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present invention relates generally to comunicati on,

and nore specifically to a nethod and apparatus for
inplementing a virtual real-tine clock based on tine

i nformation frommultiple comuni cation systens.
Background [1002] It is often desirable, and
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vvell-knovvn G obal Positi &Y m(GPS) whi ch is a
constellation of 24 well -spaced satellites that orbit
the earth. Each GPS satellite transmts a signal
encoded with informti @AURGROUND GPS receivers on
earth to neasure the time of arrival of the received
siF@ﬁlth relative to an arbitrary point in time. This
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time-of -arrival of aS|gnaI froma GPS satellite may
be deter néned by processing the GPS signal itself to
BagkgrorRd necessary time information. For GPS, the

C‘Pﬂﬂhﬂ e 1t ig"BrdnNdeRtriBd, | slﬂiﬁ'bétlbﬁs ﬁ&fekdatyl (fﬁhed wu‘etess terminal to
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covers a different tine range and has a different tine
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complete time information may be partitioned into three different time components: bit
of week (BOW), epoch (in bit), and sub-code frame (all of which are described in detail
below). Each time component covers a different time range and has a different time
resolution. Each time component may be obtained from the GPS signal based on
different signal processing by the receiver. The processing to obtain these time
components is typically performed in sequential order, in increasing coarse time
resolution, such that sub-code frame (fine) timing is obtained first, epoch (in bit) timing
is obtained next, and BOW (coarse) time information is obtained last. The processing
time to obtain a given time component from the GPS signal is thus cumulative (i.e.,

equal to the processing time for that time component plus the processing time for all
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conponents). If the GPS receiver has a priori
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can skip the correspondi ng processing to obtain the
conponent. This would then reduce the anount of tine
needed to obtain the pseudo- range neasurenent and,
ultimately, a position fix for the termnal. [1004] A
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l'arger for longer elapsed tine. For exanple, .
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seconds i1s 50
then be in error by the same ppm amount, with the magnitude of the error being larger

for longer elapsed time. For example, a 100 ppm error on an elapse time of 50 seconds
is 5 msec, and the same 100 ppm error on an elapsed time of 500 seconds is 50 msec. A
large error in the elapsed time estimate may then necessitate the need to recover epoch

in bit and (possibly) BOW timing for a new position fix, which is highly undesirable.



| arge error in the elapsed tine estimte may then
necessitate the need to recover epoch in bit and

W@ pososdsBy) BOWtim ng for a new position fix,P@iUsives/en9306
hi ghly undesirable. WO 2004/ 088880 PCT/ US2004/ 009306
3 [1007] There is therefore asneed in the art for a
met hod and apparatus to inplefent a real-tine clock
havi ng hi gher accuracy and which may be used for
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virtual real-tinme clock, §Eﬁ%@¥ gsﬁst one ot her system
(e.g., a cellular system ‘% relative" tine
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absolute tinme at a _designated tipe instant na
tlsme o%f et between the first an% t%tg time Instants may be de ¥en‘mned A third

signaling message may thereafter be received from either the first or second transmitter
at a fourth time instant. An estimate of absolute time at a designated time instant may
then be determined based on (1) the absolute time for the first time instant, (2) the first
[or second] time offset, (3) an elapsed time between the second [or third] time instant

and the fourth time instant, and (4) the time difference between the fourth time instant



then be determ ned based on (1) the absolute tinme for
the first tinme instant, (2) the first [or second]
wao pove/ogdsBEet , (3) an el apsed tine between t he BEDUSH04/009306
[or third] tinme instant and the fourth tine instant,
and (4) the tine difference hetween the fourth time
i nstant WO 2004/ 088880 PCT/ US2004/ 009306 4 and the
designated time instant (the termw thin the bracket
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transmtter is used to estimte t ute ti
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ﬁﬂ’% gl ments of the nmethod and apparatus are
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caoroae DRARPINGSPetsmd erpRdimpais of e gnethng: 4 @ppas seribed
e present invention will becone nore
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omnulti p conmuni catl on, syst ens;
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S ik @Osiplertominhudicatdd aylstams;system [1015] FIG 4 is a
[ m i tratin Str. 4

[ﬂiélg]l %Id E‘ﬁ'ﬁ@ %I et ﬁ]g) "M"gfagglﬁ 3€na 0 1V\fga1 tme

enhribiRabS itk 11@foﬁﬁﬂﬁ>ﬁ3’ﬁ>rrf OPS amd oudlldlangystem; est i mat e of

absol ute tinme based on ti i nformation fro
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signal ; [1018] FIG 8 is a flow diagramof an

erﬁmqﬁllnbmysw a process for determning the position
ggil@lr%e Ceireeh 1%&15%;%%&@&%&& BEHY ERictirafds QIGSNE systeig

te from I rtual real -time clock; and [1019]
FI[®169 |sF1§Sb|Somkl glioag flavs dHageam efiiwe sabipgingnisgof a process for

' e(fgxlllg ng ahl !esttl‘ma\f@ of I}lbmte BEne based on time information from multiple
communication systems;
[1017] FIG. 7 is a diagram illustrating the data transmission format for a GPS
signal;
[1018] FIG. 8 is a flow diagram of an embodiment of a process for determining the

position of a receiver unit based on an accurate absolute time estimate from the virtual

real-time clock; and

[1019]  FIG. 9 is a block diagram of an embodiment of a receiver unit, which may be

a component of the wireless terminal.



a conmponent of the wireless termnal. WO 2004/ 088880
PCT/ US2004/ 009306 5 DETAI LED DESCRI PTI ON [ 1020] FI G
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of receiving signals fromnultiple conmunication
systens. One such conmunicatign systemis the
wel | - known G obal Positioning System (GPS). Anot her
such communi cation systemis a wireless (e.qg.,

cel lular) conmuni Cﬁ"ﬂ&ﬂ@ CRIPT be a Code
Division Miltiple A%cess C%? T rreI%Nvi si on

MIN020)| e Wk ek s ¢iTHMA) shoRirequ evicless Birmimmi d00 Mapablepbfereceiving

Acces E or some ather mnultiple-access . . .
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OneelBknoWarGlobd]l Posidosife Syt aGPS)S-Avthel SuchZQ@PaunibhdMystem is
and so on, The T system nmay i npl enent one or nore

stéaigless (o &y cpllula) cemugispiaon SYSFTS oWhish M de 4, Spfio Rivision

stMigpledaceks (KDMA), | Mk ®iRkibn AMEItpld GRLAQT gl‘]ﬁqA), Frequency
herein by reference. In general, termnal 110 may o
r dXxisive Muliplg dcegsy . iRiingsEle efherc griinke-acsessoppmmunication
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, or any Other system capable of providing tine
i rA0BP. L GIMN, andsosens Phei TIMAspitierd imag implehent oner more standards
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receiving signals fromthe system |
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S ' d m rocess these S signhal s, t
o dufing! &SbminiieaflCkysIRY oBE B6F RS of B850 T Lifli8ocn Wr-rr, or
t enyriothat system capdtdd of (BRGding nenedsfoanaionf. Inhespeefitl brgsodﬁéf;esnt that
. itian fix. r may be erate t.0 process
s ilgﬁ%k%"’e?d“ 8%‘?’&5’%% E’%lﬂ@éé? ﬁéj‘?aglﬁrﬂf e igal lfom e GPS
acadiGahvesysienrdi cati on of actual time, since the clocks
i ntain by the GPS satellites are very _accurate
gﬁ&&ﬁe M@r Pl&o‘f‘%bé’feé%}v%%??é%%%@é‘r%ﬂmbér ok GRK safgflites 130, and

eXhdyepbats AGEH BHE sBhANIE defilOGK HmBBIdNs IRnBRition. The
time may thus be viewed as "true" or absolute tine.
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I S0 fﬁf&¥§sdcﬁc§j Gt o3RS LT ogﬁv@se [ime)_s'rﬂﬁe(}15§1 Bme is an accurate

term nal may perform positi i xes at sporadic tine
i nadieaion of ectyal, imhesinopehe cldicksempiathitpg hiyhte (ERS saellitonre very
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i [ It
S%ﬂ%&é n}; tﬁg lee(r) Qn c?rdthea ge‘?l%ia? S§St€%, GPS time may be available only at these

sporadic time instants.

[1022] Terminal 110 may also receive signals from one or more base stations 120 in
the cellular system, and may process these terrestrial signals to receive information or to
communicate with the cellular system. As part of a synchronization and acquisition
process, the terminal may be required to determine the timing of each base station with
which it receives data or communicates. For the GSM system, a synchronization burst

is periodically transmitted by each base station to provide frame-level synchronization



process, the termnal nmay be required to determ ne the
timng of each base station with which it receives

wa@ 210a/08888C onmruni cat es. For the GSM system a PCT/US2004/009306
synchroni zation burst is periodically transmtted by
each base station to provide frane-|evel
synchroni zati on WO 2004/ 088880 PCT/ US2004/ 009306 6
data to the termnals. The tining of each base station

medate thteﬁeﬁmﬁmemmﬂng Q€ eRBIbAG stdidA nSyHelieRRHBA bPProcessing
bursts transmtted by the base station. [1023] Sone

cehf ﬁﬂnﬁ%lmg%‘w@r%semgmﬂﬁsbg thedee $a4itB2000 syst ens)
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all base stations is aligne Mor eover, the m ng
t Rngarously s¥ghdha thmtlméséalééase@taapn@y sligned. Miayeover, the timing
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hi's case
c dmlﬁed Ui@)l G?S tipgatle this sasej tlnfs ewrrraﬂlal tnhayi regabld toncoGRSally pdate its

sat eﬁ Fﬁ%ls‘&% g?b% Egﬂg é%} at | ‘%i%!ﬁlsﬁ f?rié&%}gr?als%%he GPS

cslateuit@randfpsbaaerstaﬁmsg , GSM and W CDMA systens) may be

0 nchr onou th stations

302010 JBROGH SRRt pvsinnd San i WDRDRIA hrleg) may be
t mpenfae:daasymchmmomy aF& WLECDBIRY 1 b:06 etdtodsna8 ok A& such that
Tg bas tio al so be operated such that sone

o 25 B PR EronPE K AR 2B Bhe A cBToRNS 19 bl dhe base
n Qtatloﬂ'shﬁa}ﬁ 0164 beoRtatGlNENHANRAE ke ARWAS Qfe%gﬂ’dh?onized while some
operation is_dependent on the manner in ich the

syPEheEhTP fiob pEheaghoipe 19f synchiongrsy ) asprehzangns opesptiogdivlependent on
bagemasde® il WReh #eQy RS RE LAy %&t@of@ft@?&&r Rr 8RKA the base

ot her. [1025] For an asynchronous cel lul'ar system
( Stagions @Mymhrwc@@wmhsgsﬁ@cmeach héﬂer timng of the base

[%Zﬁ?ns Fo? al %yn@iu'og e Ogr {{)ﬁ?é 'cf t §Med;} W'éEMATé}%tem), the

|l ong-term average v be"Zzero”’or
naymb& of dipee base rstatienisvizdt u@g(l@d. mcl rrm,h elrtfu oeer tobief. f éherm@ term

e e at | ti nual | i ncr
Zatc\:l&gg E;h!?e ggcasudsﬁ?ef% oF 8% ﬁero %aé' q?’ OByt ciﬁl A G ﬁg the time
f rdgliferenck betvichie the bagesseatidh@inay B&ltﬁmﬁly’h(ﬁbrehsd@ |dycrée@e)$ tBuchuse of
at, the .sane i tant upl ess by coi nci depce).
O BTRsO e 16 Ttt s BEeE B Sog S o stat at he
aSMﬁ@ bifve skt QelldssbpEoifi@dnesn |M01EMM QB¢ Lidid3Qds the base stations in
nchr onous w th GPS tine. For these reasons

STASYRANTRRGHT CFLAGE Syslemip Awiqally npicRmeronoys Wh‘%lé'rPr%ﬂme For these

t r€lsOih, tHRAGAMNANwoIIMRot b HBIE B ub&Le fitk QH'ﬂmthﬁﬁﬁmg, based on time
asynchronous base stations, in the sane manner "as fo

a IfETmAtiQR ol sthesg sasym qnfwéPseAstﬁ%qnﬁo@ al?ﬁdsailpﬁpmaan@sas for a
| sylpghgaﬁbgsegstgﬁrel ntoinplement a "virtual" real- tine
clock at term nal based on tine information from
m[,mzqﬂ e Aegmhgpﬁi angdtappmatus is provided herein to implement a “virtual” real-

time clock at a terminal based on time information from multiple communication
systems, one of which may be an asynchronous system (e.g., a GSM or W-CDMA
system). The inventor has recognized that, although the base stations in a cellular
system may be operated asynchronously, the timing of each base station is derived
based on a clock that is typically more accurate than the internal clock of the terminal.

For example, while the internal clock of the terminal may have accuracy on the order of



systens, one of which may be an asynchronous system
(e.g., a GSM or WCDVA system. The inventor has

w0 ewemsisged t hat, although the base stations iPCHUS2004/009306
cellular system may be operated asynchronously, the

timng of each base station is derived based on a
clock that is typically nore accurate than the
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of‘systeni tiae” tfhlatalllps'oq@ssmg elemplﬂowvltﬂlm the terminal. For simplicity, the

following description assumes that a counter is maintained to provide system time. This

counter is operated based on the terminal’s internal clock, which is typically the most
inaccurate of all clocks in the three entities (i.e., the terminal, base station, and GPS).
The internal clock “free-wheels” unless it is locked to another clock (e.g., the base
station clock). The accuracy of the system time at the terminal is directly linked to this

internal clock.



"systemtinme" for all processing elenents within the
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time. This counter is operated based on the
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tern1qal .at Hfat time instant. Wth no ot her externa
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real -time clock may be inplenmented at the term nal as

f SP[aRRE. bY Processiag| Yenalst fromne npmberapi GfS s(gwuttwe(e g to obtain a
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absolute tine hat tine I nstant I'S .
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e.g., tain a posit y be obtai ned
b)[l%ire &mecnmwé akso (éﬁmanmaélwmr mahodldaﬁm) Procosss dieesgral from the

base station to receive messages and/or to communicate with the cellular system. As

part of the signal processing, the terminal may detect certain signaling messages (e.g.,
synchronization bursts) transmitted by the base station to provide synchronization for
the terminal. As shown in FIG. 2, the terminal detects the start of frame k as occurring
at time instant T>. The terminal further processes the signaling message on frame k to

extract the frame number of this frame. The terminal then associates a counter value of



counter value of Cl for tinme instant T1 with the
absolute tinme tabs,. This then establishes a
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and C, are the counter values at time instants T3 and Ty, respectively.

nom ?

[1037] The number of whole frames between time instants T, and Ts is also
determined. This may be obtained based on the frame numbers extracted from the
signaling messages transmitted in frames k¥ and k +n, or based on another counter
maintained by the terminal to count the number of frames. The absolute time ts at

time instant T4 may then be estimated as:

fabsz = Ly + AT 4+ 1T,

frame

+AT=t,, , Eq (3)



and ¢4 are the counter values at tinme instants T3 and

T4, respectively. [1037] The nunber of whole franes
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arbitrary I nst ant base ébso
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f ot r%&ﬁmﬁﬁigﬁ{on system, as described above.
[1040]  The timing of the base station may further be calibrated (or compensated)

based on accurate absolute time obtained for multiple time instants. For example, if
accurate absolute time tas is available from the GPS at time instant T4 (instead of
having to be estimated as described above), then the time period covered by each frame

from the base station may be derived as:
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the other communication system as described above.
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(wh1ch are not locked) for the terminal and the two base stations. The timeline for the

GPS is not shown for simplicity.

[1043] Initially, at time instant T; on the terminal timeline, the terminal is provided
with absolute time value ts1, which may be the GPS time, for that time instant. The
terminal then associates a counter value of C; for time instant T; with the absolute time
tabs1, Which then establishes a relationship between the terminal timing and GPS timing.
[1044] Thereafter, the terminal detects the start of frame % from base station 1
occurring at time instant T,. The terminal then associates a counter value of C, for time

instant T, with the start of frame k from base station 1. This then establishes a



stations. These three different tinelines result from
the use of three different clocks (which are not
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t ipg@s71 NSt @idn ﬁﬁtrﬁ@nuﬁehﬁst&tta‘% bn dfe terfrimaieimielifia, ebsobrs Bime may be

statlonz as foll ows U = \.\TB +AT

[ Toadep (ae- 97 219 Iqum} fﬁ EF@*% *}l?g?lgﬁt%“nFéabﬁr? f SE“‘?‘Fn }"fy then
t igzRkififed BREQLE IR tnhifiE of e RtionNeadad 2( @high maly e dependent on
newg%smlon fix). The absolute ti

t.abs?2
i riBe Base stpgor,\{ﬁ)yfrqrﬁ &hlchgge @g{nphléiag atﬂg%ggl&e %ﬁmfmeaf Pﬁﬁe I1]ns’cant Ts.
OfTIE%&:eﬁst Rldshat 1BNsHsOlitedimaNy L4 titdR)infignt AR rbes‘cbdemtth@ﬂnnng of

base station 1 may be achieved as described above for FIG. 2.

[1048] The process to estimate the absolute time taps2 at time instant T based on the
timing of base station 2 may be achieved as follows. First, the start of frame i+ nnear
time instant T is detected as occurring at time instant Ts. The time difference AT;
between the start of frame i+ n and the time instant T¢ where the absolute time estimate

is needed may then be determined as:

AT, =T, ~T, . Eq (7)



the base station(s) fromwhich the termnal can stil

receive frames near tine instant T6. The process to
W@2104/0868860 t he absol ute tinme tabs2 at tinme insteCr/UIH04/009306

based on the timng of base station 1 may be achieved

as described above for FIG 245 [1048] The process to

estimate the absolute tinme tabs2 at tine instant T6

based on the timng of base station 2 may be achi eved

agnd QhhiNSs whibfeStames etk kitne QhstddteMRaid T i aBeaeterrhine® (e.g.,
instant T6 is detected as occurrlng at _tinme instant

ThasedIon e rfeanyi prmbah estracial et heevenAling LeSHEcOH ansmitted in
f ﬁ%@s and mf;-{- gngr &1 & %Hgtﬂep §$1ﬁﬁ&tr mbftHRRI thd R ralanbébent the

tine es IS need hen be detérm ned as:
Aflymber b6 fraings) SThe EgoluR) umna@ﬁ@ £irp8eeebTs may then be estimated as:
PCT/ US2004/ 009306 13 The nunber of whol e franes

between tine instants T3 apd TS is also deternlnqgis
(e.qg., twsbaded” Orlese K& freah® ritiver s extracted from R
signaling nessages transmtted in frames i and i + n,
Oy HRARSAS HRMuABEL dF&FhokOBhe etk tidle ABGnBYT; tah@ Tt.er m nal
to count the nunber of frames). The absolute tine
t {HE9) at Asi shewi irs equation (3) kg abselnte tiee eximaimtiad sssdenved based
tabs2 = tabsl + ATBS2 + (Tframe + AT2 = tabs2 %gn
wie feur erins. Eh@tema rfmers FY R apd &}?é%ﬂfbéTm dhbdsp thetiming

ek T kS "ReSEBAL FUA Bhon 2o

ORlefiRidIbalddl FBthe Eﬂ%ﬁxg‘i STRR fephimhl, hisd e appragifiatedyt the amde hipeunt of
termnTframe is based on the timng _of base stati

2 ermphiscthe fesma NTas: and M aderivedier hase sigtionfgsbhugyife Kwapﬁﬁl'tlme
?2: or%nk% @tﬂeoa{}g?tatﬁfgs Cmaidided %Qerp%-c‘fﬁg tQidal R RanBBSEE (ﬁfon{ B& base

appr oxi mat he sane anount of
em&mnnasmmﬁmrmanaamdﬁBﬁmmaﬁﬂmﬂmwﬂ@@r|ved for base

aé&éﬁﬂ te |]F)§>r s u;axlcgy E@é}v Ig){/tgﬁalg St{ g ﬁglvtajcé?nmofn %eQﬁﬁe gﬁyeé? §T331 and

of At B&h&%@aﬁ PR EBmesSk ahd Pfhak @re&@é&isfb@fmﬂﬂn afie frame period of time

asynchronous cel lul ar system [1050] For sinplic
FIl@tarXB Tshbvgenerhl figmes Fansmifiedst anydmg nyents oy ds %?Y‘)&‘%’Eéious base

gatlo& %%bc? Es%ﬁ% 89ta]¥n “WRe fdiVE %ni@kmﬁ;ﬁgationt &b pRARs (i.e., bit-level

recelve n one trane perlo of tine instant TI.
| ningieglesral nuhbeasmes thesarfemiesteey bt dabyminpdnic-gndicantle pynaling

JHCHTLE TS JULINITE ) N A

bi Ars£Vehen finBidiadt AR baUBREhEn Ohe lﬁhﬁas @eﬁomr(rﬁs ndy, b, ) or
determned (e.g., fromthe signaling nessages

trg&ébﬁéﬂtmdnmﬁemnklpeﬁ@i(ﬁearmgsbmg)used to derive the
time offsets ATBSI and ATBS2. Each tinme of fset nmay

| 385K harThenkanflofd petvisen bags stations mayyise occurpf AHelme .anf? may be
or 2a8&led H&a{é &) NGt MR Gftef for Gach HAIERaTon [ov@TBnly- the time

period for which relative time is not available). Moreover, the virtual real-time clock
may use the relative time information from any number of asynchronous base stations.
In general, the relative time information from each base station may be used for any
applicable time period for which frames are received from that base station. The
elapsed time between any two time instants may then be estimated by piece-meal

combination of relative time from a number of base stations, as follows:



[ 1051] The handoff between base stations may al so

occur at any tinme and nay be accounted for (e.g.,
wGaomh/osdssd the time of fset for each base st atiPCI/US004/609306

only the tine period for which relative tine is not

avai | abl e). Moreover, the virgyal real -tinme clock may

use the relative tine information fromany nunber of

asynchronous base stations. In general, the relative

time i mformati on from each base station may be used

for any).7lpbicable time period for which franes are

recei ved fromthat base station. The elapsed tine

between any two tine instants may then be estinmated by

Pi teRe ABSdhe nﬁﬁﬁ&'dﬁ%ﬁﬁ@c&f@reﬁ%@ﬁé ¥aitild fBe fﬁ'bﬁma@e SAHORET Trames

of. base stations, as follows: WO 2004/08888

PAT Mo eDe PRI baspsstatiqn inpd Mrds the mmbevmé peseriatiogs used to

t he MRS o] Sec{ﬁrﬂges covered by the relative tine from

base statio Ttra,,,e,i is the frane period for

bd4@523t at lenrqlatlvartdner\lalfpmmtlhe myhibe robtdinddabe psicassingnsignaling
Ziﬁ sd ggs tr?r?s}rh Ll &b%g%sglsaegfsdinttﬁé@%l%l{a}%%gehb ]l::,]ach standard defines
prtbe g@sifio gignalipganessage tonbe as@]e ﬂletfmlnsmytdf dtel u’mysntlhsﬁmb aisEso on.

ﬂ]fz 5%8‘5’ ftn s?i;lg}ga %ilg‘le?s:%gg F?‘Sg@g\ggs? 5 bo taﬁé gega%v? %eig%o?nﬁgtion is

f rdespibed yelod. i ts transm ssion, and so on. For
cl n sage for GSM used_to tain
ARG i i Bparat G the et e s GaMapem. A
Fligperfraing 133ddﬂim&gfoaﬁélhcﬂé 2088 rsaﬁdrﬂﬂnésrh%dfcb@df?a fifnk lfb@ltiétf &' 3 hours,
for a GSM syste perframe is defiped to inc
g Btge B B0 AR 7Y Dt ok ST Belodts 2R GMA frames
2 nAAYHE PartiBSncAqKO Q%mb@trkgf 5] Ef@an‘i@nﬁﬁlﬂfrgﬁ&rbr%%ﬁer Biffiframes.
i ncl udes 1326 TDMA franes may be partitioned 1nto

a HeghJ&iMas frame fipckides ﬁurlmﬁ fsﬂcamgd @pvezs 4lapmsec.  Each time slot

dstlﬁ(IeE 35835 blésEagﬁ Iao‘;é . 55% Anla ?xg ??ha% ! on oﬁ%é9 Hsec.

covers 4 nmsec. tine s |nc
bl[l%%nd Kol das iﬁatﬁﬁl)eﬁﬁchmllyamﬂlsmﬂs hyxbhﬁonizaﬂonabursts which may

d f 3.69 1054] E b st at
TR RTEIC WO SN T
rTE?yve Q@cl&tﬁﬁldatbm Buligts tu%rtfan@@it@dfe@érysfylnﬁﬁh%n iwhadhl @rebfnds to a
(I

the base statio erive_timng

e A B S Y S oK i B R | BunebiRagtiep burst comprising

frlaﬂelﬁts wlay Che: GRAMARAPMAStheOfiAt i Q10T ofaRPIIONIATRIRY Each
shown in FIG 4, a synchronization burst

cémﬁhff%maon burst igelpdes FSyenprarpted A4S fiat may beWeerpipied for ehiain a 19-
tipieruedd aDMA ThiRe fhdBer ®RIN) and a 6-bit base transceiver system

identification code (BSIC). The 19-bit reduced TDMA frame number identifies a

specific TDMA frame, in which the synchronization burst is transmitted, within the

hyperframe. The BSIC identifies a specific base station from which the synchronization
burst was transmitted, and may be used to uniquely identify each base station. The start
of each received synchronization burst may be determined and used as the frame start
shown in FIGS. 2 and 3. The 19-bit reduced TDMA frame number may be used to
determine the number of frames that have been transmitted between any two
synchronization bursts. Since each bit has a duration of 3.69 psec, relative time may be

obtained to within 3.69 usec resolution from the synchronization bursts.



synchroni zation burst includes 78 encrypted bits that
may be decrypted to obtain a 19- bit reduced TDVA

wo e@amssssmber (RFN) and a 6-bit base transcei VECT/BEyED€MI306

identification code (BSIC). The 19-bit reduced TDVA
frame nunmber identifies a spgcific TDVA frame, in

whi ch the synchroni zation burst is transmtted, within
the hyperfrane. The BSIC identifies a specific base

St[a0550n fRIGMSVik i Glowt figgreMFah @RibaaineaNof Ppiosdss WBS for providing
transmtted, and may be used to uniquely identify each

AR esdmale jof ﬁbsoiltﬁee time Daged Qpf tirpe, dormasian Jiogn multiple communication
S)é?&&ﬁ@”'&b%lh@rhrﬁél irtbrofHR¥n k?@ réé@ﬁ@c[ mofed i Hﬁﬁﬂ}b&ﬁon system
the frame start shown in FIGS. 2 and 3. The 19-
r det8c EXSTONR §12hndhe abfolite Hay infermasiod may bedattey farmeof absolute
t riﬁne”l*&@% ecﬁ{c tﬁrﬁ@ﬁﬁtﬁnlﬁl rl@élatn/@\{ﬁnebﬁgcﬁntdﬂticﬂlnﬁ gls'btrgc%lved from a first
bet ween any two synchroni zation burs I’ nce ea
bittanraitterninduseednidaoempfunBatéh sysem (eal,at dellelat symnﬂm;telbéM) The
R R e g N
P@Yﬂdﬂﬁﬁ%ﬁblﬂﬁ&?;@ﬁpeﬁbﬂwhﬂﬁ Eﬁlsnﬁ:ﬂt&:’l bybthe irgt tfdnemit@t. aBelative time
s 500 for providin a
0 Bation o oty obe PRI 0un orrero THTBHRS iR g second
f rcOﬁihﬁil:lichﬂlcﬁi FseANBEPISTAt wIach isSopibiIBnd SRS Ak £ddshé®box). The
gjg tion is received froma_first conmunication

sctcgn(b transgﬁée)rs pay g% ogqgtyd asyRehrappusty AN ¢stipate of absolute

| i@y 4Fed HAEnARY thQ nftakte pteidBdfas@P&P kst Ssollile®ind Mrorduation
specific tine instant. Relative tinme information is

alfeown the &gt geramppiggfion sysiem and the selafivettineey infosmayiondeasm the first and
c Qmwlmﬁ Qécbﬁc[‘trébéﬁﬁtﬁe@ l(ﬁhegsecorﬁl c%ﬁinkdﬁkcaﬁoégséieﬁf@teé ﬁis%p

514 relative tinme informati on may "be in

f G106 JTlGnalis pdlowedisgigef (B egbodimeyhneits prkeati® for prOVIdmg
blﬁ[lsgﬁl)margee rdfo%lgs‘aﬂlllé ytmtlé' %?éﬁ' tohe%ngy tﬁﬁnaftlo{ls%r m a number of
transmitte nforma I on nmay P be

r eommuemaﬁmmwtarnsehmmsvi abaqsismtim@as obtaintdh &oﬁﬁcﬂmdcommumcanon

CRTLER, % A7 TR SRRy b1 5 98150 e

t Ii‘aﬂﬁlmi tfitoar zsﬁfﬁaptarbﬁnmeﬁ atsecbnd gy.5.¢ belM@)SdnymumEation system at a
te of absol ut

RSN Eb L Basb At el D SO S s et and second time

| ifsemiRisi BBn dbeapntd estép 6$6). CANEALBAL @ighﬁlﬁlgsiﬁéisﬁgﬁ aad also be
the relative ting infornmation fromthe first and

( PEEVFH oM & EEorasRISRIN the second commuaigationsystem at a third time
C QR [sEPLd 18 Nw LR §CoPtibRd1 2Rd R ad AL @rRAd FxH 865e|:§ndatlme offset

fl ow di agram of an enbodi nent of a process

prbéweam g firsg ﬁnfé@erdﬁameenmntw@bﬂm Be dlgtermingsldetgp 620, mihiah is also
Qélﬁﬂt | Ofbiri s eg']ﬂé@%e y tg‘?xgiﬁrf]@g gla ?&teivg@ ﬁ?%séﬁﬁsﬁle first or

tial ,abs timeis o roma first
cﬁmﬁﬁé@tﬁl@ﬁ at @,thbmr(eensgant (s@PP2J.or a first time

' Efdse)gt (Iflthg am% fgnah@ %ésrs%éa ig tr?ﬁﬁhe A8 TERRARE théh an estimate of
cel roma n a second’ e.g.,
cebdoﬂ,utam)ne ebaresignatt] itime inytaitemydie determined based on (1) the absolute
time for the first time instant (e.g., tas in FIG. 3), (2) the first time offset (e.g., ATgs1),
(3) an elapsed time between the second and fourth time instants (e.g., 7 Tgamer), and (4)
the time difference between the fourth and designated time instants (e.g., AT;) (step

624). Alternatively, if the third signaling message is from the second transmitter, then



second tinme instant (step 614). A first time offset

between the first and second tine instants is then
wa@ledoessssed (step 616). A second signaling nmesREnESI084009306

al so be received froma second transmtter in the

second comuni cation systemaf a third tine instant

(step 618, which is optional and shown as a dashed

box). A second time offset between the first and

t the laBsdluterEimestiramt Sornmy désiematet mnté&hﬁmﬁmdm(@tfenﬁrﬁﬁ (ased on

) Ao e RS, o S B s
. ggﬁ‘ g][afl)é'ea Ielvitlen e tHird 244 folrat {78 1ﬂsﬁﬁfs§‘@§ (31.£0), and (4) the

057] If the third signaling nessage is from
t tmxae ﬂlffeeance batwsen the faurth whedesignated tilmpatstantsf(e.gaBdel ut e

bg@gﬁ] %enselfag etgt%glg%ult feal hnStc?olgF mn%y ebl?l?pqeel}leg{ti{ﬁ Qa%gd on time
i imfdrﬁlaflor( gecgived fmbﬁmulnpleﬁ(ﬁamﬁﬁcauéﬁ)sydlm f Irr Sne tinbediment, at
of fset (e.qg.,., QIBS1), 3

ol e Stiiarton st - R SopRegEbs o p ot T g rear
(fihe dIOR, tahd®t dakd 6ficc B&er b&hﬂﬁﬁlﬁattdﬂesy@t@ﬂf tdx. ,aﬁCbellular system)
desi %gat ed tine instants ATl,) (step 624).

AProxidgntelajixe {jme for ﬂl‘%értf‘ﬂlr‘?aé“ug}eﬁ}?&% ng nessage i s from

t %?Sﬂgcom ahdtRASdRBddRRent t A€ RoMRuRRAINOGRBRD that provides relative

PCT/ US2004/ 009306 16 the absolute time estimate for

t e Jaforgaticnemey ilse nrevde AbsoR tme IHTBRIAINEE HEBESSAsFS) at

(éémé;ugfaed @llﬁﬁa‘ﬁtst ' ﬁ@r E)Qa[mﬁl@ea fbhsres§tatfdnnﬁ ih@séeﬁﬁfar sfl&ém may
econd tinme of . an el apsed

t (meo@ealbmmheneeqmstﬁdi tmn@mﬁ @unqswgp |wr%1 m‘vsahtt% tv(né agthe time

| t h
NIt 3 TR dage g&%ﬂﬁs‘& on'(B8, el 8 Hehd ?gﬁ%%ﬁh% eggsggg &b Nechniques
[ ﬂcﬁ%ﬂelvhng tgamﬁomlmfotﬂlwon [ﬁronlmd:ellnkaahe:twolrmm:di@glkbﬂday U Patent

P T e R arnsodyet Rl o oRRRCAheJor cs

| SMVM’Elsmm@uﬂ at,iioa9 Sylﬁélﬂml(cerpgra,ted(ﬁe&)n by fércies.
absaol ute

| E0ep1 ongﬁ“StVI"FE%a el (gfﬁ(ual el 1ta{xg>e6 Wl&hk@gﬁﬁ%fl@fi as it

S¥&dofl¥} avAiaBlé] dﬁ)%ol[l%' tﬂhés\/fﬁr fvl'dT& ﬁl&% tinkeeinWthiith waly also be used to
real -time clock., [1059] In another enbodi nent, the

c 6bue ﬁlﬁtf@éth"eéy%etfé?ﬂ‘flﬁaﬂt o FOPTARSIIOB A e  ti me

' [‘ﬂﬁﬂfmt RE r@l%ﬁvea{lﬁ'@ iRfoPYhElR ARP Bk YirévidddBy ivRAQISMRAEARN One
e.g., in nessages) at desngnat edtime instants. For

eﬁ@m@m@ megniigsida e drangpission phegnabing glessagesya selgetad fime instants
( El?# it tﬁ@ltllnlé e RE Dl AN edﬁ§ &60 Is_rléﬂeﬁlﬂg BidssfedTBESRISRcertained.

e absolute tine at the nessage
t Aarsanplss, de (gabing nﬁ*segegtrm*ytbedﬂ) thh syrcheomizatipn humth dransmitted

nﬁ? 57 rT:l%ase It?i hrp I HE %}SM gpfste[[r? G 'd¥§cHEe 1111"@8];50{?) the system frame

| ONn roma ce et wor ar e
Unﬁ’mb&adS@ND trahomitt&d 9}45@(914148,86 emlmt liredle "WeCIhigA a‘mt;bm (3) paging

for. termnin lver
SRl RSt S8 PR Fhe, S PP AT RR snating
bm&ta%@ﬁﬁﬂﬂ G€used, and this is within the scope of the invention.

[1062] The relative time information from the cellular system is typically readily

available to a terminal. While in active communication with at least one base station,
the terminal continually determines frame-level timing and can use this information to

update the virtual real-time clock. Even while idle, the terminal periodically wakes up



[1060] The virtual real-time clock may be tine-stanped
wWith absolute tinme as it becones avail able. Absol ute

WO 20veesd88r two or nore tine instants may al so PET/USEO4/009306
to calibrate the relative time fromthe other
comuni cation system [1061] ;Jhe relative tine
information may be provided by various neans. One
common neans is via the transm ssion of signaling

NBTHEAERr Pige DRsQBbE6h 4 pdPng dhahRNaISrting U irfcbming dabs.t Aspart of
di fference gbetween any two signaling nessa es can pe

athe @racassiecf thep@gmnghmr@éform&c @?S@%ﬁafut hrgteppuaal gglegmipgs, frame-
PRy by SrPRI S ARIZBER AR a8 thé ﬁ&%ﬁl‘r&zﬂ-@i@he dwekeach

ase s ron in M system as described in FIG
4(1063) t Abe Ssrwlabwal‘ t‘ruaemloc méqe yss1Q) Proyide ahridequisde pifimate of
each e.statio S )
R e Pl sl By SR, P Slburke? 2 Sty be
Oﬁldvahfageboﬁlslly usyp s vafioss @phbatlngs ontesé a@echntay)osi@oru detgrmination.

and this is withi.n.the e

Tﬁbp‘ir “i‘ixr apgyate it lﬁ}eofﬁ?ﬁf‘@ % f iy om ?#]&M?gfqv?cf}arﬁ%sﬁgﬁ]eﬁ% na
| ShdriéP !p@ﬁkid Mf fif8 Chintior Zl)vprbizldblh%hbo sansitieityriim die. pIWtﬁsBleg of the
in active nlca ase

sPigneied oy by RSO B B A ree e estmate
f m'ﬁ%slhsﬂ ﬁkestblamdr& GIYkiGA 44 estiibed belofvor mat i on t o

+ RA0oEr riRaIpoptP G CHFTHYAL YGRS SHEHE I QoMb g Glsinces o a
P%Uéﬁ@ﬁéﬁ@é}%foéansﬁﬂu&p Whes rd BfedPRIRIFERS qgms amda(2) the

pagi ng channel alerting it of incomng calls.

oflocations of ﬁhﬁ@@ggnsmtt%ﬁ WORSa drerfgrmen sar pstimsfe ‘Ba&lé%ﬂce to each
AdEhite H? etaﬁfrfﬁ% et &Rt &R of ighEw dO¥Etrorhithl Sekllite to

and can use I iformation to update the virtual

r dtadl tetnpingl. Gf thc time[ th§@1al THeanginitied ftony e GRS sasllisy sdyeown (e.2.,
%gi% §IS etgc Elé)d rthV é@%é)g ﬂxeﬁ gtgfjﬁ{eftrlrxgé I(){r“] glt@tgﬁg%ﬁlf can be determined

a(b§7 Whadreing i the tlmtthmngealrmyeoba'ed ad therteragad (bispd @getbe f;e(zjr.mnal s

varlous appl i one

P HBBPL A R s D SBOHEAIER grmmission e

e&&de 1 cdTayt b@exa‘éﬁgzl demrrhihgd becxausedﬁ @fpesietween the xlocks at the

orter perio and/or (2).provide
sé@fg}n@ql g GBS sap ge E%sa,s'pﬁ%ld&raé i’ @Pléﬁlglg Vgggm d (o8 the
t hgreRORE the@Rechi %ref&@ﬁcebﬁlﬁ@fahﬂ ShatitrRi ﬂhab‘ihe sidriah ist haeelved The
accurate tinme estinmate for pqsition fixes based.on

Grseusiogargesthay Eepersity fiscglatiy digranger brswacniie B pRg, the GPS
Ofsaéllitt@frﬁ‘l%llcmm I%E gl8,eed based on (1) distances

iclent nunber of transmtters, which are
us[wsas (BXGrBice disram dllusgadng the das rapsgussqnofegmey for 2 GPS

9{1&%&# L&Lifite @ﬁ@gﬁ’aw%ﬁ%n @ MR if@Rtes Yhrid R tGpes of

ance 0 each I'ite by measuring the
t |mie>rmmpm suell af Gateldites Epirearieris,0GP$ ays¢m flimenteigaebit of week (BOW)

|| h | h
f ?tgﬁgﬂétiq%&t&%frgctt%% tl% ;gg%%so‘nt leIf Fh?\ggho%a&l sepr?{/ﬂQ@Lt d fite of 50

a I's kno
bits per second (bps), and each data bit covers a 20 msec time period. A X1 period is

defined as covering 75 data bits, which is 1.5 sec.
[1066]  The 50 bps navigation data is spectrally spread over a 1.023 MHz bandwidth
by spreading (or scrambling) the data with a continuous pseudo-random number (PN)

sequence generated by repeating a 1023-bit Gold code sequence. In particular, each



stanped or encoded in the signal), then the travel
time of the signal can be determ ned by observing the

W@ 2098/084860 Si gnal i s received at the term nal (PEEES2004009306

the termnal's internal clock). Typically however,

t he amount of tinme between trggmrri ssion and reception
cannot be exactly determ ned because of offsets
between the clocks at the term nal and GPS satellite.

Thlasa, bitis bmpm;eld) of 20ngele fiameb,ypil @adhl dpdel erhiny @ RBVEY Fdne 1023-
q) Gdl rence betr @referencetlrre and the tine
15 GOl eo® §icrs THE CIE e sernce s g Brig et 1AL Meps, and
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satellite transmt
v Epnporentsypas bo fiewed fip beng |an:rlognmslno hans atieitd, iah@ second used for

ﬁ&ﬁr itlﬁrgn h% dsa?ﬁ (Slglecfggngoge% 8ov§6s aO%ffer?ﬂtetmge r(a)n/ge and has a
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t &ﬁre%)oﬁdﬁl %Q@é frame value. If 20 code frame values for a single data bit are further

accumulated, then a high bit value is obtained. However, if 20 code frame values for

two data bits with opposite polarity are accumulated, then a lower bit value is obtained,
with the exact value being determined by the number of code frames associated with

each of the two data bits. Thus, by accumulating over different sets of 20 code frames,



based on different signal processing by the GPS
receiver. In particular, sub-code frane timng nay be
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GPS signal. This can be achieved by correlating the
received GPS signal with a logally generated PN
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T:[a 2] 1 l('][ihStS the three tinme conponents, the tine

gé' an

oit i AN /ot am
Vol T umt TgC orr

r b P BLOGPSSINE fhobtain the three time components is typically performed in

sequential order, in increasing coarse time resolution, such that sub-code frame (chip-

level) timing is obtained first, epoch in bit (code-frame level) timing is obtained next,
and BOW time information is obtained last. The processing time to obtain each time
component from the GPS signal is thus cumulative (i.e., equal to the processing time for

that time component plus the processing time for all finer time components). As can be



associ ated with each tinme conponent, the processing
techni que used to recover each tinme conponent, and an
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conmponent (which assunes that the tine conponents with
finer resolution, if any, hang al ready been

recovered). Table 1 Tine Conponent Tinme Range

Resol ution Processing Processing Technique Tine BOW

> 26n eecTA: C,abefrolRBms W AL6ver BOW eeRNidfhrRaidh m%oeg Pelatively
(in bit) 1 to 20 nsec 1 nsec De e gtion -2-3 seconds
SUB™ode Frame 0 to 1 nsec 0.977 psec Match -1-2
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Gan%ly a s%eﬂr\o(\(/:’l(rie yl\%ﬁer sensﬁw%ytn? pgo?:éssmg an(gPS signal. In many instances, the

GPS signal may be received with a low or poor signal quality because of (1) signal
attenuation by the long propagation path between the GPS satellite and the receiver, (2)
obstructions in the propagation path, and so on. If the epoch in bit and BOW timing is
known a priori, then the received GPS signal may be processed in a manner to improve
the recovery of the chip-level timing.

[1076] Referring back to FIG. 7, if the epoch in bit timing is known, then the start of
each data bit can be determined. In that case, coherent accumulation (i.e., the
correlation) may be performed over an entire data bit (i.e., bit synchronous integration)
instead of over each code frame (which is only 1/20-th the duration of a data bit). The
longer coherent accumulation interval allows for improved detection of chip-level

timing in a degraded received GPS signal. This then allows the GPS receiver to provide



sub-code franme, epoch in bit, and BONtimng to

conpute the position fix. [1074] The virtual real-tine
w@bmaeksssan be used to provide accurate absol ut BCT/U8®04/009306

estimates. In particular, for position determ nation,

the virtual real-time clock gpy be used to provide

accurate absolute tine estimtes such that epoch in

bit and BOWtim ng need not be recovered. This woul d
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system used to provide relative time information for the virtual real-time clock (step

814, which is optional). While the receiver unit is asleep, relative time information is
received from the second communication system (step 816). Absolute time at a second
time instant may then be estimated based on the absolute time for the first time instant

and the relative time information from the second communication system (step 818). A



tsec) is needed to derive an accurate estimte of the
satellite |l ocation. The absolute tine estimate from
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position estimate for a satehhite. A pseudo-range from
the termnal to the initial satellite position
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GPS receiver 912a provides to processmg unlt 914 various types of information such as,

for example, time information (e.g., absolute time), the identities and locations of the
transmitters whose signals are received, and so on. Terrestrial receiver 912b includes
front-end circuitry that processes the signals transmitted from base stations and may

provide relative time information derived from these signals. For example, terrestrial



processing signals frommultiple conmuni cati on systens
to obtain time information. In one enbodi nent,
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receiving signals from a nunber of transmtters. In
ot her enbodi nents, termnal 1 may be an el ectronics
unit (e.g., a conputer termnal, a personal digital
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programmable gate arrays (FPGAs), processors, controllers, micro-controllers,

microprocessors, other electronic units designed to perform the functions described

herein, or a combination thereof.



i mpl ement the virtual real-tinme clock based on the
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cellular system \Wen requested, processing unit 914
can estimate absolute tine apsa designated tine
instant and provide this absolute tine estimte to a
requesting unit (e.g., GPS receiver 912a). [1084]
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on the clock. The tineline for receiver unit 900 is
t memont PET i VP Odandepreried by pPrRseSoiuf&r POGEspiae unit 914 or

[ d908al1e0D YoeiBbrhory Hit e HE ImMBMbAES Wﬁﬁﬁlathéllﬁ_l%gesw or external
914 [ 20. For

processing unit and/of controller 9 _
eoathp processenrby yhighcasedti@nbg commynisatively coupledgo ithel procegsor via
[ ' : - lute tines for various tine
in@g%%%&ggﬁ{}ﬁ{oggl??ﬁéﬁbffsets, and so on). Menory
uhi08919 18 The ywetiod @ng hppaeatysr degerfoetl hertesfoa ndplaateing arvirtual real-
pL.ocessin nit 914 and/or . caontroller 920 [1086

CHRE FREL B SBshert o P loPiorE SO Phe Rl Sitomt SRl For
uertaimps] the thahod sdappires manbe adel dor CRMATADMA| FDMAL, ed other
part]igcul ar tﬁ{c)es of oper at 'hon to be perfor ngd b‘)r/

P BEESs CAYTHRCEIY AYSIGP0 8 7115 &Y HEPh JMa AP EPsal b or more
desticatde didnaigs.n Fer ekl st CDYIAR sykikinbahay @mbleniehiT8S-95,

cl oc d using it for various_ applications may be

i fﬁﬁ?@éﬁ@‘ﬂtlé-§56y‘g~’vﬁPMsaﬂﬂé%ﬁg-, g EMA SR g plgment GSM
Sd VP61, TREsed/afiOMDitAAbIA0 Are BRNEOH: thEAft AAd NATAWRLE] herein by
i mpl ementation, the virtual real-tine clock may be

i FRfeEnt ed within one or nore application specific

[ r at j ' A iGN ' I

P20 e e i e e b AL Al RoREERA% B
pag pememiskdlef oiyi thedewti ivemakePloDsyse flice prbsent ringrndimma b Verious
gﬁl%&iﬁ@£tfo%¥ Yo FhF e%%?gddin%n?sc\ﬁiﬁsb%rrgadﬂ&oﬁbErg# & rtl?cise skilled in the art,
m cro-controllers, mcroprocessors, other electronic

umid the dewrigpeidciples pefinkd hereinheayf henaptpliedh® alls embbdichents without

peprs g0 BscSR 3t dob R g

d{tibg.v\?g%% e]; gresen?gwention is not
| pdndaenttatingtd td the exnbodithahts Eleahr Hergi® bal i0 ekbemyorb@l the widest
i mpl enented wth nodul es (e.qg..,. procedyre functi ons,
RS it et e grneipies sdGio%er bR C He e nereng

herein. The software codes nay be stored in a nenory

it . d. 018 i FIG 9 d ted b
SPighul o A TS CrAmERaSn L ¢ b1a o CCuted by @



controller 920). The nenory unit may be inpl enented
Wi thin the processor or external to the processor, in
wokioghsssase it can be communicatively coupl ed POT/UR®04/009306

processor via various neans as is known in the art.

[ 1089] The nethod and apparabys described herein for
inplementing a virtual real- tine clock may be used in
vari ous wrel ess conmuni cati on systems and networks.

For exanple, the nethod gnpfAGMPSratus may be used for
CDVA, TDVA, FDMA, and other wireless comunication
systens. These systens nmay i nplenent one or nore

appl i cabl e I > 1 )

may iﬁglené%%%p%ag%%nmggﬁgggggahﬁgy%ggFI %hgn "o
oinforiagon oM aphehby®f ceymumipdtienmsysteniSShm@aisihgso on.

These var.i.ous standards are kpown in the art .and

 noor pEreir Bt el fropgotiafier Bbe it rogar i oo us
descri ﬂglt:éiﬁﬁg edlative @intdl iﬁﬁ)irﬁiﬁil%d fﬂwwﬁmm@i@ﬁgﬂ bydexgh; and
to enabl e , any person illed in the art to make or

use t r@ob‘fl%é‘ﬁtegtflﬁ% At ‘i’éﬂ!‘te\?giei 2 @ designgtnditimedpsiet dased on the
t RS RHTRO FiféR1ALSn Abi|thd st @afhnicaBOPHsRAL ank9hd BRGEe time
skilled in the art, and the generic principles
dferratomEprithe ypagndromapmicaten P8leBt her enbodi nent s

W thout departing fromthe spirit or scope of the

i nvention. Thus, the present invention is not

i ntend®d t olhisendthod ofsthimd, wheseia thsdirstaemmanidatomsyisierds e
b i . . e
R
hemeifor.at [ea@Dhe tivieliistans CLAI MED | S: WO 2004/ 088880

PCT/ US2004/ 009306 25 CLAIMS 1. A nethod for

i mpl ementing a virtual real-tine clock based on tine

i nf or n&at i orTHermsthad ¢flcinirall] Wieraih tieoseaml coaintuditagysdyetas is a

co i sing: receiving absolute tinme information froma
fF&E&“S@WﬁHﬂ?@%FV%ﬂmgysten1 receiving relative tine
i nformati on froma second communi cati on system and

providing an estjmate of absolute tjne at a _designated,
time i‘hstantteraif dirlame. ‘é(b%‘%‘PLﬁlfeefe{aflﬁeemiﬂﬁf"é‘?‘ﬁﬁf‘?‘b?f’mpﬂses
f pemeidiel fihfngt conmuni cation system and the relative
time information fromthe second comruni cation

system 2. The nmethod of claim1l, wherein the first

conmmung cat i-pp, xﬁ%ﬁéc{s&* cila%n_t?),h@her%'l ARAkIEAS i BRSNS %%%Qved

(GPS) and the absolute tine information conprises
t vise pluralityiof bigaaling areesagesrend wharein time difference between any two

signaling messages is ascertainable.

6. The method of claim 1, wherein the absolute time information comprises
absolute time for a first time instant and the relative time information comprises first
and second signaling messages received at second and third time instants, respectively,
and wherein the absolute time estimate for the designated time instant is based at least
in part on the absolute time for the first time instant and a determined time difference

between the second and third time instants.



3. The nethod of claim1l, wherein the second

comruni cation systemis a cellular communication
wGeyBHesasset. The net hod of claim 3, wherein thePCEUSI004/69306

time informati on conprises frane-level timng. 5 The

met hod of claim 3, wherein thg relative tinme

information is received via a plurality of signaling

nmessages, and wherein tinme difference between any two

si gnali.ng rMesseges ifslas ¢efutthdratpdsing. The met hod of

claim1l1l, wherein the absolute tine inforngtion L

conpr i @lkratng e reldvertimpanosmatipnfrqny thespopnd corarypipation gystem

t BRed 64 B ¥Rl MR ifthREABE HoM RONRE tiRfuditdivh systnd

second signaling nessages received at second and third

time instants, respectively, and wherein the absol ute

time egtingd G ofdh £ oﬂ&ﬁ%gﬁ‘éstﬁﬁﬁtetdf%sdlﬁléEifﬁ@'baée oR&aRd

at least in part on the solute time for the first

t infigrmiatien fiom agiharality o€ t@nmimieation isystenal, féraprisinge  bet ween

e <SSO b ALl A0 G

f instaher conprising: calibrating the relative tine
i nformati.an frqg11h%.second onmmuni cation s sﬁen1 tem at
based BV &2 S5L SIEHPEEHFREEE FPBY RSt TS TOFPBM PR PrPmyt 2
Cc eroniieéinsant; system 8. A nethod for providing an
estimat e of,absolut? time ba e? on tinme _information
£ om SISHTINIRG § G PTIS BRSFL B FoM "0 SEoMbme SRR  ng:
obt ai njefGviaP & 9ddohe sighdRg et frbin'thd sceOmIBoRinfididaBh system at
systemfor a first tinme instant; receiving a first
s g eggingtatis age from a second conmuni cation system
at a &RGAREN: hBapsBs AR berwds] GE BcBhA SncPehirl MRe GstHRt
between the first and second tinme instants; receiving
a secodfierBigng? fimg diffesenge betiveghthe Rurddircoingfant and a fourth time
c nLgption systemat a third tine instant;
determning an el apsed time between the second and
t hi rd prongingrstesiithae of gheolateriinms at thedfowrinmelinkorirtasesicon the
bet n.th hi i i nsta Al .
" R gt 5k ol 8 s B O Bl b o e
t biffefedoe.t h time i nstant based on the absolute tine
for the first time instant, the tinme offset, the
el apsed tine, and the tine

9. The method of claim 8, wherein the time offset and time difference are

each determined based on a local clock.

10. The method of claim 8, further comprising:

obtaining absolute time from the first communication system for a fifth time
instant; and

determining a difference in absolute time between the first and fifth time
instants, and wherein the elapsed time is determined based at least in part on the

difference in absolute time.

11.  The method of claim 10, further comprising:



difference. 9. The nethod of claim8, wherein the tine

offset and tine difference are each determ ned based
wo@rooa/osss@l cl ock. 10. The nethod of claim8, PCr/Uk®N4/009306

conprising: obtaining absolute time fromthe first

communi cation systemfor a fpkth tine instant; and

determning a difference in absolute tinme between the

first and fifth time instants, and wherein the

el aps adttdrnining siraad porivd fedhdssent @mmeAstion Byspar basahat least

the difference i.n absolute tinme. 11. The nethod of .

TR oRghe difiFERRen ARG Wik dhd WEEsEhy BiaRisd gime 1 determined

PeabtSZ 00420 P3A&. 27 determ ning a frame period for

t he second communi cati on system based at least in

part on the difference in absolute tinme, and wherein

the el gpsedb ihddr dRike B WRedn tRaE6%nABedol@ sikhiAAB messages

period. 12. The nethod of claim8, wherein the first

afid trgesngiell & kgewn jasefione éxtagdeamesr e transnitted at

known | ocations in two frames. 13. The nethod of claim

8, wherein the first communication systemis the

A obal 13Pos iThe areithng oSyking By whetein Tedirsteohwuinghtion systemss the

L e he. comuni cation systemis a cellular
\é\@ﬁ)m?gfnﬁoébol lgg%gé;glg'em 15. The nmet hod of cl ai m 14,
wherein the relative tinme information conprises

frame-) evel,tim.ng. .16. The nethod of .claim 14 .
wher &1 H-1 o et iy Feib P e Sipd b tigpaysiprais o
asymbheaneustatonysterthe met hod of claim 14, wherein

the cellular communi cation systemis a GSM system

18. The method of claim 17, wherein the first and
second;ssi gk ntghod®ss SRER $4, viHefei® IR GO tZd infimBEinSdofaprises
transmtted on a synchroni zati on channel in the GSM
s{rameavel tYNSThe net hod of clai m 14, wherein the

cellul ar communi cation systemis a WCDMA system 20.

A nmethod for providing an estimate of absolute tine
based ¥n t iThe method of claim 14, wherein the cellular communication system is

operated asynchronously.

17.  The method of claim 14, wherein the cellular communication system is a

GSM system.

18.  The method of claim 17, wherein the first and second signaling messages

are synchronization bursts transmitted on a synchronization channel in the GSM system.

19.  The method of claim 14, wherein the cellular communication system is a

W-CDMA system.

20. A method for providing an estimate of absolute time based on time
information from a plurality of communication systems, comprising:

receiving absolute time information from a first communication system;



information froma plurality of comruni cati on systens,

conprising: receiving absolute tinme information from a
WO 2003/088380mUNI cati on systeny WO 2004/ 088880  PCT/US2004/009306

PCT/ US2004/ 009306 28 receiving relative tine

information froma first trapgmtter in a second

comruni cation systeny receiving relative tine

information froma second transmtter in the second

C ONMMUNfeCélving Pel &8 ti@®l infarrtatioh Gxoindla ficst Ansesttdr b eecodd

absolute tinme at a designated tine instant based on

t REMMUBEYIONSE S e i nformation fromthe first

COMUN}e6@ting Fel 81 HaP iddenitidn ffoph @bdcved frad¥iitter in the second

information fromthe first and second transmitters in

t RENBEEEHIPDSBTFATEat i on system 21. The nethod of

cl ai m ZQy;afrdrah REIm£O BPIHs SthR Umele b Ab AL mHkdAirRe HbthitPhRAGE the

between timng of the first and second transnmitters,

ambsoluhéne informatom g the first omanuniafipm systepband; therelative time

Jesi : ) . . o

QSR ol BP0k AR ol bt S ESEEn S Porhirigation systom.

and second transmitters. 22. The net hod of claim 20,

wherein, the,fir ecan ransn.t.ters are

asynch?%nou Wa éﬁmﬁﬁﬁ%ﬁ %QJ%g%Hngﬁbé%gg an estimate

of absadterirnihg mdiffzasiedbawedn timing ohHthe fine tind secdbndomanamitters, and

pl yral i of comuni.cation systens,. conprisi.n

OPSTEA R0 T SRS DT B Sar PSRRI g pased on the
s steeihéDdifferehde ttwdeh R tinhiAg bAME first @G®se¢omDirasini et
signaling nessage froma first transmtter in a second
comuni cation systemat a second tine instant;

det er mpfi NOTIR héth&d oftcli@ 20 fEgéin RS fYEEM sERnf krbmiddislare
second time instants; receiving a second signaling
mesEkfendisom a second transmtter in the second

comuni cation systemat a third tine instant;
determining a second tine offset between the first and
third 2%.ne Amsthodifer prayiding gn estingithef abrolbis timegragedgm time

a et | ed. ti ' ..pased at

" A5ty il ety (R SLBREEbich FRbP SABRR® RS %, e
i nst antbtainthgtahshge dowdroim arBrsoédnsaenicagién sBhen foe o tiofe
cl.aim 23, further conprising: receiving a third
s?@ﬁg’ing nmessage fromthe second transmtter at a

f our t hrdckinmg aifiistsipnblinganedsage from a first transmitter in a second

communication system at a second time instant;
determining a first time offset between the first and second time instants;
recetving a second signaling message from a second transmitter in the second
communication system at a third time instant;
determining a second time offset between the first and third time instants; and
providing an estimate of absolute time at a designated time instant based at least

in part on the absolute time for the first time instant and the second time offset.

24.  The method of claim 23, forther comprising:
receiving a third signaling message from the second transmitter at a fourth time

instant; and



WO 2004/ 088880 PCT/ US2004/ 009306 29 determ ning a

time difference between the fourth and designated tine
WO pwiases8) and wherein the absolute tinme estiPel/ES5004/009306

the designated tine instant is further based on the

time difference. 25. The nethgd of claim 23, wherein

the first and second transmtters are asynchronous.

26. A nmethod for determning a position of a receiver

u Bi ti c_[éte@miﬂéﬂgedl 056 difféﬁﬂﬁﬁ?lbﬁtwedni tnfotyts tuedWesipaamd tisk hgtants,

obt ai ning absolute ting froma first comuni cation

s?l@t"é‘iﬂ?lg fhe 2bgalyts fimpieplmaty %%?gvaé%’gﬁﬂe? R§apiep Grihgrbased

t b e iR f&Edcen from a second conmuni cation system

estimating absolute tinme at a second tinme instant

based on the absolute tinme for the first time instant

and t hes 1 k@l iyehddl JFelaldd b8 WiRkdiPfhe i@ Bhd RRoREERR itters are

comuni cation system and determ ning the position of

t ayneleomwiuvser unit based at least in part on the

absolute tinme estimate for the second tine instant.

27. The nethod of claim26, wherein the absolute tine

for tha.fi rsstethodor detesthininy ai positibt ef avedeivaromitdn a wireless

position fix determined for the first tine instant.

2§¥m?wgmﬁ99ﬁ%;I%f°%?5?ﬁ%26, further conprising: going

t o sl esHmifiag alssoblits thée Somef firkt cornbaicag@nsystem fbi 4 fist cund

second time instants determ ned based on an estinated

stBM%ity of time for the second communication

syst eNeceldng RIARTEMS iGOATATIdh Gk ¥ @kdnduRhefkation gystem;

digital signal processing device (DSPD).ca abgg of .

i nt er PFSERRIRE Asfrtedims aieoeqont fiER Msint bastdon, de ahxolty tige for

t i Rirdt BRI iARLd AR thE MR Re fildeShfoSRMBE HotRihk 9tofd SéBiftnication

receive relative time information froma second

ceiffeisedit i on system and WO 2004/ 088880

PCT/ U%Q%&gxg%gtg% gosi RV 08y R An® §£sie<gg¢[ 1€2sPfn I‘}%Ml th Sbsolute

time at a ted tine instant bas on t
abwe kestinate fomthei se¢apd iianeiinthanktr om t he first communi cati on
systemand the relative tine information fromthe
second comuni cati on system

27.  The method of claim 26, wherein the absolute time for the first time

instant is obtained from a position fix determined for the first time instant.

28. The method of claim 26, further comprising:
going to sleep for a duration of time between the first and second time instants
determined based on an estimated stability of time for the second communication

system.

29. A memory communicatively coupled to a digital signal processing
device (DSPD) capable of interpreting digital information to:
receive absolute time information from a first communication system;

receive relative time information from a second communication system; and



30. A conputer program product for providing an
estimate of absolute tine based on tine information
WO p@a088sgd ural ity of communi cati on systens, coP@F/US1004009306
code for receiving absolute tinme froma first
communi cation systemfor a fihpst tine instant; code
for receiving relative tinme information froma second
communi cation systenm code for providing an estinmate
of absgbuiti€ar ¢siimartof abwhse gmahedddsignaed that atant trasdkeh the

on the absolute. ti for.the first tine nt and .

© oI S BEOTRGR Tm SHe It ORI RGO HE RO A refive tme
C%ﬁdﬁh&aﬁblﬁmhess\és&ﬁraonﬂﬁﬂlcanmwﬁler - usabl e nmedi um for
storing the codes. 31. An apparatus for inplenenting a
virtual real-tinme clock based on tine information
from agpl ur@béhiQiprERpRidaatbOofto Rk aﬂssumdb%m@ ‘time
means for receiving a representation of a tineline;
nbasad of Bme inderialiph omsspinglie of CoRMURFSIoREYIteIns, COBRNHENS:
first io) [
absol LS TR e SR o TR AR coiu ARARA sk for i
f ome imstet;vi ng rel ative time information froma second
Conm'ml a?' oncelv% Srteﬁlgke H?lg {1 rm%{lor?ﬁ xg)allgcofng% H{u%fchtYo%
tine if ona’'s e trneline, neans
pEyBwend| ng an estimate of absol ute t| e at a deS| ghat ed

time in nt _on li.n d on ssoci at ed
abool o0 A AESIRG et BT ARG T i rafad s HbS
t bared b fhe aBEiite Bme 3 thd hist G akahimddie reladvenimd information
wherejn the tineline re resen(;atl on is provided by a

c G the seceps! communicafigRYSIERE 894 n a wi r el ess
COMUNY Eaiphu@d-uBabid RBIuMABPdrSgBe codéd. 2004/ 088880
PCT/ US2004/ 009306 31 a first receiver operative to
process signals froma first communication systemto
provi dgy absol ubeddidRr irﬂﬁlefﬁémﬁlga%ml RECARII6ECRIsYEEn time
operative to process signals froma second
c oo frpone plepkiy oficeromprieatiof Sy stansm eomRIsige
i nfor erative to
or ovi ”21%%1?] Bor rg&%n?geﬂeg‘?eﬁéﬁétﬁg toggtulinﬁfgﬁ’eat )

means for receiving absolute time information from a first communication

system,;

means for associating the absolute time information with the timeline;

means for receiving relative time information from a second communication
system;

means for mapping the relative time information to the timeline; and

means for providing an estimate of absolute time at a designated time instant on
the timeline based on the associated absolute time information and the mapped relative

time information.

32.  The apparatus of claim 31, wherein the timeline representation is

provided by a counter.

33. A receiver unit in a wireless communication system, comprising:



designated tinme instant based on the absolute tine
information fromthe first conmmunication system and

W0 h@40g888d i ve tine information fromthe secondPCT/US2004/009306
comuni cation system 34. The receiver unit of claim
33, further conprising: a timgr unit operative to
provide a representation of a tineline to which the
absolute tinme information and relative tine

I nf or nafitsorRceaved op@ptd@cdo pifoess FipRalk GoRi Mt doniniunddatioh stem to
IS operative to

33, g@egein the, first receiver

pPoY §'§*ﬁ$5@%“ﬁ@ﬁﬁp@ﬁs satel lites. 36. The receiver
uni t  of seebiidl fkeddr opdIRIRItH piddess SRAME BomBG8EIIcolntnunication
operative to grocess sighals fromone or nore base

s BatbiRProvideelativq imanferaponioedt i on system 37. The
recel Vehrol !;ﬁl% gﬁit Sﬂe?dtf% %rowa@ b8 bitintalEofRbLQFRS BB Gt AN

isS operative receive an absolute tine for a first
t epiguiaied tizetinstanpbasedhen therabsolyte mie infprozatian fromdhe Grsti ne
2 corhinc floh §6erD HNRE RN chleliiornhldT sloRPihE BleoR
trmng of ea ase station recelved by the second

r egminugcatioB8ysteln.r ecei ver apparatus in a wrel ess
comuni cation system conprising: nmeans for
processing signals froma first comunication system
t o proy.de Thehselvet enit ofrokaiinr3Bofunthéd comprisiegns f or
proceSSLn%nﬁ&:nals froma secon%ﬁgannuplcatLon S %%ﬁ%g

to pro¥id FRMVEOPFHRIY HEBIENEEAIGR O A HReAR

PhiskéIuEl fige Mfordatisraideelaliveif®intdrtatibe alapgeddesi gnat ed
tinme instant based on the absolute tine i nformation

fromthe first conmmunication systemand the relative
time g4 or nBei:QRivef &M $tPainSBOR Herbia MRBUNEGBE IR isSopeFaB i to

process signals from GPS satellites.

36. The receiver unit of claim 33, wherein the second receiver is operative to

process signals from one or more base stations in a cellular communication system.

37.  The receiver unit of claim 33, wherein the processing unit is operative to
receive an absolute time for a first time instant from the first receiver and to determine a
time offset between the first time instant and timing of each base station received by the

second receiver.

38. A receiver apparatus in a wireless communication system, comprising:

means for processing signals from a first communication system to provide
absolute time information;

means for processing signals from a second communication system to provide
relative time information; and

means for providing an estimate of absolute time at a designated time instant
based on the absolute time information from the first communication system and the

relative time information from the second communication system.



