; e3e((<XB6xTG o s Har noi *cooo002* | TI ONl NG SYSTEM FOR DI G T TﬁéEPml
NETWORKS The present invention rel ﬁ l mmm' tioning system foFJ h
digital tel ephone networks such as k. EP-A-0 303 371, the

co nts of which are hereby incorporatedwoby reference, describes a radio
naiati on and tracki ng system whi ch nakes use of independent radio
transmtters set I@% ONE RgGWoRRSM tter,

t aken i ndi vi dual are redggyvsqgf &D@?ﬂ/?%‘%ﬁar ons, one at Sa fi xed
and known | ocati on and the other nopunted on the nobile Obj ect whose

position is to be determ ned. A representation of tge signahlti&iragc iyved at
one receiving stalpepresest swentionirelates kg hROSRPIENESY HEWIQTISe It gt teipnone

recei ving St&tt\kr%cs me"ﬁsaégﬁ/{ﬁ&ﬁr%} ed signals are conpared to find their

phase differences or ays hr ee such neasurenents, made on three

wi dely spaced i ndEPeRde3s 3Matissrtonterits of arlﬂcl-sartefheﬁabgzrihcdxpoxd&tdeh)mdﬁaeﬁdee
position of the nobile receiver in tw dinensions, i {.s,position,on

the ground. deseribssadadigmayigagonanddgackme; ytem Yhish m&r%vsedsfdrtqpattﬁng radip t he
two receiverg, dtsfmtéég,eg%%efow Sk Mt%o'é‘es%*r%%“s’%%nafé@é@ ggétt tf2h %@Petaﬁw em

may be applie ositioni R nsi de tun n ergrou car parks,

or ot her shiiadititilaty)arasceived byetvoamt\tngstmme,Me apefinetiiand kn@wn location, and
WO A-97-11384, the contents of which are hereby |ncorporat ed by reference,
these i deas the othes: BouBied rQn theemoble obisst i whossprasitianc i) 1o, be Sletismingdd & her

digital tele |k

syatems (thdePaperuioret 5 sils FLBTR & SR PecelMiafitn G i RIFRIE 5. |
as position gB8cdsber 4 tidtter reddiding yatiemwicnoe réceivedRigaRls ause@mpited £d il s
fromthe network transmtters for gosr ti onr&%s‘_ggrposes (see Fi 1 A

short burst their ph@estl%qmcss pr tiwe dnlayss uEhree asuremepish Bade aa eB ly
Transcei ver gtaty BQ@Q@ &) 1 ti2h h§mit tﬁe?se'a}‘eeglnﬂ&e@ t@&kéﬁ#@%@fﬁm% %?‘tﬁe bﬁ@e

CURSOR Rover*Pefsd

converted t gebaezinmneo d@lherstdnsede a3 position loflettle iground TOThe. p}?&beosam dfﬁ;est i S
al so received by another receiver (CURSOR Base Unit, CBU) .at a fixed and
known | ocat ibstveendhe mastegioscillatars ethe swe seceiyareds a'GPQF‘tng’é‘G and recorded.

This process is _h&sh_28s sEorxgg'ﬁoé taﬂ'lé's $er Sl y%@%g?l%tty\?\ﬁ Ch&s{‘rﬂdexﬁngf rom

at |east three widely spac s at celve ter
recordi ngs dnsidd tuands, endagraundxacparks, airoﬂreoshaelﬂed sfacke CURSOR posi tion

processor, CPP) via links L1 and L2 Her 0 spqndi n set

conpared, for exatﬁtﬂeea‘&@ﬁﬁd’aéené%%‘éﬂ@ti?‘?’e H:@éeﬁlfr %SWE{CI?HQU e
del ays betwgf ﬁm:

recordi ngs pr ogt‘rlce 1@&2‘5‘? ?lpefg'gn(} eg@l?rg%sr%w W-EBEUA}%Egﬁ ?;g}hﬁd etcf?galdQU
can be foundorGSMtandethep digial (elerphwr) ngtweiksj fonsxarfiple GDMASIMIEE, omsatdtiitewn
position of .the CBU. racti, appl i. of th ove s stem.to a
o talt ol dincharsiems (e Rl Brovidie sRpesERY o agswink it sl 88 B0t r o
Channel , BC( the'gp Omzd THersyReml kh&wh 2§ crﬁaseR, ﬁséaetﬁ@u@ﬁart%m MeCnetwork

guar ant eed al ways t e present what ever the level of other traffic on the

net wor k. | n ttanemistess ibnpesstxmjmpurpe@s (see Wigure D7 ﬂsl@rﬂm,rsta)f thetzsgnalsifroam one

quantity of data nust be transf from eagh.. Lver to th CPPfF
every posi t iSO FEFHIIGT (RBRD TR 9S8 TURISEEHSFRE HERR) are reReiys |h,vaaen lieved
using the n I ffe In a
t ypi gal %M%gwekgakﬁgr?gﬂrlét%s lé@errgiiuét‘;?gr to r Eﬁlgﬂi{'ﬁbﬁ or each

of the thr eevlﬁféaskleynmercbmeftéd t@baseb@drdrgmstd) asdieabrd80 th myery. dﬂmedahabmmt be
transferred. This coul d be done by s transf r ca . by

usi ng data dy@lso aecswreégyeapt er tﬁcelﬁsr mggﬁng}f

( SMVB) packegécaﬁ n%he&?édqﬁcﬁm% 'Berebattp Whpifled aﬁ@ﬁboatedt hﬁﬁ r%,eésgtg &rﬁedtas
comercial disa \/ant ages. For ‘exanpl e, ser call'ing an e rgency operator
may not be @t m the same qumhsécmemedrat thecsxﬁnhlsrfmni arlsast deeeblideyhspcedBTSs at

transferred ndthencear gwn before being ahle to s aktOtgéh
operator. TREULFESEWSES, ARG CBrF Fée‘?qxr BRYRY Wraps cOn °F’|’f P i ge

by making t kg

speci al char act%??&g?lggﬁg#&gi&or taI E%?\ghgrnéng}%H*hgm%ﬁndin?getts? dat a
needi ng to hempamd,stbeexaﬁrﬂ)lemmglaerdse-woaekdtldmmtmedure,ltd)ﬁndﬂmmmgle]aysﬁemeen
easily, for exanple, into one SM5 packet. Furthernore, the nmeasurenents by
the CRU can be made entirely during the handset's |dIe tinme that there
is no delay when the user wi shes to nmakeja call, mmml\mmu@ @&tter
position solution based on a longer averaging of th gnals. The
princi pl es of operation of the present invention nay besisibe understood by
first considering the equations governing the CURSOR system as explai ned
in WO A 9711384 In Fr gure 2 we show the georretry of a two d| rrensr onal
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0 g MAY 2002 Consider first the signals fromBTS A The t| e § MAY 2\902
di fference, fit" measured between the signals received at Oand Ris gi
b‘l, =(fir - a~ - ~aU~ v + ~ where v is the speed of the radi o waves, and
the clock time offset between the clocks in the receivers at O and R
Sinmlarly, themrebheshicesetsof reondingsipsodus? giye¢ imp delags, Bomawhich theopospiesiafi ons

e e e L

di scl osed i g WO AQTe 84 and the values of a, b, ¢, and v are known, and
hence t he eguatlons can be solved to find the position of the handset, r.
Consi der now t heln epatiicah applivatiet ofithaatidve sgétqnad)adigiuameaaaphone/\mtmiﬁssuchay A

and B, received by the CRU. Firs the as t|on|s made that the CRU can
recei ve on #§85Msihesgnalsonithe %ﬁl@}’m@ié gl BGC I@Lﬁﬁéﬁsﬁd(faf RRSIRNNS.- f r om

A and the O{rﬁeis&ee g 1led a E‘{é.laﬁa%d alyf e'ﬁ)béﬁs gbfafﬂ @Yé’ﬁﬁ&&/ w HePiggndent

i ncoherent transm ers re woul at'l ons et ween
their si gnadnsthem@dvorkcross correl at | on performed at the handset woul d
reveal no signifjcant peak. In or. other digital telephone network,

however, the si ghuthe Slfﬁ‘%?%%“b@é‘h&'%%@ﬂ&% aisubstantiabguantigrfdatadaust For
exanpl e, thgy m?é}réa &%&mrgs fE ¢¥p RirelGl ositio Eﬁcﬁlgﬁ&?g}"ﬁé)trﬂsﬂzp

quality r ef &F ShCe 050| ors carry signi PCant arount s conmon
data. A peaffomahe ORET sﬁmnell)b@hfememdsmmtltehretwumkstse]ﬁrfbeb:aimplabjnatmge rlatahem
I f the network were synchr oni sed I.,s i.f the fram ng structures were
| ocked t ogetrpfsfer feaiure; ilna tymead &Sl\éﬁp@rféﬂ%a*km\sahbeansssewetoormréﬂéﬁi’@teﬁ n

di st ances f I [ al so
o unknown Socreh B8indirte s Rt dffing Yisk o ol 800 bies deNiL1q pe

transm ssi ofpardsferredofTiHetould be dehaby vetting ap a datsiransferfchl ey, using dafaaivey &
transm ssion delay. Hence, we may wite ~th

where Ot, bl vaige aneorthywnsﬁ\@&l shyrt mﬁféasee‘ee«lqrééﬂéﬁ)@n%%s %ns@#mgoget&ers as
det er i ned Iﬁ{)ﬁmérhgacﬁrmﬁes%osrofu? 8% h?@fe&%e%ﬁy dﬁh?\%g%%&%gg%gghg‘%ﬁ%@usa.

anal ysi s on nal s recerved sinultaneously gl vi ng

~tbn =(~r -caﬂlmg—an*eﬁnergm}mpdratormayﬁaﬂbeaﬁle toGvdit whiteRYda2HEall is fifve etablBhgaini r s
of signals can also be received by the U,. giving corresp ndi ng tinme
of fsets O WataHanstsred, and &ep&%éfedd%bf%éﬁ being ghls to spealeighthg operatar, —(—p~ -

~C~)~v + ~ . ( Sefd pAcdd: %cﬁﬁb’:@&s‘ Q%ﬁd@d id &J@r&%’é‘mé)&i&d%aﬂﬂagfw ‘r&?akﬂgﬁhb

bz =(fir - a~- ~a~ ~ )w and ~ ~Z = ~- ~b~ -
~r - c~ + -tecondings (g h different fashion, and by exploiting the special characteristics of digital

telephone signals. The quantity of data needing to be transferred may be reduced
dramatically, making it fit easily, for example, into one SMS packet. Furthermore, the
measurements by the CRU can be made entirely during the handset’s idle time, so that
there is no delay when the user wishes to make a call, and giving a better position solution
based on a longer averaging of the received signals.

The principles of operation of the present invention may best be understood by first
considering the equations governing the CURSOR system, as explained in WO-A-97-
11384. In Figure 2 we show the geometry of a two-dimensional CURSOR system. The
origin of Cartesian co-ordinates x and y is centred on the CBU positioned at O. The
orientation of the axes is immaterial, but may conveniently be set so that the y axis lies
along the north-south local map grid. The mobile unit (CRU), R, is at vector position r
with respect to the CBU position O. A BTS, A, is shown at vector position a.



The values of b, and ~tb~, have been neasured at the CRU as des%&?ﬁ&_
abqye, and the values of ~tbz and Ot b~2 have been neasured at the AAYTiZ802
va&s of a, b, ¢, and v are known and hence the position, r, of the CRU

can be deduced using. standard mathe ical t ho Note that E .E ~ and
e have ol | ai sappUBHER Bh BRI D 3 4) Thane drerdioe A Bebmrtls fittc
the assunptiph iFﬁ@%récEi@ed%'dﬁ@ﬁq%ﬁePM the CRU and CBU are either
performed si rruf aneously, or suffiCi ent){y cl ose together that there is no
significant drift between thee(r}a|Qappot+ee, we can use the characteristics

of the BTS signals to synchronise the recordings at the two receivers. For
exanpl e, i nvhegsKisthe spaed of the radig waves, aadif istthel clogk time offsgdetweengberploeks The
data is progranmed.into so-callged..tine divisio | tiple cess

frames | ast Ahieqegeiuchd Oand Rncimisrhms TR B¢ P BESE (g Bt b

sl ot carri esedaf pdsttibtsiipaf ¢ ot HMfwvh HgRE'D):271 kbits s'* and may, for
exanpl e, represent a ‘normaﬁ burst' of data and training bits, a frequency
correction burst' (FCB) of A4 x¢e-pptbphnt ea synchronisation burst' (SCH)
of data and training bits, or an "access burst’' with a synchronisation
sequence and@dat a. Each of these bursts also carries header, tail, and

guard bits. How nmany of the tL | re being used at any nonent i a
gi ven frame depends on the %ayﬂfhg 3§J)zf’3m§has been set up and on the(gm)unt

of traffic ay tAiat ANDIFB HeasurBl\BY Gk meBhR disdioded BIWERAM L PIRY dndShSCHHhbs

| ogi cal channel w || be broadcasting one access burst in every frane.

Furt her nor e of ahipae aifid aaeskreme, andiieace thevdiqbéticns cap basolpet iodihdahe pesitboradf
hours. W ca&{l t herefore use the arrival of a given frame nunber to

synchr oni se thehandset, . of the recordings made by the CRU and CBU. V& can

al so assune that ddigakd By e rgichsp bURRRN LhCsigRi &4 by fivs BTISE Al I hat e
BTS transm ssions, and the tine offsets between the oscillators 1h the two
recei vers, Barsceivéd by thedCRU~Fird) (2 assingwion isvniatie thatrthe GRUJ camneceive onteo

nodel l ed b linear fit or | oworder | ynonj,al er short periods., Most
Crystal oseFhengelsEmlizneasely. opefinndltwted P e BCCE from A sud thsrothertiasd 19y or
short peri ogdgpdta RSB 11A0Ald ]ﬂvéxl%,rtnilgf‘n%aé&ﬂg&ﬁ i&%h&%ﬁﬁra%ﬁﬁtte?ﬁﬂ%@'w%ld

m s-synchronisation is therefore likely to be no nore than oné netre, e.g.
no nore thahe 10'stble feBit®nship betivedn thefrorignals) anda xrok® 8omrelatidn pericrmedianthet o

th t, i ti th f th i d i t .t '
of a i g  aESFCHMOR el T rREREt BF 116 GV or Rer eyt RentioRt pesbvogh. -
whi ch is at hgwkngWie 5igka frof B APard e @ikhve kightFicit colierbGeaFefeihpte, TG | €

unit whose position is to be determ ned, whicCh systemutilises t ansm ssi on
si gnal s haveanh havé acanmonframing structurepareilenked fo high qualihersfepened esaitatdons cond

val e T S ohBeut SRS PR ol RO e P
measur ed I eb@idiitor BetfRER tRETIf Bie RORIRAK viAGe sYRhrEBSIIPkRathY if the framing

cross-correlating, the received transm ssion signals fromthe different
transmi ssi ostrestunes wsrenlockediogednan tthe time ofi$et of the peak would beethetdifferendenin

ffset d.th det i th f.th d i b
I R A N N IR T TN
ot or 1 i g et P v AFFE BBy Ry IR kG ot 1R PSRN QR dr O
assuned t hateldviviehrdarsaissidhl cifser, CBkélartve rraesmissiontdeiyyc lHence) we magwritaneous! y.

Whil st this mght be nmade the case for CBUs, it is rarely so for nmobile
handsets. It mght seem tAénet@iedl -iMab)/Miespr esent invention has little

application_in re yst ver. he Cl haract eri sti.cs, of the
05 tal 1 ol EpRSALegS el e SHFI Al B DEPn TS R B hesFiningy fom
features ofheh@osi afRlMioR! SwWeSRAL dIsd PerfordDthet idle a’i‘aalgbig nf th€ fghald $8¢eRRdOf
correlation exists between signals fromthe sanme BTS when di splaced by a
whol e nunbesimoltarfecusty fiper BO8sB dAdIC,gnamgpl e, in the case of a BCCH in qui et
conditions, we have noted above t hat theire is an access burst transm tted
in every frame. It is al soAﬁor‘F‘Tﬂfﬁ‘aré’cﬂXBﬁ&ctransrﬁt a frequency (2)
correction burst and a synchronisation burst at 10 or 11 frane intervals.
We have already noted the correlati on which exists between signals from
different BTSs at the sane tinme. W now_;_i nd correl ation between the
signals fromdifferent BTSs at different”tines. For exanple, we can find a
significant cross-correlation between the BCCH signals fromBTS A and from
BTS B, the latter being recorded, say, exactly 1 franme period after those
fromA. This gives plenty of time for the single channel receiver in the
handset to retune to channel B after recording the signals fromA. However,
we now need to be able to neasure a -5 0 9 ~~AY 2002 longer time offset

- Y Y e Y 1




a reference clock; neans for generating in each receiver a ref erue?q%\eimgpl
l ocked to the reference clock, the reference signal having a simTar fornat
to e transm ssion signals and thus a portion identical to the portion of

- th ecei ved signal which has predeterm ned val ues or which is repeated,;

and neans, in eacthe samd pairs,of Signals oarpalsa beyrecéived bythe6IRI lgiving corresponding
cross-correlatin t he reﬁei ved transm ssion signal and the reference
signal to déﬂ'@?ﬁ%ﬁ@stﬁhsialn AeASifOROW e of fset to enable thereby the
position of the second recei er=kl E)?)/ggtéerrri ned by determning the tine
del ay between the respectivé’@ig( [ S eceved at both receivers. -6 09
~ ~, ~~ ~~~2 addn a digital tel ephone network, for exanple a GSM system the
transm ssion sources are preferably the base transceiver stations and the
mobi | e receiver may be a di §La(bhakdbet.g.The reference signals provi@p, in
effect, tenplates which can _he matched wi.th the transm ssion signals. Using

the fact thaSubtiaeting gapations3 Bomequations? gIXeSWe sane way and thus have
identical portions allows tRemtg be,oejched (6,9 ss-correl ated), and
the anount in tine by whi chﬂg"‘r é&gﬂzr dﬂﬂgmomoheqﬂaslb@{)‘pbe nmoved rel ative to
the other imggrder to match, provides an estimate of the tinme offset.

Knowi ng the tinme offsets enables the relative received tine offsets between
the different transm ssion 8turdésT@nabls |bloec|ddfl¥i.at ed, and henced) he

P 0 o T R B DA B

t el ephone sy faor | £, A n MRS B, o f

exanpl e, tha‘?athﬁ%nedéaﬁ ﬁas F‘é@a(# %gﬁegssﬁtérdtoa H&Eg?@b?ﬁ tE H%ﬁm gnéPéc’fa?g%aé%’S A.
Cont ai ned Wi jirfoiwh ddddiencexhepekitiv, roftisCRUaan bgdeluced singstanddrdinbhematidal en’
data (or predeterm ned val ues) descri bed above which is a constant feature
of those tranethPdsions. The processor within the CRU can create a matching
tenpl ate, based known, st r S| | Spp:

i gnore those par ?lg oé\eﬂg?teg% ﬁ’eangxgé‘cl&fawg? anél?&e?'ﬁeg r}?&eﬁé\géé}‘e@hgg@aﬁhslsaﬁgte &ﬁ)n%vm.

Such a tenplgé Aavemabovie sumpiiordthat ¥rRMaéRuiemeisty the TRU AAd UBdatk ¢ithet | ons
of the transmtted signals, shown at (a), are exactly specified by the

networ k pr otRecformed simultapeauslyt pr suffigientlyt Jose togetherdhatsthersds patsignificaps drifhe

| ocal | y-gen . . I :
cannot” be. prihyEihhEPtfEonc? W Ehaio b8 bpardQerdias OASEATR GRS I Athrofhhe
correl ati on.thé Redofdingsdttied B0 reveipersC Fos exerple dm a iG8Mspstemnyihd sipngls 2ddiated a) ,

and the locally-generated tenplate, (b), only the shaded pori.i.ons X
syst emat i cal Wt i %%F@“Plﬁx-aTg%gﬁtéFsal%rPSW {‘toa%?dc”ﬁllﬁg “E’r‘?s‘i\‘é!&!@ﬁl MRS o
can be ignor | i di t ;

9 a%geﬁg%ﬁﬂd}&ﬁaﬁ%’métﬁ&%.él%tr??ﬁew Sgﬁl%?sdefn?fggﬂe%ts. ??ch time

correl ati on peak ‘corresponds to-the tine offset
bet ween t he si@caimiesd 56i2jriddsat arate ofiebdun @Al kbitoskaridnmay) dott dxampl)JrepFedest 41 e

of fset, D?,~ 1S given by ~t,| -(~r - a-)~. V + ~ '~ El where, S the tine
of fset of thaomyal bur S&ngf\{d’%% iapth draiyng Bits, jag fieguency carrgetianhurg; %f ¢B) 8%?%"%&
internal clao t Ey | i o ch}%al‘ ; .1 The
signal s f ror#@eggg %nangjgﬁ]tg%’ﬁs/ogl t%‘gﬂﬁ(esa@gmuégg{lar?“? r\‘e/lﬁli mlats\/vay, %l%c\%/fsnbgmc‘%laho
~9~' ~Y ~0~2 g synbhronisation sequblicetandadat&-~Eahcofthese bafsts dlso carrips-keader; tafl, bnd ~

(5) The sanme neasurenents can al so be mad% at thde CBU, giving ~t, ~
=(~al ) ~v+ ~,guardbits. How many of the time slots are being used at any moment in a given frame

depends on the way the system has been set up and on the amount of traffic at that
moment. However, even in quiet conditions the BCCH logical channel will be
broadcasting one access burst in every frame. Furthermore, these frames are numbered
with a repeat period of several hours. We can therefore use the arrival of a given frame
number to synchronise the start of the recordings made by the CRU and CBU.

We can also assume that the time offsets between the oscillators controlling the

BTS transmissions, and the time offsets between the oscillators in the two receivers, vary

-4-



etbz =(Ibl)w + ~+ ~ and (6) et~2 =(lcl)w + s~+ ~ . Subtracting equations 6
from5 gives us Ot,1- ~t~= (fir - a~ - (a~)w + s ~tbl - CQb2= (f0r§ MA~7002
~b v +sand 0~ - ~2= (fir - ~) - ~c~)w+ E (7) where s ---- sl - e~
It |1 be noted that equations 7 are just |like equations 1, and hence can
be sol ved i nslohwy wathetime and oarf thusl be e dpidesi byi olineaf fit brelogRotder polyhorsial ovezr e
is devised a CURSOR system whi ch gerat es, .in eﬁactl the sang y as that

) y
descri bed i nshass pereppsy Most cysiehoscllatars pehibih stabilities;qf one part dp 107Qr hegter oves peed

tc. The diff €. 0. el d ' . .e.mad
ohd i n the cONPORTERs: Thepdbildd® SR RFodEed Y b iSRRI B SRS
system as degGhéreffle iikely¥a B /mdrkIBeh orelifietid, 8. A0 oA thal 6° 4Q0F Qrye: 03 Yy

the CPP fromthe raw data recorded by both CRU and CBU. According to the
i nventi on of farheis Brel®m shppl i cation, the tine offsets are deternined

l ocally, requiring much | esg data to be.sent. .Not too, th inthis
system the relati CQTE‘%%%% E’?i RJRSegE IRy RLQY BFFFéo@i ﬁh’é‘f arq P'&Yﬁ?ﬂﬁtéﬁés‘f ¥ t he
different BTRReRbd o?%igffﬁ?t%lépﬁ&e%ﬂw&k?oﬁ%ﬁ Heteififing RBy$tBR, £8APBE FhicRiyat The
geonetry of the calculation I's based on the intersection of circles centred
on the positaknewnlocatien 8135 secdhd of which ésx lpcaied drrambileupihvdidse positien site i n
whi ch t he equi¥al ent of Ine CBU érfasures .the rel ghl v.e transn‘iasi on del ays

and transni t 8¢ giefmIRe, phich systera utliseg tranamissigh analSihaying & frgiahat least # pordiar o
cal cul ation BASREH Al brafetbiRéSPbdsOm Wiickh IR GERN Ame SiSeta BPMfR tHmSMIskiBAT ON
shows how the use of a single |ocally-generated tenplate can be used to
esti mat e t hesignale redefvedtas eachhrece¢ivenfremn e mumbeb of ¢ransmistien séuroen drk endasared
characteristics, of the neéwork Si nals,f as de@cri bed aboveg .or jt can he
moasur ed usi FRATRAOSTASRALLE Do sOmPraTe, (fAE SR YT OrelTedtingn dhe zecet
tenpl ate foryeanheldsighdlsWonthk Bffefdn fhnsnlssion souitces GAABAE hfothérito ABrmine
soneti mes be advantageous to use nore than one tenplate in the estimtion
process, esptheiratlativetime affsetsrand gherebly détgmaing therpostiontadithe secondrecekenpy e by

the effects of nmultipath propagation. The best te ate.fromith oi.nt of
iow of e dtemigE RBe Saer SRR Peyers i ESRFALLR SRR HeceieShE: pothy frgeving
recei ved si g4adshs H@.%mmi%faauagwm& sﬁgteﬁi%dta'ﬂ&itﬁﬁfd%%ﬁﬁ hmPRkdbESd May
contain a systematic bias Ich can be shown up by using different

t enpl at es. Thi s i Thioughmit tixt fodegoimgrdispussion} itkiae beentadssimedahatrhicth 8 GRGfand e i s

h t d t he, i ved fi toi l.ised) i h t

Coy " A% anoncBP Grrateiteaea. tnadh St e, Wil ofS Misgiin wads i ghrs Bk
shown at (cl¢BUGCH)is %r@lﬁysocﬁﬁ_n%ilgﬁ{aﬁ&%, tR hight ERBEIHALHA! fhat Mprlefigie ONE
giving the closest match provides an estimate of the nultipath delay. A GSM
CURSOR posi tinweritieg has/litle applicaien ingaed syitern Heweyes, the spasiah gharagterisiies pfthe ent

i tion, has. i I i t

sur roundi n. Sre tgRe SRtenf ORELRRN e Vb A PR ikt e e iEhAil

tenpl at e | ockedepetitivé)@nd fhat & Rgnifichicdegrdetof cbmelationnéxiasbatvreensighilafrom the
| ow-order polynomal fit to the tine offsets, so that a value could be

obt ai ned f orsameBBamher displaceddyeawhele numbercofiffameneripds| Fasexampleyiaihe easere

e of fset oot SR eR jh e RRaRRY"BE Byn it byl uths I fu aflesfBnt o
CURSOR:- enabl @ghshitielsiatevar iR, Thie alkslcbmMonpra@ics t@irissndt Sfrouenty &dtfeclbn
pol ynom al fits. This can be done by cycling around all the B i n range

during its iliret andasyndhrenisagjen hursbatcl] or §Isframe intasvple sWediaye aineadymoteddber i s
not doi ng ver ch. \As seQn, as _a position asu nt .is_require t he

ol ynonval * corRtien e SERToed Bevds P ATERHIT IR Y tprinting oWg o
around the pRpicopleldtion betwaeh tiedigmlsFFdnd Biffer&n BIISs abdiferer®imed abbedxaipled he
CPP, together with a definition of the instant of neasurenent descri bed,

for exanpl e, wbyan find asighifigantsross-qoanelation| betwéancthe BGGH) signals frony BTSA and
channel . Such a age i s shown in Figure 5 _A.four-byte representation of
t he number iIﬂorﬁﬁéegleafaﬁarn%n%fec%gg, > aely 3 a&%‘i’%?ﬁo"r&@&lﬂ%%"é’h@" to
about 2 cm thipgi%stﬂl&ﬂ?bfﬁhé Rir thel$ig1€ BRAREIrYceer irf e BARISEIA6 kétind {0RhEAMR ©
all ows many nore than the mninum 3 BTSs to be used for each position

det er mi nat i d aftetmesordingrtbe signals fitom Ao Hiewenes.swandwrreled dbitiei abje taf medsare a
nmeasurenent. The present invention can also deliver a second benefit to the
t el ephone network operator besides the CURSOR positioning described above.
Al t hough, as noted above, the CBUs need mbt neasure the relative

transm ssi on del ays of the BTSs network in order to determ ne the position

of the CRU, they could neverthel ess be nade to do so. This -9 0 ~ ~~a; ~
e0"2




information could be sent back to regional controllers to be us&cé M}Y 0
“synchroni se' the network of BTSs. The invention therefore al so”i¥n *‘udg@‘za
s%’em of synchronising a GSMor simlar digital tel ephone network by using
t time of fsets nmeasured by the fixed receivers at known |ocations in
accordance w | N aCceor i e

i nventi on; ‘%@éﬂ? ﬁ(? §|&§%|H[% hvg&%lhﬁg%%’ﬁ ]Sl;eg(é}gglgglﬁgégfs gllyfﬁﬂrﬁeelc i %%ﬁ?ﬁ“['o@’é% t he
network. |t jhcredsed byithéaédert preiod dbehe yrahemitrek gy Shixdan bb dogasirigahé agistale t he
offsets to zero, but sufficient nmerely to marntain a map of the offsets,

al | owi ng t heseidatao ik thepkands¢tn gnd pgain intredugescan girpoakitese thanos metrerfor radht s

pr ocedur es. Bﬁ.nefi tds gf P@%“F g a synchronised network include faster and
mor e- r el | abPEISEGARd R kota en nei ghbouring cells as calls in progress

m grate between t J } j A ! : tem
according to the %?lg’ls%dﬁgrd?]r%/@%n?gﬁ% a%%tpgt ﬂ\}\n&?ll%ebdéﬂg’bnet \hﬁ%ﬁég@@vﬁgc@w
depl oyed wi fiduisntvidrecevers ofd pdshimnGslerminingtshstemafiist af which tsat a kredverplooation

system An adjacent pajr, of . such Us be.able to receive the
transm ssi 004 @gsrra%do ?flr‘Bh‘F{Bﬂvﬁelf’S"rte‘%Pé RO ASe BRSIORIIO Pﬁgﬁegwed,e. At

a predeterm J %E.;i s g t Fdﬁe?fqy]gppt? from
one of t he”B'?’E‘g‘, §}J S{()E?}]ut@%‘égtrm e&gmansééddg lé?{gvn@ taa%) %thdéqﬁsﬁé pgnf‘t set o0 [ic'e
arrival of tegeatighakpeated, atvwhieh therdidiive timertfiets of the trandnsissiassighatsarecdhed

above. Since the positions of the CBUs, and the BTSs are all  known, the
first of eq@heachrecerverHmBuMbERORIEANEYiSEION sQUECESIRES Measured B¢lative tagachpthesy

t ' f Lt : . B
ok g oi mi PAoREAEng (oF Slarie PSR MEgAL 1 sCnBavabot o &
net wor Kk, it sigalk frem thegiffefehetrimmissionbbursts witlraye abtiehto detbmiinetheir relstive

of fsets of their_internal clocks, and hence s nchr&:i se the network of
CBUs. SynchiiBisioffsag and eharehvidstaemane tepesition afthesecardiestiver iy fipterauniag the

benefits ing¢ludj i [ . i olj y-est abl i shed
BTSs wi t hi n%H%e A t%oﬂfigngg%%é\;v&geeﬁ%géﬁef élggdr gthgdtﬂls \}/éewtﬁg&tsﬁée% nown positions
of the CBUs by udihedofegbing discussiidsshowsvituve theopettislasohbxentce ghittiegignalsifremf ect ,
as the CRU but fixed_at a known |ocation. For exanple, in the first of
equat i ons 7neighbowsmgBSspaditfasens physicabehannelsgan beussdto measurgtime pifgsts. The
measur enent t. i l.S.f . ew BTS are sufficient to establish its
position. T feggxbtrlg‘%nglégg?tﬁ esptén é%@g' for the CURSCOR operator fromthe BTS
net wor k oper at or AcSeciipdto arfunther hspetthef jias piesamsinoéntiongitherdialpr&vidsd aor in
t he synchroni sati,on of adjacent CBUs, may be det ect,ef ?}/? repeating the
measur enent BOHBRERS HISEM GO ISING AL FAH LWO BeelsTsAfia digjtet telgphoneptwork hgving v
~OQ2 possib i i . j LA GBS AN

Third, the é?%%ﬁﬁ?%ﬂ%%ﬁ%wgg%%&%}g% egl an a '?l g?’%atl véhtﬁégﬁg aof
est abl i shi ngecandwyf vetich f3ea mbbiles racsiserowhbsenpositidrsiite bef detérmindiSsaid Bystemhi S
time with respect to a conmon _ CBUsystemtinme' rather_than just with
respect to BHESNGHHSAUSSIORSZHRs haangdiosmatat {east apartien R whyeh kaspeedstesminedd
with a high: i om 6 &l V: maser or caesium beam
devi ce, andvﬁggédéga%pﬁgw}rcg“g ﬁggérf!?ﬁgg?ec?iﬁghgél&@irﬂg net wor k. The network
of CBUs, synchroairefertno¢ clock;, can al so be nmade to carry out periodic

scanning of the entire allocated frequency band for, t appearance of new
BTS units, and afM$anciessgeerating ipsach %aueheyefewaﬁmsgaﬁ%% 59 they retesencst i ng
units. It i ' : Q. QL

et abi i shed iprs PERAERAPRRIGEhRIES sl Tt RO Halimic B Behlls WiPnue n,

| ar ge degr epodibniiduheipslnd ercoriicwof the eeddived sighaulowkiclo haey predeterniedvdlues®@s 371
describes how the position of a nobile receiver can be tracked using
nmeasur enent Whish i§ 1epegpdid@d with the correspondi ng advant age of much greater

Geccr  bed horo.  FEulie)t SMELERE S e asblgn ot BOpHG B o P RhBRRg g .

and the ti nRckiRedtritfsmissionalgnilmal ereaeferdnce Sighil tb Hetepnias eitir relaMesimebffsefhe
i n-phase and quadrature portions of the received signal can be obtained

during the teeensbledhesehy bt posivon pfthe sfconé receivaetebecdeterminaddwdietesmining that e
t he phase of. the received siqgnal.. As nti.on above,. t he phase
esor oo imk Agiaf SE&eE he'letiBlive Sl AL AR bR MG P 00 rents.

It may therefore be advantageous to conmbi ne the phase and tinme offset
measurenents in the calculation of the CRUs position, or change in
position. By way of exanple, consider a~&sM di gital tel ephone network. At
the start of the position calculation process the tine and phase

di fferences are calculated as outlined in WO A-97-11384 and herei n above.
The neasurenents are then repeated. The second phase neasurenent consists
of the first phase neasurenent plus the change in the phase between the

o, o e o o N LY O o o

ey
e




It may be an advantage to calculate the second tinme difference @ﬁg@p@ﬁ@?
as the sumof the first tine difference neasurenent and the chaRE I tve
phq.p measur enent (properly scaled) fromthe first to the second

ne®®ur enent epoch. It is also possible to use the phase data to cal cul ate
an inproved firstinepdipital iefephohd hetwang eformeastiple e GSM Agstemditig tramsnéissiod t her
feature of the present invention therefore, the system may neasure both the
phase di f f ersewtses gareferably thebagriranscalearwiatiang 3nd thg mobile rgeeryes maybg adigitaht
each of theh§@%% receivers, which phase neasurenents are used in addition
to the tine ﬁrenents in order to nmake inproved estimates of the tine
del ays, in order THe reRidicatigRalé prvidesintefott, Rinpldres which 8sh bemeicked with ifig

i nvention also includes a handset having a reference clock; ~ means for
generati ng 4ransshissien signals.giising the facethat the signalp aredorapatied i1 the kame Way andithusence

signal having a . simlar .fornat t tr 1.ssion siagnals.and thus a

sort i on | denerEdEndts! PRtk e RN GGt auRnE Rk g dioln
predet er m negltive by Ghichra réburaing b oneHas & dnovaaFBaL Fe0 thedthéih Beter fdmaRampl e
by cross-correlating, the received transm ssion signal and the reference

signal to dereviggsia estmate of ghetime offsetme of fset; means for transmitting data
representing saig,relative.ti ffs to enabl e thereby the sition of
he handset to bacsdtins Heiame Sfsetypibles B ARG R SR It DO BEers Ty oy
be i ncurr ed giRsai $RNGhissiokdurighaRt6 BEEAIRABd, 2l hBfte the¥osRtbnAtT tRGRYbIRL €
know edge of the paths by which the signals reach the receivers. Miltipath

pr opagat i ontspe detdamioed as describeddn mooe dethihbelow, neking it harder to estinmate
t he position of e peak...lt may also resul.t in nuf ti,- peaked .
cross-correl at i ohhl\ﬁ/i'_g) € t%etde@rb&dmﬁﬁsakeﬁﬁﬂ?%éocgﬁ?"(‘i{ﬁ@ieda%ﬁp:f‘f’ffdg‘ # H3SM
others. If gldpHole spst&iop eRdmiple fr t]!%‘ féll%ﬁﬁﬁ@ﬁ{anﬁ&utiﬁ%poié??cf]reexﬁﬁﬁlebﬁmaﬂﬁxepeak

at all corresponding to the line-of sight propagation path. It s_ho_uld be
noted, howe@RU hanzecondddt 4 shemt hyrsspefcthe isignalal BFedul Contained withinythatf t he
TSI he - Tepording B, e plmingigRRe and’ Qp Civen Y (G PRIFeTRR, SuD) o1

sur roundi ng dedcrbédibose whidis b torisehi feasre b EhoR®irhnsihissisi. ThePa)cess8Mwithint hen
del ayed signals at the rover always appear to the |later side of the peak of

the cross cr@Rbtdaprreate o matgling templats, dased orf theknopptmiciro phthstredrorkay be
rel ati vely §igﬁL1L ahl cg@igxor%'tf(ijo%%g%?\@ﬁ&% g gﬁx?.?Sftﬂg%ch%Eng'stJ&?kn%' ple
chni mentl aove,ltwoula (0] en e e I’ar

tenplate te que one SI e t0 reduce

its effectsSuch atanplpleds SRovaeby wé¢ ofaxemplp i Biguaé 80 Theashal & péitibas bbthef
mul ti path propagati on can be mnim sed by identifying and neasuri ng'I t he
time of arr irepsmiped sigaalyshown atda), preexpetbhspacifiediby e gtk prtpeal (the Samei ve

to the refe sj.gha C ¢ | |
equi val ent EE tr%gér%lgﬁ‘eoért 0 'dlrglfjsgcééﬁggir/&éﬂ{kg-%{hge]&alﬁ ﬁ%ﬁ%&%&é&gﬁ?&%@gﬁ{n %tf(bg' aid
recei ved si Jhaunshadedportiohs o aR cArmopbépredivtediini agdivarge sandsot thewe patts lAfe not
auto-correl ati on of an expected . ] ]

used in the correlation. In the correlation process between the received signals, (a), and

the locally-generated template, (b), only the shaded portions systematically contribute to

a correlation peak, and the unshaded portion can be ignored. When the template is

matched to the recording, the correlation peak corresponds to the time offset, i.e. the time

offset between the received signals and the local clock inside the CRU. This time offset,

At,, is given by

Atll =(|l’- al)/V+ &t &
where g, is the time offset of the BTS transmissions and &, is the time offset of the CRU's
internal clock, both relative to a mythical universal 'absolute’ clock. The signals from B and

C may also be measured in the same way, giving

-7-



part of said received signal and a portion of the auto-correl affi Bridf 2872
‘part ‘of the neasured pan of said received signal; cross-correlating the
e cted part of said received signal with the neasured part of said
rﬁi ved signal; and measuring the offset at which the tenplate best fits
the cross-correlation as the tife g, argival of the signal broadcast by a
transm ssion source rel ati \r/Ae"‘t (Sﬂgﬁj‘/re{"erénce signal. The invention
therefore ahsd includes a nobile receiver, e.g. a tel ephone handset,
conprising nmeans for carrying out the above nmethod. It is possible to carry
out this process, equival edthF(r-eh/ex&@mpke, in the Fourier transfor(§)
domain, in ich case the aut o-q?orrelgfg?n}?ggg@tion becones the power
spect r um andNf FAME MgEUIemEnts ¢an.alsg bemarie at & of®%% he cross- power
spectrum The signal parts Lelnar £ deadily identifiable and known in
advance, in the case of a égi]/l glygtemha ‘e, for exanple, the extended
traini ng sequence. In the aase(bf)/a+GOMa, systemthe parts of the signal may
be pilot spreading codes. The nmeans for constructing the tenplate may
conprise neds for conbining a portion of the auto-correlation of an
expected part of said recei,yed i |..corresponding to offset tines fore
that of the central peak of’s\ééal('gb%'ggfv d signal with a portion of t @
aut o- corr el ghhipdttiag equadidhs 6 Blont Hgiveeasured part of said received signal
corresponding to offset tinmes after that of the central peak. -13 irvi
One exanpl e of a parti cul adri aprenént ak4la)/vof a system according to the
present invention will now be describ f \mth reference to the acconpanyi ng
drawi ngs, in which: FigureBb:ir tba—&lra@ alDbY +# CURSOR network: Figure 2
illustrat esaﬁcpe geonetry of a CURSOR network; Figure 3 illustrates portions
of a GSM sighal and a tenplate generated by a handset for correl ation
purposes; Figures 4a-d areag, sat,o{ri dedtl)/sedesi gnal profiles for (71)
illustrating the use of -nultiple tenplates for reducing the effects o
mul ti pat h pwberggat eore,. Bivglibe ngedl thay squasions 7 are jestikp aquations i candhencesgdnby a
handset ; be solved in the same way to find the position of the CRU, r. Thus, there is devised a
CURSOR system which operates in exactly the same way as that described in WO-A-97-
11384, with the same characteristics of accuracy, speed etc. The differences lie in the
manner in which the measurements are made and in the content of the data sent over the
links to the CPP. In a CURSOR system as described in WO-A-97-11384, the time offsets
are determined by the CPP from the raw data recorded by both CRU and CBU. According
to the invention of the present application, the time offsets are determined locally, requiring
much less data to be sent. Note, too, that in this system the relative transmission delays
of the signals transmitted from the different BT Ss are not measured and are never used in
the computation. The geometry of the calculation is based on the intersection of circles
centred on the positions of the BTSs. This is very different from other systems in which
the equivalent of the CBU measures the relative transmission delays and transmits them to
the processing unit which then performs a standard calculation based on the intersection
of hyperbolae.

The above description shows how the use of a single locally-generated template can
be used to estimate the time offsets. The template can be generated from the known
characteristics of the network signals, as described above, or it can be measured using the

signals, say, from the first received channel as the template for correlating with the other

-8-



Figure 6 illustrates part of a network of CBUs utilised in a syﬁ]gnn 7977
according to the invention; Figure 7 is a flowhart of part of t LA
me renment procedure carried out in the exanple; Figures 8A to 8D

.y trate estimted and neasured auto- and cross-correlation functions of
signal s in tétanasist dmnviyi ometimes bbe advedageous eolwse nidne thdnf end sengflatenih thepat h
propagation; Figure 9 illustrates the conponent el engnts of an exenplary

GSM net wor k ¢FSS12HPBRIOFSSS §speaially when thprgf&rvsd §ign3ls prg distorieds for example by the
f
Caor et caticls ol AL BATAAS! ThObel et oG i SvaL b

according t OthE berraraﬁsmstone mxmtmaahemmdtlgdhé mavﬁsdignilsg iH@vevephé estimate
t el ephone system w Il now be described. As descri bed herei nabove and as

i|lustrated ¢frth¢trgmréfsst scaol@ewred:mas@m@ys@ evstemati biasashiethears by shewinnip by

T part cul Sntcaeeg] aiaes. s MastlrandrduaShizre edriied ol ™! ©
Wi thin the rs‘?ﬂh&“at%ﬁ’)r !ﬁ@tlﬁ%e&é’%d&&l@%dﬁ?&vlﬂlaf msrrswm shé\on N &Agé 8f and

fixed at known | ocations P unit h' t he posi ions of the
nobi | e handstemslaaesecommnﬂdaiged d!fﬁemmt(ad)ouptsmfanul@a!is@mab(@ld (h&hctSer@ 4

t he CRUs, t t d h
e donmuBBSl oDl b R TR AR BV Qo B SRS P
i ncreased bajfttgé iuttipdiidelaylhus t he CURSOR neasurements have al ready been

made by the time the user makes a call in the usual way. -14 J la aa'.a
L* Figure 10 is aASEHM CURSORdpedtieningsysiemathdn.caccersing tosthageachings o the onal

digital |1 ul hand d t

nvent i on. . ERAehEorh TR 3 el B Eors iRl g e i 86 R e b
a receiver 4grrolih@ing BTSsAnd RRafPHE tNime bsedd bdtWedtPtheMthnt @heteftiplité Ricked gnal
processor (DSP) 43. The digital signal processor 43 has an associ ated RAM

44 and a RONp4bke intersalgiacks éqcabpmpeﬁsm mglneurstadawwrégawlwnvﬂéit Dsrhezu.me A

o ocessed nyPEHS BRBRCA TR o4 SEotaBea SO RN Pl e yiommtne eioh 8 Bl P15 ©

for contai niy\gvaPimé nixb&Pby H@érﬁolaf[&e Dm&@rymmvdoemm&neﬁﬁﬁ xﬂtferpfblated
cellular tel ephone handset, eg battery, %qad LCD screen etc. are not

shown as t heimeaefseintareall featacedbta he sent de dhe CPR\amrequest. 1A CURSQR-enabled

accordance w n |ng
under the cﬁl"rﬁil‘?“r @?ﬁmn%ﬁﬁédt a?{' '85' t‘r’?i%)"glgrg ?atgagoﬁ Bﬁgm ﬁg |?Ig)‘tl}aér g‘?‘é’ '([a gg%

out the req m% Fo@ntpdll the BOOHY TR fdrige A0fing NEidIE thih€ e 0GAES A6 cAlbis aﬂplrogress
associ at ed 7 operate to nmeasure the timng of f sets under the control

of a nodifi @adplrwparﬁs@m@n@cﬁmng YeRemRChy ABS00aakA POSEFMARHERAiSTEquiEede

d th th
anal ogue. t o B EMAstcoeRi HRIARIY P IRE Saled. of B AR a AHR S eal BFT 1
the handset thé crossaorpdlativh arrasém b anlSMS paoket ©dGhe eanpiorgathaewnh aclefinitiod bf s

data is extracted before any DSP processing, such as channel equaligsation,
because t he th¢ wétaaépféywamer%dewtbsﬁef% exs@pls; by thesarpyal of ponastiqda frame ) v,

The I and Qnﬁm} ©on @g eh (ﬁ a8u hokll'R%Ea elis &%\JRSE} ﬂ‘%ﬂg%r t&? \ﬂ- gt' on
of a marker signal (see definition uch as a uency- corre tron
burst, the Ireprasenttiontaftiiesnumiter i ms gwem‘mnge df £+ 128y evith avesulutiortequivalent

FM dem)dul ator_output, consisting of the dlf}erence bet ween successi ve

val ues of tdfa qut(chnr of positjogplasrort ddpecapacky of the SMS pasketthersfarsollgwgmeny. A
frequency- 99{. rg?l]iefn(m?m:ﬁﬁm@iﬁl%ste Bgﬂse%%e@afcﬁgésgn&] &e%nﬁg&atf?ﬁ hEEMLiedSing
zero' or one sanples, —~ an may De recogni as sucn. (2)

Cross- correltﬁérdbnsﬂaais\mdmeltabmt}edMGh&!dsmeﬂemtecorded code signal (see
definition below_ may be performed either on this sape denodul at ed serl es,

or using Ithe | aﬂarecgr%samlreserttwerﬁée|alﬁe§eh%ertarﬁec¢r@ehensﬁ60|thagqlmilppe BeIW9Bhent s
st bo raaoPEHeHsRE e X URSQRORBlohall cfirivel Wby "ARFoCH hER AR

carriers, akhdOBUS nkddifot ieairy tWﬁlaﬂWﬁaﬂsﬂnﬁiﬁfde!ag@ of the BT etwik!in BRfed
menory requirenment for this is about 140 x 2 = 280 bytes per channel. It is

normal for 4o Kdetesiae thepesilion ef the £RId; t@h&)e@nldmegcnhﬁleaa;betlmdm te dousor oTkigli ng
BCCHs. This is the list -15 It QJ ~"-.r r~. 2 that is used for CURSOR
operation. The frame nunbers ofthe BCCH on the serving cell are decoded and
used as tinme-stanps for each CURSOR neasti-enent set. The conplete set of
recordi ngs made on, say, 6 channels are nade synchronously with the
internal crystal-controlled oscillator. Al recorded data are copied to
controller ramfor secondary processing. In the case of a handset, CRU 4,

t he GSM CURSOR neasurenment procedure is carried out, in the DSP 43 (see
Frgure 10) at regular |ntervals of betmeen 10 and 60 seconds durrng the

N Y - v p— —~ 1




-16 ~~~r:! ~~. _ "2 values are replaced by the nost recent ones. This
anal ysis involves cross-correlating each of the recordings with 3 Qéﬁﬁ:\ﬂ avel
b?ﬁd on the expected code signal (as nentioned above, the synchronisation
b t SCH). The val ues around the peak of the cross-correlation are

i denti fi ed, infh¢hatiofrcddld be Y baSk kd repional esmasllefsovorbeassed @ s C syrdhebnixe! tha.
When the user initiates a call that requires the CURSOR functionality to be
used, the vag¢twesk pEBiI§ent in the cyclic results buffer, which include the

corresponding clqggk.tjick values are.pac ' l%ggﬁ C \{gm S
then sent to the H‘V\fﬂtéor'}at%Fﬁgor ﬁgﬁgélg udg??&%{:ﬁgﬁ%g esgl%rﬁkﬁg%? or le?zglata
that is to BgijtaeiRlephénd H@worP bikingané tifle cHisetstrieashined IbyRhe fixed nédefviersadti on
for the serving ce[pl, the dialled nunber corresponding to the service for

whi ch | ocat knownniesatiensie secoranehwith pajnel themethods defingd abgyedn aegrdance withbur st

recorded frqm.t he .serving..cell, the glock tick. nter ,val.ues for ch of
the channel )¢ ‘PYFé‘“Sﬂ’tao{‘dr"g'b'Plgg L tips gﬁ%e?s s{ohtiet?%rgeﬁﬁ&.j). 'Eﬂ‘érgﬁeot?‘f ngﬁo?ﬁThe CBU
operat es i n nuchptibaosesRlly\Rotefdryith Malephysldae chERgEs 1 rbdiRieRRE 8Fsedd ® Zehiit (2)
the CBU nonitors a nuch ldrger sét of surtrounding BCCH transm ssions

(typical | y b @dffigientoherelyeomastainearsnapofihe offsits rallowing the exptiwork| gperating

every 5 seconds, (c), the data.is, sent. back ,to the P 4ysing any .appropriate
means oo, SSNHEAIGYERA Lo ChT it e s oDt RAR 8 Y e B

places a cajlnbork H&ﬁ;d@gﬁwem? ﬁg&rggﬁtasretmnmmrs%emewrﬁiﬁebﬁﬁﬂﬂae ab tdIR

drift has occurred, an can operate in network-nonitoring and
synchr oni sain progressimsgrate bdoweenithamsl above. The CPP typically functions in a

CRU- ti t ed . An i i R S ket ti | at. i nt ti
S e L e | oiiEa caonl Bratony ToRementtoR et seivsRiL AtaRiine o M oIt no”
to the tine veﬁti&nbﬂ]e%um%m\e&wwaﬁmfp@%dmm 1he feaIr MBS g Repdur es

as described in our previous patent specifications nentioned above to
cal cul at e t mebitodigital telephfone bysteaBRIANMjsagnieppirafiseth-CEUsmay be ablgto repgiverdy

1Tt has arPER LT RRREOT 0 PR T SO CRD B RPbARaG Uh TDRUE AREREE  ng

new data frggeditediie, sURR aPtHRCGREval OF 2 GRARGRS Hame nufber fref dne FBRVBTSS as
foll ows for each of a nunmber of cross-correl ation vectors: -17 .~ ~ u-, ~

Lv2 the val beth GBIds makea mgaswremens @f thedimeeffsse akthg arrinal ef e sighals relative to

Cross: cOr T e}l nAloliicod ¥NALUBS. TSRAL ALSLYARR AFRICHICAN RS d°

of the peak respecti ve ng 1 n ordera, b,

d, e; the valeud kabwa, the fissildFe Tti@ﬁ's‘“rﬁ?’bé sedabkelcuMe tHesali®ofd Wehieihewes Of
0, b-a, c-a, d a) & e-a; the [argest of these values is c-a and this is

scal ed to heepeesentsthedimaoffkt hetwedahginternal sinsks efshetvie CBYsoByanaking simidir| owed

by 32 "0's, by multiplicati a fact 1. ENR. S cal.i factor x is
dsed to mi PRErpERenPberS R aGechs pRE S Gy I e RMFeR Bt M BBl 8 e
| ower twent yafubidh a BhdpSof@he fel@ive timdlofR&ts aF thelrli@@rnaPaoME andPhdnee Yhchrdaisk
representations in each case; as the first ~ and third of the original

val ues now themetwark of (Blectively, 0 & 256

Synchronising the network of CBUs in this fashion brings several benefits including
the following. First, the positions of newly-established BTSs within the network can now
be measured relative to the known positions of the CBUs by using pairs of CBUS in which
one can be regarded, in effect, as the CRU but fixed at a known location. For example, in
the first of equations 7, all of the variables except a are known, so that two measurements
on the signals from a new BTS are sufficient to establish its position. This provides
independence for the CURSOR operator from the BTS network operator. Second, errors
in the positions of individual BTSs, or in the synchronisation of adjacent CBUs, may be

detected by repeating the measurements described in the previous paragraph over all
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whi ch are known, only th.e second, fourth and fifth nunbers neeg $3@§e g@rt
to the CPP, and as each of the three resulting nunbers can be rep ng

in an 8-bit representation (i.e. a value between 0 & 255), the first two
bgang positive 8-bit integers and the third a signed, 8-bit integer and
eX®h thus a single byte, the shape of the entire correlation curve can be

r epr esent ecoasibleussmbifiativms ft sfaceht @aira of ICBUe aplfScomasa BT SsAN Fhidimhe of a
met hod of mnimsing the ef|l ~' ects of nmultipath propagation is described

bel ow i n connewenissd ngtwark of CRBldcrapidasanplteragve mearsf egaldishingiaarap ofithest r at e

oL Tt ed A THRBH i s o SR B B A RS Byl LS
arrival of syliemaihd ir@hér then @ETwivierespect fifeachptiRs. Ohe 8fithe CBURnitheRdtWork
conposite signal relative to an internal reference signal of the nobile
recei ver ercabldde pravidedwith e high-guality atpmicalerk, sushds akxdroren maser pecansiugent

I nvention kes, use of, readi ly.identifiable si ' uctures designed to
have good ragg?'B-dc%lrcF’eqngt“\SS 4 tr}%ﬁlg} tﬁtaélg?}agtgbﬁlet%‘gpe@et@hg(ed trai ni ng sequences

in a GSM di gi t alTHeRletwibrklof CBUEichrafided &t riok,|df klsa bethali et ddady RS p&ivdi® 8D.
The auto-correlation function of the extended training sequence I1n a GSM

si gnal (i | Iscarming efdhe entire gllgceted Ajeqnencydiand fos tharppearangesifinewdheS whitseanst t hi s

di to th ti ' ' ' d as.the.left.hand sid f
e eat ot alrohSess R VRERAbensT chimtiisSisdty brtcsdifle 85 {FisefirbeReRS b e
recei ved sifgnaCE/REOR bpératr sk &g h@@sﬁwg@duﬁmﬁmﬂ REMIRVFCBUS) o Edrgnt
hand side of the auto-correlation function of the neasured extended

trai ni ng seghinbusiness Witk edarge degrae of igdenpendence fipne theebpoetuionkopesatone - 18

o~ F =2 C s almana 597 ROSELI Ve e axi s) oS used as the right, hand
side of the estBRelIQ 3L BEZAbEs vt U oflioRosa ot Brhustfin be Fopkelll e
si gnal s ar @sipb QfdrsGRRhefisadfofle Whhde, Wi @¥RAFEebnamgeNeftagd BF MuRH gefeence
and the resulTing neasured cross-correlation function (iTlustrated in

Fi gure 8D) presaserthan cantble ackievedsisingthedime:measuriog techhiquesgleséribed heren Itamiygur e
8C) to find_ the tig\'n 0 fstet. -19 v, & \r}(B~,~ "~ })l ¥ ~i [ ~Y6 CLAIIIVB 1.
A posi ti onPRYCUPET BRLoHANEERJC dPeasusshoh ihe Pl 94 e pime 1 giRragtica

t el ephone pgp0eRektatiay o thedpribent dviehtiordf Thé ARSHEsE ah® QuEdIHfueE pértidnd ©fF thd he

first (2A 2B) of which 5 receivers is at a known | ocation and the second

(4) of whi e¢reived signalrian be pblaiied during theanensuiemenhof the timetndisgio t Ehes¢ pacbe sai d
t A e . . f et . f
e s, BRELLD shiREThe ShA 5L SREISSAY slAef, U Wiy 35F Bl o ©

receiver i pgdasidtements ateHRER Mie Pravide; thaf) an@ eestirhd dfbetl BEasgRARNA! | RGndyn each
recei ver a reference S|%nal | ocked to the reference clock, the reference
n

si gnal havithegefaresberiaduantagsonnto combine the phaspiand itise affesh acasuamenth in the
tion ident i ecel. i gnal which h
Pt o i SR Ein bk ERPL5bbn ERSLYaR of onel v i has

By way of example, consider a GSM digital telephone network. At the start of the

position calculation process the time and phase differences are calculated as outlined in
WO-A-97-11384 and herein above. The measurements are then repeated. The second
phase measurement consists of the first phase measurement plus the change in the phase
between the first and second measurements. The phase and time differences can be seen
as different estimates of the same unknown quantities. Thus, when both phase and time
difference measurements are made at two different epochs, the changes in these
measurements reflect the movement of the mobile unit. As the phase and time difference
measure the same unknown, the difference between the two sets of phase measurements
should be the same as the difference between the two sets of time difference measurements

when scaled appropriately. Any discrepancies between these two is caused mainly by the
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means (46), in each receiver, for conparing the received trans s QP enn
Signal and 15 the reference signal to determne their relative "“C)ff'éz.'t
toggnabl e t hereby the position of the second receiver to be determ ned by
d m ni ng the tine delay between the respective signals received at both

receivers. étls hg:gfb@ tH9nd e%?@eglﬁqﬁt?hgiisﬁg IO 8¢ eI Mitl i %Fsrﬁl e MtoS Bbflin

reference sign ener at nown aracteristics of said

transmi ssi Oﬁ*n@lsl@t@ﬁieﬁts vath pre€isibh bO N a@exﬁmmrmcaafgdh’rtsfth@sxghaaltm fbenfger ein
said reference si gnal Is generated froma first received transm ssion. 25

4. A positi oaseredy skhisis gquiyelghhp n@utangntmetr@l raeeision fargthg phaser observations

i ncl udi ng a centr roc ent.ral 0Ges receivi ng. from

the recerveromparRsnR preaiicot sapionirBEy I8 e arthg e ferkrBepe %o&ﬁ The

transm ssi omggih beadu%JeEﬁﬁ% Yrﬁﬂu;?atth Sﬁ&ﬁeﬁﬁﬁ@fh&ﬁrnoisreomttthé résbﬁﬂ@r@n%?'

sources ( | A1 C), and for determ ning the position of the Second ece| ver

(4) by det emmichilesg forttbe phase datel ay bet ween the respective signals received

at both 30 receivyers fromsaid rel ve time offset - 20 al [ r.n. |,
Oth S0 TeoR! MekRybd ARG Alcoltirht FoaRLbRg iRtrerbS meatRementah ke 1

sai d cent rakurHrd?Qﬁéﬁﬂf nﬁ@)dnﬂ‘e?&ﬁ:b‘fﬁéis&%hﬂnﬁﬁ{dathé CRIR metﬂee@%sx%eis&&ﬁé&B 4)

via one or nore packets of a data service in a GSM networ
posi ti oni ng (rppéendynscaledfratn i first to thxi mmdmeasinamnﬁqpmheltmaismsableto use

representin ai e, rece s transmtted from
sai d cent raﬂ""ﬁﬂﬁﬁggﬁ,‘ﬁ?o fagﬁuqat?anﬁnlﬂf%?cih §%°t @ﬁ?’%ﬂ%ﬁ)’iﬂﬂ?s&‘féﬂ?@tcl ai m 6,
wherein data repnpggefidgns atfﬁﬁh&q‘éatwecﬁmé x%eér{é infVeRtidretheRESTe Bk system may

transmtted fromsaid Central processor(3) to said nobile recei ver 10°(4).

8. A positi owasuge by@ttbtrrplmc difigrange and tha pinsf de&ayéaetween thearrivalwfghesignalha

t t I TI

Syat om accoPtiiY 6 AP BT ALFCPHE Mty amens o5t Bredd aelienca s il oo
signals of methbmattyVai lordekGo MalkPEhproved REtiMted BIMRE Gffediidlfyst th dRder Ab
claims 1 to 7, wherein the transm ssion signals conprise nurber ed TDVA

frames repedetedmac therpegision ofithessgcond igeeivgrs aci d wherein

The invention also includes a handset having

a reference clock;

" means for generating a reference signal locked to the reference clock, the reference
signal having a similar format to the transmission signals and thus a portion identical to the
portion of the received signal which has predetermined values or which is repeated,

means for comparing, for example by cross-correlating, the received transmission
signal and the reference signal to determine their relative time offset;

means for transmitting data representing said relative time offset to enable thereby
the position of the handset to be determined.

In practice, as mentioned above, an error may be incurred because of multipath
propagation, by not having an accurate knowledge of the paths by which the signals reach
the receivers. Multipath propagation spreads out the cross-correlation, making it harder
to estimate the poéition of the peak. It may also result in a multi-peaked cross-correlation
with the desired peak having a lower amplitude than others. If all the signals arrive by
indirect routes, there may be no peak at all corresponding to the line-of-sight propagation
path. It should be noted, however, that multipath propagation always results in a delay of

the signals compared to the direct path. Provided that the base station antenna is in the
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20 said receivers are arranged to make recordi ngs of the transngﬁﬁigﬂ %0
signals fromsaid transm ssion sources relative to the tinme of r iUl “oF a
gi ven nunbered frame, thereby to synchronise the start of said recordings.
1A positioning systemaccording to any of clains 1 to 10, adapted to
determ ne the 25 tine delay between the respective signals received at both
recei vers (dedroabony thg sustpunding elutigh 6o thag itreemivas|the mostedifast signylsoslyn gien

11, “wher oi roeR e a0 W3 AA ueat TVROGHE R e B BL ol T,

posi tioni ngc&§Yahtgsn. according to a~iy of clains 1 to 12, wherein
measurenents of both the phase difference and the tinme delay between the
arrival of the siAdthahgh the effects affmulfipath prepagation may be' relatively Ismatltie nszayd
receiver s (ZA/ 2C, 4) are detern ned i ch.phase .neasurenments .are used in
addi 1] on ¢ otifEtcks FeuipspRRieO ey BB Bl e RO E e R DR o
the time dejqysilg blePbesirhtle 48FRANEE MR IRASIAIO hafthert Ne second recei ver
(4). 5 14. A positioning systemaccording to any of clains 1 to 13,

i ncl udi ng means Warhave apprecatedthahtheeffees oSmultipathipropagatiorneanbeganimised by

i denti fying, and, nmeasyri ng the tioe of, arrival of signal, received,froma
transm si oeBgHPEAnd mesiurinihe e of apival 5T 2 FLreAVEd o &ITABRISAN o an
| nternal el i féatileqs khe referdrclRighK| 16U YOI Mfelched OOL TRAmE BP Euivadt
means 10 auto-cérrelating a neasured part of said received signa

const ruct i ngarsfdreredispace, bpnpri sing a portion of the auto-correlation of an

expected part of said received signal an 51 portian ('1>f the auto-correl ation
of a part of the3WR:ome ng a measured part of said received signal;

constructing a template comprising a portion of the auto-correlation of an expected

part of said received signal and a portion of the auto-correlation of a part of the measured
part of said received signal;

cross-correlating the expected part of said received signal with the measured part
of said received signal; and

measuring the offset at which the template best fits the cross-correlation as the time
of arrival of the signal broadcast by a transmission source relative to said reference signal.

The invention therefore also includes a mobile receiver, e.g. a telephone handset,
comprising means for carrying out the above method.

It is possible to carry out this process, equivalently, for example, in the Fourier
transform domain, in which case the auto-correlation function becomes the power
spectrum and the cross-correlation function becomes the cross-power spectrum.

The signal parts which are readily identifiable and known in advance, in the case of
a GSM system may be, for example, the extended training sequence. In the case of a
CDMA system the parts of the signal may be pilot spreading codes.

The means for constructing the template may comprise means for combining a
portion of the auto-correlation of an expected part of said received signal corresponding
to offset times before that of the central peak of said received signal with a portion of the
auto-correlation of a part of the measured part of said received signal corresponding to

offset times after that of the central peak.
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part of said received signal; cross-correlating the expected parg o&,,;a,i,gz

recei ved signal with the measured part 15 of said received si gnaﬁga ngd &v-

measuring the offset at which the tenplate best fits the cross-correl ation
as’he time of arrival of the signal broadcast by a transm ssion source
re™ative to said reference signal. 15 . A positioning systemaccording to

clai m 14, wher ei dehQaMBRYT 2/ fRFiGRR ShplLmEMBor 6 2RtehtiRbordify EPIR P8R

means for conbining a portion of the auto-correlat’ion of an expected part
of said recaivestibrswillradw bedeseabedetitn geferenceftb she adccompsnying drasvingsain which:he
central peak of said received sign ith a portion of the auto-correlation
of a part of thei:l'%‘é%ﬁl’%ﬁd‘ﬁ&‘iaf“ %‘?@MM@@% signal corresponding to
offset times aft gho f ORI fRfrated efﬁ%eh{eﬁgopmﬁasé‘ﬁ worg, di gital tel ephone
net wor k i ncor porat%ung a positionlng system accorclill ng to any of the

precedi ng cl ai s Fighre 3 Wustrajed pdrtidmes of p IGEM sigedland k tengpiate gemegated by b handsét6,
further including plural fixed receivers (2A 2C) at known | ocations; and
means for s$ATERFEHISN RYTPOSES network by 3 0 establishing the tinme offsets

measured by sai dﬁfﬁa{l%saia- L aQef &qgéaﬁféféign?ﬁ%o Jes forll ‘strgtﬁ%fhe utdo xﬁ?lﬁkg' tal

t el ephone net wor ccording to clarm ther 1 nclu plura d
recei vers ( tofppldtes for rédueing the efiéctoofmuldpath pedpagatish; r ecei vers havi ng an

i nternal clock; and neans for synchronising said fixed receivers by

establ i shing t heFiguges Jiustrates an §MS packet transmittedbya hangsstnal clocks. 5 19. A

digital tel ephongi@gél agmhﬁrﬁgfgrg&ﬁ%ew r(llilo%b@ds tilikad ih.*a%gstiﬂﬂ%&&hﬂg BN

for synchroni sing net wor y establishing transm ssion tInme ts of
sai d transmninvention, sources (| A-1C) fromsaid fixed receivers (2A 2C). 10 20.
A digital telephgne network according to claim18, further including neans
for establishi ngFienee past flpwphast obpart gf the raeasyrement prosedyra carmed quf dhihgai d

fixed recei X)?Jnﬁole'

Figures 8A to 8D illustrate estimated and measured auto- and cross-correlation
functions of signals in the system which may be used to reduce the effects of multipath
propagation;

Figure 9 illustrates the component elements of an exemplary GSM network
positioning system; and,

Figure 10 i'llustrates, diagrammatically, a mobile handset for use with the system
and method of the invention.

By way of example, a particular implementation of a system according to the
present invention applied to a GSM digital mobile telephone system, will now be described.
As described hereinabove, and as illustrated in Figure 9, a GSM CURSOR system
comprises the following elements; (a) anetwork of BT Ss units 1A, 1B, 1C etc. transmitting
signals, in particular, BCCH signals; (b) a network of CBUs 2A, 2B, etc. set up within the
region served by the BTS network receiving the BCCH signals and fixed at known
locations; (c) a CPP unit 3 by which the positions of the mobile handsets are calculated,;
and (d) plural CURSOR-enabled handsets 4, the CRUs, whose positions are to be
determined.

A CURSOR-enabled handset (CRU) 4 does most of its work during idle time (at
the cost of slightly increased battery drain). Thus the CURSOR measurements have

already been made by the time the user makes a call in the usual way.
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(2A,2C). 21. A handset (4) for a digital telephone network incorporatj mg,.,za
positioning system 15 according to any of clains 1 to 15, said Banddet .-
i ngaudi ng a reference clock; neans (43) for generating a reference signal
I ed to the reference clock, the reference signal having a simlar formt

: reference clo e signal havi form
he recel ved si onorainPane NuBHfrd e BEL b0 ARG n (o bRFORPBIAAL, O,

means (46) t@lul&3adidHandket Muptedasiopeshtd nPesoidandeonitis tigriaventind. trhe hamiser ence
signal to determine their relative tinme offset; neans (42) for transmtting

dat a r epr esdindludessaaotenm 4t which piavislesf fignal to aresaivbt 42, fiiom whigh theceprividt | on
of the handset to be detefm ned. 25 22. t hod ,of..determ.ning th
posi tion of SigN#ldHRasse t@@é‘{'g}@rs’g??l BrageyPt @éﬁe‘{}egﬂﬁﬁé@ﬁiﬁ’m Kr ‘Ifgislof ?%h‘?sng

" havi _ . o e =
system havi Qﬂa%%cnld%ﬁm d{.\ﬁ%ﬁi@l@fﬁ é%{@wnﬁﬂﬁné b&ﬁhr&%@%ﬁ@th@b@' C

Is at a known cation and e second ( whi ch 1s™ no met hod
conpri si ng #8anAntdnventipnal griabprokessor ar geatrall dontroliér ERI)C A6 récelved-sigra)s, t he

transm ssi on signals 0 _having,a format . at, | east .a ti.on of. which _has

pr edet er m nBEPW%eaé’é’ IBE%GP e bas agpeciated g’&@p@aﬁ&ﬁi"Q@?r sigatlar 48 for ~n
s infhig! Semati EHL‘?V;{HE J%trmloérﬁglfﬁ BT LARNA e RpROIR! S
recei ved at ccérggxﬁﬁ{; e@;{ae?ﬁ\}gm:g”% A/2eC, ) fo?lgr% a t?anos 'ss?i Sn source ?gl tive to
a r ef er encehaidsetkegbatteay, tkeymadel CBrscreey egeare nat shogmas thelyeremm gesnapead theocked

{ransm sei R SFGHBYGHShaln e B AEryaanasovEr e FUEHPRcte HEP fhand Sssociaed” ' °
RAM 44, operating under the control of a modified program stored in ROM 45 operate
to carry out the required signal measurements and the microprocessor 46 and associated
RAM 47 operate to measure the timing offsets under the control of a modified program
stored in the ROM 48.

GSM CURSOR measurements are made on the In-phase (I) and Quadrature-phase
(Q) raw data samples from the analogue to digital converter. About 140 I and Q samples
are recorded in the handset at a sampling rate of about 541,000 samples per second. This
data is extracted before any DSP processing, such as channel equalisation, because the
time-delay inserted by the processing is not known accurately.

The I and Q samples are treated as follows in the DSP 43. For the detection of a
marker signal (see definition below), such as a frequency-correction burst, the I and Q
outputs are first combined to give a standard FM-demodulator output, consisting of the
difference between successive values of tan * (Q / I), calculated in the full range 0 to 360
degrees. A frequency-correction burst (FCB) then appears as a set of consecutive ‘zero’
or ‘one’ samples, and may be recognised as such. The cross-correlation between the
expected and recorded code signal (see definition below) may be performed either on this
same demodulated series, or using the I and Q values themselves as the real and imaginary
components in a complex cross-correlation operation.

At least three such recordings must be made on geometrically-diverse Broadcast
Control Channel (BCCH) carriers, although five or six are made in practice. The low-level
data memory requirement for this is about 140 x 2 = 280 bytes per channel. It is normal

for a handset to maintain a neighbour list of up to six surrounding BCCHs. This is the list
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5 predeterm ned val ues or repeated portion ofthe received signal and
corngaaring the received transni ssion signal and the reference sigialy'/apgr?
de mning the tine delay between the r espective signals received at both

receivers (2A/2C 4 termning their, relative ti ffset, to thereby
det er i ne th@aﬁdégﬁ%q fgﬁcgﬁl OREE ﬁ\sé@mﬁéwntb&vpfilﬁ@@Hm@F pryfing cell
accordi ng to,clai ek . S o RS | t he
known char ac%rgrd ?‘Léc%qegs%n%wgég Hﬂlte fsgdr?g)r%tglfsig%ﬁ Sl g%ﬁggﬁ la%ﬁém%ﬁﬁg{ ﬁif)l%%gy@g%i ng
to clai m 22, sewo€irecordings thadeons) sayr 6 chagiedd aresmgiengmahredodsly with thednfetrabt
recei ved transm ssion, A met hod according to any of clains 22 to_ 24,

25. . gto
wher ei n dat cTysgireangiofledoscillatory Allseqopded datgargcopied to eontrofler ramgpssecardagy

signal s rece'r &}) ﬁ’é each receiver fromthe transm ssion sources is received
by a central é BeeSsor (3) fromthe receivers (2Al 2C,4), 20 and the

position of the spc@edaseasaihatdsef, ORUS!, ) GSMOCERSOR fledsardihdht BEodebgretié me
del ay between the respective signals received at both receivers fromsaid

rel ative ti ramgd eet in theeDSR 4adseeobigurec U it mggulyr inteavals 26 betnrasn difnanda6 Qi
data fromthe recejvers (2A42G 4) [.s recei ved..at..said central pracessgr in
one or nore Sﬁ&%’l{%tdém%a’ﬁ }Hﬁ?sﬁ% écil?/#'?,’g af‘ﬁ_lsa eé%l\‘he%d?i&’t\xﬁ‘? Eferfweqﬂ%cﬁ@{rﬂgq
accor di ng t GEachirbredardtaked fsEniitdn 1 We@mA! MTWalrépdtieiPé BRAEERGICs 'HT dPBEICH On
of said nobile receiver (4) is transmtted fromsaid central processor (3).

30 28. A nettrendmassioorate mepdily iddngified. 2 The finssrafi thesgave calb p merken sigapl ahé the

position of said nobile receiver is transmtted from said ntra
processor (éfcqngl we Ay arﬁ%?ls'gn? e‘ééﬁgséwv‘*? Etéla.almoyvn,nr[ye if[e!?‘;e#‘?&k?f-z_ 1€ TRATHER hod
accor di ng t QighAdcodld, Edrakdthiplé delaBredBencietirettionbuest (FCBIS Bhdthe B6desighabdonlar e
control channel signals. 30 A nethod according to claim?29, wherein the

transni ssi orpesisynelirenisasiopbbese (363EH Bhese arieananyiathes possibilitéasndihk hagdset waitet hod
cccor 910, oML e e M, 0 BRI s RSUOREHEN 2D, DRl
wherei n sai tegins at step 301 2 e lid) of mkiganhels ahdl i Fragheddi® dré PASRIISIEIN the
signals fro rl?ar?c?sie?’ s Lerigl?b%Tr l?sst I782n A counter locked to the handset’s reference oscillator is reset
in step 703 and an index i is set to zero. In the main processing loop 704-713, the index
is first incremented, at step 704 and the handset tunes, at step 705,to the first BCCH in the
list, and waits for the arrival of the next marker signal in step 706. 'When the clock tick
count has reached the number corresponding to the arrival of the code signal, in step 708,
the recording of about 2 x 140 bytes is then made in step 709, and the frame number is
noted in step 711. The clock tick counter is then recorded in step 712 and, depending on
the channel number being less than » (step 713), the process returns to step 704 and the
handset then retunes to the next BCCH in the list, and awaits the arrival of the next marker
signal on this channel. When the marker signal is detected, the value of the clock tick
counter is recorded and, after the appropriate wait for the code signal, another 2 x 140
bytes are recorded. This process is repeated for all the channels in the list by cycling
around the loop in the process until, in step 713, it is determined that the recordings have
been made for all n channels. The recorded data is transferred to the CPU controller 46
for storing in RAM 48,
The handset CPU controller, microprocessor 46, then performs some integer-based

analysis of the data, storing the results in a cyclic buffer in RAM 48 in which the oldest
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when 15 said nobile receiver (4) is not transmtting voice data. 33. A

met hod acconrdiluey atereplageddfy thé miostere@hit bues3 Thiswnalyss involwescrosseortelatinf each h

t he phase dif~'erence and _the tjne de|ay between the arrival of the signals
at each of tqféh%r&icardmséé\mh&tgmp%mbze?f]a n@ﬁ@xm@rwgﬁé'apalm TRentiomed above,
measur enent I: ?gﬁ i ' S, to
make i npr ovéaéé@cl“ﬁga 5{51&10 éém?? niél?ed\éa:ﬂgeﬁé ?ou}ng q%r‘%rﬁ%? ([)ﬁeﬁ %rcnc%!n%(laa‘?{oﬂgl:e

posi tion of idémifiedcmddtorediiRANM 484in codtpresfedformasl describedibedowt Wirnyheafser
claims 22 tqg 33, wherein the effects of multipath procﬁ)agation are mnimsed
by i dent i fyilRigatena cahatrequitss tieCWRRERSunctiopalipy fo bsrused, dhgyyues sesiqestivithee g
froma transglLss) - b Rkl '

| ocked 1o andrieebaitts Enlchnciigh thgoortoEr g RidcR i LALA GPRRIGH BGne |
space, by al8MS packagkawhiolyisahereseatmoatle CRPtwlake theihdndset elocatiorsisgieadrmined.
constructing a tenplate conprising a portion of the_ auto-correlation of an
expected part of %@tq’@é@ﬁs&‘ééeﬁ tatheLRP mapeensisfior the auto-correl ation

of a part of the measuyped,Soreldviflaidiisd hESEELR onal:
cross-correlating the ‘expectied part of Said recefved signal with the
measured part of said thedrlleddumb@riespoidingo the serviceHoe which locatidn was
nmeasuring the offset at which the tenplate best fits the cross-correlation
as the time of arrivalregfestede signal broadcast by a transmi ssion source
relative to said refer i | cl,aim 34
wherein the tenplate itgggrg?\’gtngﬁ@%re%%gg s%@%\s?ﬁgn @Yrgp%glr){hlggtrt\i%o h\%hsgr\'?"g
auto-correl ation of aregxpected part of said received signal corresponding

the clock tick counter values for each of the channels,
the data representations,
the measured BTS short IDs.

The CBU operates in much the same way as the CRU. The main differences are
that (a) the CBU monitors a much larger set of surrounding BCCH transmissions (typically
15-20), (b) the measurements are taken more frequently, say every S seconds, (c) the data
is sent back to the CPP using any appropriate means €.g. an ISDN connection, (d) in some
modes of operation, the CBU places a call to the CPP when it detects that a sufficiently-
large time drift has occurred, and (e) the CBU can operate in network-monitoring and
synchronisation modes as described above.

The CPP typically functions in a CRU-activated mode. An incoming CURSOR
SMS packet stimulates interrogation of the appropriate CBU or CBUs to extract the
recorded data corresponding to the times of the CRU measurements. The CPP then uses
standard procedures as described in our previous patent specifications mentioned above
to calculate the position of the CRU using equations 7 above. The CPP may first consult
an internal database of recent CBU measurements to determine if it has already obtained
the required CBU information before requesting new data from any CBU.

The process of compression referred to above is as follows for each of a number

of cross-correlation vectors:
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extended training sequence. The right hand side of the auto-correlation function of the

measured extended training sequence (illustrated in Figure 8B and corresponding to the
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sequence and the resulting measured cross-correlation function (illustrated in Figure 8D)
compared with the estimated cross-correlation function (Figure 8C) to find the timing

offset.
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" oo e ()1 Brorbomuet @Rl Bbs shpsonfaATAOR hs fist -4B) pf Wi
1010135 B M s W B TSRO el
EFFFFFFFbC 1@bNiiosddio (be-defkt Do, fajd system utilising transmission signals having a format at
least a portion of which has predetermined values or a portion which is repeated, each
receiver including
a reference clock;
10 means (43) for generating in each receiver areference signal locked to the reference
clock, the reference signal having a similar format to the transmission signals and thus a
portion identical to the portion of the received signal which has predetermined values or
which is repeated; and
means (46), in each receiver, for comparing the received transmission signal and
15 the reference signal to determine their relative time offset to enable thereby the position of

the second receiver to be determined by determining the time delay between the respective

signals received at both receivers.

2. A positioning system according to claim 1, wherein said reference signal is
20 generated from the known characteristics of said transmission signals.
3. A positioning system according to claim 2, wherein said reference signal is

generated from a first received transmission.

25 4. A positioning system according to any of claims 1 to 3, further including a central
processor (3), said central processor receiving from the receivers (2A/2B,4) data
representing the relative time offsets of the transmission signals received at each receiver
from the transmission sources (1A-1C), and for determining the position of the second
receiver (4) by determining the time delay between the respective signals received at both

30 recetvers from said relative time offsets.
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e~_@40! 1 1Q0& ()4 %s}t@c%ﬁhé Qy‘stem]agéoraf?fg to claim 4 or claim 5, wherein data representing the

position of said mobile receiver (4) is transmitted from said central processor (3).

7. A positioning system according to claim 6, wherein data representing the position
of said mobile receiver is transmitted from said central processor(3) to said mobile receiver

10 ().

8. A positioning system according to any of claims 1 to 7, wherein the transmission

signals are control channel signals.

15 9. A positioning system according to claim 8, wherein the transmission signals

comprise BCCH signals of a GSM network.

10. A positioning system according to any of claims 1 to 7, wherein the transmission
signals comprise numbered TDMA frames repeated at predetermined intervals and wherein
20 said receivers are arranged to make recordings of the transmission signals from said
transmission sources relative to the time of arrival of a given numbered frame, thereby to

synchronise the start of said recordings.

11. A positioning system according to any of claims ! to 10, adapted to determine the
25 time delay between the respective signals received at both receivers (2A/2C,4) at such time

when said mobile receiver (4) is not otherwise engaged.

12. A positioning system according to any of claims 1 to 11, wherein the receivers
(2A/2C,4) are multi-channel receivers.

30
13.  Apositioning system according to any of claims 1 to 12, wherein measurements of

both the phase difference and the time delay between the arrival of the signals at each of

21-



10:;10% & ()-, 9! 10% & ()-! M 109%008& ()- $euef!giJjnm[<~ @
10|L*L|10°/&'()-|M100/&'() M 109& ()-1:1109& ()-:1109& ()-!:! 109&%(}rtfmiatdmm
op~_= 10!'! f M 10% o' 0& ()-fM 10% 0& () - 03%40% & () - ! 3940%0& ()- 10 10

igr Is<llg‘(’)/e5c(l) E) ) c}g ) d&é&&é@%g &.:‘8 are cile(telzrllné%)codb.whlch ghase measurements are used in

T110% 7' & () a\dditikﬁh%d&t(mefﬂbésh{feh%ﬁm&o(cﬂef to makmeiiypwevel estibidtéSHftHO MR &d 1 dys,
, 3% 10%&' ()-. 10'o 10'o 10' 0; 10% o0& ( @()n t!10% o0& ( ()
110%08& () -naeseris Aetpryiae the-postion@f tha cend rramer@). ( ) -
MLO% & ()-LY10% & ()-& 10% & ()-9!10% & ()- tyyz{zzz{dE~\= 10!! 9MIO% & () -
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10111140% & (94, A positioning system according to any of claims 1 to 13, including means for

minimising the effects of multipath propagation by identifying and measuring the time of
arrival of a signal received from a transmission source (1A-1C), relative to a reference
signal locked to an internal reference clock, in time or equivalent transformed space, said
means
10 auto-correlating a measured part of said received signal;
constructing a template comprising a portion of the auto-correlation of an expected
part of said received signal and a portion of the auto-correlation of a part of the measured
part of said received signal,
cross-correlating the expected part of said received signal with the measured part
15 of said received signal; and
measuring the offset at which the template best fits the cross-correlation as the time

of arrival of the signal broadcast by a transmission source relative to said reference signal.

15.  Apositioning system according to claim 14, wherein the means for constructing the
20 template comprises means for combining a portion of the auto-correlation of an expected
part of said received signal corresponding to offset times before that of the central peak of
said received signal with a portion of the auto-correlation of a part of the measured part

of said received signal corresponding to offset times after that of the central peak.

25 16. A digital telephone network incorporating a positioning system according to any

of the preceding claims.
17. A digital telephone network according to claim 16, further including plural fixed

recetvers (2A,2C) at known locations; and means for synchronising said network by

30 establishing the time offsets measured by said plural fixed receivers.
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19. A digital telephone network according to claim 18, further including means for
synchronising said network by establishing transmission time offsets of said transmission

sources (1A-1C) from said fixed receivers (2A,2C).

10 20. A digital telephone network according to claim 18, further including means for
establishing the position of a transmission source (1A-1C) from said fixed receivers

(2A,20).

21, Ahandset (4) for a digital telephone network incorporating a positioning system
15 according to any of claims 1 to 15, said handset including
a reference clock;
means (43) for generating a reference signal locked to the reference clock, the
reference signal having a similar format to the transmission signals and thus a portion
identical to the portion of the received signal which has predetermined values or which is
20 repeated,
means (46) for comparing the received transmission signal and the reference signal
to determine their relative time offset;
means (42) for transmitting data representing said relative time offset to enable

thereby the position of the handset to be determined.

25
22. A method of determining the position of a mobile receiver in a digital telephone
network positioning system having at least two receivers (2A/2C,4), the first (2A/2C) of
which is at a known Jocation and the second (4) of which is mobile, the method comprising
transmitting signals from a plurality of sources (1A-1C), the transmission signals
30 having a format at least a portion of which has predetermined values or a portion of which

is repeated;
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W

5 predetermined values or repeated portion of the received signal and comparing the received
transmission signal and the reference signal; and
determining the time delay between the respective signals received at both recetvers
(2A/2C,4) by determining their relative time offset, to thereby determine the position of the
second receiver (4).
10
23. A method according to claim 22, wherein said reference signal is generated from

the known characteristics of said transmission signals.

24. A method according to claim 22, wherein said reference signal is generated from

15 a first received transmission.

25. A method according to any of claims 22 to 24, wherein data representing the
relative time offsets of the transmission signals received at each receiver from the
transmission sources is received by a central processor (3) from the receivers (2A/2C,4),
20 and the position of the second receiver (4) is calculated by determining the time delay

between the respective signals received at both receivers from said relative time offsets.
26. A method according to claim 25, wherein said data from the receivers (2A/2C,4)
is received at said central processor in one or more packets of a data service in a GSM

25 network.

27. A method according to claim 25 or claim 26, wherein data representing the position

of said mobile receiver (4) is transmitted from said central processor (3).

30 28. A method according to claim 27, wherein data representing the position of said

mobile receiver (4) is transmitted from said central processor (3) to said mobile receiver.
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1096% ()-S:dE{\ =C10! /9! 10%3& ()-F.1109%& ()-, 109%6& ()-*10%& ()- @' 1096 ()
2! 0, ! -

1096 () UZ[ \11‘ me%cc& according to any of claims 22 to 31, wherein the time delay between the
respective signals received at both receivers (2A/2C,4) is determined at such time when

15 said mobile receiver (4) is not transmitting voice data.

33. A method according to any of claims 22 to 32, wherein measurements of both the
phase difference and the time delay between the arrival of the signals at each of the said
receivers (2A/2C,4) are determined, which phase measurements are used in addition to the
20 time measurements in order to make improved estimates of the time delays, in order to

determine the position of the second receiver (4).

34. A method according to any of claims 22 to 33, wherein the effects of multipath
propagation are minimised by identifying and measuring the time of arrival of a signal
25 received from a transmission source (1A-1C), relative to a reference signal locked to an
internal reference clock, in time or equivalent transformed space, by
auto-correlating a measured part of said received signal;
constructing a template comprising a portion of the auto-correlation of an expected
part of said received signal and a portion of the auto-correlation of a part of the measured
30 part of said received signal,
cross-correlating the expected part of said received signal with the measured part

of said received signal; and
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