Patent thGafpgherssof oansséssions finm a mobibpigrmzing) or QOVBIIHMUQIWB tarmintal g |

("Bergkvist") discl 9Ses o rret hod for determ ning the position
of a nobile Rments of a‘&sé?lrc’ﬂ?résr %gpq%gggégq,g system such as, for

exanpl g9 the G ob#br Sxahpe) wrld\/himlleem@nmpeﬁy@ngmzat(cﬁSMtentAAﬁmmahen
termnal is ordered to performa sequence handovers to several target

base st at i onPublieationdyo. Wik 9¢/8hP & tor @F‘ﬁ‘i‘hﬁq alt ¢ Shosh’D disgloses g methad §n%ur st

to a target

ransit g coogsm Il aRinh CUE B il O mbBORIMRAARR ealo SRIAAFRIARI,

nobi | e terni Mcestsl@@ka)mﬂmmbemﬂons gystetrs(egs livacegrdenceevith the 1995 stihddrd) ar get
s opagat i on FSRGhoph SRALCHRR (e b REod Py st e ats gl gbsbuic imb
Conseqygnt ! y’ofﬁrﬁ\‘aﬂﬁ‘dﬂ &gl ﬁé:ﬁﬂﬁt’tedl? IRbbiCRARMal fe RpideE alBadt iRo MObI | €

termnal's position. A di sadvant age of the nethod disclosed in the
above- descri tbashst%ktmh Thgske ITEXA msasurementsare conveped to @stamdegna‘nan@llatmmred to

| obal f t
2 obi L.t o MEFATo SeiSERR i, bt BniRelT B didilo popleder ARt bipCbEq " n°
the Lundqvi stdiRizkd T 1a8thad 6f ﬁ&lﬂdﬂ&ietéﬁﬁnﬁflo@lsghﬂ bﬁrbqﬁfes&hmcl’cﬁ'faﬂﬁ gHige,

instead it uses a conplex systemof fixed |ocation "reference” radio
accurate or “‘exact” time reference (e.g., as provided by the space-based Global

N

*G00001*

30 Positioning System or GPS).



term nals whose positions are known, in order to derive relative base
station timng offsets. A disadvantage of the Bergkvi st applicatﬁ%ﬁ M&Y t Poap
it uses neasurenents of round-trip propagation delays fromperfornmng a -
sequence of aborted handovers. This nethod takes a consi derabl e anount of
time to conplete, and it creates substantial 30 disturbances by
transmtting individual access bursts to several base stations. However,

t hese access bursts are generated only fe2-the purpose of determ ning the
position of the nobile termnal. 30f~I;s ~" 2002 -3 Notably, it is

desirabl e to deter Ratesat t Qeopmatidni ofireafy a(RGD) | Paterer rApysticatibh h®etialt hRouse of
conplex tine "referen Ile termnals, and "disturbing"
abort ed hando&gﬁ'gﬁ@z@&lﬂséﬂiadﬁtgggbg‘e)g?@“hﬂ’l’]i‘%o? rerighNoe 0B{792:038ht of
the cel lul ar ' i p [0 I . Lavention
successful ly g?gc\l/dlv?ég?% ﬁﬁms‘ ‘ggppa)bai%fcih‘g%%rr\d res%ﬁa\?gééﬂawéefgﬁ%%éﬁg%lggwebed
probl ens. SUMMWsRiONGH althiebileNeENTIRIGN a@vwasycbivingred ddirassent (by., withoprsient

invention is how to,measure th i st ance .bet.ween. a hase. statjon d.a

nobi | e stati ofi® \/\f’fat%ut[‘mﬁé?f?WBcéoqﬂgga agﬂhbrﬁﬁﬁy ‘Etji~I %dtii@c?t@“eg Eﬂé‘f:grﬁlﬁé’c"ner
probl em addr egs@ehddy whbse piskfoRBlard kel lefistSto ke Qo PropLatiBe time
geogr aphi cal position of a nobile termnnal in a non-synchronized nobile
radi o syst em mfRswenents gllksselative Fransmission diaye affbstebesivesn hasq sgtioneineed
for additiona AL L Aal ' ~neference” radio
termnals for hgg{@b%l %thgs%%lﬁérrgé%tggpgﬁﬁgl g@%né)ﬁ?ﬂgg%ngug 1'at lons). Still
anot her probl em adBCEFPacit ApplidatdopSaiatNo. PCT/SEP6/0B561s3 (udrélated S Patente t he

eogr aphi cal posij.tion of, ile radio termnals without creatin
gnngcegé%ry " &Pgl‘ﬁﬁftbﬁ‘r&é@m&@p?ggﬁﬁégiEﬁ‘éﬁ"é“ﬁt& {nperekyst bﬁgﬁlsﬁstaed
hand-overs) . etiodanABh&hAL for ferBliR theHoshidR 0Pk SRMMNe bMHAiA Q0olifar

provi de a netho system for d rmning the position o
termi nal oper atobilg radica systamesselt iagnddr waatvpldi the tGlpben Sysetingifom|Mabileanal og

but capable of carr.yin gihal ,informati.on). traffic channel of a nppile
ﬁagi 0 sSst em %P’W‘éﬂléﬁﬁﬁﬁgﬁsgh’& e‘éltm‘?ﬂ“‘ & ﬁ‘a"“BQ)e’é é’ﬁ&r?*?f’eﬂ? fYR & SCBIEBA ﬂtgl a
net hod and sygi@iovbRab sERPdl Sarkbiebadd Stiorde K ublk th@RIoBAE terMm®] @afsrhiteanobi | €
radio systemis, for 25 exanples a CDVA, W de-band CDVA (WCDVR), or Tine

Di vi si ohS Ml t Bgtess hueséde a(tigenpassysiation.  Hewpveratira tarpetr baspstation gloes pet
resent invention £Q Drevi e t .
gbove- delsc\r/i bgrén%gieac‘fpo@% z?rgln{g{aggﬁbaggﬂ ?%/c%gsde étpﬁgsng% ?’%ﬁd'f 3121&1}181%1191 S

performed by germjtel et kdieits bickns it sarvingbasedationnTasttageehdss s@ation afestihat i on
30 patterns known in advance (i.e., not requiring the trag;f er .of variable
i nf or mat i on) . Teoetved agress bR (el the ound-tipRropagation delay (Rase stfipr ooy de
a method and syRiMbbiataRE! Corsdfuchly) PE RTEreRGAsi SRl $AG nelh G eribd1e
relative tine offsets of

20 the mobile terminal’s position.

A disadvantage of the method disclosed in the above-described Ghosh
application is that the base stations are required to use a global time reference, such
as a GPS signal, to accurately determine a mobile terminal’s position. Similarly,
although the method disclosed in the Lundqvist application avoids the use of a global

25 time reference, instead it uses a complex system of fixed location “reference” radio
terminals whose positions are known, in order to derive relative base station timing
offsets. A disadvantage of the Bergkvist application is that it uses measurements of
round-trip propagation delays from performing a sequence of aborted handovers. This
method takes a considerable amount of time to complete, and it creates substantial

30 disturbances by transmitting individual access bursts to several base stations.
However, these access bursts are generated only for the purpose of determining the

position of the mobile terminal.



O, ~~1t~Y 20@ -4 transm ssions fromradi o base stations can be determ ned
using one nobile termnal, and then applied to determ ne the poaidi‘@n, %02
other nobile termnals. In accordance with the present inventioN,~ tHg
foregoi ng and ot her objects are achieved by a novel nethod and system for
determning the position of nobile 5 terdinals in a cellular nobile radio
system Drawing an analogy to the air traffic field, in consulting an air
traffic time-tabl &otably,dtip desirabledp detemming theqrositionddsanohitedernzinal withdural s

are shown w C i : Lder ast ; t air traffi onpection
bet ween two E:tptt +S§S&J(08Hd. , Eﬁ?lqgghglﬁéa’é’ S?e 5%{%}%5 %OPH%&E%TW%%%I i ﬂb*g“fﬁwgt hese
cities can dabdresd Iandopers,carleivstiead bdable 3o ufilifs@UuRsicl MnctidAs of EHRdeHlar
air-time needed.to fly fromthe gne city 10 to the other (e. Dallas to

St ockhol m) diobde §dig §steih eAsdssariadibelgw, the P@S%Wé@iqwume;sfghﬁpmwbm ein

t he oppesiteudl i N if the local tinmes are
used tog)cal Cakﬂ%{i@%girlf?f\%fretg?lxgégﬁmﬁﬁbt egéts}:ﬁ%%lgpgnsl—bmver , 1t is
relatively easy to calculate the real air-tine for a traveler, by adding

t he apparent _ajr-1i -West trip (e.g., Dallas to Stockholm
—to the appar §W@?§fﬁ§w urn-trip (e.g., 15 Stockholmto
Dal | as), and-di vi @n@?r&ﬂl@n h@Fbskd By the PreserfetmRAtibRlsibw thhehdige 8 disbinge
"round-trip" calculation nethod, the tinme "lost" traveling in one direction

is tinme "gai hetaveen rabaseistagionrandha mobe stagion exithaynt hasing tohise meglabal time

[ ndepegéient of. the local tinmes involved. Utinmately, in order to determ ne
t he di ancerfg%rte%%cen the two cities, the calculated real-tinme can be

nul tiplied by the Anegfd pfobldnhaddiessed di/thd pratentlentitieisdowt tol deteridd thar | v,

in accordance with the present invention, a round-trip calculation nmethod

i s used to deeegraphical pegition afiagneliledenmipalin a npgrsynchronizedmahilgradiasyst®®) and a

bropagat; on® GG sietotal dhh si e RARL Shnutdi e 3004 P MM BoANGY
ref erence i s detemninatbeh eqitpmenb(elds ‘aefdreB&  radio tarminalsfosdstermining tinhe oiffsets he

nmobi |l e network the |ocal. departure and arrival tines of the uplink and
downl i ARk si gREMeen base U8} at e the apparent air-times, T-up and T-down.

The distance, D, *S%il"éﬁ@ﬁieﬁtﬁ}ﬁbﬁﬁ RIAPesER GPhe PPeseAt i%Uérgfgﬁﬁs Béw tdactemtifie UP +

T-down)/2, where "c" equals the speed of light. (1) n accordance with a
first enbodi mengeagraphical positiontofimehilet iadio, terthinalh withow ecréatingamnecessay and a

particular radi o base,station S1) .can b t er m ned the follow ng

novel round-tfs g?éi"ﬁ%()(?'gAaF?qséE“%M@ﬁ&%%ﬁ%ﬁ%}egﬁg?@éﬁ?r%y a network 3
~ ~u'l 200 -5 contyf @l kiRkefbR, @nob)dePbf theJREMhEMVIHAITHY pravident methed ahBC) to
BS 1, which orders BS 1 to neasure the local tipe-of arrival (L-TOA-U) of a

first 8Pgnal syssem for detesminieg thepasifion ph3 mohile tsaninahensrating ipa conpversatienal ed

(uplink) by i _ ) : ) A ' _
Gomnl 1k 1 amiieiirethl Ryt BigtREGH phadk, (BuFeaiile 8 cactlih i S8 Siorhflich)
peri odi cal | y teffid ¢tantdelwflaimdbilearadio,systemi. | ot signal in a WCDVA system at
“the | ocal tinmes-of transn ssjon -TOT-D).. These seco(Pd si gnal s, can be
ecei ved by a1l - Inscnofier phieRbaletEe Presetiieotion g Prayide ametiod agd £ystem

controll er t gnAr figks B hbbee-280Hba1 GBRLE WiRAeinl MEGhoBIRVAHAI Kyshim s SRECLT | e

tinme. The network controll er sends a 'second neasurenent order to the M via

its se@ng BBx4mBpE)a CIvikWulechand COMANW GIBMA), or Time Division Multiple Access
(TDMA) system.

1t is a further object of the present invention to provide a method and system

that meets the above-described objects, wherein the position determination function
is performed by a system that transmits and makes measurements on information

30 patterns known in advance (i.e., not requiring the transfer of variable information).
It is yet another object of the present invention to provide a method and system

that meets the above-described objects, wherein the relative time offsets of



10 transmit the first signal (uplink) within the specified tinme w ndow, and
report its exact local tine-of transmssion (L-TOT-U). The second, n Ay 2002
measur ement order al so orders the MS to measure and report the | ot g\

time-of arrival (L-TOA-D) of the second signal (downlink) transmtted by
BS1. Additionally, the first and second orders identify the downlink and
uplink radi o channels to be used for the above-described transm ssions 15
and neasurements. The M5 and BS 1 report“the respective L-TOA-D and L- TOA-U
measurenments to the network control|er, which forwards this information

t oget her wi t Hranpispigasiromyadip baseestations gambedeserminest using eneemabilevsrtaingbr vi ce

node. Usi ng r cal cul ates the
di st ance bet %ggﬂﬂ%&;@%ﬁd&%l&e %%\pﬁt@@%?@g{l@?@% Feﬁ'%af{' econd enbodi nent
of the present i n\ilﬁrabcmdm(ce“gththe pregerffintion, WebMiegoing &1 othédubjéd arki me

froma M5 to a serying BSOé%fan be determ ned, by a novel nethod, which
sets up a co@ﬁh@v%hyeenavc methad and sustemdar @ﬁ@nssw&mf POfaLigusof pobile

convent sonal ﬁh@fh afdhéllhﬁf mloBAERIARMS siEa ﬂiﬁg@@ﬁ a?ﬂggffg%g%lp GaffidSield

round-trip delay f For the connection. “The va ing round-trip
delay is 25 dnvomhuxgy!ntaMaMc-tabler, d<en be sesn that airqraft depattyres hud spieald of

| i ght, which S tance en t The sa net hod can
be used to de@?"e%i’r% wfﬂhg’ i PG kﬁ%&f\?ﬁpﬂﬁgsﬁwoﬂ%%&ﬁg&%n BSs -
(BS 1, BS2). thoGfik¢es.] DaRds &anm&m{y 88 IRtk biihéd iRthdse cities Bart'@ie@r bP up
determ ne the position of the M5, In accordance with a third enbodi rrent of

the present itavesérdl baurse Cgnyeanently, the appaventayrstimapeeder éo By diom the aneesitya VS
t T TA
techn: e, " s e ke DHAE BEhoR orFORYENG SR8 Ul s By ng)

approach can tba rUﬁledn tie appositadirectibh ¢e.g. Qﬂmdklﬁdhn(tod}dllay), if the- Mdcaltimed ark -
The di stance between the M5 and BSO i s cal cul ated by djviding the

IrouEd trip dewsad tesalgalatparriyal timesinghe timg-tabley Hpweveasiiig “%‘“teﬁée%%é@d of

A :
tha Ve and (iacifEARTeT AR 67H chGelRBY abang MAkRLAR HPfnfs 6f BRIRL0, Woon
al gﬁrl tP(Tulr ts to+West aie@. gd)e?his mSmdéxohh)aoﬁ]e\p/appmtnm-f?hefmgxdvtﬁtumtnpe(fgere gapgtra
one N 1EvE 1 Stood ReDaae SRt ine b hy T, Ry haRaREohEng

base stati ons«hgndrip”BrichiatiBRdnetBdd; the &b "usgKd uayelmgnﬁtmrdir&ﬁérvhs:ﬁmeode to
determ ne the (transm ssion) tine of fsets of those nei ghbori ng BSs reI ative

to the M5 1' s“geined? trgvalingss theether direaiopoand theresit is independenk/sf thedagali s
t hen det d k TOA
e oo R e e SR BN Q0 O BBl e BRI T

shoul d have bgegaldelatdTeslaine eaché myltiptied bg thdispest af theerire rifisthaf mwe?theSI nce

the clocks of the BSs can drift. The nei ghboring BSs report the TOA in
| ocal t30ve t d#Phe service node via a network controller (e. g., MsQ). 15 The

servi ce node al rea?iy,%icaﬁlg\/\ﬁ, dda6r dahé?wﬁﬁﬁﬁeﬂréseﬁhﬁvgﬁld?ﬁw&ﬁﬂ o ?’lﬁg}o BS is

accordance with a th”eénbodi ment of the present i nvention,
provi ded for methedns wieddo tetermins ithe distande tmmnmnmlmdemr(MS)mdmu on

d BS i pcl ud | acal
cl ook The comsaationde) fope B sHeEen SRRk Rk sEpairontali SFopor s
the downlink Jnae@{ gr,w‘ra Bn®T-dowd). s Ak SidtOfo absoldd tikde refaehnu@id re&ulkéacaﬁhe

time-of arrival QA of a downli nk and upl i k ti mng sequence between
t he BS 2nd NsMSTmsl BS rap@“otq neerise fiode i Bugnghi itht lacahdgpagureandhe

control device it NS tand g t he
downl i nk ( L- T %enm celllp\}lg‘%( I'S a‘%’@g{‘ﬁ sﬁ%ﬁ:‘fd%gi ¢ vﬂlll%:t%] gggegﬂgfgwga,
filter or sli Wuwxﬁqr-ﬂedvﬁt The titanes, @, betveech ke MSsdndIBS tan Hd dibcudated gal i s
recei ved
= ¢(T-up + T-down)/2, (1)
where “c” equals the speed of light.

30 In accordance with a first embodiment of the present invention, the distance
between a MS and a particular radio base station (BS1) can be determined by the

following novel round-trip method. A first measurement order is sent by a network



25 on the uplink (L-TOA-LJ). The receiver reports this tinme information to
the control device. In accordance with a sixth enbodi nent of tHhg{pid¥epil?
invention, a radio MSis provided for determning it's own position using
the round-trip position determ nation approach as used for the BS in the
fifth enbodi ment. The radio M5 30 includes a control device having a | ocal
cl ock. The control device, in response 4% receiving a report order, reports
the uplink local tinme-of transm ssion (L-TOT-Ln and downlink |ocal timne-of
arrival (L- T¢ohtrB)lerdé.gt, MobiloSetviires SauidhinglGenter bi MISQY to BS1,Gvil¥Eh deRBS1

sequence between th nd the r.adj . The al so includes a .
transmtter ,to\mﬁaé‘ﬁeﬁlig{g?‘ﬁ anes0 "P‘Té‘"g]cfgf%éi‘\'%iﬁ ql\:/grsg fienal{ggamicontentiondl t hat a
signal is tr bideB8erRB) {18 ' 7 3 i {.ncl uded,
whi ch uses a@ﬂngitﬂ?heg fi Ig)ter %?ﬁglkl?gie%(ug@k)t?%%}%rﬁﬁa}géﬁe?ﬁ?%‘gh%ﬁgh{iéﬂstant
in time a sigmdbwi Witlexesperetd dowilmkdoaminissionSBE L nddall) tranbhritsraseainder
reports this.ti L nf.oration to e, control devjce. | por t ant t echni cal
advant §ge ofggli‘?gg W%@%‘P’ (i_“ntg‘é ﬂ?WBi’i’Qf ?'ﬁ'h%?‘??tﬁég“ﬁl)’é’i & Y@ﬂ)ﬁ%’rs A Pn

net hod used degsinfteloftiafishisson (IEFOTVD .himésiezseamB%ﬁ%na@ dah B8 réR{RE®BIGR, OF
"reference" termnals with known posi-tions. Al so, the present invéntion

does not gerfdfat whigh makes Bamnpecessasy forthe network eentrablsntocerder BS! tnsentiar

i nportant te L.cal . VR rese i i I8t it can be
applied to a‘?ﬁ?ﬁﬁo isi%glcomn%ﬁcag% ic‘é)érai;ﬁie%}s eénmi;hei nic(ﬁ}% Fﬁ‘gl,rélfe&?p@&r?ﬁi’oé‘,% a
CDVA, WCDVA, mddatdlemdnit edezto \the IM$ viDits SetivirigtBS (BSOR 9shiciroidyys tier M3n@! og
system provided.that suych a systemis. capahl e .of conveying digital

i nfor ik i on wsmﬁéh%ﬂ ﬁ%‘_’%ﬁ‘ﬂ’“&lﬂmi iéhe %ﬁ‘ﬁeﬂ*@e%d%‘ﬁcﬁnm i eaPlabl e of
measuring | ogal; i85t aFnsission A IR The&cond MESurenidnt &rd@f‘ﬂ%&ifrpeﬁsmortant
techni cal advantage of the present invention i1s that 1t is sti possi bl e
to use a ti ndSrtemessueandaeepprt theRal efmerefraravali(B+EOA-D)ofithe sddBad sighalch
makes it unngcessary to ha iL.her. downl.i or up) i nk sur.enent § nmade.
Yet anot her HﬂBﬁ‘g\Qﬁan‘E’&tﬁﬁgzgstla tf%hy’gge _ﬁﬁ&“ﬁi%&%‘iﬁgﬁﬁ’&éﬁwﬁ%a}es t hat
it 20 makes idwiiRkah®hflidiCradhandd 11HRIBedRF kild MoviLasschissd radginftdbped, as

a "reference"” termnal for the purpose of determning the timng offsets of

nei ghbldr i ng BEsneasuementge dbe MS andBE 1 eenont the respeatived.-EaRtaad delOAU

decreases the nunbe f [ r.;m ne | ti.on of
ot her Nes. - D8R prnisdo kARG PRtk SR Pact R Ao B Wi
under st andi ngie Qderitite ofiticMS t6 aPreqepsut di U twomaepiesesde. IUNENA farth sy be
had by reference to the follow ng detail ed descriqti)ﬁtion when taken in

conj unct i on BAwationdeshauaabexehe Brogessor srieulgipeiheidistance beryeen theMs andhemat i ¢
bl ock di agraggpf a cellular nobile radio system 30 which can be used to

i npl enent a nethod for determining the position of a nobile radio station
(W tha@ requiri nin adeerdases witha seconsd ensticslireentef the present onvelatiore(evg.in aa

preferred e”BBﬂkK%?Rvaﬁﬂ%yﬁéﬁi"tﬂé aiir- e oi:n(rjlna; MS to a serving BS (BS0) can be

determined by a novel method, which sets up a connection (e.g., a call) between the

BS0 and the MS. A conventional matched filter technique can be used to determine

the round-trip delay for the connection. The value of the resulting round-trip delay is

25 divided by two, and the result is multiplied by the speed of light, which gives the

distance between the MS and BSO. The same method can be used to determine the

distance between the MS and two neighboring BSs (BS1, BS2). A conventional
triangulation algorithm is then used to determine the position of the MS.

In accordance with a third embodiment of the present invention (e.g., in a

30 TDMA system), the air-time from a MS to a serving BS (BSO0) is determined by a

conventional Timing Advance (TA) technique. As in the second embodiment, a

conventional matched filtering approach can be used to determine the round-trip delay.



30 MA'Y 2002 -8 FIGURE 2 is a schematic bl ock diagramof a radi o base
station and nobile radio station, which are structured in accorda,nﬁ ga
respective enbodi nents of the present invention; and FIGURE 3 is +a fM i
di agram that shows a nethod for determning the position 5 of a nobile

radi o station, which can be inplenented by the enbodi nents shown in Fl GUREs
1 and 2. DETAI LED DESCRI PTI ON OF THE DRAW NGS The preferred enbodi nent of
the present invention and its advantages-@are best 10 understood by
referring to FIGURES 1-3 of the drawin 85, | i ke nunerals being used for |ike
and corresponafhﬂglspambetwmrtllheM«%\ﬁmbBS d caldulajed byrdicidifg the round-srihéutm i C

ol oment a mets 8 Bt doBapiRab i ifdeRutHy ?*ﬁeﬂlp(%??afﬁ%bﬂ‘@%%ﬁaf’ﬁe §$n§é’. Zﬁ

(wi t hout requinettiod dahebeused of deteriniineethe distined behveeh theAASUNAING Rie
preferred enbodi nent of the present invention. Sﬁst em 200 inclu

a
plurality of B§§Iﬂ%sb§s$) sfLonymtionat griangplation glgo Sthﬁlé'éc%@@@tegmiﬂeitMS of
t hat pI al i t?; sgtfn Apgse stations are shown: BSO (serving base station
for a |Ie 10 S t|on whose position is to be determ ned); and two
nei ghborl ng base simadcordan&Svith aﬁﬂxrﬁ&“e&boﬁimdrﬁoﬁthbpws&ﬁﬁhveﬁﬁoﬂ, tB@ﬁosﬁi‘E&l are

| ted at diff t f ff t || d
combeted t o deryerdonous S 88 r pnd Ge Gosivadl diftinces opt wBEMS] oblehbrns
PLM\) via conpaistiione(e.t, Blss ﬁ@i et Pﬁretugéii W@H&%&ws&mg%&@wdeﬁé}mﬁ et hi's

network ' includes a network control such for exanpl e,
servi ces swi t tici(ngnsodssien) tl@nﬂﬁ%@&f thogtnejghtioring BiSs eclatixe toitke MSDlstseiving

Swi tched, Tel e PSTN ( not Wit shown) t.0 a service node
mobi | e ﬁ%sit.BH@éOS'eﬁﬁf%poe Byo Zr5eong M3 é@’% %?‘rﬁ?“t‘fb"é‘ ’??é%
storage area Whriventiorladeikhed Aplirdddralodink W@A@ﬂﬂeﬂlﬁﬂ aN@ﬁa aétid‘al ﬁ@deromat
channels to specific nobile radio stations (e. . The | ook- up

tabl e (204) f thecpesitiomdedved fareMRchpold h@/erbfffar@t@mwb recently before dke MPC

203 uplink an [ r I ate
t hose tines t%‘?%‘gﬁgl ts}ntc?%s %@%Io\?glfl?gsan% Ehig{%%%%ﬂ%@g
comuni cat es wahtHe'BGA/mdocal e tatheaermice nodd ein haweevdrk controlier (e.g.nM8C)ace
211 between BS0 and. M5 r this enbo t he erV| node MPC 203
i ncl ude$Sa pr dBesgyicery %a&WSW°Wﬁﬁ%@°P&|ﬁ%ﬂé§eﬁcﬁgB gs unit 203b,
storage unit 203c) pedtdidcdRith a HABEmbRBHnent 8f (he presbnd m@&@n%n,_ﬁradid BStjs and
second cal culating units 203e and 203f, respectively. The processor 203a
mai nt ai ns t hepgeidedafitn datermpinéng ithe riositionnaf iaoM$ dtsinga@h rendethip BoEtiom
storage unit 203c.. The cal cu] atj hgauni 203 d .203f .are.utiljzedio

cal cul ate the%ﬁtﬁwm‘w HPreae: k)é%gﬁﬁWM ac?‘é ﬁ%e"%ﬁ%%“%i ﬁfﬁ f Ef’%t ored
BS posi tion i ghgfdrdevies) n@f&dpdrﬂ@&f keéiwﬁg b epott orden1eportsthOdovim koM dimat 1 i val
times (from MSC 202) for th a‘algl i nk and downl i nk manal s. For exanple, the

first caocul apf ﬁgnamnsﬁlomﬂ% ) a5 uplink logal imesofearivali(Br EOAY of ggdawmiink p
di st ance, ‘Q@ﬁgk%zrg’@g(ls%qgeme Reve ) the s gm&%/t(se Phe BESHko fiﬁcﬂ;{i’ 'ng‘SNS D

= c(T-up + T omthe reporte ocal transm ssion
(L-TOT-U, L- Tﬁﬁnﬁltmnﬁwhmhabpc&tsruo\xhé contrd sieyice Ti@Amstant iniltive Bhat ardigna iJ- up =
L-TOA-U - L-TOT- — . :
( AU trgnrsggtfed%rxltdthg %%wnlink (L-TOT-D). A receiver is also included, which uses a
matched filter or sliding correlator to determine the instant in time a signal is received

25 on the uplink (I-TOA-U). The receiver reports this time information to the control

device.

In accordance with a sixth embodiment of the present invention, a radio MS
is provided for determining it’s own position using the round-trip position
determination approach as used for the BS in the fifth embodiment. The radio MS

30 includes a control device having a local clock. The control device, in response to
receiving a report order, reports the uplink local time-of-transmission (L-TOT-U) and
downlink local time-of-arrival (L-TOA-D) of the downlink and uplink timing



T-down = (L-TOA-D - L-TOI-D). (4) The second cal culating unit 20%1(‘) cgh, be
utilized to calculate the position of the M5 15 under considerati gu (“éYgZU,UZ
M5 208) by using the round-trip distance information, D, between that M
and at | east three radi o base stations (e.g., BSO, BS 1, BS2). As an
option, the second cal culating unit 203f _can al so use any reported
direction of arrival (DOA) information if-avail abl e from ant enna arrays to

det i t he MBS iti . t hi 1 iti f the MS b
dot or m ned meriepcr Bonesn s anchiee idhs -5 i RES alp Seriimescransmieat | on
Wi th respect yi@cPRBoRSto s c§MFd'lzde’v1*&é‘Ehe'\f§sthxﬁ ih Yindd sk a?‘btiﬁx?al @%@Mu@& Juth

| d. The stor 1t C

(DOA) and distance fromthe BS involved. age u mal nt ai ns
t he known poshe uplink @f-TOAeUheAweedives is aldo inchated, whirhiwesa (mtadhed fB660pr BS 1,

BS2). The recgi.vin nit. 203b and, sendi ng..unit .203d provide ans for the
service nodesﬁé&g Eg%éi?%r E?o%fﬁﬂfrl?gpee“\ﬁa{lﬂgflﬁbe %ség%glslfg Veélcﬂﬁ‘ttﬁﬁ P%{PP"(‘IMSC
202), and al ?D-’I‘@AiD)S UlHeGred et Fepoptd s tiRGhfoBRetior RahdEortRt dbiied
information (e.g., using a Short Message Service or SMS feature). In
operation, assune Athipornitednical advimagmhefdhe presentiinientian isghatdhelposition ned.

tar1) bet woeHciRlpaihedid uAA: AGRLARE R pit@lBcd BROATH Ristfed -
message Vi a optefeéicen tédmirdilslwitl kv PBsitidrisc A lsy, dies preddnt #R8ntich @sdsfet m t he

position determ nation functions. The M5 208 transmts via connection 211
i ts report ed SPRREAIC WNEGFSTATY RCeRSRUEY GistubARCeS i val tines, which are

recei vegl by BSO a')ﬁl&ﬁ’é}\{ﬁ}ﬂsﬁar{t(?%&\ﬂﬁaf\ﬁ@agtgge ofithe Pi‘b@éﬁtﬁﬁventiﬁn %(?tziﬁ gRp2 -io

signal connections 212 and 213 (to BSl and™ BS2, respectively
represents abpaepplidddo anemebii¢ commuvnicatinns eystem; ingludingt fordxampleha CNIAnk and

ot er m nat | oNVGEARANTONE A Bdhst e fiv RSBl $Eon (5 DBAAN it nziol Sethr .
Simlarly, t st‘ov‘i‘dléﬁf‘thﬁt%'ﬁcﬁi YRfm R cﬁﬂbﬂ?&fcbﬁ%%rin’g]d}%i% thi3dRat{on’ GrthBaphnend

BS2, respectively) each represents a position deferm nati on sequence

transmitted enddbemlinyand itls BSs BB MSsanelcapable ofmeasueingiloead trapsniissiongnd For

thi s egpodi nent %.hieg position determ nati on sequence information need only
mar k. However, for a different enbodi nent, these

be a p defiﬁgbvatl%

prS edef ijneg t Isrzre MeStH Barfoitier raportmt erknicsicidasntiid aftthe pesait $nvchaos 0§ thhleiﬂ bby

BS1 and 10 BS2 in a CDVA or V\CDMAE system i stance fromt nei. oring

base st ati onds tibkpossibjgdo jisg 3 timg ge RB“%‘?@&’ %gﬁr gﬁﬂ‘i&%@#ﬂégﬂ‘%\ggﬁ ‘Y*H%‘

above-descri = Lo jifal ] i i stance from
D&k ?c‘iﬂxﬂ%#%@%@v{egﬁ?ﬂgﬁ@ﬁ% gggxﬁlggcnﬂgﬁgﬂ%g?eﬂﬂﬁa&]é

t he serving base stat ermned with a
conventional Ti me Yehaaother thsirtantechrca adeantage ofgbdprisgng inyentiomisaghaiivA 15

(oo a0 h asies drposeibiono aps By whasstogitiah bos R efFERTIRr AR el NeS08) and
the base st aty@ifall Bp@Phe Patpos8df)detciinfiifly \the Bnﬁt}i@ ofBEtdf BRighdeahf HKs.

information, are then used'in a triangulation algorithmto determ ne the
MS' s positi orConsequeRtly? thes pressrth invention lplvinkagepugy adecesses thed nembers of

station and nobile 20 i t at il ol i .ar ured i n accordance
o oh the oy oTisasiunieni R &' Bldnfihe MOBSTA G Fhdrdider” ol |1 BOC
enbodi nent, the radi o base station BS 1 (or BS2,...BSn)

25 BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the method and apparatus of the present

invention may be had by reference to the following detailed description when taken

in conjunction with the accompanying drawings wherein:
FIGURE 1 is a schematic block diagram of a cellular mobile radio system,
30 which can be used to implement a method for determining the position of a mobile
radio station (without requiring the use of a time reference), in accordance with a

preferred embodiment of the present invention;



and nobile station M5 208 are part of a WCDVA system BS1 includes a
transm ssion antenna 301 and two receiving antennas 302. The pai¥ JoflAY 2002
recei ving antennas 301 advant ageously provi des space diversity for the
radio traffic, and also for 25 the present invention's uplink neasurenents.
BS 1 also inciudes a transmtter section 303, receiver section 304, and a
mat ched filter 305 preferably inplenented as a Firutelnpul se-Response (FIR)
filter. The FIR filter 305 (connected to receiver section 304) utilizes a

conventional tim i t,ern ne the instant an i ink signal 309
arrives at BS1, m@ﬁgﬁﬁ%ﬂggyggﬁe&a&g bﬁ%c? c?xﬁ%ra.x& S%Wfim&éqsﬁéﬁﬁg? apd mabile nj ng
the positi on r@dlo efatidf; viiéh arése@ibire®in atotdaRESwitR 26kpedtiveBnibodnfdlts Shﬁgk 308

(via connection 307 firomFI R filter 305 at the reported instant) the |ocal
time-of arri wigseppRYSmioplandoa- Uy, and o ~~-~ ~aa2 -1~ conveys this

i nformation al ong pitRE DR &iia?x’aﬁﬂhﬁ b I J: 1 formation to
MSC 202. Ms 208 is structurae toTnp err%ﬂt %ﬁgﬁpﬁb@gﬂ{&\?ﬂ“@%g&ﬂ%‘gﬂn .
det er mi Aat i orfrendtolt radioastatiay, whizh can be aaplendated byt thatmbbddiBenis shbo ih hi S
enbodi nent i udes a transmt/receive antenna 321, which is
connect ed tolﬁGﬁg%éﬁ\@EHSecti on 324, transmtter section 323, and___
transmtter/receiver section 323. A matched filter 325 (also inplenented as
a FIRfilter) is connected to receiver section 324. The FIR filter 325

utilizes a cdNTBALEIZBRESGRIPRONCIHFHEURRANVINGSr mi ne the instant a

downl i nk signal 3 1 | V&S 08 which is to.he used for the
present method of %%gtpg?j%&% ‘ng Cfﬁée%gg |ﬁ}e| p(gﬁsegﬁ( nyeatio and ﬁs ﬁ%"ﬁp&g?s Uh i’?St 326
reads flpom a un@erstood bpedferdng td FIGURBNNS of iheir3difgd, likehinh&alsivel@rusé@fprat t he
reported instant) the locagl tinme-of arrival downFi nk (L TOA-D), and conveys

this infor natlik§And FomeFPANYIAS PAES okBe VARUSAIIAWMES channel identity

information to MSGAPREY LRI a?grg ! hyer
section 15 330, a%tlénna ggf%c%:' r-i r‘l)!tldec?ﬁglé e gggg%{lr?yr?'@ﬁ]gg@?ég&?ﬁ (ly% base
stati on BSO. wlliieh canbe wded o implRentd sethydrfer detesniamgithe podition ghialmoble,

which is transnmtted bx{. 208 Vi atér ans&;tt.er s?cti on .323, and antenna
321. The upl iA%oStayRR (Wigaut frapinme;tae psgef § tmeafplarenceh 48 @ceqrdancsWitthdol ved

(e.g., BS | )rat 0 ol | LERioR! iJpi ng
t he pos1 i|§t ion pg?fel;re#\l/éﬁg%dsﬂ?&gﬁ% ﬁ% ggg%tn r %ﬁxo&ﬁ‘?@%&n&%ﬂ@ﬂx&%ﬁa%ﬁk? 51 oPoc al
cl ock 328 t headiobase stations. dlfortclanity, winkysthoge base stgiiong)pf that piubality of radio basgnal

309, and conveys this, inf, lation.,al ong wth the, associated.radi o..channel
Cdentity o IatoBtEe o SR Gisking b sriot Ry aumoblietadp Slalo M rpstagRiscny |
det erm ne t hgsii¢lBe dbfesmided); B8d (0O nkighbérig Wie wlations BSOS ahd BS2L Prefrddey,
determned (e.g., M5 208). The Iookauﬁp table al so_majntains, in addition to
the known B §§bsﬁsﬂi ad BS2 angrlegated 3tchtterentesites to definedittersnt eelishandhal] are

carryi t he Lo . '_ﬁ;cgﬁallg 1R 192 1l N ok o £Eﬁf
si gnal s%are soglr%% |th\ét he 1o %ﬁﬁgotdéﬁ%’ bellﬁz'lfaﬁghg%ﬂ% IS Set t%" e emi/;elen t he
servi ng base amahumcatiB8Qirksd201he FivSthenexeimplaty (éii)dimentdshiolva, dliid arctwmksage

is sent toinitjiate the prese net.hod_.of det.erm ni. the MS. s .position.
FIGURE 3 is anflp a&eawfgﬁ?’fflﬂfg r, S 50° ARG dpePiledprvices switeil HEFFe 30

posi tion of Wi& whithQs Sériteb@A vidPaBlicORitdiRd TERpRORINEh I of BSTN .

enbodi nents shown in FIGURES 1 and 2. For these enbodinents, system 200 is

a CDVA nbi | e(notenplicitlysshewn) i a sareige Bode mabileppaitéaning canter dMAG)R203h &he

positi 9 of aM@&bidZe inE:ﬁx%'eg a %cer‘ﬁérg'nstoragc area with a look-up table 204, which relates
specific radio channels to specific mobile radio stations (e.g., MS 208). The look-up

table (204) function allows the MSC 202 to report to the service node MPC 203 uplink

and downlink signal transmission and arrival times, and relate those times to the
mobile station(s) invoived (e.g., MS 208). Each MS communicates with a BS via a

30 radio air interface (e.g., air interface 211 between BS0 and MS 208).
For this embodiment, the service node MPC 203 includes a processor 203a,

which further includes a receiving unit 203b, storage unit 203c, sending unit 203d, and



3Dr~'"~"_. ~ | ~~2 -12 (e.g., M5 208) is received at service node MPC
203. For exarrpl e, such a request can conme into MPC 203 as a shord (Ot EAY 2002
nmessage from a subscriber. In response to receiving such a request, at step
502, MPC 203 sends an order nessage via MSC 202 and serving BSO to M5 208,
which orders M5 208 to initiate the posigiLon 5 determ nation function for
itself. The position determnation is made using the |ocations of the

servi ng BSO r a
conventi onal Ty s SORRTICIAIRAR Snfh 203N R CreRRaRRE The bPRIBiE

di st ance bet maérains el geographival M;oxbmfaradauuh #dri eagh olicher B8 W-stdrage Gt ay

Foports the Aertieaalo TG AaE S AOFh A FHS) LONBURS 0 Ras mco! Eﬁéd i

step 504) thg¥Envifive IS 208)) & '
TOA- D2, of tﬁte (pil otd;(eglsgng S jt]rglhggnﬁ%%tgreawrﬁsgg}?ﬁgrﬁﬂ@a&ljegpe ively,

and rep’i)rts lagek wranspeissiom timegadnd amvel Vimes ESOmaMSG/R02200r tle MIRKART At
step 505, g‘g&iﬂ%ig&t an order nmessage via MSC 202 to BS1 and BS2, which
orders BS1 1 "listen" for positioning data which is to be

transmtted on thBouakamyMefmeﬁhw&am&tﬁgrdnﬂgzwe%ﬁﬂ%fdtmded B eNlmBhte i St ep
506; MPC 203 sends an order nessage.to M5 208 via MSC 202 and BSO which

orders N5 208und-tip distancs D, hetwssa PN%H? thgMa08) and2 RS (e-Be Bides follows:

interval, and repgyd g, D9R§ whyANSM ssion time (L-TOT-U),yia BSO and MSC
202 to MPC 203. ZgAtésg%p 5867 %%I and BS2 neasure the r %{\;ective | ocal

arrivalo ti mefrom the @pdieddochl Ilr-a:limrskiﬁn tinfiest(ReT @B L-DOTD) dad dodat amisal tt ed
during the s eC|f r S|ng a conventional correlation nethod.
At step 508 iﬂm@si ¥§6’0P? ‘Y ®respective local base station times
for the transmtteoh anaiea-U-- T9oRW, apd L-TOT D2, (gnd | ocal base station
arrival times for therecelved si gnal s, TOA—UlanéLZS TOA- U2, to MPC

203 via MSC 202. Ardosep (BODA QEQT@lcuI ates the posit#bn of M 208

i he k BS
Bquati ons o 4 18stvR8 SHlehisRAE PRS0 FERRL B B LR mpRBER GRC R | "
presenis i nVeﬁﬁd&%onixB&aﬁ&{ (e, MISQ208) %yﬁx&ﬁ@ltﬁ@o&ﬁ&nﬁpﬂls@cé rFomatioheD, at any

appropriate tinme, if the | ocal 30 transnission time is bei ng reported from

MB 208. Howebetween thap Mpandsatileasetimenradiothase siphiansi(e-gi 9 BStyBAZki tted from
bi |
a mobil e station mo&eeﬁ? éghe? Qed gtcglcgﬁthgt\.glﬁatgdﬂg%gﬁla?sq ﬁ?enﬁ{rg }eéggec?t

knomn absolute tinmes r servin on's t
‘1 e -13 adifedtion ocﬂas't\rahﬁmmammﬁmtﬂohef seilabin Grobaseeataairtags taddlerhling

rmblle statian. nsequen n altern to the prior, art hods
the di st anceMsYR ‘l%ﬁ% iﬂe%\f ﬁSWEPﬁﬁﬁ@%M@mﬂ%ﬁ%ﬂy

det er ed u @SRt $h¥eMil Qe@% etaer the
di starr?cgs be?{ﬁcgg%ﬂdé%piﬁ and ’l\/%r%ggm%nd BSZtiOBvJ;{r?d CQOB%BQ %gf@glp%ﬁ%

st eps 504- 508 wtlheated mwmmanmutlidBQA)tﬁeId dagtance ffom tl@t%ﬁ‘axrt'yoBredAl t hough a

Y. eferred enbodi ngnt ,of the hod arat us vent| on
has been illustrat s]tﬂragﬁgmégﬁ t%%%ﬁmag“ %3‘9%?&3’8@‘?
f oregoi ng Debadel seflions §&:51 BSOOBS1 IBszon mheb&e i xﬁtmmastendxhguhmeml on is

not limted 10 to - the enbodi nent discl osed i s capabl e of nunerous
r ear r angemenPEOVidhameaaa fordhe sevicenods NMPG 203 ie Whlé!ﬁatﬁ‘é’ﬁhrthﬁ" Aefworlom t he

spirit 28 ft h%oﬁtpé'ifel?t(m §§2),S Ghd 585 WMS&%MFEQuQ%ny}&eE\%é m Bgmﬁ&?' ms.

information (e.g., using a Short Message Service or SMS feature).

In operation, assume that MS 208 is a MS whose position is to be determined.

The bi-directional link 211 shown represents a signal connection (e.g., a call) between

MS 208 and its serving BSO. The MSC 204 sends an order message via connection

30 211 to MS 208 which orders MS 208 to perform the positien determination functions.
The MS 208 transmits via connection 211 its reported local signal transmission and

arrival times, which are received by BS0 and conveyed to the MSC 202. The uplink



-14 WHAT IS CLAIMED 1S: 1. A method for determining the round-trip air-time
between a nobile radio station and a first radi o base station,éggngklsina
the steps of: said nobile radio station and said first radio b At L
each determining a 5 local tinme of transm ssion of an uplink signal and a
downl i nk signal respectively; said nobile radio station and said first
radi o base station each determning a local tinme of reception of said
downl i nk signal and said uplink signal_hgﬁpectively; cal cul ati ng an
apparent uplink air-time fromsaid local tine of transm ssion of said

uplink signal.and said.| L 0, ept.i of sai.d.uplipk signal; 10
cal cul ati ng S¥"4 %%\"8%{0“3?@%“%?‘% (I’(-’ ﬁarsﬁrea%fir}g%’srg?p&cﬁl %’é eaFFﬁEPrS ents a
transni ssion Eeéiyisﬁheteﬂ@mdidmée_qaémafmaxﬁmeaaindhé aslalk ddecéed BERR] hap of
said downlink signal; and adding said apparent uplink air-time and said
appar ent dowRS2nk Earr this sxemplaghieghodiaerd, thisipsitionp deferminptign se@ence The
nmet hod of d al : rd.Sih S . r m.ni { he.di stance
bet ween sai d%m) |?tégdﬁg%??n§gfg}acﬁr€§%ér@egg® g I%‘lgl%s'?é ‘Pg%lhg’ (gsr&e0 slél]?i (%{ﬁby
mul tipl §i ng sedrgctiensrdd4tand P15i(frorh BSe ahg BSAerespretivelpy eath giptesehty b gositidy t wo.
3. The nmethod of CAaim1l, further. conprising fhe s of _determ ni ng-the 20
round-trip aaFtPW%t‘%fwwcmmmwne‘hF &a&%f@i‘aﬁgﬁ and B % SCHRHVEhdi 0
base station bgags 2@8.p%rftﬁirs@md{m&t&hﬁ%smtm@eéﬁmﬁwequeﬁ& igmn_ Lo adi 0

[ 4, T of alm 3,

station and s second radi o b_ase station. 4. he et ho
furt her conpmeed onjytbiest predgfineditiniemarkyi Howgvearhor 25liffersint ¢nobpdidnestatigserobi | e

radi o station : termping a finst radial.,di stance bet n [ d first
radi o base spg%qgéﬁecgﬁﬁcﬁqrgs ﬁ%‘oti’el gnqlgrafxbtecg?sawikgﬁ}gﬂgﬁéraéxs@g@c@% ﬁgh F%J

di st angg bet W3RN STDMIEEOWEDN §ysteage station and said nobile radio
station, by nultiplyi each said round-trip air-tine by the speed of |ight,

di vi ded’ by two: 30Hacianes AORLS nelebeiya AshsafioRsBiI e BOBHe the MS(208) i r st

radi al distance ' faladi Ge; = =9I 30
L 02 © 1 eEpEerhihel \RFABT Bt oG ip pifon diion e, , 0 0
5. The net hodhefdistdnat from, thé servingrbasosmtios(BRD) tdthe NS [(208) albt déteintinad) t he

position of said nobile radjo station, by:

with a conventional Time Advance dlstan%é measurement method (e.g., in a TDMA

15 system), or a conventional matched filter distance measurement method (e.g., in a
CDMA or WCDMA system). These distances between the MS (208) and the base
stations (BS0, BS1, BS2), along with the known BS location information, are then
used in a triangulation algorithm to determine the MS’s position.

FIGURE 2 is a schematic block diagram of a radio base station and mobile

20 radio station, which are structured in accordance with the preferred embodiment of the
present invention. For this embodiment, the radio base station BS1 (or BS2,...BSn)
and mobile station MS 208 are part of a WCDMA system. BS1 includes a
transmission antenna 301 and two receiving antennas 302. The pair of receiving
antennas 301 advantageously provides space diversity for the radio traffic, and also for

25 the present invention’s uplink measurements. BS1 also includes a transmitter section
303, receiver section 304, and a matched filter 305 preferably implemented as a Finite-
Impulse-Response (FIR) filter. The FIR filter 305 (connected to receiver section 304)
utilizes a conventional timing technique to determine the instant an uplink signal 309
arrives at BS1, which is to be used for the present method of determining the position

30 of MS 208. A control unit 306 reads from a local clock 308 (via connection 307 from
FIR filter 305 at the reported instant) the local time-of-arrival uplink (L-TOA-U), and



5 determ ning the di stance between said nobile radio station and second and
third radio base stations, by re-performng the steps of dains-~-and 2 for
said second and third radi o base stations; and triangul ating wi OhMAdi 2002

di stance between said nobile radio station and said first radio base
station, said nobile radio station and sagi d second radi o base station, and
10 said nobile radio station and said third radio base station. 6. The

T o ot Phege ¢ GO MRb i Ao ke B Rl DA R R "

of said rmb
nore than tht&Mscamz base stations. 15 7. The rret hod of Claim 2, further
conprising the steps _of:. receiving at |east one direction of arrlval si gnal

for said nobil e r 3 8 i gtrusHIsth P la%plwe%tth%%emtmMsmglélogtdatemmanamd
deter m ni ng 550 ks SRHCSHIRRYS i 3F RIS Al AR drbicABl MK bEET ! O

of 20 arriva SI gn and sai |stance etween sal era I on
and sai§ fir stcludesa trahamsivrestiat motannad’2 1 Twbiches d:mnienédfalamemlier sedtéonedd, sai d

t l'i nk t ' | to. I d
bl Tk si GnatRTRE piRbon ety it FesrEier et 23 (o mastin R ARE

signal, and gassl apparent downlink air-time is equal to the Iocal time of
arrival for sai d downlink signal mnus the Iocal tine-of transm ssion for
sai d downl i nkimplegeated aga Fil Altes) iseoumerteddozieeniver segttonai2d. TheFIBHiltnB2% i ng,

ﬁg?b\g? . ag g r \?;OBEU | %:ﬁ;gnyqnfi_gx_xaj t_n‘ﬂﬁﬁg %Elfm&?c b6 gﬁ%ﬂF ﬂme%aﬂ%ﬁ a dggnf’xiﬁp}ﬂgna ? § 6 ons

-_ _ 110 - amrivesht MS 208, which 16 tdl6e ufedfor h&dprcﬁernt (ik%tlﬁddmmddléhﬁlﬁﬁxgdh@t ance
between a mobile radio station and a first radio base station, )rising

the steps of PosiHPRoRMiSi308. AaeAnérokunit ?’%ﬁfea%ﬁ%raladowlf%qckﬁa&i(wa@a@@ iemt i on
o el o™ g oy PR 1325 bi'ie RpolE RTINS ThePoRlirfo Ry lgand a

downl i nk sign respective sai I 0 statlon ang sald first
radi o base stmAdD) aad hodm}erutnsninlﬁg'nmtlbnmng mith the assorégied cadiofchsmiell

downl i nk si .and_said u nal . ect cal. atln an
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upl i nksi gnal33gngheiiad21 ChRIntérksR 381, aﬁﬁqs@ser%g%dma& stdtfonBS i gnal ;

The control unit 326 also generates an uplink signal 309, which is transmitted
by MS 208 via transmitter section 323, and antenna 321. The uplink signal 309, which

is received by the base station involved (e.g., BS1), is used in implementing the

present method of determining the position of a MS. As such, the control unit 326

20 reads on the local clock 328 the local time-of-transmission (L-TOT-U) for the uplink

signal 309, and conveys this information along with the associated radio channel

identity to MSC 202. The MSC 202 consults look-up table 204 (FIGURE 1) to

determine the identity of the mobiie station whose position is to be determined (e.g.,

MS 208). The look-up table also maintains, in addition to the known BS position

25 information, the associated radio channels carrying the respective signals 211, 212,

213, 214 and 215. These signals are stored in the look-up table when the call is set up

between the serving base station BSO and the MS involved (208), and the order
message is sent to initiate the present method of determining the MS’s position.

FIGURE 3 is a flow diagram that shows a method 500 for determining the

30 position of a mobile radio station, which can be implcrriented by the embodiments

shown in FIGUREs 1 and 2. For these embodiments, system 200 is a CDMA mobile

radio system. At step 501, a request to determine the position of a mobile radio station



cal cul ating an apparent downlink air-time fromsaid |local time of

transm ssion 10 of said downlink signal and said |local tine of:iﬁcgggiqﬁ of
said downlink signal; adding said apparent uplink air-tine and igr o4 2
apparent downlink air-tinme to obtain a round-trip air-time; and nmultiplying
said round-trip air-time by the speed of light divided by two. 15 11. A

nmet hod for determning the distance of a nobile radio station in a nobile
communi cations system conprising the stieps of: setting up a connection

bet ween said nobile radio station and a first radio base station in said

rmbilecorrrru'a'soib% : .,“1911’ ppar ent link air-time and
appar ent dovxg‘%'g'h&i al r)?%lén%e?%#g%&g%ﬁa congtrabcot%io r%&%“ﬂ@ﬁ“@}ﬁ&“ﬁ%%ﬁ% radi o
station and geind ihior MPC 203 as hashertsteat nessage Wtdrh iazéubgeriber 0dal refpoise &f
transm ssion and a local tinme of reception neasured from an associ at ed

| ocal cl ock é@ceg’ﬁl&:ﬁuﬁbBF‘?Oé‘eﬁte&iF’@PéP&tMBﬁ %04 gendian ordergmespaggivia Me202 at i on;
adding sai d gppalffihe Wad B s 268, WhtRdoritd MEPRREH iHAWR! HRK pilificd | e

k
for 25 said connect |%n to obtain & round-trip air-tine I(Iﬁor sal d*connecti on;
and det £r m nidagnaindtien fmwtioh dor staclfl dhengsitiomndettryninatidni 3l madyg usiag dhe

tvo 1o o GrationSipt 4FE sefpeSq AR i mbrn sass vfns Bsland ik agpmus o' 2
det er m ni ng 3Gohbentionsl m‘aﬁgm@ﬁoxsags?mbi e step 508, BEBIdeRPmid¥¥ thélgls@hsd ni ng a

first radial distance between sai irst radio base station and said nobile
radi o st ati obgetwearitselEanddvid 208dyralcylating thearoped-iredelay GRYbLMB-B&A) wingise

station ~~~a f i .~ ~t = ~7, - ' il di,0 st.ati.on, by
mul ti plying Aoy g‘g%ﬁng{ gn(f tcrh(%g:?g-%{l ?@6 ogjlefr%ﬂ?zlx %@ét?%(%’mag'gi rgpérl%sr gl{e §%}8’n§13?%
secondjpadi o dixafRe fifatrhAionbya MST 30edMBC Jo3ght di vi ded by two; determ ning
a plurality of intersections_of said first radjal, di stance and sai d second

radi al distance; drdtes 594 tbeMhg0Smeasysesthe lasal arviush tiagsd Lol OAP] egd b
ket ot TR il ks o Y aoBBs, Skl koo o
reports these local arrival times via BSO and MSC 202 to MPC 203. At step 505,
MPC 203 sends an order message via MSC 202 to BS1 and BS2, which orders BS1
15 and BS2 to “listen” for positioning data which is to be transmitted on the uplink from
MS 208 during a specified interval. At step 506, MPC 203 sends an order message to
MS 208 via MSC 202 and BS0, which orders MS 208 to transmit the positioning data
during the specified interval, and report the exact transmission time (L-TOT-U) via
BSO0 and MSC 202 to MPC 203.
20 At step 507, BS1 and BS2 measure the respective local arrival times, L-TO.A-

Ul and L-TOA-U2, of the positioning data transmitted during the specified interval,

using a conventional correlation method. At step 508, BS1 and BS2 report the

respective local base station times for the transmitted signals, L-TOT-D1 and L-TOT-

D2, and local base station arrival times for the received signals, L-TOA-U1 and L-

25 TOA-U2, to MPC 203 via MSC 202. At step 509, MPC 203 calculates the position

of MS 208, using the known BS positions and reported local times in accordance with
Equations 2-4 above.

It should be noted that, in accordance with the present invention, the uplink

signals from MS 208 may be transmitted at any appropriate time, if the local

30 transmission time is being reported from MS 208. However, in prior art methods, the

uplink signals transmitted from a mobile station whose position is to be determined

are transmitted at known absolute times related to the serving base station’s timing,



determ ning the di stance between said nobile radio station and second and
10 third radi o base stations, by re-performng the steps of Cls:gbn},é; éﬂﬁé
said second and third radi o base stations; and triangul ating d' 'pbs on
of said nobile station with said distance between said nobile radio station
and said first radio base station, saidigebile radio station and said
second radi o base station, and said nobile radio station and said third
radi o base 1mdsid idiftanck4 bethien nbthadvial 6isai Saddn dndr tHIer meBId Istationg t he
steps of determning the position of said nobile radio station, by using a
tinme-of arri Qamseavgg’m’ £f A Alteratiyg to theior drtdaethgds, shg distanse hetwsas the
connected to L i i Wl e i ,
wherei n sai dsezgggrb gﬁg%ﬁx{ﬁﬁ rg?l?ﬁeﬁt%eﬂ{hfcg.ﬁ %g;“?f?“ig.ﬁ gfﬁgo ﬁg%?llfets)%t?%&ié%al to
t he | ocal tistewafin RIGURE 3 foodetarminmgelnt distencgpbétwicersB§hahd *iSES, ardeB32ocal

time-of transm ssign for said res i |'ink signal, and said apparent
downl i rk ai ralldiMé 2|8§’ @’&%E’Wgtsﬁggsgé‘éggﬁﬁ%éﬂw @P?}S@i&w&’ag a'?;PVPg-g’b"g ive 25
downlink siggsd mnus the local tinme-of transm ssion for said respective
downlink signal. 16. The nmethod of Claim 11, further conprising the steps
of deternining thalthasghtd prfeokd smbadimshi ofshe mtthodandtapparatuspf theiprgsent | east
Snglagu(rjlefr;[aﬁ? C{?w]:ex?t'ionsﬁaltsdbe%gi gsrt]rg.?e%t inHe %Qc%rr?;}angfi%%:Qlﬁr_a\gvri]r(lags?e{[nﬁed’esgﬁbsehz%g fe _

..J @i~ foregoing DétailedBestAptid) & witttaamderstot ahantelinvishRigs Roslahiled
connection conprises a call. 18. The nethod of C aim 11, wherein said
connectQ on ctonphe sesbodimenik dissinsadhi but jingcapable. of nuMerppe TEATALIMSAISC ai m

11, further ce .S : el FLEMA i d.mobile
adi o st at 1 oftoasaptier ¥ ieEons ikt QLR Robi\ic BAR bt 62 iendh o
synchr oni zedsaiférh s&i deffried b thaftillowissedaistsat i on' s downl i nk signal's, and
said first radio base station is using a known round-trip tinme delay for
sai d connection 10 between said first radi o base station and said nobile
radio station. 20. A nethod for determining the position of a nobile radio
station, conprising the steps of:




measuring a round-trip delay between at |east one serving radi o base
station 15 and said nobile radio station; said at | east one servﬁng -radi o
base stations reporting said round-trip deIay to a network proééSsor sai d
nobil e radi o station nmeasuring a respective local arrival tinme of a signal
fromeach of a plurality of radio base stations; 20 reporting said
respective local arrival tine of said signal fromeach of said plurality of
radi o base stations to said network proc ¢5or; said nobile radio station

transmtting iLiQn ignal, and reporting to said network
processor a I@éﬁ&fﬁm&% time for said position data signal; each of
said plurality of fadi pAhﬁéﬁoétfa;de@é}mﬂﬁgwxlougd ip ﬁfrna&‘é bé{e«e&@%holg er i val
25 tinme for said position data signal; each of said plurality of I 0 base

st ati ons repomtlioggation sdiadinvetadiorlaspstaties sompasing gpextdps\oé: | ocal

transm ssion tinme for sajd sjgnal fromeach of saldplurall of .radi o base
stations, and sai c¥eEOGHEHR ‘é%‘ﬁ’é‘?ﬂ andesardolarst radio bagg statippgaghsietamining dsi ¢ i on
data si gnal ; r n of
Gaid oo e 35 il SRR I i BAAR SBhal A AL BRSO O |

reported | ocal tr amdn'malleradﬁa satorf iid said first radio bale statiotveach-deterntining a_ -
~ L --- ~ A~ 2002 -19 said position data signal and said
signal from elﬁé’ﬂ tt_we @farﬁaepgsuoupépaléylowl%agaal@aé gaid pptinky signal yespeqtivelyiet hod

oL, 2 m20- et oL gy sy Sl ORI L BPMRRRLE.

er va Sal

radi o base st@jfd @p’lmld%,ﬁﬁa Eu@disa‘i@ldéalﬁﬁﬁ@@ﬁﬁebétﬁmh%@indQlﬁ)[lhk’§1r|gnzil* me for sai d
position data signal during a time interval includin east a part of

said spdcified ti n@lwhtmg\ﬂalappazent dvmllnlealh@mecfronuaad @lmmwfélraasmlssand

net wor k processor, ca ates 1 Siti sad bi l.e .radi o station
utilizing a t‘?tff@ddfvgﬁ\"#‘ leaé'%lsﬁ@[l%ﬁ? rchteﬂ ‘g&) Wik g ; ana
determ ning the di §{@CKIPIHPEER uplifPRE it AU sﬁlcﬁéﬁﬁfeﬂf‘dé&nl%& air-time to

obtain said round-trip air-time.

15 2. The method of Claim 1, further comprising the step of determining the
distance between said mobile radio station and said first radio base station, by

multiplying said round-trip air-time by the speed of light divided by two.

3. The method of Claim 1, further comprising the step of determining the
20 round-trip air-time between said mobile radio station and a second radio base station,
by re-performing the steps of Claim 1 for said mobile radio station and said second

radio base station.

4. The method of Claim 3, further comprising the steps of determining the
25 position of said mobile radio station, by:
determining a first radial distance between said first radio base station and said
mobile radio station, and a second radial distance between said second radio base
station and said mobile radio station, by multiplying each said round-trip air-time by
the speed of light divided by two;
30 determining a plurality of intersections of said first radial distance and said

second radial distance; and
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and a first radio base station, conprising: nmeans fox said nobile radio
station to determne a local tinme of transm ssion of an uplink signal and
said first radio base station to determne a |local tine of trﬁpSﬁm§s?mg of
a downlink signal, and said first radio base station to detert'ne a Toca
time of reception of said uplink signal and said nobile radio station to
determne a local tine of reception of said downlink signal; and processing

means for: cal culating an apparent upli AR air-time fromsaid uplink | ocal

time of transm ssio nd sajd uplink lagal time_.of reception; calculatin
an apparent downl i ﬁaegtm&ﬁaf Sft&&#%ﬁﬂg@mtﬁ?{lr}tfféeaqtlogf'rre of 25 ’

transm ssion and said downlink |ocal tinme of reception; adding said

apparent uplink air-time and said apparent downlink air-tine to obtain a
round-trip air-tind;, andheulethaolof Clegmafudithexaontprisimgphesitepsiof detetnyiningehes peed
of light divided by twp, r;,~~:_ . I ~ p f~AY 200?. -20 24. The
system of O aPffiban Oftlxﬁ?é@ E’iohll‘ééﬁdbo_iﬁlﬁggﬁ ng nmeans conprises a nobile
positioning center, . f i : i idd | nk

si gnal giorrpri ses adgt%gtmn}o;{ketsh?éi?%@%%e% Md@g?@%ﬁﬁ%&? at %eﬂlgysgp@l%ﬁi %}d Claim
23, wherein sdiifll EeRtRsé Qitichschy egetforminighies staiof Cidimbi-and amet said @ebdd St
radi o base station to determne a |local time of transm ssion of an uplink
signal and a Ped#lirdradie hgse stalianstash of a downl i nk signal includes a
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calculating an apparent uplink air-time from said local time of transmission of
said uplink signal and said local time of reception of said uplink signal;
calculating an apparent downlink air-time from said local time of transmission
10 of said downlink signal and said local time of reception of said downlink signal;
adding said apparent uplink air-time and said apparent downlink air-time to

obtain a round-trip air-time; and

multiplying said round-trip air-time by the speed of light divided by two.

15 11. A method for determining the distance of a mobile radio station in a
mobile communications system, comprising the steps of:
setting up a connection between said mobile radio station and a first radio base
station in said mobile communications system;
calculating an apparent uplink air-time and apparent downlink air-time
20 for said connection between said mobile radio station and said first radio base station.
utilizing a local time of transmission and a local time of reception measured from an
associated local clock at said mobile radio station and said first radio base station;
adding said apparent uplink air-time and said apparent downlink air-time for
said connection to obtain a round-trip air-time for said connection; and
25 determining a distance for said connection, by multiplying said round-trip air-

time for said connection by the speed of light divided by two.

12.  The method of Claim 11, further comprising the steps of determining
the position of said mobile radio station, by:
30 determining a first radial distance between said first radio base station and said

mobile radio station, and a second radial distance between a second radio base station
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first and said second radio base station by the speed of light divided by two;

determining a plurality of intersections of said first radial distance and said

second radial distance; and
5 selecting said position from said plurality of intersections.

13. The method of Claim 11, further comprising the steps of determining
the position of said mobile radio station, by:

determining the distance between said mobile radio station and second and

10 third radio base stations, by re-performing the steps of Claim 11 for said second and

third radio base stations; and

triangulating said position of said mobile station with said distance between
said mobile radio station and said first radio base station, said mobile radio station and
said second radio base station, and said mobile radio station and said third radio base

15 station.

14.  The method of Claim 11, further comprising the steps of determining
the position of said mobile radio station, by using a time-of-arrival algorithm with
more than three radio base stations connected to said mobile radio station.

20

15. Themethod of Claim 11, wherein said apparent uplink air-time for each
said connection is equal to the local time-of-arrival for a respective uplink signal
minus the local time-of-transmission for said respective uplink signal, and said
apparent downlink air-time is equal to the local time-of-arrival for a respective

25 downlink signal minus the local time-of-transmission for said respective downlink

signal.

16. The method of Claim 11, further comprising the steps of determining
the position of said mobile radio station, by using at least said distance for said

30 connection and at least one other distance measurement.
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said at least one serving radio base stations reporting said round-trip delay to
a network processor;
said mobile radio station measuring a respective local arrival time of a signal
from each of a plurality of radio base stations;
20 reporting said respective local arrival time of said signal from each of said
plurality of radio base stations to said network processor;
said mobile radio station transmitting a position data signal, and reporting to
said network processor a local transmission time for said position data signal;
each of said plurality of radio base stations measuring a respective local arrival
25 time for said position data signal;
each of said plurality of radio base stations reporting to said network processor a
respective local transmission time for said signal from each of said plurality of radio
base stations, and said measured respective local arrival time for said position data
signal; and
30 said network processor calculating said position of said mobile radio station

with said reported local arrival times and said reported local transmission times for
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local time of reception of said downlink signal; and
20 processing means for:
calculating an apparent uplink air-time from said uplink local time of
transmission and said uplink local time of reception;
calculating an apparent downlink air-time from said downlink local time of
transmission and said downlink local time of reception;
25 adding said apparent uplink air-time and said apparent downlink air-time to
obtain a round-trip air-time; and

multiplying said round-trip air-time by the speed of light divided by two.
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