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(57) Abstract

The invention relates to determining the position of a mobile receiver (4) in a digital telephone network positioning system. A first
receiver (3) is at a known location and others are mobile. The method involves transmitting signals from a plurality of sources (1), the
transmission signals having a format at least a portion of which has predetermined values or a portion of which is repeated. The time offset
of the transmission signals received at each receiver (4, 5) from a transmission source (1) relative to a reference clock of each receiver is
determined by generating a reference signal locked to the reference clock. The reference signal has a similar format to the transmission
signals and includes a portion identical to the predetermined values or repeated portion of the received signal and compares the received
transmission signal and the reference signal. The time delay between the respective signals received at the receivers (4, 5) is determined
from their relative time offset, to thereby determine the position of the other receivers (4).
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the In yet another patent specification, WO-A-97-11384, the contents of which are
hereby incorporated by reference, these ideas are extended further and applied specifically

20 to GSM and other digital telephone networks, for example CDOMA, UMTS, or satellite-
based systems (the latter providing the possibility of measuring height as well as position

on the ground). The system, known as CURSOR, uses the signals from the network
transmitters for positioning purposes (see Figure 1). A short burst of the signals from one

such transmitter (known as a Base Transceiver Station, BTS) are received by a mobile

25 handset (known as the CURSOR Rover Unit, CRU) whose position is to be determined,
where they are converted to baseband, digitised, and recorded in memory. The same burst

is also received by another receiver (CURSOR Base Unit, CBU) at a fixed and known

location, converted likewise to baseband, digitised and recorded. This process is carried

- out in the same quick sequence on the signals from at least three widely spaced BTSs at

30 both receivers, after which the recordings are transferred to a central processor (the
CURSOR position processor, CPP) via links L1 and L2. Here the corresponding sets are

compared, for example using a cross-correlation procedure, to find the time delays between
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15 However, each of these solutions has commercial disadvantages. For example, a user

calling an emergency operator may not be able to wait while a data call is first established,
data transferred, and then cleared down, before being able to speak to the operator.
The present invenﬁon is intended to overcome this disadvantage by making the

recordings in a different fashion, and by exploiting the special characteristics of digital

20 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 ivemging of the received signals.

25 . The principles of operation of the present invention m-ay best be understood by first
considering the equations governing the CURSOR system, as explained in WO-A-97-
11384. InFigure 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

30 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.
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(1) 10 - WOP¥RIP8 [err], [err] are neasured by the net hodgq{%?é‘& in
WO A-97- 11384 and the val ues of a, b, ¢, and v are known, and

hence the equations chefdRr &t KEMlah FdMBTS AC 1808 uMferéice, Ar, mepsured betiilh

handset, r. r now the relationshi p”between the

si gnal s from anyh¢ sipndiiieseiverbat Qlard Rl is given by B, received by the CRU.
First, the assunption is made that thei m can receive on two 15 :
channel s si mul taneously, one ct¥nné®-#lgfAMY#E the BOCH from A and the ot her

tuned to 3 . leae ol g%q)fj
I ncoher ent transv?#e{? ggbgtﬁ t ergm\kgﬁﬁéa@ég%ﬁ é’igﬂ%gk{%tﬁs‘%éaﬁe re gﬁftgenglﬁ?kg
bet ween their siigiRlreceiversiatdO andRs Sanilatly) we map wiite fortwe dtler BTSs (say B & C) at

handset woul d reveal nq,significant peak._. In_a GSMor other digital
t el ephone net\/\orWOTP“mOI‘S% W&QO@PWPH%F‘SP%I s fromBTSs A and B do have

signi ficant coherence. For exanpl_eq.he % each have a conmon
framing structure, are |ocked {0 hqhéhﬂqﬁ%l i9t+y8reference oscillators, and
carry significaghdanounts of comobn data. A peak can therefore be found in
t he cross- correlation between them I|f the network were
synchronised, that is if the fA&mlrgel-lel/v+e. structures were | ocked (1

t oget her,.the ti ffset | - dd ar 6016 ¢34
di st ance%of rom Aq‘grﬁ" 15'(§ g’oﬂgﬁgg%%j%&i Vi %ogi/&gd&%gﬁ "gWadc [ gie]qﬁ#;arng ﬂl‘%vaall %o
an unknown 25 ofa b,ajand | erslknowd) andhende the eqifationy can[be solived Goofifid thepssitioncom

as the transmssion tine offset, or relative transm ssi on
of fset, or rel athehandseb¥sni ssion del ay. Hence, we may write

err) 1, oL, L ol Sty o s AR 6
the cross- correByrdceived by thesGRUL Binstpthe hssuniptieishade that ahe/CRY can rédeive dngwal s
SO VSUE. by conmpe A RGNal gne Bad] ined e BOCH Bl & apg e other tuned to
-3~ the BCCH from B. If A and B were truly independent incoherent transmitters, there would
be no stable relationship between their signals, and a cross correlation performed at the
handset would reveal no significant peak. .In a GSM or other digital telephone network,
however, the signals from BTSs A and B do have significant coherence. For example, they
20 each have a common framing structure, are locked to high quality reference oscillators, and
carry significant amounts of common data. A peak can therefore be found in the cross-
correlation between them. If the network were synchronised, that is if the framing
structures were locked together, the time offset of the peak would be the difference in
distances from A and B to the CRU divided by v. In practice, there is also an unknown
25 and slowly-varying time offset, &, sometimes known as the transmission time offset, or
relative transmission offset, or relative transmission delay. Hence, we may write
Aty =(r - a|- |r-b))/v + &,
where Az,,, is the time offset of the received signals from BTSs A & B as determined from
the cross-correlation. We may also perform the same analysis on the signals received
30 simultaneously from BTSs B and C, giving

Aty =(r-bj-|r-c)/v+ 4. @
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r, ofthé CRU can be deduced uspe(bl-delfardgmat hemat i cal me(3ods.
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synchroni se t he recordlngs at WO I I vers. For exanple, in
a GSM system the signals radMat 2@ =(r- bfhﬁ ﬁ'be*ﬁéﬁBTSs are conpl ex(‘ﬁTh
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time : vahids@fAt;arahdmalﬁﬁe%nhtemratatdneere Wﬁeﬁnwsbfﬁ,m, cj(zhtdt \Sare
s[err] and may, for exanple, represent a r mal burst a(iata
and traini ng b‘F’Wﬂa&th’?“é&‘EFéWé?"Ecﬁ pishe ?Bﬁ%ﬁbgdeduemwgam# oW thematic
pattern SY, &H{, i sation burst' (SCH) of data and training bits, or an
access burst - a synchroni sati on sequence and data. Each of
t hese bursts al so ddoteltmmqadndab,hmelalldsappeafedﬁ'omquumscuhl'I['lnslsl-&mausany )

of thetlrre sl ot ei. n useclat a nonent in,a
dependd3on t he™ 'H%‘P ﬁ}/ Cmeasyrements bmﬂqﬁgﬁam%&re gither ¢ ¢
at that perf omé@ﬁﬁa&mebmlww@uﬁt dbsedbgether $R0d1 Ghdrb Yo HiBRAREHR :

| ogi cal channel will be roadcasti ng one _access burst in every
frane. Furt herbﬁbﬁ@nthmslépﬁcﬂ%ye&?@sﬁmwwmmcs°fth°BTsWFF tq synchropise

- period of sevepale BAMes at HE 656 TedelVersS FFRF Exdiisfe, 'S GRM kpéidin, e dorlis todiateli 278
by the BTSs are complex. The data is programmed into so-called time division muitiple
20 access (TDMA) frames lasting 4.615 ms, further subdivided into 8 time slots. Each time
slot carries 156.25 bits at a rate of about 271 kbits s™ and may, for example, represent a
‘normal burst’ of data and training bits, a ‘frequency correction burst’ (FCB) of fixed
pattern, a ‘synchronisation burst’ (SCH) of data and training bits, or an ‘access burst’ with
a synchronisation sequence and data. Each of these bursts also carries header, tail, and
25 guard bits. 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 acce#s 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

30 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 thé oscillators in the two receivers, vary

-4-
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th b ing, , f . le b - | ati.ng, t.h i ved
Lransmi ssi on i HEHeS Tepeibed Hiragh Feeetver fFom a mphes of SAnariston, Oty o mgasured
anot her to det ergglafife to each other by lcoftiphring | f8f 'e%ﬁnﬁlé ﬁ @bésScorfelating ﬁl@%@éﬂ’%i '
y e

determ ne the position of the second receiver ) determning t
time del ay bet weeansmission signlsdfrom thediffenent transsuissionsgurces with hne anotliey taxtgtermine

stations. The iny | [ t . an It on deter.m nin
76t hod. ' AP ive 35S IR 8 el aBYBUETR T ftoR BE e RRofleREiEn
assuned fhat botdaterhiningRitie ainte delay between thd Rispéctive rsyﬂ'b \teceiivid dt hbdeh) SdcBiving,
simul taneously. Whilst_this mght bhe made the case for [

g " .. CBUs,
is-rarely so forstaigps. | Thejnyrated mncludes bath the sygtem and g position determiging meghod.
resent 20 I nv | ' j i |
aowev er, the speci al q%%‘%g%l?glri? goﬁégifgo(?ﬁgé&eh Hdf'béed a@suh‘feﬁlthﬁ-‘ﬁﬁfhetﬂg CRU and
CBU can receive two channels simultaneously. Whilst this might be made the case for

CBUs, it is rarely so for mobile handsets. It might seem, therefore, that the present

t

20 invention has little application in a real system. However, the special characteristics of the
digital telephone system once again come to our aid. It is found that features of'the signals
are repetitive, and that a significant degree of correlation exists between signals from the
same BTS when displaced by a whole number of frame periods. For example, in the case
of a BCCH in quiet conditions, we have noted above that there is an access burst

25 transmitted in every frame. It is also common practice to transmit a frequency correction
burst and a synchronisation burst at 10 or 11 frame intervals. We have already noted the
correlation which exists between signals from different BTSs at the same time. We now
find correlation between the signals from different BTSs at different times. For example,
we can find a significant cross-correlation between the BCCH signals from BTS A and

30 from BTS B, the latter being recorded, say, exactly 1 frame period after those from A.
This gives plenty of t_ime for the single channel receiver in the handset to retune to channel

B after recording the signals from A. However, we now need to be able to measure a
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unit whose position is to be determne whi.ch syst em ut i_fises ._

% ned ] _

transm ssi on stigadelay betwesnthe respective signals reerived at hothrecsiving stafions., | s
sequentjal ly repeat ' hi & 3 LAt Wap =1 Sfdnse :

tr ansrrifss(;1 i on signal ’gﬁerg’lé%oy{gd& %8&% &%ngthbg’gtgh ?rgglgle)%%r fr gﬁﬂa}esrllgunr?lbseﬁom
of t ransmi ssi onneighbourng BT $s onafiffareng ghysisakohannelscan beaistd to measure time offsets. Thpy
conparing, for exan‘PI e bé cr o&s-hcor. elating, the sequentially received
transmissi on Presentinvention;exiendsthesededd.ne §i'fferent transm ssi on sources
wi th one another toasRkdinglitda fufher aspetasti the present invention, there is provided a

positioning system comprising at least two receivers of a digital telephone network having

20 a plurality of transmission sources, a first of which receivers is at a known location and a
second of which is a mobile receiver whose ‘position is to be determined, said 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;

25 means for generating in each receiver 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 reﬁeated; and

means, in each receiver, for comparing, for ex_émple by cross-correlating, the

30 received transmission signal and the reference signal to determine their relative time offset

to enable thereby the position of the second ;'eceiv.er to be determined by determining the

time delay between the respective signals received at both receivers.
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time of fset r eby detefm’ ne the position of the secon | by
determ ni ngﬂyﬁgg/zﬁﬂ? time delay between the respecti veq,s(,ﬂl:'gna8>s€’§{49 :

received at both receiving stations. 15 The foregoing

di scussi on shows how Inteedigitalttelsphaneretworke farf expimplesa GISM systemyrthe transmission
nei ghbouring BTSs on diffe?reuqt Egé? cal channels c be .used.to_ne SULE.
time of fsets. THf@urcesarepreicrablyng basgtranscotves stationg andthemobifp receiyeqmay be a digital -
According to a fhdpddaer aspect: of the present inventi.on, there is provided a
positioning systemconprising at |east two receivers of a digital telephone
network having 20  Thereferenca signalsiprovids, in effact; implaterwhish carche matched with the

- which recgivers j . ' . f i S
A mobi | o eoel v apinisedn SRRN Ushishd BB % iampls e fymagted B0 o alf ol s
Eti lisi gg tra_nsmigﬁsiﬁm‘ticalpgm 15 aliows thgmao bematthedye.g. _em?f-gmqhtéd)i amdthémbmﬁ'h h
as predeterm ned, . val.ues, or a portion i,ch is repeated, eac
rece!over i ncl udﬁh@nebywhlcharecor gofonegas,tgggwgﬁw\ggpm;h%hgr%ordermmatch,

means for gener ativdesiall eRftfidte bEME tiffe’oflet, ©f €r €nCe signal |ocked to the
reference clock, the reference signal having a simlar format to
the transm ssion si giaowingtlie timesoffsets enables the relgtivetreceived dinms offsets hedwedncthe

portion of the

recei ved si.gnal whi ch has  predet erm ned va) ues, or .
whi ch i si% epeat I ,er%gansmls%non source signals to bﬁéﬁ‘ﬁ%‘f‘tep@a etppe%ngqsy&n,ofﬂg,mobﬂe

conparing, for %ﬁé@ét&nhf{ed%%&rmedﬁ%&%id@ﬁ]ﬂ beld®, 30 recei ved

transm ssion signal and the reference signal to determne their relative
time of fset The ttimecoffists cath be atepsured: usiog ilodallyrcreatedhemplatasrid a GSM
recei ver to be tern . N[,N he ti del ay. bet ween
the respective gﬁ%ﬁ‘&@%&‘cﬂg?"v’gﬁ%@{’@ %hﬁq’p@%\@pgg}@pen Suppose, Tor example, that the
- 6- CRU has recorded a short bursi of thel sigralsefipdin BTS'&l WOblitainkd rwithis tHat ©

a GSM system the t;,ansm' Ssj on ources are preferably the base

: S
transcei¥er st afee %ﬁd@f#@‘“ﬂ%isﬂ@@cﬁweﬁheﬁﬁvﬁ’é datai(Qg pregeterminied values)

described above which is a constant feature of those transmissions. The processor within
the CRU can creafe a matching template, based on the known structure of the network
signals, and can ignore those parts where the exact form of the received data is not known.
Such a template is shown by way of example in Figure 3. The shaded portions of the

20 transmitted signals, shown at (a), are exactly specified by the network protocol (the frame
structure etc.). These can be matched by the locally-generated template, shown at (b).
The unshaded portions of (a) cannot be predicted in advance, and so these parts are not
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

25 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

Aty =(r-a)lv+ g+ g

30 where &, 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
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handset . The reference signals provide, in effegsf,
tenpl at es WR%®R®8n be matched with the 5 transm sEFESBIVANA s .
Using the fact that the signals are formatted in the sane way and thus
have identical portions allowg, Hiemb be,+8fched (e.g. cross-correl ated),

and the anmount in time by which a recording of one has to be
moved rel ati veando the other in order to match,’ provi des an
estimate of the tine offset. ,, _. Knowi ng the time offgets
enabl es the relative recei veét"’ti A 8‘?4‘Vs"'ef°§'-'%ét ween the 10 di f fef ent
transm ssi on SThe'same editiémentscal also de mude aethe CBUJ givimce the position ofthe
nobi | e to be determ ned as described in nore detail bel ow.

The tind offsets can be meas@et(a¥vtysatoRal | y-created tenplates in a GSM
t el ephone system for exanpleg,in Il owi ng manner. Suppose, for

exanpl e, that the S"Cﬁghﬁé’si%gc rded a short burst of the signals
from BTS A Conjpgi ned within that 15 ~recording is the framng
structure and other 'given' data (or predeterm ned val ues) .

descri bed above which is a cAhstleVvieatke of t hose transnissions. THE
processor wthy . . n create a matching tenplate, based
on the known g‘\gﬁﬂwgq%ﬂ‘m%g ng"tsﬁruﬁsc'g o ~ signals, and can ignore
those pgrts where the exact Ag[IALH (he- d|edaf)/ved data is not known.

Such a tenplate is shown by way of exanple in Figure 3. The shaded portions
of the 20 transnitted 8hgndhss (hBlwibRi+ &), are exactly specified by
t he network pro&ocol (the franme structure etc.). These can be
mat ched by thé@focal | y-generated tenpl ate, shown at (b). The
unshaded portions of (a) canpg}-Re-=pmeddcipey +x advance, and so thesq7parts
are not used in the correlation. In the correlation process

bet ween t he r extere/ed s+ gnktivall b¢ nyted thatiequations 7 are just likeequasions 1.\and hence saned
tenplate, (b), only,ithe shaded pottions systematicall Nt fl .

a corré§ ation bﬁé&V,Zd g‘ntge P W aéf&% ﬁW?’ﬁ%’hO@ﬁ @’i%n@gﬁﬁ‘e&%%{"%

tenplate is CURSOR systéiiivhiok Spédrates iexa@iyahelsantp, wiyles thay deseribed in WQae7-
corresponds to the tine offset, i.e.. the tine

e. _ : ffset het. n the
recei ved si gndil384avath;the samg gharactesistics #ﬁcega%éptﬁé&mﬂbgg Wﬁb‘res'\éﬁ*?e

[err] is gi Vegr&m( in whi t de and in the contefit’ dflthe-ddth sent 8Ver/the +
[err]+ [err] erm_whx\ﬁgél}eem ag‘rn’r ,eniss?reilﬁaé etainmgznoffset of the BTS

t r ansni ssi ons liakstoftlerCRP. Ing GURSOR systerh asdescrived infWOsA:97s11384, the time offsets
interngl clock, poth.r i 0 ' ' al ~ I ' Rﬁﬁ% The
si gnal 2‘1’ from BF ':F"mneg{’%the &ﬁpté'of}&}'%&g%&%lee c&n@%ﬁ% F’lr} t gdsﬁe}? rfeA‘\E/\Hngy .

gi ving to the invention of the present applica_tion, the time offsets are determined locally, requiring :

much less data to be sent. Note, t00, that in this systém the relative transmission delays

of the signals transmitté_d from the different BTSs are not measured and are never used in
_ the computation. The geometry of the calculation is based on the intersection of circlgs
25 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
thé processing unit which then performs a standard calculation based on the intersection
of hyperbolae. |
The above description shows how the use of 2 singlelocally-generated template can
30 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 teinplate for correlating with the other
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| < 3 = - b +
[err] WO 9921028, 4 terrl =i [er.lrip/ciﬁirmyé%)/-v

+ [err] + [err]. (5) The same

measur enent s canchahmels. bdt myi sbmetiméscbCRlvanggecusgo iis§ more than one template in the
[:((alr [)]I ) /:\(/ | il % {a\r/r ]+ qsnfqu?rr {n%rcgs, especially when gw received signals are distorted, for eL:aenrxﬁlL by the .
[err] =(|cl)/V “effelts'df tnultifat propagation. The best template from the point of ¥ié¥ of maximising

Subtracting equations 6 from?5 gilcves us 10 ] . lerr]
- [err]= (|r - athecotrelationis on¢ which matches exactly the received signais. However, the esfimate;
i % :; { % N H { 2+f the Fﬁe{%ﬂ}o{o@?ﬂm may contain a sys?é}gatic bias whi?hﬁan be shown up by
where [err]= [ jsing différeht teiplatds) Thizds Nabested irkigae Uaivhere the transmitied profile kse

equations 1, and hence can 15 . .be solved in_the sane way to find the
position of the shrwn at (@)7endthe received profile(somenyha idealised) is sho

whi ch operates i t 5 . 2L ' -rOR-
1034, Wt ¢ ne EmBRS cotedpBRang I iaPinul oAb ot ot 1 f @ et can
di fferences |i e beindtéhed to the received datajund the ome givingth¢ ¢lesestonatch prowidesancestimated e
and in the cont e&t of @,ge dat a sent over the links to the CPP.
In a CUREBR systafithemu ath d in W>A-97-113 84, the time offsets 20

are determ ned by they @ﬂi{fc‘ms{l)ﬁepdsﬁw::ﬁ?t@stéﬁ,cﬂfeﬂ,e&cbbﬂhﬁofo&h@%&cﬁiﬁgs 6Btte
Accordi ng to the invention ofthé present application, the tine

of fsets are det mreﬁ::meillvbm lhgs arﬁéqdliql?rtﬁgonsltmﬂy cycling threugh the BEHs from the
ofthe ot onal s« /TORHER TS S eila HE phf ol Eerkb TR R O oM qoked

never used in  to the internal tloek.Chsiouil prdcessor bt Toirordafpolynomixl Griol the tine

is based on the intersection of ¢gircles
15 offsets, so that a value could be obtained for any particular moment (such as the arrival of

a given frame number) by interpolation. The polynomial coefficients, or the interpolated
time offsets, are all that need to be sent to the CPP on request. A CURSOR-enabled
handset within the cell also maintains a similar set of polynomial fits. This can be done by
cycling around all the BCCHs in range during its idle time, i.e. when no call is in progress
20 and the processor is not doing very much. As soon as a position measurement is required,
the polynomial coefficients, the interpolated time offsets, or the points around the peak of
the cross-correlation are sent by an SMS packet to the CPP, together with a definition of
the instant of measurement described, for example, by the arrival of a particular frame
number on a given channel. Such a ﬂxessage is shown in Figure 5. A four-byte
25 representation of the number in ms gives a range of 128 ms with a resolution equivalent
to about 2 cm of positional error. The capacity of the SMS packet therefore allows many
more than the minimum 3 BTSs to be used for each position determination, thus increasing
the robustness and reliability of the measurement. |
The present invention can also deliver a second benefit to the telephone network
30 operator besides the CURSOR positioning described above. Although, as noted above,
the CBUs need not measure the relative transmission delays of the BTSs network in order
to determine the position of the CRU, they could nevertheless be made to do so. This
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25 centred on the positions of the BTSs. This is ver«x’ different from
ot her syst M@9%21038hi ch the equival ent of t he CBURGEFARIBQI4Y e
relative transm ssion delays and transmits themto _ t he

processi ng uni {nriiHa6iBn chEIB HRYehOBAER 18 régdiama biirdielsa R iusa P agRfirdiset HiR

I nt ersection of hyperbol ae. The above

descri pti on shoetwornloaf BESs.use of a single locally-generated tenplate can 30
be used to estimate e L& : o . : m
the known Thi S fteorbiafo 13k 8t G SRR BSRL Bl
above, or it cdigithleteleplonemetivorkibyousingethe time offsets measuediby thesfined réceivers dte

first received channel ,as.the tenplate for, correlati ith,the other,
La St TSV o locatioap i ateardance mathagy GG Methods demnd abore in abterdancs Wik

more than one haiienti6n; iafd ifiling the time offsets &5detdRiiried to Byrehrdaie tRIRARIR! | Y
when the received signals are distorted, for exanple by the

ef fects of multi pattipnasmsupdly nenessafftto niake physicabéhangesito ceducéthe pffsats todereyi ew
of maxi m sing . he caryel ation J.s ope. whjch ches exactly the
received si gna"‘ét.s“mg’fefeﬁﬁ Wemf%‘g{"*%f’b’p °tJ e offsets, 81’°‘Y'ﬂ€ qﬁ%w@g‘f%p@fa'éﬁ
obtai ned may Cgifefi 16 nfaké MfowilBds fr thénd i itd'PrédedeRs Béhefits @favitik a¥ynchronised’

using different tenplates. This is illustrated in Figure 4 where the
transmiltot ed prusdtivbek inglude faster and moreselishle hand-pugrs befeen neighbovring elis ps ealls| e

(sonmewhat idealised) .l . A range of - tenpl at es
correspondi ng P@r%g@@%&%&ht‘&ﬁ

anounts of nultipath, shown at (cl), (c2) etc.,
can be Fied fégivalalt 6r fidtional dmplexentatiod of a apsterh ecarding go \the) greséne

| t match id .esti mat f the multi .
S ot CURBOR. avsobip it wil o8 Anpovokaif CBHs deploy i wiipintbRareahths (oM iother
present invent j,oihe diil flephofid SysteRh) APRFicRRPalk of Stich CHUsihkyddable kR &b e

fromthe _surroundi'ng BTSs and neasuring the finme offsets
bet weer15t hem amahsinfssion sigpdlsifrom|ane loe thore common BTSs; as shiowniimFiguref. At apre- |t s

| ocal processoy  maint.ains I orden ' ' _ '

of fsets, so t h‘;eferg“n\?gﬁlﬁné" ? 5%3?%%%“’2%(‘ 3?%&%%4’ %%r [ ?El’ aéﬂe%rtrﬂeeﬁ’?'r%é uch

as the arri valboth CBUs make a measurement of the time offset of the arrival of the signals relative to
their internal clocks, as described above, Since the positions of the CBUs and the BTSs

are all known, the first of equations 7 may be used to calculate the value of £, which now
20 represents the time offset between the internal clocks of the two CBUs. By making similar
measurements between all adjacent pairs of CBUs in the network, it is thus possible to
establish a map of the relative time offsets of their internal clocks, and hence synchronise

the network of CBUs. ' '
Synchronising the network of CBUs in this fashion brings several benefits including
25 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
30 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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a given frane nunbe%,) by interpolation. The polynom al coeffici e?é”{"ag{%

i nt er pol at ed¥0 99/2102 time offsets, are all that need to b8

CPP on request. A CURSOR-enabl ed handset within the cell also
mei ntains a sim {r&&xbﬁekorﬁsmw P Hdfdcent piirs o bﬁtﬁa&ndaeoﬁﬁaﬁ MSs Third, the
cycling around all the BCCHs in range during its idle tine, i.e,  when no

call is in progrsyschrogised networkref mowoé@ssa}temsmmeanmfngabbhyxgmmap ofthe

soon as a positign neas S t he pol |
coefficients, t N goq%g%e]%“ts ?étﬁ%#l?&td%m ﬂb‘F “P}?ew‘ﬁ‘br’ﬁ{’%“g? u‘%ﬂﬂ‘ﬁe C&e%'k
of t heystemairae’ eahé:ehaijuamﬂms;ﬁenb eldh diherSidne pf the CBUSinthenebwbik
t oget her vm th a defl nitio the i nstant of nmeasurenent

descri bed? for esoaldhepro %w@ah@m@‘a@mg%&w@ afhydgogen maser or caesiom
nunber on a gi V%WE@, ngﬁﬁggﬁﬁdﬁaf&ﬂg\%t&g nétvgde € 5. A four-byte
er

25 representation of the nu in ns gives a range of [err]128 ns
with a resol ution equUlheaietwirk of CBUs, synchmmsedloondn, éanatso bt made ta cGamyaiut periodic.

e Frmreuns o iy HBE Sl g oRofoty bR ToiTh emmas spewl L i 20
i ncreasi ng also changed th the mgﬁeﬁe,% Shahéls hRU bP Bhd-ealisting lunfed) &t m&&uf%gxe

The present |nvent|on can al so deliver a second benefrt to the tel

net work 30 forp CURSOR pperatas oncerhe lwras@bhsp@isms regionalpetieerk af KUsa tosasy
franonasi on dei o eSS wits lanes despds O PpndRacE bl ine B Bl Sodeio! 1o

position of the CRU, EIAY0 308371 dessrities howahé poitionpsia hebilédeceiver ¢l be tracked
- 9- i nformati on coul d be sent back to regional

controllers to b@mgmsgrgmegtg o€ fhe,phase’ with the corresponding adyantage Rf sl Sseater
Th t t
The | ent o g MR o S A A SLSR

measur ed1®y t he sometimes bc:en\wvantege to Measure bothkthevphaka)md ithoen $imeninaz poactiaaic e
w t‘ h any ofthe neﬁlgr%gr?tatqoerf b &g p?gsgr\l/te'mwller}mgg C%g ilax{]-ggase ang quadrature portions of the
received signal can be obtained during the measurement of the time offset. These can be
used to estimate the phase of the received signal. As mentioned above, the phase
measurements are much more precise than are the time offset measurements. It may
20 therefore be advantageous to combine the phase and time offset measurements in the
calculation of the CRU’s position, or change in position.
By way of ;axample, 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
25 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
30 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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the invention; and utilising the tinme offsets so determ ned to synchronise
t he net wor R¥O 99/21028 It is not usually necessar ﬂéﬂé“’ .
physi cal changes to reduce the offsets to zero, but sufficient

merely to mai meﬁﬁis ofmblipith 448 MbdsiRiitnt Abis&W M0gdrefl, "Rtiv0pdssiBREIA bbiath

systemto make al lowances forthemin its procedures. Benefits of having a
' synchroni sed' nie@surements wish wprecisionaif i gercentof the ‘wavelengthd of theisiginalghatagheing, er s

bet ween nei ghbouring,cglls as.call . N _PEOgke lgrate b en
Chem " Sndasite.Thisis, el a0t penimetrg pRpeR ORI i S Bheepa®
system accor di Rgmpared ba Pre6ision of approximately 10iniet@Pior et tirhd\differentd dbséQations.
network of CBUs deployed within the area ofthe GSM or other
nobi | e df gi t al Both angtsubjected, tor multipath andi meammemens inpisgibug theryresyling eregr may bl e
to receive the_l AMas .SSion signals fromone or nore common BTSs,
as shown in Fi gﬁ'?léleésfo,&ttﬁé preg‘!a§£ determ ned tinme, such as the
arrival of a parti cIymdy blelan alivantag gy calculate thesecodd timedili®ace measurement as thieot h
CBUs k t ﬁt' ffset of t ' th ' I
naeaneilgnlljro?%nérfot Q, i me offset o e arrival o esals‘g_nas

relative to tiune ce-measprepieptand the change i the phass e EEMEY ( he
positions of t @ﬁg%gg&g ﬁtoﬁiﬁﬁhgiﬁ?tothesecond measiirefelebodh) B8 alsd ﬁt%g’f:le"t&ﬁseof

equations 7 ma o0 calculate the value of c, which now
represeld s t hetheiphaseodatastotcalsulatesrmrimproved firstepash tipleslifierense measurgmentBUs. By

" o _ | . \
" the petwork, it Aeoaring PhaBufterBite b itbenl invefibydicibed Bl S iy ®
relative tinme glimesSoththephase diffdtémiennd theltintekdelay bervear thiarival ofthe sigaals at

t he network of CBUs. . . ) Synchroni sing the n‘iati\\\zvorkﬁf5 CBUs
in this fashi opachrafithe saidyeceiyersywhich phaseimeapuremenys sis used in addition 19 the fimey
First, the posj|ti SRV Is P Lstimatdst Of thel fife MRIaVO K drdér taOW
be neasured rehgés:ﬁ\gezn%ﬁgs ﬁlé\ddérngévm}ﬁg%sn? I o%s ofthes CBUS? byeusixg pairs of
CBUs i n1snvhi ch determine the positien oftthe begondrpaeivesd, in effect, as the CRU but
fixed at a known | ogation..: the first of

F | ' . .
equations 7, all of %‘@VWP'%Pg‘éﬁ‘ggﬁgwdg“&%ﬂ%nom, so that two

measur enent s a referefte ddeg; signals froma new BTS are sufficient to
establish its position. This provides 30, i ndependence fc?gr t he, CURSOR
operator from the Bneans&ngsnetatingarafersnce signabineked4o thgreference clock, ther e

oS! .7 O ! Bl ol GAL GM0 ordl  CB
previ oy par agpefibn of the redeived signal which has predetermined values or which is repeated;
-10- 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.

25 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 pos:ition 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

30 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 resuits in a delay of
the signals compared to the direct path. Provided that the base station antenna is in the
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possi bl e combi nations of adjacent pairs of CBUs and commobn BTS | t he
synchr oni sedVRPRYPR of CBUs provides an alternative neans ofPé@?gﬁoﬁgﬁi ng
a map ofthe transm ssion tine offsets of the BTSs, but this

time with respectiefrubdve HdsRfrourdild clutter so that it rec&iVés!tB& okt direct SHghas onl%, then
thanjust with respect to each other. One ofthe CBUs in the network

coul d be provi dedelayed signalsiagtthe rever elwass eppesr £9 theclater sideof the poak ofjihe cresser
or caesium correlaﬁonbeam device, and used as the.-tine standard for the
entire network. ) The network of CBUs, synchronised or
not, can al so be nadeAlthoughrthy effetts pEmultighath propagation may beaelativelg smélil irhmany
" entire allocated frequency hand for the appearance of new BTS units, ,and

al so chanfes in ¢iFamstaneesand may bevessome hythe myltipletemplatetechnique megtioned abaye,

therefore possi by g o ifoften be desif'a:i(}fe g? r@?}gmg i?xta%mplg Riafindte has

est abl i shed his regional networ to carry on his
busi ness with a | ar geWidgveappreciateddieg checkiocts of mohipatheréphSation can bk miniraised by .

EP- A-0 303 371 dgscri.bes how t he posi,tion, of, bi.l e.receiyer can be, .

tracked eri i 50 SRR R U, OF B VA oS PSR L0Bh £ SaREHoN,

advantage of nuchy,gl-ealdive to the reference signRlbaleaty {Haabrefenbe ascnemxﬁy&ﬂbq[um
d t may 15 | mes

the tinme-neasuring techni ques describ her e. sone
be an aduant age transformedispacediyh t he phase and the time in a practical

i mpl enentation of the present.invention. The i.n-phase .and quadrature
portions of the _a£°'°°"$%‘8’§iwersgﬁ ﬁﬁﬁt@éﬂgﬁ‘%ﬁ’gﬁgﬁﬁgﬂ’gd during the
nmeasurement of the tidgastaiciingh templieScon3inBQ portion ofthe auto-tofélakion BFdn cPécted

t he phase of the receiyved §ign_al. As mentioned above, the E)hase
measur enent s ar epamipfisaifdsecsived signal and yportign ef the @uto-easrelation of a part gfthe measused
It may 20 i%.ln&r Ebeéi,;g s&gmant ageous to conbi ne the phase and tine

of f.set measurenght’s isﬁiﬁ? e g > calculation of the CRU s position, or
change insposition. cross-correlating the expectid pastyofchid eeceived signal with the measuféd\part

digital tel ephoneg network. At .the start ofthe position

cal cul ation proc®Bs¥ fererved jgnadfdhase di fferences are calculated as
outlined in meﬁ@n%tﬂgom%m%&%@la&m&hey&s-mﬁmﬁw e
then repeated. The second Z5 phase neasurenment consists of the first

phase measur eneraf apivabofithesignabbrgadaast byradramsmission source relative ipsaidereferanne signal st
e
phase andoti me 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

25 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

30 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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di fference neasurenents are nade at two different epochs, the changes in
t hese WO 9921028 pasur enent s refl ect the movement of the REBHGBESMHAY . A
t he phase and tinme difference 30 nmeasure the same unknown, the

di fference between a“ﬁ@ . N5 . be

the sane as the di fﬁ)g?enc : %ta\?%gé\cuﬁggﬁ@m g%#é%g?%%a?fpﬁme%tgn@%g&k&t

measurenent s invention will nbwibe slestiibel witiprefigpenca tethe acdompadying deaovngs; ia wiiel: ween

these two is caused_mainl, t he effects of multipath

and measur ement no?@&'."eﬂn‘ggg of 3 CURSOR e gtkse ¢ o obt ai n

measurenents wth @igﬁﬁ@mmtﬁiheg?egﬁéﬁfmamgﬁ" ngth' of the signal
metry o0& \

that is being ] _ heasured. Is is equivalent to a sub centinetre
preci si 6n for the prigers3dbstratespartions of a GSM signal andademplategenesated by aleandsedn of
approximately 10 nmetres for the time difference observations. 5

Bot h are subj fﬁ%"?lﬁu%ﬂ“??oﬁéﬁ'h and neasurenment noise, but the resulting

error may be Figures 438 Hre'a%ﬁﬁoﬁﬁﬁkhﬁgﬁﬂ?&ﬁlﬁdﬁﬁﬂustmﬁng the use of multiple |t
may be an advantage to calculate the second time difference neasurenent as
t he templatesfor neducing the effectsof multipath-propagstion;ur enent and t he change

in the phase neasur : .S mthe first to the
second neasur enent lgg%gE.ﬂh}spatlegaxg?@ﬂé&%@%?%@%ﬁ%%ﬁ&, t he phase data
to cal qpl at e an i mBigured ilfustrates papafia netwoek of CBYs atilised inasgstem imesvrding to the
According to a further feature of the present invention therefore, the
syst em nmay mvention, ppasure both the phase difference and the tine del ay
bet ween the arrivalg; [ ur&R cafted hyers,
whi ch phase neasureli‘rlréﬁ%ngﬁggﬂgﬁeédt ?ﬁrpagd?itl‘tth?(gnr?a%o thepﬁcﬁ%&e obffth¥
measur enent s iexampldpr to nake i nproved estinmates of the tinme delays, in

order to 15 ternmp sjtion of the secand, receiver. .

The invention al soﬁ%f%go gﬁﬁlgﬁﬁg tesmvpigmpmeasureﬁ auto- an @S&CQHFIQPE? ence.
clock; 15 functions of signals'iR #RSsykin WEOILIAY b sal toabdice fikceffdcgfimiitwitled t o
the reference clock, the reference signal having a simlar

format to the PFORABAYAT™S S| on signals and thus a portion identical to the 20

por tion of the receiyed o5 iRRkes e dbmpoRedt @SR BF BE GxADAGSGSM Mool | S

r epeat ed,;

positioning system; and,
Figure 10 illustrates, diagrammatically, a mobile handset for use with the system
20 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) a network of BT Ss units 1A, 1B, 1C etc. transmitting -
25 signals, in particular, BCCH signals; (b) a network of CBUs 24, 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. '
30 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.

-14-



means for conparing:s for exanple by cross-correlating, the recei ﬂ
transmi ssi orwng”m"g signal and the reference signal to dg’é(%?’ B ei r
relative tine offset; . means for -transmtting data

~ representing said relgi Otg‘gxrﬂﬁh‘iiﬁ ki hédbdi GbmBYisi enti ital
: position of the handslceai tg1 blg eterm&nél . Zgﬁp E)B smgalcﬁm;,)ragttl%lrcagg,l as
ment i oned above, ceflalaeradir hamdset bdapitetctoraperitdinascardanse with the pnvehtion. The handset

tion, by ppt i te know.edge of t.h h ich.th
D onare reach”” Hnciuda iyla A RHGRPOVRER bER Fo st B S vl ontet
the cross-correl giapi Paﬁmd&i' ital ﬁ%ﬂgfoces_sor (DSP) 43. The BigithlRingl proGesR? A8 hadn

of the peak. It also result i mul ti - peaked cross-correlation

with lt he desi regmgmcimw‘wmom ¢rtsunibrf¢ramnbiﬂnga9ﬁwelfb¢b!ﬂf|DSP
corr espond ng  t ot hes FPRveeitral mipbrsoBihe Bt bt Soltiie? TCRE P Fecfles sipey

be noted, howevegirocdssidt by el DERtafd RilsaPiRE dssoeiated RANS 476md| ROM br sindler 28 foxf

- the signals conpared to the direct path. Provided that the base_station
" antenna is in teentaining operating software. The other normal components of a cellular telephone

-12- ¢ V 0 ' |5

recei ves the nos c(ilsleg,ggtb Edéé?gr%{a oﬁ@%@%{"' &Qﬂ&t@ﬂo&h%t&g%@%{%%%

t he rovenoal way Spresepeinvertiont e usesinaccordateeotith the ipeation) fthe DEPo430and-associated

correl ation. . Al t hough the egffects of nulti

propagation may 3AM44, 8??’9%‘?%/“%# °Pﬂ“‘gleﬂf_ modfied prégra@ispcga%g{ mgé’ﬂﬁmﬁay

~ be overcone by t§@aiibii Rk FequREPLigha? reBRNGhEHECanIRRE hi?ESr0BLSNE46 and associated
it would often be desirable to reduce its effects in a 'sinple manner.

Ve have appreci RAM 4henerate to medsurs the giming offsetstunden the sgairel of agnedifisd program
m ni m sed by . ' i fying and nmeasuring the tinme of arrival of a
signal received #9’5%"&%39%@21&'5& on source, relative to the

referencessi gnal | ockFSMOURSOR fihsk&@nds dit Rade or the Iri- pifasoO(l) Aid Quadtatire-phide

transforned space, by ..

. (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.

20 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’

25 - 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

30 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

-15-



auto-correl ating a neasured part of said received signal; =

construct i W9 9/21€8pl at e conprising a portion ofthe auto-coPEEGRIBBHADT an
expect ed part of said received signal and a portion ofthe :
auto-correl ati on of a}”&@&%&fg he nmeasured of said.received

signal; 15 that is use PEHPR Qﬁ#@%%@%&%@é{%’ém%%@r

recei ved si gnalreWeldleh Afid #928 844iRélstapl for each CURSOR nfthsutéihéht 5&C Th¥ Esngienal ;
and measuring the offset at which the tenplate best ‘fits

t he cross- cor r =it af iresordings mede onysay, 6 channels are madeasynchronowslyt with sheyintgrnal

Th i nventi on EHERERBpRNf GeRRREEHrEoRb s b opfedrd Bnodfin BrdBBadary

handset ;5 20 pmcesgﬁgpri sing neans for carrying out the above nethod.
It is possible to carry out this process,

equi valently, for exanple, in the
Four | ef Tovthi o956 06 Bamlsetn CRU, e GRMGURSOR measmrsment prapesioress
function becones.t : . e l.a4 kan
funoti on_ beconderitd,gutt e DSP 43 (ses Figb 6} it infelVaif b BaREY 16 ol 63
parts which argcomizdutiyg thdhandsts’ sidledintewhdlisdeseribed baldwewittereférence e Figared. of
25 a GSM system may be, for exanple, the extended training.s ce.
In the case of procedure mwmétW%eTﬂarrweﬁﬁa@mﬁ? gﬁa&@
pi | ot sgreadi ng, (AHGRn are readily identified. The firdt\6f tHERWe LAl a PR Tsiimbi 41 thee

tenpl at'e may conprise neans for conbining a . portion of the
aut o- cor r el at i secomifwecallevgode signhl, yehich avfives at alkmoyortimesftes thproarkero The gyadeedi ng

W th o por ti oriee SR s eme, b FeEfr droepicinly o oot R 8 .

part of said rRGeyHeitossaion bus(SOEHP Thereag: heny other possibilities Theharidseraaital t er
that of the central peak, X ) .
-13- for the arnival of a marker signal, and records the code signal (see Figure 7). The process
15 begins at step 701 and the list of n channels and their frequencies are retrieved from the
handset’s neighbour fist 702. A counteriocked 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
20 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
25 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
byfes 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 72 channels. The recorded data is transférred to the CPU controller 46
30 for storing in RAM 48. -
The handset CPU controlier, 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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One exanple of a pakticular inplenmentation of a system according to the

pr esent WO 9921028 | hyention will now be described with refdt 8{0314P e
acconpanyi ng draw ngs, in which: . Figure 1 is a diagram
of a CURSOR net yog ke laced by the most recent Ghéi fifisandl{did Al d1dsePosdsRBreRARE A
of a CURSOR net wor s;areregace y nFi gure 3 i*lustrates portions of a

GSM si gnal and aftherpdondingswities templatéhased omthe cxpected code signal (asfmentioned above,
correlation purp, ures a set of

"deal i sed si gnaltbesaeprigatiop burst SCED. The Yé@ﬁé"%ﬁiﬁﬁaﬁ%ﬁ ¢ Gfogs-correlation are

tenpl ates for refighét abdRoRHIERAM 48 in¢onipréssédfonh apd@oiibedbelow. When the user
Figure 5 illustrates an SMS packet transmtted by a handset;

10
Figure 6511ust h&ﬁwwﬂmaéféqaumhmekmuﬂmq@@e%Hlea/ably%teéiﬁfntinthe
according to t h?yclig{es#ﬁsbuﬁ'er L EHHhd1@d the corrcﬁi?%ndéng clockéickval@s%@glzed intobne

fl omchart of pa e nedsurenent proce rried out 1nt

exanpl e; SMS package, whidhiigither sen fo the CPP whereithe handse’slocationds! detexinined.
measured auto- and cross-correl ation 15 functiops of signals in the
syst em whi ch nay be Jgeaa M&)‘B&’@Wé%‘ﬁ%g‘%f’mﬁﬂi"path _

propagati on; e full BTS34erfifiCation ! foiSthe 8érfing AP conponent el enent s
of an exenpl ary GSM net V\DH( positioning §yst’em and,

Figure 1 il lustrates,  di thgrdisliedtnumbet gorresporsling te thesetviee f6rowhich docatiom wake
system 20 and net hod of th i nventi on. By way of
exanpl e, a particular inpf tion of a systemaccording to the

present invention appli edifeGrate bl 6f thels inksBtidEh R RS d &/ FrbMthe Yirbih
now be descri bed. As descri bed herei nabove, and as illustrate

in Figure 9, a GSM CURSORedllyst em conpri sest hef ol | owi ng el ement s;
(a) anetwork of BTSs units £ ) 14 I&'SP signals, in
particul ar, BCCH signal s;“‘(l‘ﬁ"P“g%ﬁ'é%‘\%‘o» CV(?P}C%%A&@%? e %IS’ set up within
thg iy 13 . regi on serﬂ:edah?teprbsgn&'fisns;etmrkCIngcel ylt ng Lhe“ﬁ_CCIr;I flhgnal s
and fixed at known oc ns; a uni y whic e
positions of the nobile h@ﬁ&eéf‘ge‘gﬁigéﬁ?‘éhgét ed; and (d) plural
CURSOR- enabl ed handsehscAU dgepatés I inuchifS SnitQody ds MSCRUS T4 nfiin differences are
determ ned. 30 A CURSOR- enabl ed "handset éCRU) 4 does nost of

its work duri ngthati{aptheiCR3J sagnitors amuch larger sehof surounding BC sgion:
battery drain). l;:%f (l;)rgﬁe %a%x%eﬂ&%?e%&ﬁerﬁeﬂ&% ﬁtéax\{glﬂy, say every 5 seconds, (c) the data
20 is sent back to the CPP using any appropriate means e.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
25 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 procedurés 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
30 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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al ready been nmade by the tine the user nmakes a call i-n the-usual bé
- 14- WO 99/21028 Figure 10 is a sinplified REHGPWMH 4.

handset conprising a conventional digital cellular radio

handset adapt ed toﬂ%&%&\?ﬁiﬁ}e%ﬁﬂﬁ 91 VHehif vl Bﬁﬁge}dsQ@onéﬁfog%?rom

4 includes an antenna I ch provi S|gna to a receiver

whi ch the r ecewyeslues immediately adjacenrant onsaqham@ﬂﬂteqnedwhl@, tespectiveipdlaand -
processor (DSP 43 The di gj tal nal processor 43 has 5 an -
associ at ed RAM @4h eng & Fvglem | ar for containing software used by

the DSP the%ue'éf&ﬁ@ﬁﬁmdéa%miﬁbﬁﬂﬁp@m% e%lué‘s‘iﬂ*or B-g &gnuol | er

(CPU) 46 receives signals processed by e DSP and so has
associ a§ ed RAB &d; and ROM or similar 48 for ' cont ai ni ng

operating software, r normal co ent s I e
handset, eg batt er $he ng?’gggﬁ‘eieéﬂi‘?ﬂsec'ﬂg&)@" ch?eﬁl ?@ﬁé%ﬁvﬁ:e%ﬁ@?@?%& not
germane to thgymid} consisti opaelﬂ%lrowea‘iss*mz"@ﬂby Iﬁl:gﬁatidh pgce with the
i nvention, the DSP 43 and associ at ed operati ng u@iler t he

control of a modi f thegame segh lwfasqobwdlspdwtm@mlsbdbérfa&é-asothattheymf edar ry
out the requi redvﬁélﬂga nmeasurenents and the. m croprocessor 46 and

associ at ed RAM 47 operate to measure the timng offsets under
the corgrol of a nugilbiver twengfaun bits of these valsesaredthem removedOd legve 8:bit
GSM CURSCR neasurenents.are nmade on the In-phase (1) and Quadrature-phase
(Q raw data mrﬁswgﬂ%sa}wh&“&nm ogue to digital converter. About 140 |

and Q sanpl es first 3h@ tHRACTRS Srigifbl VilBed oW SGiprie, Pespstivbly, W& 286 Of
about 541, 000 sanp?setgeper second. Th |sgdihl ?l?efs gxtra%,:t ed before

any DSP pr ocesichgre knowin, asly theseoesid, fyathland aﬁh@umbﬁe@a%f@ bersent to the CPP,
The | and’ Q sapseesyrbhe ikl B5T5% Pileh B8 os PRERARAE AT e B repfilntaton o
of a 5 (i.e. a value between 0 & 255), the first two being positive 8-bit integers and the third a

signed, 8-bit integer and each thus a single byte, the shape of the entire correlation curve

‘can be represented by just three bytes of data in the SMS message.

An example of a method of minimising the effects of multipath propagation is
described below in connection with the accompanying Figures 8A to 8D which illustrate

20 estimated and measured auto- and cross-correlation functions of signals in the system, as
described below.

As mentioned above, measuring-the time of arrival of the earliest to arrive of the
copies of such a multipath composite signal relative to an internal reference signal of the
mobile receiver enables this error to be minimized. This example of the present invention

25 makes use of readily identifiable signal structures designed to have good auto-correlation
properties, e.g. the extended training sequences in a GSM digital cellular network, and is
illustrated in Figures 8A to 8D. The auto-correlation function of the extended training
sequence in a GSM signal (illustrated in Figure 8A) is well known. The left hand side of
this (corresponding to the negative time axis) is used as the left hand side of an estimated

30 cross-correlation function (illustrated in Figure 8C) of the received signals and the expected
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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marker signal (see definition below), such as a frequency-correction burst
the | and Q WO9921028  outputs are first conbined to give a GBY8p314

FM denodul at or out put, consisting of the ~difference between
Saccessive val g ehﬁﬁk%g&uée@aémkh f&ih@é@ﬁeenﬂ%@%&u@a B3 finkefon
360 grees equency-c rrec I on bur st t hen appears as
* a set of consec L(Figuee 8Q) The re2éived signalsare drmeionshtqilveﬂgthexxpemta@e:hmdedtmnmg
recogni sed as such. The ¢cross-correl ati pn betme ect
and recorded cod€du&ngeand th §é"é“ﬁ‘@ WB@I’"(SW} E‘E‘E“?}bw‘ﬁma “@L’E\’F@rﬁﬁ
this . ﬁgﬁ:éae»mmeaésﬁﬂat%&rcf&&co&aaa& ﬁ&ca&?@xg.ﬁa@@wshweﬁe timing
t hensel ves as the and |nag|nary conponents in a conpl ex
cross-cor$el ati affsetper ati on. At | east three such
recordi ngs nust be nmade on geonetrically-diverse Broadcast 30 Contro
Channel (BCCH) carriers, although five or six are nmade in practice. The

| ow- | evel data nenory requirenent for this is about 140 x 2 =
280 bytes per channel. It is normal for a handset to maintain a
nei ghbour list of up to six surrounding BCCHs. This is the |ist

- 15- that is used for CURSOR operation. The frane
nunbers of the BCCH on the serving cell are decoded and used as
ti me-stanps for each CURSOR neasurenment set. The conplete set
of recordings nade on, say, 6 channels are nade synchronously with the

i nternal crystal -controlled oscillator. Al recorded data are
copied to controller ramfor secondary 5 processi ng.

In the case of a handset, CRU 4, the GSM CURSOR neasurenment procedure is
carried out, in the DSP 43 (see Figure 10) at regular intervals of between
10 and 60 seconds during the handset's idle tine and is

descri bed below with reference to Figure 7. Each procedure
takes less than 1 second. Two repetitive characteristics of a BCCH
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10 transm ssion are readily identified. The first of «these we call a

mar ker si gwal9sanist he second we call a code si graf/GBasIIIHO
arrives at a known tine after the marker. The marker si gnal
could, for exanple, be a frequency-correﬁiﬁn burst (FCB), and the code
signal could be a synchronis Bur st (SCH). There are many

ot her possibilities. The handset waits for the arrival of a
mar ker signal, and records the code signal (see Figure 7). The process-15
begi ns at stepl701 @nplositinnirigi systemf comprisingrat|leastitwio rrépeiverst ofoa) digitel telepbone

retrieved fromthe . handset' s nei ghbour, | .S 02. ,Acount er | ocked
o the. handset TSRSk Bpvirg & PRCey phEgpsahupgdees the b of which e iy 3
an indexsi is kBéwh TocaférPand the lsEdnaTIf WwHidhOi§ ASfiobile recedRr Hidse psitibdB torhéex
is first incremented, at step 704 and the handset tunes, at Step 705,to the

first BCCH i n dpiermined, said system ytilising sensmigsion signals having aformatat legst anestionofi

the number cor PHEBSRGPEASRIRYabisF ofa, Pl piln Sismensd, i 1ot eiE gk 85>
the recordi ng of abguéferénce clot; bytes is then nade in step 709, and the

frame nunber is noted in step 711. The clock tick counter is
then recorded in st @gansfor gangrating.mn.a9gh FRyeiyer a reference signalilpekedifa the.referensser

being I gss tha : . Gar%ﬁrﬁ’s@'

handset "t hen rglf)éﬁ(etgé{égﬂ%%g)&ﬁgé{ﬂ% I'n {ﬁg&#ﬁrtgﬁhé an am%’?‘%"?ﬁg"%?‘r%f\?m
of t he next mar jertioR identical to the pordibn ofithe reczivet signat whidifims ptddeterminkdvalsesgunal
is detected, the, yalue of the clock tick counter ‘i s recorded
and, after thewgi‘}ﬁll%rﬁ?‘?amde%it for the code signal, another 2 x 140
bytes are recor ded. \ddisSinRaSRESvdrSfor BMPhrfy the recdived trafsniS\idi \Edrial hridl fhbe .
list by cycling around the loop in the process until, in step )
713, it is det referencedignal so determinesheir relatiye timg of3et to enable therebyghepositiga of the  al |

1T 5 TGl AR 0 b B 5 o Fapdiod

M Cr opr ocessor sigals reteived Rebdth reteiveBNE | nt eger - based anal ysi s of
the data, storing the results in a cyclic buffer in RAM 48 in which the
ol dest : -16-

2. A positioning system according to claim 1, wherein said reference signal is

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

generated from a first received transmission.

4, A positioning system comprising at least two receivers of a digital telephone
25 network having a plurality of transmission sources, the first of which receivers is at a
known location and the second of which is a mobile receiver whose position is to be
determined, said system utilising transmission signals having a format at least a portion of
which has predetermined values, and the relative time offsets of the transmission signals
received at each receiver from said transmission sources being measured relative to each
30 other in said receivers by means for comparing the received transmission signals from the

different transmission sources with one another to determine their relative time offsets and

-20-
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val ues are replaced+-by the nost recent ones. This analysis involves
Cross- corr el Wa99g1&8ch ofthe recordings with a tcREI/EBS/GEed
on the expected code signal (as nentioned above, t he

SO oty S6khmind W BEHSeof R s 30878 i st i ol
" conpressed form apngi&nahd chi®d Ghals\WB&uivedAE both QEceivers. initiates a

. call that requires the CURSOR functionality to be used, the val ues resident
~in the cyclic results buffer, which include the corresponding

Chon sont L ort e Somp h BpEghig' kbl Somprising. ot feast WY 1oBAGEHT o Bl Netefhone
The data that is refwdk Hagip at ERPniii¥si6n BGir6ds, hie:first of which receivers is at a

the full BTS identification for the serving cell, _10 ..

the dialled nunbdmowalpeation and the segondef which isc mobile gaeeiver Wheserpasitioncis to be
"~ request ed, ) . . . . . of .

- synchroni sation gﬁeannre%,gglpégﬁe?%ﬂﬁﬁu%tg&g@;sgﬁggﬂmﬁﬁngaf&tﬁ?atatleastapomonof
. cell, which is sequentially repédted, &l whikh the ediative tinteffsata bfthe trhnsmissionsignbls

t he channels, 15 . . .the data representations, ]
the measured BTSTetsived at ech receiver from said transmission,souress) aps measueed relativg toeach e

same way the Chidr; ' i : ; A ﬁ’#ﬁmi :

- CBUnDNI to?g anmuchl ar é%?ﬁgg%egfgs'{fr@éﬁﬁﬁﬁg@%%ﬁ%?ﬁ?ﬁ%ﬂ@%éﬁhca yssxon
15-20), (b) the nizaslsfromehd differest ttankmissiorosoardes with end dnpthes toydetermine their relative
seconds, (c) the data,?20 | 5. sent back ..o t CPP usi ng an . .
appropriate neané‘“@.‘&setéﬁnq @ﬁﬁ%@ﬂﬁ%{‘?ﬁﬁ?"%ﬁ’n? .gmnéjrecelgerabyydetmtm
operation, the C%Heﬂeﬁ?%&véeﬁﬂie‘r_eiﬂécﬁ\*&i@r%ﬁ;@dhibdiﬁi&ﬁiv&st hat a
sufficiently- | arge time drift has occurred, and (e) the CBU can
operate in network-nonitoring and synchroni sati on nodes as

descri bed,above. e he P typigal.ly.fuactions. i.n..

CRU act i vhl ed mofle. A ROTEGHPR Y tsonARrasg o ohf of &yt 1 18 3 hi@Eiptflafly g centa
i nt-errogation of pidtessor)pdidpentral gro€dssbreéceiviigsrdndthe xéceivei's data@epresenting the relative
recorded data corresponding to the tines ofthe CRU neasurenents. The CPP

t hen uses time offets of Shetranspission signals seceived at gach regeivsy frop thejtrapgmission
- patent specificaty ' " e L :
of the CRU using g‘(&q‘ﬁ&abtii %Hr?s% #@%ﬁg?/@?&liﬁep 0838“ r?g/hefsfctf@g Q'géoeﬁ%tﬁﬂeﬂzﬂﬁnﬁ@i&éﬁgﬁ
i nt ernal dat abasdelay betweemthe CBipectbmssignatseretaivédoathetle raceiversiffon saith aelativertinagly

obt ai ned 20 offsets.

7. A positioning system according to claim 6, wherein said central processor receives

said data from the receivers via one or more packets of a data service in a GSM network.

25 8. A positioning system according to claim 6 or claim 7, wherein data representing the

position of said mobile receiver is transmitted from said central processor.

9. A positioning system according to claim 8, wherein data representing the position

of said mobile receiver is transmitted from said central processor to said mobile receiver.
30

10. A positioning system according to any of claims 1 to 9, wherein the transmission

signals are control channel signals.

\ 21-
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30 the required CBU i nformati on before requesttng new data from any
CBU. WO 99/21028 The process of conpression referredPCHGHIYIH4? s as
follows for each of a nunber : of cross-correlation vectors:

-17- : - the values that are identified are the peak
value c of the cross-correlation and the- - two val ues immedi ately
adj acent and op).each posilioning ishsterd @déording we clain® 0¢ ohiexeirl thebtramdmission signals

d, e, thus being in grder a, b, c_.d, e; t he value of a
i s subtracted sqmpfselRCCH signalsofia @SMmet¥ake val ues of 0, b-a, c-a d-a, 5
& e-a; . the largest of these values is c-a and this is
scaled to have the value of the 33-bit nunber consisting of a
'1' fol Isowed b}2.32 A@ositioning sysiem qecordingitm anyoof climat te?, wherein the transmission

e gl AL CAEREE AN HITE I YRR

bits of these yal HeSiversGrd Hfshge® 10 Yiafte r&okdifRsCoBne r:nissicm signals from said

representations 1n each case; as the first and third of
the original viadnsessionwourcespelative, to thestiaeof apxivay of Dgigerp8gnbered frame, therefiite h
are known, only the .se%ond fourth and fifth nunbers need to be sent to the
CPP, _ clyrgnisc;the staft of paid frsox ‘e resul ting nunbers can be
represggted in an 8-bit representation 15 (i.e. a value between 0 &
255), the first two being positive 8-bit integers and the third a

si gned, ‘8-Dbit 13at eghpositieningsystemaoenrding toanyof laims 1 to2, adapted tadeterminedhs | r o
correlation cutve | . dat a
in the SM5 nes gﬁeg glay betweenthergs?)@ctR/% sirgﬁi? %ﬁé%&}@%%@ﬁ#ﬁ%&smk{%ggu@%% si ng
the effects ofmébiletredeirichismophemtiscengaged.

15 14. A positioning system according to any of claims 1 to 13, wherein the receivers are

multi-channel receivers.

15. A positioning system according to any of claims 1 to 14, wherein measurements of
both the phase difference and the time delay between the arrival of the signals at each of
20 the said receivers are determined, which phase measurements are used in addition to the
time measurements in order to make improved estimates of the time delays, in order to

determine the position of the second receiver.

16. A positioning system according to any of claims 1 to 15, including means for
25 minimising the effects of multipath propagation by identifying and measuring the time of
arrival of a signal received from a transmission source, relative to a reference signal locked
to an internal reference clock, in time or equivalent transformed space, said means
auto-correlating a measured part of said received signal;
constructing a tt}mplaté comprising a portion of the auto-co_rrelation of an expected
30 part of said received_ signal and a portion of the auto-correlation of a part of the measured

part of said received signal;

22-
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descri bed below in eonnection with the acconpanying Figures 8A to 8D which
Il lustrate 2009921028est | nat ed and neasured aut o- and cross- cRCEGRINFiMI
functions of signals in the system as descri bed bel ow.

A L A v G D e

an internal ref epgbefsaid rgcsivedaignaiagd a portion of the aiifdstorelativheif « part oftheneasured s
error to be mni mzed Thls eae‘%x rrp e ofthe present invention 25 makes
use of readily iBRIhof saidysrav structures designed to have good
auto-correl ation ?Het # r@&‘é\ﬁﬂ@?ﬁa}t%ﬁ ed part
sequences in a GSMdi glo'?sa °"{:°?"[‘@§| aréxget \Arg?ﬂto ﬁg ﬂlb?‘féass‘trra

in Figures 8A tooﬁﬁdr‘éhuvdtﬁgnabond el ation function of t he ext ended tral n| ng

sequence in a GSM si gnal i te"gB wel | | ef t
hand si de of {W%t gr e?@ts b&tpég?ﬁ%‘lﬁté W?fé' etime
used as the |eftoﬂ'ﬁﬁ@hl%fﬂi@s@ﬁal%fbaﬁ&dstli@d&ﬁhsﬁ@ssmnsourch%ﬁre@&ﬁi@}eféréﬂbBsx al.
function (illustrated in Figure 8C) ofthe received signals and the expect ed
extended training sequence. The right hand side of the auto correlation
function of the e ral n trated
in Figure 8B and”Corrégg W&Sﬁgﬁgé&gggogmﬁu% angﬁ)réons{mgtmg%

- 18- 10 template caifpftisés €ank foreombining dp‘ortiéxﬁéfths aﬁtba:oﬁbmhén ofdexpecial
of the estimated cross-correlation function Figure 8C). The
recei ved si gnal spaskof said secsived sigaal sermespanding tarifsstdimes 31ab¢fdwcqntratmhgf

n Figure op) | dreebed PR Bhudth STIRCRNS Sofblh S o Ot bfendifld b

function (Fi gur eofid receivied signaliverrespondigg To offset times aftérthat.of the central peak.

15 18. A digital telephone network incorporating a positioning system according to any
of the preceding claims.

19. A digital telephone network according to claim 18, further including plural fixed
receivers at known locations; and means for synchronising said network by establishing the
20 time offsets measured by said plural fixed receivers.

20. A digital telephone network according to claim 18, further including plural fixed

receivers at known locations, each of said receivers having an internal clock; and means for

synchronising said fixed receivers by establishing the time offsets of their respective internal.
25 clocks.

21. A digital telephone network according to claim 20, further including means for
synchronising said network by establishing transmission time offsets of said transmission
sources from said fixed receivers.

30
22. A digital telephone network according to claim 20, further including means for

establishing the position of a transmission source from said fixed receivers.

-23-
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23. A handset for a digital telephone network incorporating a positioning system -
according to claim 4 or claim 5 or any of claims 6 to 17 when dependent thereon, said
handset including means for measuring the relative time offsets of the transmission signals
received at the handset from a number of transmission sources by comparing the received
transmission signals from the different transmission sources with one another; and means
for transmitting data repre'senting said relative time offsets, for determination of the
position of the handset.

24. A handset for a digital telephone network incorporating a positioning system
according to any of claims 1 to 3 or any of claims 6 to 17.when dependent thereon, said
handset including

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 ::omparing 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. -

25. A method of determining the position of a mobile receiver in a digital telephone
network positioning system having at least two receivers, the first of which is at a known
location and the second of which is mobile, the method comprising

transmitting signals from a plurality of sources, the transmission signals having a
format at least a portion of which has predetermined values or a portion of which is -
repeated;

determining the time offset, of the transmission signals received at each receiver
from a transmission source relative to a reference clock of each receiver, by generating a
reference signal locked to the reference clock, the reference signal having a similar format
to the transmission signals and including a portion identical to the predetermined values or

* [+ L M S *



- 19_ ™ a C:LAIVB
1. A posiwbDesRmzssystem conprising at |east two receivers RIT/GBWI0310al .
t el ephone network having a plurality of transm ssion sources,

the first of which receivers i,s at 5 knawn .l ocati on .and .t he.

second of which is a ;Sppelngg&wéﬁhmwmg{e@%ﬂv?§gnla§r5@weda&othrecewers
determ ned, said b?)dét’éﬁﬁiﬂkltbéiﬁﬂeﬁﬁyé 11138 Sffset StoQRerShydtérininAthé Posifior 6f thekecohd
| east a portion o -+ Wwhich has predeterm n:.ed val ues or a portion

whi ch is repeat edeceivath recei ver including a reference
cl ock; means for generating in each receiver a reference
signal |ocked to the reference 10 . clock, the reference signal having
a sinmlar §ornat 260 t Aeméthadadtofdingfd ClAiflD3| Whareth saidefefence signal is generafedffonon
i dentical to the portion of the received signal_ which has predeterm ned

val ues or the knowptghanacterstics pEspid-transpisgion signals.

27. A method according to claim 25, wherein said reference signal is generated from
a first received transmission.

10
28. A method of determining the position of a mobile receiver in a digital telephone

network positioning system having at least two receivers, the first of which is at a known
location and the second of which is mobile, the method comprising
transmitting signals from a plurality of sources, ‘the transmission signals having a
15 format at least a portion of which has predetermined values;
measuring the relative time offsets, of the transmission signais received at each
receiver from the plurality of transmission sources, relative to each other by comparing
with one another the received transmission signals from the different transmission sources;
and
20 determining the time delay between the respective signals received at both receivers

to determine the position of the mobile receiver.

29. A method of determining the position of a mobile receiver in a digital telephone
network positioning system having at least two receivers, the first of which is at a known
25 location and the second of which is mobile, the method comprising
transmitting signals from a plurality of sources, the transmission signals having a
format at least a portion of which is repeated sequentially;
measuring the relative time offsets, of the transmission signals received at each
receiver from the plurality of transmission sources, relative to each other by comparing
30 with one another the sequentially received transmission signals from the different

transmission sources; and

- -25-
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means, in each receiver, for conparing the received transntssion signal and
t he w0 99/21028f erence signal to determ ne their rel ati PETIGCBIBOIHY Set t O
enabl e thereby the position ofthe 15 second receiver to be

determined by determining.the tine delay between the r ecti,v
signal s received at dsserminingthé trae delay betweenthe respectives: sr&eﬂl %mf’epﬂjvers

system accordin 'f%h&e&knom C;f]usm%%fﬁie obfb Feckigler ence signal is

generated from aracteristics of said transm ssion signals. 20
3. A positioning systemaccording to cl a| m 2, wherein said reference

3. 7" A osi 1 oMng AJEE eSRpRRia vcaf Jaimt 25 F0.55, whiBOCHRLs fpRiengiog the

tel ephong 25  roppivd SinObfsel32 (hE tPankinidiioh sxg}gﬂefreéeimsm &drh Ordcdivdrl fEGH thé he
first of "'which receivers is at a nown location and the second

of which is a nmdishmission smirces is redeied bpamalcpnomsor&oméhe receivers, and the position

ot o por 1 orpEshe secom tsvaver it gitulet Y e BmBihe St e ipratbaine Apfive

relative.time offateceiled bl both FRESEE HoPRidelifité time offsets. recei ved at
each receiver fromsaid transm ssion sources being neasured relative to
each 30 other in said receivers by neans for conparing the received

transni gsi on signal s fe&%%&%rq to claim 30 Fhid Lﬁsﬁeatdo%fﬂ?d?ﬁ{ﬂe%éw&&%&

wi th one“anot h to‘%i erm ne rel"ative
- 20- at said central processor in one or more packets of a data service in a GSM network.

32.  Amethod according to claim 30 or claim 31, wherein data representing the position

of said mobile receiver is transmitted from said central processor.

15
33. A method according to claim 32, wherein data representing the position of said

mobile receiver is transmitted from said central processor to said mobile receiver.

34,  Amethod according to any of claims 25 to 33, wherein the transmission signals are

20 control channel signals.

35.  Amethod according to claim 34, wherein the transmission signals comprise BCCH
signals in a GSM network. '

25 36. A method according to any of claims 25 to 33, wherein the transmission signals
comprise numbered TDMA frames repeated at predetermined intervals and wherein said
receivers 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.

30
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t hereby determ ne the postition of the second receiver by determ ning the
time delay wo099/21028 bet ween the respective signals recei v®§TAIBISH349
recei vers. 5. A positioning systemconprising at |east two
receivers of a dipgital . . f il ehvaen
transm ssion sou#ges, Atrﬁeghﬁair&g&gﬁg téﬁ?%%fcéaé%gﬁ/éégg&g&é? a tﬁnphéﬁﬂ e
known | ocation apspédiee signadsudceivedvdniboth receiversis Hétbrmineiat suchrtimérehen gidsmpbiten °
is to be . deterni ned, said cfa¥a5tem utilisi.ng transm ssion signals
havi ng a format Eaceiveris potirgsigifiing vaige data. which is sequentially
repeated, in which the relative tinme offsets ofthe transm ssion signals

. received at each receiver fromsaid transm ssi on sources are neasured

rel ati ve 50 each38.10 A methodxchendinigrio any of clame 2ty 37, Whencinameasvrements opboth the
the sequentially recejyed tr m.ssi . Signpals fromthe .
di fferent transnPRase GieELes &W%bmw%"%g mgﬁﬁlslaﬂ]ﬁcpof&eaﬂdve
time offsets andedfGighye détbeiifidd) %vhfdr.;p@s& infehsifenfhtsie BSGOMCaddRtich t6cthe e
determ ning the time delay between the respective signals

recei ved at bot hmessomimentssin orderl & make improved egtimatesi off thei tige dglaysrin order to
according to any of clajns urther .including a central

1.t f
processor, said Q"é?ﬁ’}‘%ﬁthﬁ%%%%‘g%&h‘?%@ T%8V¥r om t he receivers data

representjgng the rel ative time offsets of the transm ssion
signals received at each receiver fromthe transm ssion

sources, and for3%et eAmethodpaccordingdoiany of claimst 2ctosiSe silarein:the jeffists pfymultipath

determning the tine .. R ie .
recei ved at bot hprpg%xérarse ?‘%%%@d%%%%gﬁwﬁﬂgwe of s‘g?g’#i signal
7. A posi ti onjepgvelyBon A thmeraisslom gource, GHlative1t6 a refersnee sigmah latked 1o A linternal

processor receives . . sald data fromthe recejvers via one or nore
packets of a datksfesence clogk,iip time Qo Rayalons tiansformed space, by g Aposi tioni ng

SyaL e g 01t LSl ottt o gt 9 1
processor. 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

20 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.

40.  Amethod according to claim 39, wherein the template is constructed by combining:
25 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 ofthe

auto-correlation of a part of the measured part of said received signal corresponding to

offset times after that of the central peak.

30 41. A method according to any of claims 25 to 40, wherein values resulting from the

comparison are compressed by a method in which:

I —— 27-
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9. A positioning systemaccording to claim8, whereid data-representing the
position wo099221028 of said nobile receiver i s transm tt edPCT/GBO8/GA14D
central processor to said nobile receiver. 10. A positioning
system according 0 il 2 va vémésqm%edmr Sfidbebtifd ChUHEISMe targest
signals are control armel “signal's

-21- value are identified | . A posi tioning systemaccording to cl a| m 10
V\hereinthetransrn'ssmn signal s e . npri se, BCCH si gn

net wor k thedowest xalye,ap ?aﬁﬁemmﬁ%e@rwﬂdﬂpss tsmyo‘afe vc%es?

to 9, wherei n &?lt@& gi.ssion signal s conprise nunbered

TDVAf r anmes repea at pt’edet ermned intervals and wherein sai d
receivers are arrangmiangestmmngmhemsngedbjasdhcte&ﬁuemmvealmbmmlee,f rom

sai d tr ns SSi o[, souy ces ree%tivtg to t time of arrival of a
gi ven nunbered fra t‘%’&&“ﬁ ues are s S/ PR ’ée the start of said

recordings. 10 thl ¢t significant bit8inéash bdse BeiRenT¥hbesH 8 (aPé i Ribst sipnifituntof
claims 1 to 12, adapt e?jasts(; deterrln Fle t he time del ay between the

respective si ghﬁsmwmnm%dtm%ecel vers at such tinme when said
mobile receiver is Qllowest gnd’\fngﬁesgﬁgl%g&gaﬂons are discarded since they are known; and

10 the remaining representations only are used to represent the results of the

comparison.
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15 14. A positioning systemaccording to any of clains_ 1 tﬁm%%m

wherein the W2 s are nul ti - channel receivers,PCT/GB

15. A positioning systemaccording to any of clains 1 to 14, wherein
measur enent s of both the pha§é1éifference and the tinme del ay
between the arrival of the signals at each of 20 the said receivers

are determ ned, which phase neasurenents are used in addition to the
time measurenents in order to nake inproved estimtes of the tine delays,"

in order to determ ne the position of the second receiver.

16. A positioning systemaccording to any of clains 1 to 15, including
means for 25 mnimsing the effects of nmultipath propagation by
identifying and neasuring the tinme of arrival of a signa

received froma transm ssion source, relative to a reference signal |ocked
to an internal reference clock, in time or equival ent transforned space,

sai d neans auto-correlating a neasured part of said
recei ved signal; constructing a tenplate conprising a
portion ofthe auto-correlation of an expected 30 part of said
recei ved signal and a portion ofthe auto-correlation of a part ofthe
nmeasur ed cji: of said received signal

-22-
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constructing a tenplate conprising a portion ofthe audto-correl ation ofan

expect ed WO 99/21028
auto-correlation of a part ofthe nmeasured

part of said received signal and a poPEF&GHF¥PIAL
part of said received

si gnal ; cross-cor2M(ati ng the expected part of said
received signal with the neasured part 5 of said received signal
and nmeasuring the offset at which the tenplate best -

fits the cross-correlation as the tine : of arriva
broadcast by a transm ssion source relative to said reference
17. Aposi tioning system accordi ngto claim16, whereinthe
nmeansf orconstructi ngthe 10 tenpl ate conprises neans for ¢
portion of the auto-correlation of an expected part
recei ved signal corresponding to offset tinmes before that ofthe
peak of said received signal with a portion of the
auto-correlatiop,of a part of the neasured part ' of
recei ved signal® Borresponding to offset tines after that of the

q

oAt he - si gna

s
tonbi ning a

of said
central

$ai d

central

ng a

cl ai ns.

i ncl udi ng
for

peak. 15 ®© 18. A digital tel ephopg network incorporati
positioning syst®#m according to any of the precedin

19. A digital | ephone network accordi ng do claim18, furthe
plural fixed e recej at knomg<|ocations; and mean
synchroni si ng §Zikd network by bl i shi ng’the time offsets
measured by said plural fixed ivers.

t el ephone network according to clai m18,
recei vers at known | ocati ons, ei
cl ock; and neans for

ci vers having an |

21. A digital tel ephone net | ai m 20, furthel
nmeans for '
>
s
[ )
M
o]
| —

<

20
j 20. A digital
e ™ udi ng plurdl fixed

nt er nal
brs by

cl ocks.
i ncl udi ng




synchroni si 8'sa|d network by establishing transm ssion tine offsets of

sai d transni sources fromsaid fixed receiverECT/GBo8/03145

22. A digital tel ephone network according to claim 20, further including
means for g i shing the position of a transms3hgn source
fromsaid fixed P OT S - 3/10
-23- ES.‘-:‘ZI.-"‘I.‘~“2~S: A handset for a digi t el ephorje net wor k
i ncorporating a posttl.om.ng system accorlding to claijm4 or claim
5 or any of cl-afngi6: _to 17 ‘When dependent thereon, handset
i ncl udi ng nmeans Her At g the relative tine of f ransm ssi on
signals 5 received aj the handset from a nunber of transm ssi on
sources by conpfring the regeived transm ssion signals fromthe
different transf ssion sourfes with one another, and near]s for
transmtting dafa representjng said relative tinme offsets, for
determ nation of the position of the handset. [ 10 24. A
handset for a djgital telephone network incorporating a positioning system
according to any of cl ai ms{ to 3 or any of clainms 6 to 17 when dependent

n

t hereon, said handset i ncl udi ng a reference
cl ock; ans for generating a re#—e-F-enee—sp-g-nal | ocked to
the reference c]ock, the reference 15 signal having a simlar format
to the transm skion signalsl and thus a portion identical 'to the

Figure 3

(b) g




portion of the received signal
r epeat ed, WO 99/21028
"signal and the reference signal to 0
of f set; means for traﬁ@git
relative tinme offset to enabl e thereby

to be determ ned, 25. A
of a nobile receifver in a fligital telepHone
system havi ng at |l east t receivers, the fi

| ocation and the
transmtting sig
havi ng a format at
val ues or a portijon of ichis r
determining the {ime offset, of the tran
receiver frogma transm ssion
cl ock of each regeiver/, by generating a
the reference cl pck, fhe reference signgl

second of which is nobi
als fromha plurality of

| e,

sour

whi ch has predeterm ned val g r
means for conparing the receivggiFﬁgﬁ

ﬁgthod of

sources, t
| east a pgrtion of whi

sm ssi on si

to the transm ssfon Jignals and including a
pr edet er fi ned val ues|or
- 24- det er m ni ng
respectiye signals received at bjoth receiver
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5 26. od according to claim 25, ﬁherein said r lagna
weoATd e

IS generated t he known characteristics of sa

transm ssi on signals. 27. A met hod according to claim 25,
wherein said reference signal is generaﬁ@ﬁ)from a first
recei ved transm ssion. 10 28. A nmet hod of determ ning the

| tel ephone net wor k
ceivers, the first-of which is at
second of which is nobile, the nethod
[ signals froma plurality of
15 format at | east a
measuring the

position of a nobile receiver in a digj
positioning system having at |east t
a known ' | ocation andN\t h
conpri sing o t
sources, the transm ssion signgls having
portion of which has predeterm X -
relative time offsets, of the tjransm ssioh signals received at each
receiver fromthe plurality of |transgEssipn sources, relative to each other
by conpari ng with dne anqt her|{ the received transm ssion signals
fromthe different transni ssior] sources; _ and 20

determning the tinme del ay betweenthe reslpective signals received at both
receivers to determj i.tion of the nobile receiver:

29. A nmet hod of determ ning tthe positign of a nobile receiver in a
digital tel ephone ~ ngtwork 'posijti oni ng system having at |east two
receivers, the first of which ils-at @ kndwn 25 | ocation and the
second of which is nobile;, the}nmethod conprising

transmtting signals froma plydrality of |[sources, the transm ssion signals
havi ng a ' format at Ifeast—a porition of which is repeated

sequenti al ly; _ : measuring the relative time offsets, of the
transm ssion signals received at eaglP receiver fromthe '
plurality of transm ssion sourg¢es, r@latilve to each other by conparing 30
wi th one another the sequentially receivdgd transm ssion signhals fromthe

di fferent transm ssilon_sourced; and

-
=7
<

oo
<

Figure 5
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Chax_mel
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- 25- determ ning the timne-del ayr,
respecti ve WO YR8 [ eceived at both receivers ' tﬁﬁ@?@é@g t he

position-of the nobile receiver. 30. A nmet hod according to
any of clains 25 to 29, wherein data 6€H9esenting the 5 relative
time offsets of the transm ssion signals received at each receiver fromthe
transm ssion sources is received by a central processor fromthe receivers,

and the position . of the second receiver is cal cul ated by

determ ning the tinme del ay between the respective signal s
received at both receivers fromsaid relative tinme offsets. 10 31
A nmethod according to claim30, wherein said data fromthe receivers is
recei ved at said central processor in one or nore packets of a
data serviceinja GSM n K 32. A et hod according to
claim30 or clajn8 1, er &I n data representing the position of

sai d nobile receiver smtted fromsaid central processor. 15

is
33. A n&t hod a i ng claim 32, wherein data representing the
position O nobile receiver is transmtted from'said
central p?bcess sai d nobil e receiver.

CBU

Figure 6

CBU




34. A nmet hod according to any of clainms 25 to 33, wherein t

transm ssi on a8 are 20 . control channel signals. p@rlGB9s/03149
35. A method according to claim 34, vei n the transm ssion signals
conpri se BCCH signals.-in a GSM net wor K. 25 36. A

met hod according to any rm 25 to 33, wherein the transm ssion
signal s conpri S€ pered TDVA franmes repeated at predeterm ned
intervals and wherein said .w. recei vers make recordi ngs of the
transm ssion signals frqgaﬁlﬁﬁuj,,gfr aroifi ssi on sources relative to
the time of arrival of| ghafiewCh aagnberled frame, thereby to synchronise the

start of s |f@qﬁ@ﬁ@§f}¢rﬁgs 30

- 26- Ne%ﬁbourua met ijod accordl ng to any of clains 25 to
36, wherein the tinme dg Ween the respective signals
recei ved at both recei vers i determ ned at such tinme when sai d nobi | e

receiver is not trgmglL [0 S Gadla.
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5 38. A nmet hod according to any of clainms 25=to 37¢ [ el
nmeasur enenV@ BRIVt h t he phase difference and ?ﬁ%’%ﬂ% ay

between the arrival of the signals ag/fpch of the said
receivers are determ ned, which phase neasurenents are used in addition to

the tine measurenents in order to make inproved estimates of
the tinme delays, in order to determ ne the position of the
second receiver. 10 39. A nmet hod according to any of clains

25 to 38, wherein the effects of nulti
m ni m seFigyrei8¥entifying and measurin
received froma transm ssi on source
t o an i ntaiteadrrelation function for ef er en
t r ansf or irgectod eftentdd training
sai d recegey@shcei gnal ;

at h propagation are

the tinme of arrival of a signal
I"®give to a reference signal |ocked
cljock® in tinme or equival ent

1 aut & correlating a neasured part of
congtructing a tenplate conprising

a portion ofthe auto-correl ati onfof anfexpectdd part of said
recei ved signal and a portion offfhe aufjo-corr& ation of a part ofthe
measur ed part of sajffd recefved sid%al: _

cross-correlating the expecte art of |said redived signal with the

measured part 20 d recei ved signal ; emedeee 90

measuring the offset at which the tenpfate best Tits the Cross-torrel ation
as the tyne of arrival ofthe signal broadcast by a transm ssion
source rtl%‘??§§ to said reference signgl. 40. A net hod
according to claim 39, whereinthe te te is constructed by conbining 25
a porti oAvuts-carrRiationfaoeion el at i qr wfesaf ted part of said received

si gnal cAeasyiedrxtenged training % o of f ket ti before that of the central
peak of S§8A¥PNCEcei'ved signal with a pojtion of Yhe

auto-correlation of a part o;‘the nmeaspred part Qf said received signal

corresponding to wffset tings after thgt of the central peak.
30 41. A nmet hod acc®rding to ahy of clainm§ 25 to 40, wherein val ues
resul ting fromtgg\ « conparispn are conpr§ssed byaa nethod in |
whi ch: PN °
™ ) 'y

. e’

Figure 8C

Estimated cross-correlation

function

Figure 8D

Measured cross-correlation
function




-27- the | argest val ue and val ues _i medi

adj acent andVO9%2U2 side of the | ar gest: val ue aré’q mﬁﬂ%
the | owest value on one side is subtra@ff@ fromthe other values to prOV|de
a set of resulting values; 5 t he | ar gest

resulting value is scaled by a selected factor to have a known val ue;
the other resulting values are scaled by the sane factor;
the least significant bits in each case are then renoved to | eave the nost

si gnificant bits as representations in each case;
t he | owest and hi ghest representations are di scarded since they are known;
and 10 the remai ning representations only are used to

represent the results of the conpari son.
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