WD 2004/ 088880 PCT/ US2004/ 009306 | VI RTUAL REAL-TI ME CLOCK BASED ON TI ME

| NFORVATI ON FROM MULTI PLE COVMUNI CATI ON  SYSTEMS BACKGROUND Fi el d [1001]
The present invention relates generally to conmuni cation, and nore

speci f i camozobsessoet hod and apparatus for inplenmenti ngmgdshdadobidbs real -ti me
cl ock based on tine information fromnultiple comunication systens.
Background [1002] It is often desirabhe, and sonetinmes necessary, for a
wireless termnal to know accurate tinme. One specific application that
requires accurate tine is position determ nation based on the well-known

G obal Positioning System (GPS), which is a constellation of 24 well -spaced

satel lites that VIREFUA REAL-TENGS GPOECKBASED ONAINIS a si gnal

encoded with j i &) asure the
fime of arri v g RYIATIONY] %ﬁ%&%&%ﬂﬁ?m‘%@? ot in
time. This relative tinme-of-arri ment may then be converted to a
"pseudo-range". The position of a GPS receiver may be accurately estinmated
based on pseudo-range neasurenents for a sufficient nunber of satellites
and their locations. [1003] The BAGK&GRE&OUNDal of a signal froma GPS
satellite ,ﬁe determ ned by processing the GPS signal itself to obtain

t he necesszr;]ra'%/(‘e ime information. For GPS, the conplete tinme information may
be pﬁr E! ti g_n[el;mj]nt gl‘kfehfgle&ndiiﬁ\]{eﬁﬂi@nie(litfsr%eﬁb@d]@f \Ah_()ﬂﬁlabﬁinuigbatﬁonpﬁnd/\@ﬁkd Rife <(:| BOV\_)l,
epoc in bit),_and sub-code frane ich are descriped in deta
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di fferent thﬁ&mﬁﬁm&meh@&ndﬁmﬁe&mﬁ&mmmmmggﬁm&nay be obtained fromthe GPS
signEI based on different signal processing by the receiver. The processing
to optain these tinme conponents is typically perfornmed in sequential order,
in increasi nBackeund tinme resolution, such that sub-code frame (fine)

timng is obtained first, epo in bit) timn i.s obtai ned next, and BOW

(coarse) ti n@ngﬁf orffrift P50 ‘feé‘”g’[]ﬁ gt‘i“ﬂé‘ﬂnq“&ef .nec'leﬁsgryplf‘gcfb?g&ﬁﬁ eRingl ¥ o opbtain a
given tine cefpogeithe ltinem Ohespelific Spdadonl Matt Byifires ditlaitt ideis(goson equal to
the processi g 4l o Shed e WelEnS TRIRE boshlobhe ISR TGRES Shi sf 4 e For !

constellation of 24 well-spaced satellites that orbit the earth. Each GPS satellite

transmnits a signal encoded with information that allows GPS receivers on earth to

measure the time of arrival of the received signal relative to an arbitrary point in time.

This relative time-of-arrival measurement may then be converted to a “pseudo-range”.

The position of a GPS receiver may be accurately estimated based on pseudo-range

measurements for a sufficient number of satellites and their locations.

[1003]  The time-of-arrival of a signal from a GPS satellite may be determined by
| ) processing the GPS signal itself to obtain the necessary time information. For GPS, the
’ 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 plils the processing time for all



WO 2004/ 088880 PCT/ US2004/ 009306 2 finer tinme conmponents). If the GPS
receiver has a priori know edge of any of these tine conponents, then it
can skip the correspondi ng processing to obtain the conponent. This would
t hen reduge2dol@ssggount of tine needed to obtain the ppenusoy@anyes
measurenent and, ultimately, a position fix for the termnal. [1004] A
termnal can obtain GPS tine as one of ,the results of a position fix. The
GPS tinme can be viewed as "true" or absolute time, and includes all three
time conponents described above. This GPS tinme may be used to "tine stanp”
t he i nt er nal finet timerRgmeénehfde Heha'GRSikeceise Hadaat pridri kivelalgé bfieyosf thdssol ute ti me
at a specific tine instant. . Between position fixes, the ternm.nal may be
operated in 4R ica{ngorf?ﬁﬁe%ﬁﬂe}tew C ROTEPPRE PIPCESNg 09 PR P& power ed’
down to cons@impénddat THE WopldWedn. reddbt ki airdubihe tiost iRcdddnel @btainhke psedids- nal
typically maintains a counfer. that is..oh)%r?te basezg on an internal clock,
The count er TRECPREFFIRALARA, Bimatelyy 2 prsiiign 15 Ton b eINali e i nfor mation for the
E i E) 315 ]naIThvvhi [1604]t :zs tdrﬁingl @ﬁ@bﬁﬁt%ll’sgﬁlﬂé Nd @gfcsiﬂma&u&s b ©posaivy fixl ;:ms mtters.
et na e commanded tg performa new posifion fix at an
arbitrary tiﬁ%gqnﬂ?t %‘i‘n%e Tiyae &Emf%‘? FrafPsPitEn 1Be Ef‘é’elildﬁgesaaﬁ gage i%e ¢l ock to -

estimate t heconpoBuhiideSdribkd fBvd. Mhtlis ORS Rk AT L usclSo MEDS B Y intddalt er m nal ' s
internal clock, since the tine instant for which the last GPS tine was

obt ai ned. Th&miRgobMgtaminalso fat it fpaws tier epsolyle gt 3 Hesifif imgdRstape esti mat ed

by addi ng t hgetRbaijpSton fiX®R, 8BS teliBiigndy e bPpGat @i an iRl WBereth IR naggUr acy of
this absolute tine estinate is den@endent on the accuracy of = the_el apsed

time estimat @CHY 3HesEe SR ridiovadn corsersthatey @gvar t Whils iethadfigel y hi gD
degree of acgmbdeaat tednfd@i oiphanpReptatis@ dobier @8 ik TpérRed Bask@aS @R afddryalaccur at e’
In this case, _it_rmay not be necessary to recover BOWand epoch in bit

tining for tH&kneRhepbRmier dheffaciively edmisr gsrhio provide, dmsdpfopgaatior ifemthei x may be

obt ai ned in @mAHARLSE ANl AR Mceifing sighdIPiroMh FRansmirBisghl y desirabl e.
[ 1006] Unf ortunateln%], the termnal's internal clock may not be sufficiently

accur at e. POy anfheetermind Mt by rammandsd o ReERMR & PSYHPHEMY fif K& 2B er ni nal ' s

real -time cl @eiaiBime iRAMR. B QLKA mAShen@e I8P a LU RALIosk RekMHAE mkon (PPM) .
The el apsed tinme estinate would. thén be in error t he sane ppm anount,

wi th the magfhembel Bre haidngelarsed Bemegsured by dhe tegnppal s %ﬁ@*@ffl clork svedithei ne. For
exanpl e, a 1@Qe RRELEFdrONhie 1RNak!EHISEmd WIB oBfairel. SBROMGSIute IttneSatBEC, and the
sane 100 ppmerror on an el apsed tine of 500 seconds is 50 cosec. A

arbitrary tirne instant may be estimated by adding the elapsed time estimate to the last

GPS time. The accuracy of this absolute time estimate is dependent on the accuracy of

the elapsed time estimate. If the elapsed time can be estimated with a relatively high

degree of accuracy, then the absolute time estimate is reasonably accurate. In this case,

it may not be necessary to recover BOW and epoch in bit timing for the new position -

fix. Consequently, the new position fix may be obtained in a much shorter amount of )

time, which is highly desirable.

[1006]  Unfortunately, the terminal’s internal clock may not be sufficiently accurate.

For example, the internal clock used to implement the terminal’s real-time clock may

have an etror as large as 100 parts per million (ppm). The elapsed time estimate would

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 exror 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 estimate nmay then necessitate the need to
recover epoch in bit and (possibly) BONtimng for a new position fix,
which is highly undesirable. WO 2004/088880 PCT/ US2004/ 009306 3 [1007]

There is wbeo@fgdsge @ need in the art for a nethod andpappgiaisssdso i npl ement
a real-time clock having higher accuracy and which may be used for various
applications such as position determ nation. SUVMMARY [10081 A nethod and
apparatus is provided herein to inplenment a "virtual" real- tine clock at a
term nal based on tinme information fromnmultiple comunication systens. At

| east one sygligpT) ( eTitbre is HRRYorl h AV¥dddR the 2R BSQ HitRod atddrapparmsqmﬁisw@émfor the
virtual real-tinme clock, and at | east one other system (e. a cellular

system) prov# déd-timer glogl ihgwng (ighst japmueckeai owhich Haay be ¢ yad ngfeé[PﬂQ“ﬁ ne cl ock

may be "ti neaﬁﬁlggggsdgucmstﬂgm@,p@péﬂngngnl me as it becones available fromthe
first system 'Relative time (which may be- received frommultiple

asynchronous transmtters in the second systerr) may be mapped to the
timeline of the virtual real-tine :SW is received fromthe second
system Absolute tine at any arbitrary |nstant on the tinmeline may then

be estinmat EI}l(}DﬁSEdAQﬂetﬁdﬁl&anaQ@ﬁdrhthﬁlstprmeﬁl}ﬁmri einiplenht 5 yGinedn aad t he
relativetirrefr secqnb stem solute tines fromthe first system
for two or nmBPg tl*‘ﬂ?f“&ﬁ‘l‘ "’ﬁ%ftjlon Mg (iNGEMAIOR (frory rauiiple, COPEURRMIOR .| at | ve

time fromt h@ys&ﬁﬁomﬂ mstsi;@ggstehil(é%]epﬁ) $91EES 26BN Ok RIS Al ondfor Bk hod
descri bed herein can provi an estimate of absolute tinme hased on tine

i nformati on FFYhreRlHmsisackord @b 1Al one SRFTowstey d&-&nd cellulasystepm Biovidassol ut e

time is obtaigrevd s ﬁfoimﬁtonsm%&mmeﬂ time@Fsok 118 b fhd-fimgeldBithnst ant . A
fi rs} si gnal i ng. nessage i/nchr oni_zation burst) is received froma
€

first trans ﬁlisP]t“g‘Tmi‘enant 'éeé%??d“%‘%b ATy We gust systeas\RepuvptimoNrhish 828 m) at a

second time pd ARk from rfnblgﬁé a'&wjrﬁﬁoﬁﬁuﬁ Sﬁhsnﬁi@ér%? fhet f€ord! fySckmp iy $eCONd ti e
instants is then determ ne nd signaling nessage may al so be

recei ved froff@Bredde %&Weﬂl%gfn‘flﬁ t"%‘i“all fﬁ”t“ﬁ@ clagk @ Hds 5%‘?51‘%’%17?’%@ the seHIDAd ti me

instant (e. ggystehd) RIEGRAL frin®l LUyl BBikrary e {dsladt oM 8RAQRGMay HRANDAI Lt ers may
be asynchronous with respect to each other, in which case a'second tine

of f set bet we8simaied besed on ths absoluss firpe Fremthe i susirrsandgdle mwlativrdines MBS, A t hird

signaling W%@ﬂﬁsy&@;‘{; %@%1&@{:&1@{&&6&{3%&'3%%f&%&‘ﬁx&‘r@hn&'ﬂﬁtaﬂﬂs&ﬁa& or second
transmtter at a'fourth time instant. An estimate of absolute tifme at a

desi gnat ed t PlRbg yed terfelityeiy the relative time from the second system.
{1009] A specific embodiment of a method described herein can provide an estimate

of absolute time based on time information from a number of communication systeins.
Initially, absolute time is obtained from a first system (e.g., GPS) for a first time instant.
A first signaling message {(e.g., a synchronization burst) is received from a first
transmitter in a second system (e.g., a GSM or W-CDMA system) at a second time
instant. A first time offset between the first and second time instants is then determined.
A second signaling message may alse be received from a second transmitter in the
second system at a third time instant (e.g., in handoff situation). The first and second
transmitiers may be asynchronous with respect to each other, in which case a second
time offset between the first and third time instants may be determined. 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 time for the first tine
instant, (2) the first [or second] tine offset, (3) an el apsed tine between
the second [or third] tinme instant and the fourth tinme instant, and (4) the
time diffwioenecaoskesdbween the fourth tine instant WO 200440&8&8R093

PCT/ US2004/ 009306 4 and the designated tine instant (the termvmthl n the
bracket is applicable if the relative ,tinme of the second transmtter is
used to estimate the absolute time at the designated tine instant). [1010]
Vari ous aspects and enbodi nents of the nethod and apparatus are descri bed

in further ded alieldest{aQerBRhﬁEntm&mﬁm&ﬁaﬂeﬁs@mwmm&d&lh&}e The

f eatures, natur and advant age the _present inventio be orre nor e
appar ent fré‘Fﬁetﬁé heyeeon ‘&?%‘é‘g'c}sluﬁ?q tBrFS‘é‘B?teFt&?r“l RER M@W@ =

conj unct i on gmMigdntyhe drawi ngs in which like reference characters | denti fy

correspondi nﬁm t hr oughout and wherein: [1012] FIG | is diagramshow ng a
wirel ess tedH Ikl Vapaus aspest apderphodimegtsof é’i‘eéhOdfaP%PﬁWF“PF‘ﬁﬁldéS%Pﬁmm cation
systens; [ 1@1R}m& d&ainBeib®. @ diagramthat illustrates an inplenentation of a
virtual real-tine clock based on tine information from GPS and a cel l ul ar
system [1014] FIG 3 is a diagramthat illustrates an inplenmentation of the

virtual real-tinme the GPS and two
asynchronous base st ]?IRE%S in Cmrclgﬁ'%r sy# Fﬁ 5] FIG 4 is a

di agram il | gsitapt | MYe fdrQuds) axeere Sindu@bantaged of tha p@SMtﬁmhmijlpm&he FIGS. 5
and 6 are flows diagram qf nbodi.ment ces f.or rqvi di ng an
Goti mare of TR S e skbOer BRORIE o ot it SRS Fsmingrtshen © 0
communi cat i aths et evings 1l Ahidhl Gke Zefeenee dhagham 1ﬂéﬂt1ﬂ,8tcbﬁéspﬁlgilﬁé’hﬁ dat a
transmssion format for a GPS signal; [1018] FIG 8 is a flow diagramof phn
enmbodi ment  SFOUMSRFRE YL determining the position of a receiver unit
based on an [mcpramaubﬁahagim EHORRn g WiréTeus Qerfnlimavdplsle Wf febéldihg sigalb - 1 e

cl ock; and [.101 Fl G a bl ock di agram of an enbodi nent of a receiver
uni t. which %lgpla commumcatlon systems

[1013] FIG. 2 is a diagram that illustrates an implementation of a virtual real-time

clock based on time information from GPS and a cellular systemn;

[1614]  FIG. 3 is a diagram that illustrates an implementation of the virtnal real-time

clock based on time information from the GPS and two asynchronous base stations in

the cellular system;

[1015]  FIG. 4 is a diagram illustrating the frame structure for a GSM system;

[1016] FIGS. 5 and 6 are flows diagram of two embodiments of a process for

providing an estimate of absolute time based on time information from multiple

communication systems;

[1017} FIG. 7is 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 conponent of the wireless termnal. WO 2004/088880 PCTI US2004/ 009306 5
DETAI LED DESCRI PTION [1020] FIG 1 is diagramshowing a wreless term nal
110 capabl e of receiving signals frommnultiple comunication systens. One

such comighedbisesy systemis the well-known d obal Pestiukmnmgedyst em
(GPS). Another such communi cation systemis a wireless (e.g., cellular)
communi cati on system which nmay be a de Division Miltiple Access (CDWA),
Time Division Miultiple Access (TDVA), Frequency Division Miultiple Access
(FDVR), or some other multiple-access conmuni cation system The CDVA system

may i nplement one or nore StFREAFED PFSCRIPPION | S- 2000, WCDMA, and so
on. The TDMA system nmay i nplenent one or nore standards such as GSM GPRS,

and so on. THeX} v GolSs Stagradasidsvimgr £ wimlessnteiminal hid Oarapabdendk retaindog por at ed
her ei n by ref.erfs t er receive sigrr)lal 8 from any
1 ISaF

ce. l.p.general., . i nal
nunber of corfini 85%?'3%@?/%%%%“%?%%? l?é]%g‘f(:hanilmfuyﬁéuo("esysé. Bl uet oot h,
W-Fl, or ansll-lofoheGlahybP@itionmp algitem ¢EP$r dnbdiemychi coremandadsmatteany . | n a
specific enbodi.ment, that . is described in detail belqw, rmpal. 110 is
capabl e of raec‘,"é’ig@fsnﬁj‘gsicﬁﬂ'élﬁé ?OP}S?H“{CH%°I@§temaﬁ”§‘“&ma¥3’§t %ﬁ’dﬁﬁ:@‘ﬁﬁn Ter m nal
110 may r eceMukipisi gevadss (CDMA).a Thtwrisvisioh MESplesafedess (EBPMA30 Fregitiicy may
process these GPS lﬁ]iﬂg;@altg to &gﬂ(@%e an estimate Qflits current position. The
terninal may" SBI%Ri g 29HE b Bt SO DT SHARlegEcess SYUMNNICGEROR j » (or may
be oper at ed syklempmae epMA hteaPRap irgiaheait b @lhae Bratdikds s@BSsUE9B)IS- Thi s GPS
time is an a rat | ndi.cati o tual time, since the clocks maintained
by the GPS s}g@g’l ‘Iel(ﬁ)é‘g‘k’aﬁng S‘\’/8’i"ﬁheg]tcr%ﬁgaﬂ’ T Y JPRICTRCRE PP Tansg %@?é‘&s as
necessary t osuth ac &GS GPRE/ &iteicyorilC Thifsa tvriont QidhdardsCAr® kiovainetdé & and he GPS
time) my thus be viewed as "true" or absol ut ime. The _ terminal can
ol Torate. |t BoTMRe Ao o Eener . (O B T asnED s SMviover
since the tefiibapdf coBmyufcdtion syBrPashdt A bk bikay tgle (5ROL Biekolh] WEFI, RSt ant s

(e.g., whenever directed by _the user and/or. the cellylar syste GPS tine
may be avai | &¥I° Bbﬁ?‘?“léi‘?af’ﬁg@"“’%r"é.‘lﬁ‘ ofpatign) ﬁEPéPﬁC %“[“P@é’? "% ni nal 110

may al SO r ecRid¥RribddGn adtsl bl tofenadN 108 cepabRSE récbAingQNHald Homidee GPhe cel | ul ar
system and my S{%‘Eocess these terrestrial signals to receive information or

to conmuni IO PePhe cel lul ar system As part of a synchronization and
acqui sition [1021] Terminal 110 may receive signals from a number of GPS satellites 130, and

may process these GPS signals to derive an estimate of its current position. The
terminal may obtain GPS time as one of the results of a position fix (or may be operated
to process the GPS signals to obtain only GPS time}. This GPS time is an accurate
indication of actual time, since the clocks maintained by the GPS satellites are very
accurate and are further adjusted as necessary to track an extremely accurate atomic

clock on earth. The GPS time may thus be viewed as “trme” or absolute time. The

"

terminal can calibrate its own timing whenever it is provided with GPS time. However,
since the terminal may perform position fixes at sporadic time instants (e.g., whenever
directed by the user and/or the cellular system), GPS time may be available only at these
sporadic time instants.

j1022]  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 terminal may be required to determne the timng of each base
station with which it receives data or comruni cates. For the GSM system a
synchroni zation burst is periodically transmtted by each base station to
provi de f@@@ﬁmlr@éﬁ% synchroni zati on WO 2004/ 088880 PChyaref40436306 6 data
to the termnals. The timng of each base station nay be determ ned by
processing the synchronization bursts transmtted by the base station.

[ 1023] Sone cellular systens (e.g., |S95 and cdnma2000 systens) are operated
synchronously such that the timng of all base stations is aligned.

Moreover, thga jothd@rmifdls. t iR dﬂﬁﬁg?offefaé}%a@é‘siadoﬂ ) $S %et@i%lullédlb?'bro%&%;n@m nmay
further be synchroni zed with (i.e., locked to) GPS tine n this case, the
ternmi nal mayihBsynghioaizeten beistsitaueanisd Dy dkpdiage §14590- j nternal timing with GPS
tinme, which pgysybe %@b&ﬁ&@?&e& Qk., 81s993a51§1 éJu%Qbéd‘?ys@B% m%%p alelit €s and/ or
base stations. [10 However, somne cellular systens (e. Mand W CDVA
syst ens) nayssmehromplelvamcédhﬁﬁyﬁ@mm@fmushagp statigns MalmRe, Wf?e"%atbeﬂfgtnatl ons may
be operated jugh bamfmm dﬂﬁym@s@%e@lh& @M&ﬁbﬁag'f&@fér bO's &‘mﬁﬁ&f\hﬁt{ are all
asynchronous to each er The base” statidns nay a ted such
that sonme balpekssittax GB&@mar én gynedse. dbd @eanmaYebesabiﬁeto continuplly @ndetentst The
choi ce of sy r he manner
in which the&gﬁagg%ﬂﬁsﬁg'pée}?%p gl %ayﬁme?%\g?%i‘h%g?%%t%fﬁ&ag%&tﬁf E) Ee base
stati ons ar esagdliacindlonbase stafian. r espect to each ot her [ 1025] For an

asynchr onous | ul gﬁMo , ég tj.m ng of

t he base stapi(bg!r%]s |§B%%¥Pt§ gé}e?gﬂrﬂat e% d#t over i/ﬁ\"?ys ‘??a IJg‘;;a-term
aver age val uepeodted :twm:hdmmﬁsay rﬁy%@%othebam;aum miynha opontczeuah thatl ue (i . eB
the time differ th n I rease or.
decrease) . B[ehcgﬁrggﬁ Oﬁﬁ%ﬁg&d;tg Oﬁeg ?’%’%g%r:&e[a%ﬂma%gﬁ th?ﬁusct? %krlrgsg]lr T?ﬁ lb%%se base

st ati ons ar estaigins knakelsuybtt qacsitealrsnctamattshma bsamuammsymmd ¢ g8 by
CO|nC|dence) reoy i kN ynchr onous
cel lul ar sysf’em i'S 1%0 pi ca‘%ﬁom%o s%}rrolré uﬁsgﬁo%é‘a%’qohg%ﬁghﬁn i deP%Pr&gm ese
reasons, theﬂtenamnﬂailwhmhmmﬁembseopetatedby@mpmnepemm iFot 88Mathe basei ng, based
on time information omthestg Us base stations, in the sanme
manner as fortam D& ac"ﬁmhrﬁ%oﬁlé“% “A met hod and apparatus is
provi ded her €025k o Fasr[:ﬂneammhroaoﬂ‘s\celhtlarabré‘temeag GEMher WHIRMAaystan), ¢rem nal

based on ting.Lf & HEGLE RN H: (aliBled 53 T it bl @ ime. The long-term

average value of this drift may be zero or may be some non-zero value (i.e., the time

SRS

difference between the base stations may continually increase or decrease). Because of
the asynchronous timing, the frames for these base stations are not likely to start at the
same time instant (unless by coincidence). Moreover, the timing of the base stations in
the asynchronous cellular systemn is typically not synchronous with GPS time. For these )
reasons, the terminal would not be able to update its internal timing, based on time
information from these asynchronous base stations, in the same manner as for a
synchromnous system.

[1026] A method and apparatus 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 recogmized 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 W CDVA
systen). The inventor has recogni zed that, although the base stations in a
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 inter NP 28MHE8886f the terminal. For exanple, whil SEASHHOERPA ¢l ock
of the term nal nmay have accuracy on the order of WD 2004/088880

PCT/ US2004/ 009306 7 10 ppmor worse, the clock of a base station nay have
accuracy on the order of 0.05 ppmor possibly 0.01 ppm(i.e., 100 to 1000
times nore accurate). An accurate virtual real-tinme clock may then be

i npl ement ed by PP of WOTEriaE cleskselch e SN maydare asvpeeon Bpgrdenpietiiter

avail abl e) an ﬁlfzsﬁ %@ﬁl&r@@lep&ﬁfé MeNG0Pfo 1fob(?t1ﬁ-l§§r‘ﬁ01%ta@édrﬂé}s An@meme Gl ar

system [1027 2 T's gramthat illustrates an inplenentation of the
virtual real- rqah’@meelpdcmalaﬂwab@énmwed@alél@dtemnahbn@dlonffmﬁmq @emfheom t he
GPS and cel | UlGps GHSHRIR avilfie) and BB rdkd Vil Y 680 Leatid g the
-termnal, a base @%{g{el on&\lﬂl‘r1 ° enceP lX}]%ra éys em a‘?lagg ta{ll n%gﬁet?‘h@se t hree
different time¥siemes result fromthe use of three different clocks (whi ch
are not | ocke r 028] As
-shown in FIG ﬁ?z f]fhei:@ )?éma soctlmgp eépﬁ&%ﬁ%?lghgﬂmogwtqtenﬁmgﬁg n[xr#

ef fectivel y delogk atianghinahbaserd mnummmf(mnnuoarﬁ@whast’&m @llalaosystemc FEE R on
earth. The GP r I dcrr IIowthe
relationship g‘et“\%glége(g Er%?tct“%%%;% et%gmﬁai%dt eS"i‘qfr?l) Vi ?jﬁ(g\%aF%S{gﬁT e cl ocks
to be very welhe Giftowiheat thegeydifferemnimeiieyaediit f{ohﬂﬁﬁ]us&ofﬁm difforent lefooksou s

cel lul ar syst the ti of,, each different fromthat
of ot her ase?s AL Todk e‘ﬁﬁeméee agﬁﬁegbag See%%t% g‘a%/e’l iTig of each base
station is detm&j neds blasedindAGi Bsth@(&ﬂs dsl asmdc;ated/rwidhitsmyn Gmeliney whiok isbe | ocked
to some other t| fe Nevert hel th S tation's
cl ock frequencg rsmlyfié‘i elg%aseﬁﬁgﬁmﬁm e&cagﬁ'%%tfgo OHBE“%F Pnﬁ’ngf%

internal cloc katélhteqlnekmgte cEamﬂecbmia:orrsdtaittbmHow nlwmshnbmhq}atmeem aispmmes of a

particul ar du |ond |nedb t he stan ein enented by the
cel lul ar syst Chﬁ?l ’i“éﬁ" al el c frj?falﬁ b‘f {gﬁgn%”é’s%t WHDn s

shown in FIG nﬁmeﬂ'me frame peri od of this base statl on is denoted as

T , d f hf 030] Th
Lerainer oo Lt L B SRSt AT sBrents B P b e Pise BRIt B ovi e

different from that of other base stations in the cellular system. The timing of each base

station is determined based on its own clock, which may or may not be locked to some
other time reference (e.g., GPS). Nevertheless, the base station’s clock frequency is
typically much more accurate than the terminal’s internal clock frequency. Each base
station transmits data in frames of a particular duration defined by the standard being
implemented by the cellular system. For simplicity, the timing of only one base station
( is shown in FIG. 2. The frame period of this base station is denoted as Tgame, and the
start of each frame is shown in FIG. 2.
[1030]  The terminal typically maintains a counter or a timer that is used to provide
“system time” for all processing elements within the terminal. For simplicity, the
following description assuimnes 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 al} 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

intemal clock.



"systemtine" for all processing elenents within the term nal. For
sinplicity, the follow ng description assunes that a counter is nmaintained
to provide systemtinme. This counter is operated based on the termnal's
internal clock, which is typically the nost inaccurate of all clocks in the
three entYQ?8Y08$80c  the terninal, base station, andPEBEP2MERYS i ernal
clock "free-wheels" unless it is |locked to another clock (e.g., the base
station clock). The accuracy of the systemtinme at the termnal is directly
linked to this internal clock. WD 2004/088880 PCT/ US2004/009306 s [1031]
Initially, at 3power up, the counter may be reset (e.g., at sone arbitrary
time instardt$3lhnd lifdieatnosier pmdhecioBmESMELBEIESS (6-8-he SPIRE SFAETY EM6ck. For

clarity, the,&aHNh@ heledfier HEAMENADaR A AR-IALAHNILEOEH &irit) ald Qfn@PisOUt put
that linearly increnents wth each clock cycle until the maxi num counter

val ue i s redbbnmas awrapkdreundtdoppier havinggptontvh dwrt beparly fncramentsnyith eashnt er
val ue. The CoURLELe A BidtmdXiu QM&te?@alQJbﬁtréa%ﬁegg?te\@xisuc & ROLBis viavgf orm  The

maxi mum and mni fmum counter val ues may be se t hat eac period of
t he saw t ootihe winrmfmronviter apier Oiicragteteryoutn aiay ttansdigeplottedras o sawntoothe base

station. In g, Lyplcyy, &QH&%@‘%@& kiR caﬂﬁér%ﬁé‘s%aﬂets%m&@d E']t_&hﬁha‘i gyt er or
anot her counter may Belsed 1o cover a onger ti'me span. For exanple,
anot her coumeard nbthe bav-tovth woaiomeds appromatelytaqeal nophefrawmé fointbs badee f i r st

Counj[ er w apS?atl%Ili.o ilnnacli ic'ale" let Q%taﬁgnm%?&ition%{ bi}sﬁ%'ﬁ%? )d('n*r&e%%g’ %{l%}-ﬂ}% 1(131%“1"”? er
provi des systemtine“for e termnal as wel'l as” derines e i mel i ne of
the term nalmay be psudt tocohara leugyr giny epent | Fer exasiplentin@hertdoenteemay el tinel i ne

is associated with a ticular .counte al u which is.used as,the system
e Tor .t netopabid e dpRRiefitbior T e ek Fouly ik ot e Bt e
i nf or mati on, oftthmegounter is able to provide "relative" tine (i.e., the

anount of ti hat..has el apsed between t tjme i,nstants t i,s not able
to provide [gE?’szgl ut & CPP’ﬁ%r &P‘.’]g‘?s, Swfrpﬁ" © }gé) ﬂé{’c{cﬂﬁlfla]tzfsn%ag gggﬂlﬁ? Y&n time
instant). [ 183ie dhide whhinalalln peaduldr) g givew dine imsnton thenetein@ningdinais t he
termnal as fol

ermnal o5 LolLen LIl Yol R A0l Ly SR TR
instant. Thi emahsat thaetihé DRtahBOwhth matiRe ckb@alGRie férmatiah iR frdtebis
SRR CT RN e < R SIS NC MWL .
associ at es atime instants) but is not able to provide “absolute” time (ie., “true”™ or actual time at a

given time instant).

[1033) The virtual real-time clock may be implemented at the terminal as follows.

Initially, at time instant T; on the ierminal timeline, the terminal is provided with

absoluie time tu; for that time instant. This absolute time tu; may be the GPS time

obtained by processing signals from a number of GPS satellites (e.g., to obtain a ‘

position fix}, or may be obtained by some other means. The terminal then associates a

counter value of C, for time instant T; with the absolute time ty5. This then establishes

a relationship between the terminal timing and GPS timing.

[1034]  The terminal also (continually or periodically) processes the signal 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 £ to

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



counter value of C for tinme instant T1 wth the absolute tine tabs. This
then establishes a relationship between the termnal timng and GPS tim ng.
[ 1034] The termnal also (continually or periodically) processes the signal
fromthe base station to receive nessages and/or to comunicate with the
cel l ul ar sYéex28eW0880 part of the signal processing, thePGIEHHA3NMEY det ect
certain signaling nessages (e.g., synchronization bursts) transmtted by
the base station to provide synchronizag2ion for the termnal. As shown in
FIG 2, the termnal detects the start of frame k as occurring at time
|nstant T2. Thgort erm nal _further process&; t he signal nessage on franme k

to extract (RETAMSIRSENTyRjth e sfa; of framg ﬁ‘ﬁ@“t"éf%aﬁé%’etff?é‘}?%@g’%l ates a

counter val uef ghm¥\R aQQ%QSﬁ&&Q BCTTHS2RAA 00RO a rBlatiohship betwed® therst ant T2
with the start of frame k and further associates the frame nunber of frane

k with tine {8Pogiiuitpandhrsesiatiop fma@gt apl i shes a rel ationship between the
term nal timip@spndThagAnifilldhdyQhen dsbid a &meééﬂapwﬁve&e{hmmlmﬁay atden

-establish a relationship between the GPS timng and base station timng. In
particul ar, e sasiepitimie. mdy padicdprrititetesmingl mpao fetgenineAT disne ¢féevddns t he tine

instant Ti Tgs, tﬁ@t:h@%xsﬁap?f,'rfg}nghth@ a‘b?ot?nﬁé {8 Ty %ﬂek’e%ied%ﬂ&’ ttfetfnd | M

-instant T2 for the start his tinme o may be expressed as:

ATBS=T2- Tl .lrEq(ltﬂjszbrtBtnméoitﬂwmeckoirhiselmewéﬂmwy@ﬁ@(m 350 denote time for

the termnal tineline, the tinmne | offset ATBS nmay be determ ned as ATBS =

(C -Cl)/Foo,,,, wherLs F'L[omls the nom nal clock frequency ﬁ d Cis

adj usted to account®d for'any wap-around in the counter s? e tinme instant

Ti. [1036) Thereafter, the terminal may be idle for a length of tinme. At an
itrary tiSimee esdoamer Taduesmrd hnedtt@ﬂeriqteatimt iforethe mr;rﬂnabﬁmélimb,ethbitim may be

ar
needed (e.gqg., for W. positio i | ut esimate uba at

time i ngt agt r‘?ﬁ?g Pﬂ%rl?ep P?é{' ﬁgﬁ @ tacﬁzlgimol“f AP rst, the
start of a fEr%@inrQ deRdy ath ézoxfs AREED td ATBurhddSLARy Wékp-afding in ﬂkrcﬁi}}ﬁeﬁge* n) is

detected as occur rq ng‘at time 1nstant Tg The ti'ne a%ference t ween
the start of sieedtimee ihganiTand the tinme instant T4 where the absolute tine

estimate is d I 2 e 3 At £0 gain, the
time differe ngiT @ng%eagtg Eté%j'grrrﬂlﬁr%e ﬁl‘iaf?lbﬁ%&%‘;/ %aug;r% 2g‘r selg%fgrf\
time instant T4 on the terminal timeline, absolute time may be needed (e.g., for a new

position fix). An absolute time estimate t,,., at time instant T, may then be determined
in the following manner. First, the start of a frame prior to (or near) time instant T,
(e.g., frame k +n) is detected as occurring at time instant T5. The time difference AT

between the start of frame L +#» and the time instant T; where the absolute time

estimate is needed may then be determined as:
( AT=T,-T, . Eq (2)

Again, the time difference AT may be determined as AT =(C,-C,)}/F,__., where C;

and Cj are the counter values at time instants Tz and Ta, respectively.

[1037] The number of whole frames between time instants T; and T3 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 tgs; at

time instant T4 may then be estimated as:

L = Ly F ATys + 01T,

frame

+AT=ty,, , Eq (3)



and C4 are the counter values at time instants T3 and T4, respectively.

[ 1037] The nunber of whole franes between tine instants T2 and T3 is al so
determ ned. This may be obtained based on the franme nunbers extracted from
the signaling nessages transmitted in frames k and k + it, or based on

anot her oVIRIOHPS888PAI Nt ai ned by the term nal to count PREUSZMHEPIGE franmes.
The absolute tinme tabs2 at tinme instant T4 may then be estinmated as: tabs2
=t,bs, + ATBS + nTf" , + AT s tbs, , kg (3) WO 2004/088880

PCT/ US2004/ 009306 10 where n is the nunber of whole franes between tine
instants T2 and T3. [1038] As shown in equation (3), the absolute tine
estimate, i awhee i thtegnimperbfydolsdranss bftwean thl@rinsantﬂmndé"ﬁ-m tabs] is very
accurate and sidered as havi.ng.no err aml e,, GP ti may be
provi ded wi tﬂﬁgzﬂcur’g% o%A 1 ?f&la%‘?rb(épﬂb‘*fabi b‘eﬁ‘%ccs““ﬁ{% tbber W\deﬂ"ieﬁ b,a§e i s based
on_the tim ng, By k. DR Sertt Alii00ery bbullll £ ERASGrelashavinn DeRgCCUr at e Lo
0.1 ppmor 0.01 ppm termn r)é,,,a typically covers a [arge portion of
the el apsed exainple, GBS time may berprovided with gccWiiecy ul tiEArdeT hiel00axsers ThgBSnand AT are

based on the tim. he ter ich t cal has the rse accuracy
of a1t nr 06" b 1 s Snyb{ Gyl oF g Reee Al Bt 8 bte B0 St B - AT

Mnstants Tt yg?ﬁﬁ#ﬁ Ol B Phine ﬁ%‘%ﬁ%‘%"éf?gﬁ%é’gﬁmw e sccurat o

estimate of tRebaReD! theinbhIETL SASE). dhe EehﬂBATQ;SdnaWI‘ Jébasememé &ﬁnn@DSt of the
el apsed tine between time instants T1 and T4 (i nTZ, ape) is estimted

based on t he°f e ietpingle Whigk &pically hasrihe Wasss gecaragy (—”f2§“ 'erﬁefm&wﬁeHQW& y smal |

portion of t 8 A t ed based
on the | ess ggcﬁegﬁl ?ec?%ab)( %hl‘a%crﬁngsp&%?a%g)r %squl{@gg?‘?gl%ﬁ?# %G 2, the

virtual real elpsatind betwedndtingd igtarits Vednd Tai Tpeé ehsmlmteerdndmamate,oqbszt isrteus
information fromnul tiple conmuni cation systens GPS and cel | ul ar

systen). The?® poraraierfpiipaact 81 2Pobie SHe teo Fhiime e&ﬁ%ﬂ syeet(@hinpg of the  GPS)  ay
be provided Lt Emb YetReld tlﬁaﬁ %Hia%{serla:«i?ﬁeﬁ Y€, e (seesﬁmate& 8884 bn %&e a

particular tinme Instant. time 1'nformation PFomthe other communication
system (e.g. accaratectekel dudtidh tmnsgt aid) (2 ety beelpivelyi sciall porioh e the @laptedftin@ccur at e
relative tine ( nT, which is based on accurate frane-level timng).

The virtual F‘éalA Bs’“n%T L gy havpheeneptimated haskd qpdhelgss acumpte R tiTHRG o of t he
absolute ti t0?§ anys a5 Ryfafe r%éhgﬁld;}gli nﬁ\Ea%‘mBa§$aﬁjt18@ %IB ﬂb&f%&{}eﬁz time from

one comruni c n system an atrve tine
implemented based on time information from multiple communication systems (e.g.,

GPS and cellular system). The time information from one communication system (e.g.,
GPS) may be provided in the form of accurate absolute time (e.g., tas) at a particular
time instant. The time information from the other communication system {e.g., a

cellular system) may be provided in the form of accurate relative time (e.g., nT,

frame *
which 1s based on accurate frame-level timing). The virtual real-time clock may then '
provide an accurate estimate of the absolute time at any arbitrary time instant based on
the absolute time from one communication system and the relative time from the other
communication system. A less accurate clock (e.g., the internal clock within the
terininal) may be used for any time period not covered by the relative time from the
other communication 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 tg» is available from the GPS at time instant Ty (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:



comuni cation system A |less accurate clock (e.g., the internal clock within
the termnal) may be used for any tine period not covered by the relative
time fromthe other conmuni cation system as described above. [1040] The
timng of the base station may further be calibrated (or conpensated) based
on accur ave zilogoisside tine obtained for nultiple tine | REVHAIGYORHE exanpl e,
if accurate absolute tinme tabs2 is available fromthe GPS at tine instant
T4 (instead of having to be estimted gs descri bed above), then the tine
period covered by each frame fromthe base station may be derived as: WO
2004/ 088880 PCT/ US2004/ 009306 11 Trtane = tabs2 - tabsl -ATBS - AT Eq (4)

n As shown in equgti ontdsA) et +ale period, Taanme, is der'% d based on
four terms. The t&Fns tabs) ;and tabsz are very accurate an onsi dered as
having no errors. The ternms ATBS and AT are based on the timng of the

termnal. The, effect of the . termnal timng .err.or.on the derivation of the
frame per i od ATURHED s e Rappentd Ty iy derived tassed b Toprdbon 7B¥' ', aTES
. +AT) . The fr aemnspgy iaodl 1,7 fuenvery dhedrhr eld tomidered wahinang (¢ prroray The termt or ed and
thereafter us as, t.he fra period f this base statjon whenever absolute
time needs tc peakAy ﬁ‘ﬁtbéﬁgeo‘fﬂ?:‘? ‘W%@P%%PFB‘H?" %gﬁﬁé?“'_t H’%a@e HrUgaEiiihdat ed as

- new (accur ategoplpg thd U&ivatioe of &l OfBnAY&HARLE,, rdd¥Best #Mt NI—€ahi Rright on

descri bed above is equivalent to calculating the frequenhcy of fset of the
base st ati on.relatR4d](ATHE AT).1 Tid frirfperiod) ;G| Bk edBypmadq@atidag4) fipy eeent ed for
an asynchronous conmuni cation system (e.g., a GSMor WCDVA systen). As

not ed above, stdied andrthergpftes pied ak thelfeame peried fayithis base statpn whengsgrrabsnlwnious
comuni cat i on Y Sd8MJBY edtRatelE iﬁﬁﬁd Bytris BaYSILAR! SagefoCHLpte. Wiile
idle or during connunicaflcw#%utﬁyet'e c%ﬁﬂtﬂ_é? ’syg?énﬁﬁt e terﬁynal may be
hahded of f (@ecuryiegesolis tue bedomgnavailabldyathee Bmingicshbraépn dpaaritiednbeys st noves
in and out of,.}b &l R ions. The timng of each
base station‘ﬁ%&ﬁggﬂ%séﬂgﬁggﬁﬁ%?%néﬂ%gﬁﬁgfggﬁﬁﬁgFﬁé%al-tine clock as it
becomes availleddi e. Theoirpjal rrRiGIMGclogk maylplag) beimplermentdd foy g peymelgozons

i npl enent at i : | ol ol L e S | I jration
fromthe GPSQ:gn u?%[%g\égﬁ%rﬁ?ééﬁ’oaﬁ%é%gggp ngﬁ) A ?’nggn&g%%qog?’ aﬂ?‘ms"%é‘f em FIG
3 shows t hr edoxthé base eiations imsuth messytfcbronolseommunicatinh sestrn hynoto aliged

but is nevertheless accurate. While idle or during communication with the cellular

system, the terminal may be handed off (or “reselected”) from one base station to
another as it moves in and out of the coverage areas of these base stations. The timing
of each base station may be used to implement the virtual real-time clock as it becomes
available.
[104Z] FIG. 3 is a diagram that illustrates an implementation of the virtal real-time
_ clock based on time information from the GPS and two asynchronous base stations in a
& cellular system. FIG. 3 shows three different timelines for the terminal and the two base
stations. These three different timelines result from the use of three different clocks
{which 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 i1, 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 fromthe use of three
different clocks (which are not |ocked) for the termnal and the two base
stations. The tineline for the GPS is not shown for sinplicity. [1043]
Initiallyw@% Ilgﬂggsinstant Tr on the termnal tineline, the termnal is
provi ded "W i Bl ute tinme value tabsi, which may beP¢HESIOPEOINGE, for
that time instant. The termnal then associates a counter value of C for
time instant Tr with the absolute tinei2tabs], which then establishes a

rel ati onship between the termnal timng and GPS timng. |[1044] Thereafter,

the termnal detects the start of frame k frombase station I _occurring at
time i nst antreHgonship getgpih mindbiming <BE Pae s€tiep L yuiRser eAPIENb a2 for tine
instant T2 Wstblishh® 8lfddshiff b @AemK GPOMMAS Sndtitd QBtidn 1T RiSnd BN ‘
est abl i shes a WD 2004/ 0888380 PCT/ US2004/ 009306 12 rel ationship between the
termnal ti rfeisgniang thetee offspt ddes Detwieer g tnpHastang Tnivhen theasolws tigp] | sh a
relationship b g SS(I,Ié 1 i L

determ ni ngp(fbﬁ?a}té\?%gv%%]%sgt) B@F&g‘gt% %e‘ﬁétéﬁ‘e%%q{kﬁ%? yr‘lgtps%ﬁ()l\?\%’eaﬁ t he

absol ut e ti nshown alipse ingguatios€Bi ved and the tinme instant T2 for the start of
frame k fro e i . Ve ol j ) 1045] The
term nal al sri:l)ﬁﬁce?%%gér%ﬂ}a%%sﬁ’g%%%?g%@g%%gggl bgi a |t{(§)ﬁ62.(1% galLelislSB ébl ish a

ti m ng rel attining helqiohdipimeveeh dsse setiat 1 o EPSathd t«omBal finsedeteets thersadrt dfi r st
detects the start. of, frame .J_ from ba st at i C ring at tine

i nstant T3. e ltfreormn%) aﬁ%ftgtf%'ejnasé) <S0d ‘%ggm Irgg%aggf?h%g?%\?% 'ngféh%ﬂ‘ as%fl Sr tinme

i nstant T3 wa ¢tduntehealsd eff € fof tifne dnyent TS widkmhoase of thatne @ frodz basd kwetidn Zre

di fference BSl 2 t wee he start of frames nd i, for base stations I
and 2, respettiRF ‘é‘?’@?ﬁ ]%ﬁbhe“ﬁ@"&&séaﬁﬁf B%E?“add% ase Salpys ?‘?‘%}? Eq (5)
[1046] The tweépattialy, fayhbhbddetsinmbd issh a rel ati onship between the GPS tim ng
and base station 2 timng by determning the tine offset ATBS2 between the
time instant Tl for which the absolute tine tabs, was rec[%iisged and the tine
instant T3 for thHewstart of - frane i from base station 2, OFol | ows: 4TBS2
~ 4Tes, +ATBS,2 Eq (6) [1047] At an arbitrary tinme instant Te on the
termnal tinabadle. BRSNS ndal WRn TRYIFE rélﬁ%@lﬁ%ib £ Qwebn thd GPS A0S ti on
0

fix). The absolute time tabs2 at time instant may then be estimated
based on t hebas¢ sipting ofming Sy deemminiag the taneoritset Spsafeieasn i timeingapehdent on

for which the absolute time tus; was received and the time instant Tz for the start of

frame { from base station 2, as follows:
ATy, =ATg, + ATy, - Eq (6)

{10471 At an arbitrary time instant Tg on the terminal timeline, absolute time may be
needed (e.g., for a new position fix). The absolute time Gy at time instant Ts may then
be estimated based on the timing of base station 1 and/or 2, which may be dependent on
the base station(s) from which the terminal can still receive frames near time instant Ts.
The process to estimate the absolute time tas; at time instant Tg based on the timing of
base station 1 may be achieved as described above for FIG. 2.

[1048] The process to estimate the absolute time taps» at time instant Tg based on the
timing of base station 2 may be achieved as follows. First, the start of frame 7+ nnear
time instant Tg is detected as occurring at time instant Ts. The time difference AT
between the start of frame i+ n and the time instant Ts where the absolute time estimate

is needed may then be determined as:

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



t he base station(s) fromwhich the termnal can still receive frames near
tinme instant T6. The process to estimate the absolute tinme tabs2 at tine
instant T6 based on the timng of base station 1 may be achi eved as

descri bed %bove for FIG 2. [1048] The process to estimate the absolute tine
tabs2 at tr e MHEPAt Te based on the timing of base sPGRUSA02004y be
achieved as follows. First, the start of franme i +n near time instant T6 is
detected as occurring at tine instant T The tine difference 472 between
the start of frame i+n and the tine instant T6 where the absolute tine
estimate is needed may then be determ ned as: AT, =T6-TS Eq(7) WO

2004/ 088880 PdF/musbamd Fdolsdmees bawesetimg ippapts &f anghbs ie alep defednitstGden ti ne
instants T3 apedlen i RAnkOndiftedy BldeEd (fRond the siBRBRH nR&apdCr kAR HHTDEr S
extracted fromthe signaling messages transmitied in frames i and i +n, or
based on anotf¥sies é gotht &> preaprdanriaetheicormiar mpairptamadddly theotemgngltio eqvat theunber of
frames). The i i i T, ?i% ti mat ed
as: tabs2 = trgl S +d/§t%‘%‘é‘%{3ﬁ?én§’%§%ﬁ%‘§ atbsggtsdé&sé%ﬁ}g)rﬁ 8 er %’n l%léﬁ{s}m?ﬁ%gs?lunber of
whol e franmes between tine instants T3 and T5. [1049] As shown in equation
(8), the absol ut e tti ma,estTyept 8 L aBd2=ts .deri ved based d&q@our terns. The

"termtabsi is very accurate and the termnTfr, 111, is based on the timng

of base statign 2,. which . is_also.accurate. .The ter I].3S2 and AT2 for base
station 2 ar e“%effé%lis@%d’"ﬁ’g%ré’&whﬁle#ﬁ@eﬁ%"eﬁﬁHS‘F 'I}SE%‘SIEEF"% al, and. has

appr oxi mat el y1649¢ S a¥BhHEAPHHquatfon (8), BRTabsRutd fMGe bdida®e, ATBI dafdd Hdkeaderi ved
for base station 1. Thus, the virtual real-tinme clock nmay be accurately

mai nt ai ned ewavfolrsertnheThetenm Balis vay bancketnd fife térmonfi, gn& Hasslen tist tihingn t 0

angt her in an asynchronous cellular system [1050] For sinplicity, FIG 3
shows the derdfbaseiitionod. whivh iz 3lspeaceiriteeThe tATBYTgrad ARTREDasH sgéan Dwe t wo
frames It andilivdit@lea e EE6s % W b 2 N6 B8 A0S m g i i nst ant
TI. In genergﬂe,\e%jr anes ﬁeansn‘i’tf[g?j at ahil/ ti ?relgl nstgﬁ?s b?&tfeﬁgfoggyrflchronous
base st ati orsronathdbermssThst mdoti aleniveri Her tued sdtiond. tThne thenfixualredal-ome The
phases (i.e., bit-level timna) .and nunbers of these fr s _may, be
det er m ned (ec.logc!(,ma? ﬁg%c?uﬁaéelynﬁ nal ieﬁgevennﬁsstg%geé%“ n?]rlzsiﬁgl}%eflto e ?1?10?%%"‘55% frames)
and used to cbaitibwteahdxhertiﬁmpasgﬁdmmbss cAllBsisyasm C ATBS2. Each tine offset may
]?rea'mgsgeﬁ nan [?&_%y_‘ r A e .j3_e'sh’ow€‘T St i fime T2 Rad 12T ONE

ATgsy based on two frames & and i that are received within one frame period of time

instant T;. In general, frames transmitted at any time instants by the asynchronous base
stations may be used to obtain the relative time information. The phases (i.e., bit-level
timing) and numbers of these frames may be determined (e.z., from the signaling
messages transmitted in these frames) and used to derive the time offsets ATgs) and

) or

rame

( ATgs;. Each time offset may be less than one frame peried (ie., AT, <T;

greater than one frame period (i.e., ATy > T )-

[1051]  The handoff between base stations may also occur at any time and may be
accounted for (e.g., such that the time offset for each base station covers only 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 may
be accounted for (e.g., such that the tinme offset for each base station
covers only the time period for which relative tinme is not avail able).
Moreover, the virtual real-tine clock may use the relative tine information
f rom any Wi2i9¢/p38830 asynchronous base stations. [|n geXETAIS2004H¥Noe| ati ve
time information fromeach base station may be used for any applicable tine
period for which franes are received firomthat base station. The el apsed
time between any two tinme instants may then be estinmated by piece-neal

conbi nation of relative tinme froma nunber of base stations, as follows: WO

2004/ 088880 PCT/ %1304/ 009306 14 Na LrtTr,anmei . r_r where ni is the
nunber of franes &overeéd by the relative time frombase station i, T ra ne,li
is the frame period for base station i, and NB is the nunber of base

stations used to estimate the elapsed tinme. [1052] The relative tine
i nf or mat i on Yeye pés bonunbeeof fnmes coveesidiyribe wlaghatimpompasshgeri, Traasni tt ed by

the base stafiyq aﬂlé;gérﬁa f&eﬂ)a!sé'gt%ﬁonsb,’éﬁ@ﬁg iﬁg&mﬁ@ﬁ% e 9GfiddGed HNE

speci fic signaling ssage to be use the frequency of its transm ssion,
and so on. omatgtherelapsed timke si gnal i ng nessage for GSM used to obtain

relative ti £7f or-pat | i J I . . ! di agram
illustrati ngﬁ g[}%ig frgﬁe}egp Féug{nﬁﬁgﬁog%%&g‘d@%&bgﬁbﬁéﬁgw P 0%/%8???%%@ #s defi ned
to include 2048agsypasitedbs teridscoatonsinghe caliplapeysteod Kath Yatviendrdsfines28

m nut es, 53 onds,.. 7 E S rfra L.hcl 1326 TDVA franes
and nmay be ptgggqef l?1(%) ﬁgﬁﬂﬁlﬁtngegggg]ﬁo%etfsg%;& eﬁ?qﬁ%tgx@% Fﬁsﬁsgﬁé’smg PO - frane

mul ti f r ames. Forletatity, ToNignhlimgrmeessape [ford@SM8ised toeobsdimtedatize dme dnfemsitidn 815 nsec.
Each tine sl 14 .bi ngtlﬂg‘ges 156. 25 bits and covers 0.577 nsec, and each bit' has -
a duration o ?8@ psec. [1054] Each base station periodically transmts
synchr oni zat [1088]burElGs 4 isaididgramaillustosing stedfrdye $tvetuteefonia IGEM sfstam. A
synchroni zatgl

synchr oni zat |Y§Erﬂfoaglf tsi h%ﬁggdzteoth?cgugd% Ir%B{bt %ﬁgrg%%‘r:‘%ae’@if\é%f %*I%rg] ?9%".“5’%%38%’% ponds to

a rate of apfpmowiesEBaboond] ai 160.msks. Elmdvwopdrfrai¢ fBeludes 1326 DM Havhasat | on

bur st_compri Sing 148 BLLS B nBSod LSS SShRnbDS AbiaRk didiBRL Ot Of 2
Each TDMA frame includes 8 time slots and covers 4.615 msec. Each time slot
includes 156.25 bits and covers 0.577 msec, and each bit has a duration of 3.69 psec.
[1054] Each base station periodically transmits synchronization bursts, which may
be used by the terminals for synchronization to the base station and to derive timing.
Five synchronization bursts are transmitted every 51 frames, which corresponds to a
rate of approximately 21.2 Hz. As shown in FIG. 4, a synchronization burst comprising
148 bits may be transmitted on the first time slot of a TDMA frame. Each
synchronization burst includes 78 encrypted bits that may be decrypted to obtain a 19-
bit reduced TDMA frame nuomber (RFN} 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 detenmined 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 usec, relative time may be

obtained to within 3.69 psec resolution from the synchronization bursts.



- absolute tine fo

synchroni zation burst includes 78 encrypted bits that nay be decrypted to
obtain a 19- bit reduced TDVA frame nunber (RFN) and a 6-bit base

transcei ver system identification code (BSIC). The 19-bit reduced TDVA
frame nunber identifies a specific TDVA frame, in which the synchronization
burst is tYQARYMEBYY, within the hyperfrane. The BSI CPFHEURIPIPRYC specific
base station fromwhich the synchronization burst was transmtted, and may
be used to uniquely identify each base station. The start of each received
synchroni zati on burst may be determ ned and used as the franme start shown
in FIGS. 2 and 3, The 19-bif reduced TDVA franme nunber may be used to

det ermi ne thgg%iwbe%?gf {5 afiew diagram cffé‘??é’"’ﬁ%@ﬁ‘e‘ftroiﬁsm?cﬂses(ﬁ’gSgt%"éﬂn%ny t wo

synchr oni zat i@ st bSabssiuRGRneCRER B Amb dFormaliol b GRfle SorRBul&8sn rel ative
time may be obtained to within 3.69 sec resolutign fromthe synchronization

bursts. WO 2084988 sABWIYTMedDionRItien IS frseivabirpmpsByst peragnunicatign sysfeithy di agr am

of an enbodi W@Ft GPE) Btep 522 SEhe 21O EmB iT¥inttiBd maf Be St fdHnSrabsohfas ol ut e
- time based on tine information fromnultiple conmuni cati on_ systens.

Absol ut e ti meimenfPhR FREFIIE HIedn§ast eRelattyetimsninterpation s deraserived fomomiigy st em

(e.9., G (@h§RuIRh sechREcaagidilitn bysih (&3], AR QR LRY (B 514). frhe form of
for a specific time instant. Relative tinme informtion is

al so recei vedelptismtigeef infermatien andvitet & the s eebrignelingmmestegesi dhg-syst em

(e-9., a cellhifondNitn W PR hranshlifed Byohe bt Salshifler| REQEBLLON Y e

in the formof signaling nméssages (e.g., synchronization bursts)

peri odi cal | y infoempiinn t may #sp tbRerefsivagy Tromnres rfegondr trarRaitgr | ipe thej gesond

i nformation EYol ' f ] ' h econd

copmunt cat | on ey BpERcl Sy AR BYSle PR R ESRId (BRET L el B T hed

box). The fifirsftandhprdonsicteanprdiitiers Ay be operated prypehivencafier Ar edimatryof@hsobfous! y. An

estimate of olut &..: £ e at ipgﬂ% J } I { based on

t he absol ut eq{a%ni@tléi (%Ts lgﬁdrtrﬁa ?Ig{;] m%%a?g%] the e? icjoragdr%omhﬁ%% P@%B{s%agﬁgand t he

rel ative ti mdrannthe firsheonumuniqation syblemfzing the redative tifno dforimalion) freme dhedustendansmitters

in the secon L.cation . : is a flow

di agr am of anp%%g%g%h@ﬁt&agihg&gingtg%%@@%8%%“#%\%? *S%’%g* teg‘-lzgrl]gésti mat e of

absol ut e ti nd1054sed F&a- ¢ isrefliwm flogmet dfen efbodimantrd mipegcesfo00 darmmemdiegat | on

systens. Initjially ahso t i ai.ped. .2 fd rst nigation
system (e.g. ,ahcgé%a%eor%aibgé@gth'??rr‘?’ﬁ?ﬁﬁ'ah@% lsniﬁcgar%mé%z)&oqliaf iq’?lgPHSFGnal i ng
nessage i s reveuwviedionsysans. Miitigly, shselnsrtintetieobtaincddrar e firstl cgramgicatioel | ul ar )
conmuni cat | Or}ys%éﬁ t(?E] e‘%rPSf‘,for a first time instant (step 612). A first signaling message is

received from a first transmitter in a second (e.g., cellular) communication system at a

second time instant (step 614). A first time offset between the first and second time
instants is then determined (step 616). A second signaling message may also be
received from a second transmitter in the second communication system at a third time
(,_ instant (step 618, which is optional and shown as a dashed box). A second time offset
between the first and third time instants may then be determined (step 620, which is also
optional). A third signaling message may thereafter be received from either the first or
second transmitter at a fourth time instant (step 622).
[1057]  If the third signaling message is from the first transmitter, then an estimate of
absolute time at a designated time instant may be 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., 2 Tame ), 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 time instant (step 614). Afirst time offset between the first and
second tine instants is then determ ned (step 616). A second signaling
nmessage may also be received froma second transmtter in the second
conmuni cati on stemat a third tine instant (step 618, which is optional
and shomwé’sz“&”%ﬁ?ﬁed box). A second tine offset bet WSHUSARVPIIst and
third tine instants nmay then be determ ned (step 620, which is also
optional). A third signaling nessage ny thereafter be received fromeither
the first or second transm’tter at a fourth tinme instant (step 622). [1057]
If the th|rd signaling nessage is fromthe first transmtter, then an

estimate of heAhSelutgitiie gsiimaty OTéhed‘Fé’ig@‘ﬁ%ij(‘HHe PrtaR mayshederermned Basedi 8B er ni ned
E?éedB;)n E%g(qtﬂga@@g@t M%]?%ft%e][fﬁsthﬁﬁe( mﬁnfaz; ﬁlte s&d)oﬁ@nhié%lﬁgﬁt(ee:%eﬁgg E?g;' in
bet ween t he (@w@apscalitme hstieen the it anﬁitguathme(u@t@ts (e. ngleﬁp)) andfAbth¢ 4) t he
(step  o2a) THRULELUE Shaboifnd Bl I HRR AR FRLCIE AT 27 05 P )
second trandi®3sjer Intnhmmlvm 2D @B8BB0cIRETIAYSRO By 609 BIGbasddbort time absol ut e
time estimate. for.the designat nst ant be determ ned, based on
(1) the. abedhGrEHi dEere] FPRamipe PRt RB e By O EEalEmy T e of f se
(e.qg., ATBSAast or(eaz)anﬂi‘l‘mﬁhtmﬂSgﬂelﬁ (o, @Eﬂ)\pﬁﬁﬁﬂei Reolatel tiroe fon chefvarusatl feak-i me

;ﬂét PSR G G B ENEN ORI, XA U R T R
real -time clmediddmglatbzeunﬂwd:relmm&m:damﬁdclm time infor rratl on received from
Cormuni cat | A0Bhet dipeby:SreBgEnt 5 FoRRU LT O e PROEE FRAUF ¢ ual
real - tinme aimciaforatonina Qﬁstpr@fﬁtﬁ Mshlee dhHentimedin R, smsmaaagég d4., a

cel lul ar sys e[ﬁr%t dgrow des reI ative hﬂg{sﬁfor the virtu real -ti me cl ock.
[1059] In a 6 APSARE: | Forhgramp ase ptptpn oy te Yﬁ"af‘ysfﬁ‘b\‘}laaes

relative ti@eiddithiy Biﬁﬁ/hdﬂl}eqiﬁéfe(ﬂh‘éﬁ)snﬁf@Mbﬁ@ve&hﬁptbélh@soldtd’fﬁmé atfmé @Bkion (e.g.,
in nessages) at designated tine mstantﬁ1 For exanpl e, a base station in
the cel | ul ar*fdNroPessaBmEymsmission; (&g bgFay obhe {aBR Wl RcResstee) e&ﬁ%‘ﬂﬁ'eﬁ a message

W th the abspltdvib iRe ﬁbmtlﬁfenﬁaheﬁfm@facélmarﬂ&%ame bdsamsedip8isoPatéR. 9., the
start of the frane with the nessa . Techni ques for receiving t|rre from

i nf or mati on TP-orrk ¥ 1contsd e R“darﬁﬁ’pﬁfé@&r P &gtermgnes Timps, for, GPS

5,945, 944, emdcbivk@ issidat ARt 80d 09N PAIBtdkBed R atd Bt RlinbichGenbe.ne f or GPS

Recei vers," issued August 31, 1999, which is incorporated herein by
reference. [1060]  The virmal real-time clock may be time-stamped with absolute time as it

becomes available. Absolute times for two or more time instants may also be used to
calibrate the relative time from the other communication system.

[1861]  The relative time information may be provided by various means. One
common means is via the transiission of signaling messages at selected time instants
such that the time difference between any two signaling messages can be ascertained.
As examples, the signaling messages may be (1) the synchronization bursts transmitted
by each base station in the GSM system, as described in FIG. 4, (2) the system frame
number (SFN) transmitted by each base station in the W-CDMA system, (3) paging
indicators transmitted at known time intervals, and so on. Various types of signaling
message may be 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-tinme clock may be tine-stanped wth absolute tinme as
it becones avail able. Absolute tines for two or nore tinme instants may al so
be used to calibrate the relative time fromthe other comunicati on system
[ 1061] The Ig}iv time information may be provided by various neans. One
common nealS 8% he transnission of signaling nessaB€HUSH0EMIHEt ed ti ne
instants such that the tinme difference between any two signaling nessages
can be ascertained. As exanples, the sifnaling nessages may be (1) the
synchroni zation bursts transmtted by each base station in the GSM system
as described in FIG 4, (2) the systemfr nunber tr nsmtted by
each base st dP Fosek fOf PRSFIISARREORAD S RASIE pang a’)n?fﬁ%fgﬁlh‘gfmﬁ{m%% RSt t ed

at known ti mapd plodsad &f thePadirgQhhel MApdge UiksdaydREBe RmBbidiRAIhiNE: RS Sage may
be used, and this is within the scope of the rnvention, [1062] The relative

time informat F%UWWQ??@“&%WSGP@F“WEEWF% theyrugbEalyfimesdneki y  available to

a termnal. Wpdsg | Fri@QiridPreaRiviR! BloSidtnaP Be Wheli o plovide a8 e Qaagerat i on,
‘the termnal continually determ nes frame-level timng and can use this

i nf or mati on tasolypdimceat HY desicpaiefl tme dpstant- melhes drewrate pirem esiaicemryibe, t he
term nal - per | A0ikkbity ke for Uil BORAIRCGARATALSI0044PAMAGuid L0 check
“for page nessages on pagi ng channel alerting it of incomng calls. As part
of the procdadamgulas ﬂler?émﬁagrﬂﬁg estifant glay b@ﬂsegagél)mgﬂe@smphéxﬂ@ﬁm nal
determ nes frg L L RGoR i d t gte the
virtual real -t% ﬂgﬁbggk 1(?630 ?ﬂeﬁg‘?r#ﬁl é‘?é‘%ﬁ Vﬂ?% e Iggé%sstrlr]n%yaﬁ% used to
provi de an acéamelsuesddst mmseimfﬁx dihs bengfis attaipableawitiaihy a@e@tegqm@wn@tp me
instant. Thi s“alrg]og ?hg stHaEEﬁoﬁ?ﬁlﬂS S’ls%ﬁie@ﬁbeﬁﬂ)ﬁ%m ageously used for various
applications is position determnation. |In particular, the
accurate tinmd1064i nglhe mﬁ?fﬂbef ydeeminabmpy pe deterwiingd tasedowi @) distatdex 4 A a

shor ter peri deplent b8t QlushfibrsP Wit s RLANG! rFEORE (it Ynd Tt e
processing of signals used for the position e benefi’ts

att ai nabl e wilp¢atipiseof frestiwansrritieisad’oe SPBthe termipalfcan eqyu@tetthmstﬁnm@sedghsed on
GPS signal s 9 f I l..may be
det er m ned bg(glﬁsdgdgezlﬁ E?ﬁgfl@? gﬁ\gégst{!%egrgélmgg fﬁosg@é‘fr]itoqfr%ﬂ%fao?n Eh? S%I%}g%st% tters,
whi ch are usdbe asmnéf dl the e i siamel, is rarbmitR fromethe IGRS satelbitegs bfovin{ege
transmtters. ., ¢ r I he. c ch GPS
satellite by S@iﬂﬁiﬁbo{{ gn {&%nseﬁgn %%%E%;@E gf&) gz{l%&?%a(g%ﬁ&'%?“r%gm t he
satellite to bytdheerviog Whentine thef <lgrhb18tr|e¢mvaihetl@| tgrmmhal |(lsasttdr emgwitermak!’f r om t he

GPS satel | t%nt‘e&a}(&g&@. ('ﬁypgcally however, the amount of time between transmission and

reception cannot be exactly determined because of offsets between the clocks at the

terminal and GPS satellite. Thus, a “psendo-range” is typically derived based on the
difference between a reference time and the time that the signal is received. The
pseudo-range thus represents the relative distance between the terminal and the GPS
( satellite from which the signal was received.

[1065]  FIG. 7 is a diagram illustrating the data transmission format for a GPS
signal. Each GPS satellite transmits navigation data, which includes various types of
information such as satellite Ephemeris, GPS system time (e.g., bit of week (BOW)
information), correction data, and so on. The navigation data is provided at a rate of 50
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 tine the signal is received at the term nal
(based on the terminal's internal clock). Typically however, the anount of
time between transm ssion and reception cannot be exactly determ ned
because B0 29038488 bet ween the clocks at the termi na’i’CTe{H%’“@ﬂ@”é'étel lite.
Thus, a "pseudo-range" is typically derived based on the difference between
a reference tinme and the tinme that thagsignal is received. The pseudo-range
thus represents the relative di stance between the term nal and the GPS
satellite fromwhich the signal was received. [10651 FIG 7 is a diagram
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1023- bi t Colddnw@ing éms efjihe Age). Edch tin@rdoinporeat coveraa difiARnP 004 {0888 Mas a

PCT/ US20041009306.. 18 data hit is conposed.of 20.code franes nd, each code
fram s cofbbodhunf Ronandy s papiseRReross fime Biroter HEecH % bao
sequence hasnsac aiu fas chip-devel redolilidd, ddofisin tanking aclersRNange ¢&dl Msecasleo bit covers
a 0.977 sec chi eriod.. [1067] For. GPS,. abs tinme.may. be partitioned
Mnto t oo dPT BRERE B e G D oS rpE o A AR ST f b 1t
and sub- codeaadge a0 nzddwd defdndand hashdata WO@P 00 Rt rasamtie AbsoWwedims bei ng
anal ogous to hg)ur m n?l;jé)s,sthand second. use Qr denoting tinme of the day.)
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resol ut LOE. [kosspar ll:Baauf)tam &&fﬁoﬁmad&nﬁdnaﬂexﬁaiyrﬁgngtmuai‘oﬁl therGROSiged O to ].:L
nsec an as chip-level resoluti.on inbit tim covers_a range of 1
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n. Abs me . nmay be represented he combi nati on of
t hese three ¥t aE’B??ﬁgrl?éﬁf’E‘?la “EO‘B%IQQE&%Ggg signal ‘E”ﬁ]’ %2‘%{"}5%@1’8 driténts may be
obt ai ned fragydeh® 4RASpHiic@Ralphase comresponding to 2 hypothesis being evaluated. The

correlation results in a high output value if the locally generated PN sequence is time-

aligned with the PN sequence used to spread the navigation data in the received GPS
signal, and a low output value otherwise. The correlation can thus provide chip-level
timing.

[1069] Epoch (in bit) timing may be obtained by performing edge detection of the
navigation data bits. Each data bit is transmitted over a 20 msec time period covering
20 code frames. The 20 code frames for each data bit has a polarity determined by that
data bit. Once the chip-level timing has been determined by the match filtering, the
1023 chips of each code frame may be coherently accumulated to provide a
corresponding code frame value. If 20 code frame values for a single data bit are further
accurmulated, 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,



. accunul at ed

based on different signal processing by the GPS receiver. In particular,
sub-code franme timng may be obtained by performng match filtering of the
received GPS signal. This can be achieved by correlating the received GPS
signal with a |locally generated PN sequence at a particul ar phase

cor r espondNMPO4/e880hy pot hesi s bei ng eval uated. The coPrEFEPEH H%8sults in a
hi gh output value if the locally generated PN sequence is tine- aligned with
t he PN sequence used to spread the navigation data in the received GPS
signal, and a | ow output value otherw se. The correlation can thus provide

chi p- | evel timng. [1069] Epoch (in bit) timng nmay be obtained b
per f or mi ng edB“eed(&%fI%‘?f‘PP‘bﬁ ajlp 1o drEerning e B Fach 4R OB Wach parherbg Webi t i s

transmtted qyaéterﬁm%();oggsgﬁngqomanﬁ&ljleog gna¥ering 20 code franes. The 20 code
frames for each data bit has a polarity determ ned béﬁt hat data bit. Once

the chi p-1 evdl0%0] ni RYWdigepefannaiion aiibaobtaingd by derprdnliating thereeivagdatt he 1023
chi ps of eacmu@%ﬂ@ e{t{:a@f'f% ﬂ@wal%sqg&@ro?%fbaﬁma&stmﬁh@& & tle DaPip M0t

. correspondi n&@:o frame val ue code frane val ues for a singl e data
bit are furt ta@%mfmmmdnaytweephﬁarw wsing apaftere maichyly ehaepe thabwever , i f

20 code fr anPcoﬁlgLrUseI% aqol] datBWs \gﬁif Erg B8 aivh bits Citle Pt Hﬁthﬁé kel MniBileSs

omer bit va I's obtal ned, the exact val ue being
det er mi ned byie@qméedmmrﬂéﬁ dhtenio fes f ﬁéﬂr%@s'fas@@ﬂ%ﬂe@d\mﬁtﬂ@ Téd cwhigh Elﬂhe t wo

data bits. T | ad.i rames, WO
2004/ 088880 B@"/’_‘iﬂ_g%%%%%%ég%}eﬂ‘%gq;ﬁﬁg“gd&ﬁ’%ﬁ‘trﬁé%ﬁﬁﬁ%“%dé%ﬁse i o i ne
the start of dstdhndadaguibént enyiteidc'{lolmy Podiaon Bysterrs S@ndard Pasitiemnd barvicode- f r ane
(or 1 nmsec) | » byt Ej% i i I i ned by
dezmdul ating S? e@ﬂ;(k;gi}d\”}&g% %a%éﬁl]o bits %nlggséﬂ%rcgc{lla%cg@?’hg?aég?l?gjgg}t%&ges of

i ntormation iinorpeckted hervinttiygeforuéegat i on data. BOWtine information may al so
be obt ai ned i a t.ef: t n ved data
bi 5w th pr Ay ed T o Bk & G int FEMRLANE 2 me EARRARE e REE 2T hed
in U S. Patermssoieed w5th3ach 08¢ colBp@sat, (@ Iprensshing, tmlqﬁdzsed\mlrmvar@ch

i ncor por at ed rej el n data is
described in e?drﬁhog‘%ﬁr!i aglla % 3 J%entaﬁqﬁngc?ff" otl P 03| ??%ﬁ\é@aéﬁle% St andard
Posi tioni ng Semponeet (wﬁlcgtaahm&mmthﬂma«t campoheriawifiidiiter orsplutiom éf aﬁy, HhoO5, which
is readily aval Lle in the art and C incorporated herein by reference.

[ 1071] Tabl e a?e+c@%f3e§]rf%é&fcﬁ'r ee tinme conponents, the tinme range and

resol ution

Table 1
. . . Processing Processing
Time Component | Time Range | Resolution Technique Time
BOW > 20 msec 20 msec Demodulate > 5 seconds
Data

( Epoch (in bit) 1 to 20 msec 1 msec Edge ~2-3 seconds
. Detection

Sub-Code Frame | Oto 1 msec 0.977 psec P_vlat(_:h ~1-2 seconds
Filtering

[1072]  The processing to obtain 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



associated wth each tine conponent, the processing technique used to
recover each tinme conponent, and an approxi mate anount of tinme needed to
recover each tinme conponent (which assunes that the tine conponents with
finer resolution, if any, have already been recovered Table 1 Time
ConponenwoTioseosBesnge Resol ution Processing Processi ngt W%W%’W“Tl me BOW>
20 nmsec 20 nsec Denodul ate > 5 seconds Data Epoch (in bit) 1 to 20 nsec 1
cosec Dete ge -2-3 seconds | ion Sub-fpde Frame 0 to 1 nsec 0.977 |tsec
match -1-2 seconds Filtering [1072] The processing to obtain the three
time conponents is typically performed in sequential order, in increasing
coarse ti ne scasitmlede . thepleceskiag tosighovenBEW timerinf¢amntion mmeb@re)lauwlm ng is
obtai ned fingt, epoch in bit (code-frame level) timng is obtained next,

and BQNtlrre gr'ﬁorrration is obtained |ast. The processing tine to obt ai n
each time dd9d3dneRefdmmgbackh & FIOGS2sthg traninabmahbesidieuion k gediodeof (timeeand equal to

t he processin i far t n l.us pr i me for -
all finer tinr]T%' t%:“f)nﬁeone anﬁimﬂ?%rcf%rﬁn %85% ?8‘0%? @% ?ECT?%E%BZ‘IQE%QSOG 20
seen f r om Tglokigod fix t therepeion ess slng theprocessingefior B¢ cenponéms thma it lan amay b_e
for & per! oG BTG ThEgeHEn! BE LT REtEBJanDF PR BN Bt on fix at
time i nstant T4 To tion t receiver. can Skl p the
processi ng f 33 ‘mc‘f Frg@%)?reﬁ%g%nt ;{ﬁé o é]smg pr (orn ?l%lwngadse of. In

particul ar, deferﬂhi‘me suthadt frhode (cihi;ﬁem)tnmiage)aoxﬂpatefﬂﬁzrpotsiiﬁmﬁx.ngﬂﬂmlse]'ﬁ has an
uncert ai nty of less than _ 0.5.nmsec, then the GPS receiver only needs to

det er mi ne suBBSABIEE HREESHMAG beod EV@“)““P‘NH%OQIBSS&%W%U%‘ fRetd8dmes-on fi x.

O herwi se, i his,cabsol ute tine esijnate bL@ an Jncer ai 210Y of |éess
t han or equa‘;'er{%e c%g Heec, Wg'f]ﬁ neec%%&eé%n ¢ei v% hecl P 38t er ni ne

bot h sub- codgnihg asRoBpde EROFBItON MRl t And hﬂmhsgbmt@ﬂﬁﬁtas&m&:be[ JROBdstanon fi x.
And if the absolute time estinmate tab, 2 has an
unceitainty of greater than + 10 msec, then the GPS receiver would need to determine

sub-code frame, epoch in bit, and BOW timing to compute the position fix.

[1074]  The virtual real-time clock can be used to provide accurate absolute time
estimates. In particular, for position determination, the virtual real-time clock may be
used to provide accurate absolute time estimates such that epoch in bit and BOW timing
need not be recovered. This would then reduce the amount of time needed to obtain a
position fix since only the sub-code frame {chip-level) timing needs to be determined
(which has the shortest processing of all three time components).

[1075] The accurate absolute time estimates provided by the virtual real-time clock
may also provide higher sensitivity in processing a 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 aliows the GPS receiver to provide



uncertainty of greater than 10 nsec, then the GPS receiver would need to
determ ne sub-code frane, epoch in bit, and BONtimng to conpute the
position fix. [1074] The virtual real-tine clock can be used to provide
accurate absolute tine estimates. In particular, for position

det er m nat PSR2MVHE88)i rtual real-tine clock may be usedP¢BURRBYYWEaccur at e
absolute tine estimates such that epoch in bit and BONtim ng need not be
recovered. This would then reduce the afbunt of tinme needed to obtain a
position fix since only the sub-code frane (chip-level) timng needs to be
determned (which has the shortest processing of all three tinge

conponent s) . JRWHSP fxfesed e restive d PR pighals Vithdovess siendtiesaois: BP détiRby t he

virtual real -ten@nsalvit¢ lof tiRRYPPeSGvep LAY ihHE b bBBREd $OR Zhbw¥ddeYoficPoddRCESSI NG a
GPS signal . In many instances, the GPS signal may be received vvlth a |low or

poor si gnal dﬁ'a!lmtnﬁ Baich B govs e gqcgryen o &TPYIQ?\&?QL%‘?QS‘nﬁW ip HRotE dragh

propagati on patfoRehieen the GPS satellite and the receiver, (2)
"obstructions in the propagation path, and so on. If the e och in bit and BOW
timing is krid0fia procwrie imeisplse predsdio arapide aansu%ﬁsg‘wa!eswg'y e kgatgngfessed in
a manner to 'tH&)rcﬁiSesatélﬁ‘t@s huSdOFP Y QJmcInhﬁxChE:Rﬂﬁiéﬁhe tu‘aﬁ@nﬁ@ “Bphfrhéls” Ref erring
“back to FIG 7, if the egoch in b|t timng is known, then the start of each
data bit can iblrrsionr yhigk drcludes o high asensecy merisled avedicion ofrils avnombigiase. | t he
correl ation) o st e ded nchr onous
i ntegration) n[B?%est25311(;1]‘&)6{t(%‘::)ver Clga ﬂatgog%lg]p%drr%rrem@m gtﬁsl]éblgﬁ y %%%’ﬁ%{h t he
duration of efddunstipn W)th tlmhesammgém@tﬂqémnpaca&ﬂﬁmlemen opVes nitzelratf:allf al | ows

for inproved i p = D ) ] % GPS
sighal . This agﬁlté’n A t'ﬁ/@’cd%ds&r eété’ue\%ﬁeﬂrﬂ‘t %%”3%@%@3‘9%092%’04?‘8 éfg‘g

PCT/ US2004/ 00881 6s né_éﬂecatqo@ﬁsiiw: iam acchifate drwed o rhe aedity mat@S Biegabadiste wi t h
over st gnal &8 AGEE oAt e EENRL gt SR RS o ato o wb B Thon el ver can

t hus be enhanced’{}8 epoc en all ows
t he receiver fumtipn m/old:an pmsmmal posifianxesgmata foror sxtefiae. sh psmdmrmgarﬁam the [ 1077]
Accurate ting Drovi ceurat ¢ est i e | ocation

e
of the GPS sg?mﬁﬂ%tgesmﬁ'sa gScheTmth Smo“ eq}”i’ gﬁcafllﬂifn ﬁ%lﬂpué :[?1? FefTBm? Asnits
"Epheneris" sextlofordicisignal twhingihed mhmcm}uauﬁﬂegtheammpmyhdmﬁeioﬁ@uqad edi ction
of its own orbit, as_.trac d r.epor cki ons nearth
The Epheneri £SPEPFHEG et rre& 8‘? e s c{e glfaﬁ%é Eﬁ”ﬁ?tﬁqetﬁ i nput
vari abl e. Si nompemats carBe sablebd.l Thee ﬁm\wan aititidl tnat Stidhte for processmg GPS
signal is described in U.S. Patent No. 5,945,944, 6,150,980, and 6,215,442, which are

incorporated herein by reference.

[1078]  FIG. 8 is a flow diagram of an embodiment of a process 800 for determining
the position of a receiver unit based on an accurate absolute time estimate from a virtual
: real-time clock. The receiver unit may be located within a wireless lerminal in a
& wireless communication system. Ipitially, absolute time is obtained from the first
communication system {e.g., GPS) for a first time instant (step 812). This absolute time
may be obtained as one of the results of a position fix performed for the first time
instant. Thereafter, the receiver unit may go to sleep for a time period that may be
determined based on the stability of the timing/frequency of a second communication
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



approxi mately 3600 m sec, an accurate estimate of absolute tine (e.g., to
within a few psec) is needed to derive an accurate estimate of the
satellite location. The absolute tinme estimate fromthe virtual real-tine
cl ock may@ vided as the tine input to the function to obtain an
initia po ??"%??ssﬁosti mate for a satellite. A pseudo-r &GESEIYH®¥¥e terni nal
to the initial satellite position estinmate can then be conputed. The
termnal can search for the signal tR2ansmtted by the satellite under the
assunption that the conmputed pseudo-range is correct. Once the code phase

is obtained, the other t ti conmponent.s, can be resolved. The use of an
initial tinBosonfEds @eﬁa\égmggx&%ggﬁﬁs“n*gw?@?nﬁ&% G PR ESUPRey. S, Pat ent
No. 5, 945, Qfd},the@eag'ﬁ@ﬁ&g%mme?gﬂ)}_&442, which are incorporated herein by,
reference. h1078] FIG, o.is a flow diagram of an enbodi nent of a process 300
for deterni M%AY ~t Bee pouslorhtimssclogk rayeiitrobe s to By agrirals, 2byolith at e

absol ute ti ghe @sihdR6r §the Apticidnk Ul thif RINitld B8 s@bO6tthe IR HoBCEbVEr UNi t
may be located within a wireless termnal in a wreless conmunication

system | ni examplsy theaghselnigribme psignales migt i wed forr commmicationy &g 8RNI cat i on
system (€. 9perwtdio) synfrofbul | aRd  biyBhrbidat aRYstdn®), e PasBdbiny, TBhclog@phg! ute time
may be obtained as ‘one of the results of a position fix perforned for the
first tinme ciyRoe@phy (6Ehetceapyspiems) ad peekei ver unit may go to sleep for a
time period 1 AREELA sed L |t 3

timng/fr eqtgiedr%g{/. ?yﬁeé’oﬁﬁc?ﬁ”ﬁ?‘@gt I o%ﬁng{/@e%&’a%eft%ce%%ogb?@e relative
ti me i nfor mRrdeesing gignalhison muitiple commanicationsye¢rocie opkyindisne igfpnmatighi &h i s
optional). il ! [ WY i ve. ti LWRfREAtion is
recei ved fr\oé%%rﬁ)e&dggeg%ﬁ _ cn\g?n%dé?%g%l}%ﬁ@as%@tg %n%é?@%%ﬁg%gglﬁ.ﬁgsagl ute time at a
second ti me numberaafttranyittetie An bbereerulioduneats, isagied A mdyebeadysakictronics i me f or

the first ti | ns Qegii;! b e b ' : second

comuni cat i (])Jﬂfééy’s"tgem pg%egp %alb%s% é@%ﬂﬂ%%é@gg%ﬁ%“ﬂg’goﬁ%%‘%%e 22

posi tion fi wiieless thedenp a rdcoiveranitlygpableeot resciving signals fromisaiskitks end/oHmsabsol ut e

time estimatg, foL aL)h?m?t‘?@%’B?retcL'U& instant (step 820). [1079] The virtual
R y al'so ve )

real -tinme clock ma used to provide accurate absolute tine
estimat es f d108dt he FiGpdlsi aclodkodisgraranfian ernbodiseniiof hrageivdrang90fewlnéh t he

| nvention. o Fg?é&gpn{ngrgﬁg?/grreﬁpsztg%rﬂﬁflfd. rﬁecgﬁériuﬁ%ﬁém ¥e @e@iéﬁe%e\gi or

communi cati on ween synchr onous and asynchr onous
systens), adherapabiity toghrotesrigugls from oeltipht ognapiiyatiee sglems seduas itheyGBY/ st ens) |

and so on. and cellular system. In the embodiment shown in FIG. 9, receiver device 900 includes

an antenna 910, a GPS receiver 912a, a terrestrial receiver 912b, a processing unit 914,
a clock/counter (or timer) unit 216, a memory unit 218, and a controller 920.

(1082} Antenna 910 receives signals from a nomber of transmitters, which may be
any combination of -GPS satellites and/or base stations, and provides the received signal
to GPS and terrestrial receivers 912a and 212b. GPS receiver 912a includes front-end
circuitry {(e.g., RF circuitry and/or other processing circuitry) that processes signals
transmitted from GPS satellites to derive information which may be used for position
determination. The processing by GPS receiver 912a to extract the pertinent
information from the GPS signals is known in the art and not descnibed in detail herein.
GPS receiver 912a provides to processing unit 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



[1080] In FIG 1, termnal 110 nmay be any device capable of receiving and
processing signals frommultiple communication systens to obtain tine
information. In one enbodinent, termnal 110 is a cellular teI ephone
capabl e of receiving signals from a nunber of transmtters. &;} 0 t he

enbodi nentM) 200693¥8al 110 may be an electronics unit TET’HSNO*A 3%3})ut er
termnal, a personal digital assistant (PDA), and so on) having a wreless
nodem a receiver unit capable of receizdng signals fromsatellites and/or
base stations, or any other type of receiver. [1081] FIG 9 is a bl ock

di agram of an enbodl ment of a receiver unit 900, which my be a conponent
of wirel ess tBteiNend]2bumgy derapidp therfragmsileved bupingef aﬁ@ﬁﬂé@ﬁ@ﬂ%d’l’hﬁ abpplutg he
capabi l ity t ol QfeSHioh $a &prb g lo§ 3P by qfamm&ﬁweqnfo%xﬁfoﬁr@mﬁuch as
the G-S and cellular system In the enbodi nent shown in FIG 9, receiver
devi ce 900 i rietrestiabreceiver Qhihapaybeaisal to inmbpent heeinpel reg4pue clogks errest ri al
recei ver 912 pr 4 MNegnit 916,
. a nmenory uni ﬁlg%g gﬁgc%ggl olﬁ#ﬂrq%t;%}y ed@m%rlf% ]pglzﬁ'?{eﬁgr?g(lg%ﬁrl@gel@gs signal s
froma numberexefpler prnesssing wnitsmaysigo hhemylirerted) gerformonprisitian ifa forofecedRs

satel lites angf I-9RS ' to GPS
and terr ostr1 AfCR0IRE0 5B (R5maRPLOBLR YR, BRI SO
front-end ciimplenentythé eirgal, rediffinei dleckibesed carthé ghsoloteltane rpffmlwsmhglmdr cuitry)
t hat process i.an ran f.r .el.ld t
i nformation \ﬁil@k&ﬁg}bgbagﬁu% %%% %g’e m@frgaﬁ\aﬁdp% t%1 é&%%ﬁ%ﬂ&@%‘;g%ﬁcesm ng by
GPS recei ver %@arequﬁseﬂl praapssxnmwzmﬂtqameﬂhnaté Hﬁsolutmirh@nt | de@ignathbu@S signal s
is knovvnlnt i.bed j e GRS yer 912a
provides to p?%%ngs& gglﬁlgﬁk' gj%il&\r?ewn ?eoeﬁ!élg%tg I(SI’P &l%h‘f Hﬁ%t (’%S I%ef‘i
exanpl e, timePlZmformation (e.g., absol ute t| nme), the |dent|t|es and

| ocati ons of tran trers V\QI%S gn rere S
Terrestrial rece ver(ﬁg SRR TS B ATAL lsf"“‘rul cI-uemtd C|I|J'r8 e% n%eflgcg]e’%ses t he

signals tr ansmﬁbmsedlememsn\h&ae rerblatn ouis 96Md @Kyk/cqnmmvnniﬁ 91| mby \ferther ne

i nformation derj vedfro thes nals Fo l.e, I r.es

2004/ 088880 PEPITER SRS Sb tmer s Sperated by @% dofer ﬁ'@’f‘le or

frame-| evel tn'em\mgumfﬁoﬂ it deedffeediely dateminddiby @b s@intr Gutplltl me information from
GPS recei ver a the relative tinme f or i on om te rest |aI
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Pr ocessi ng urﬂohtr&neﬂs'zmwobexad@m aemoky it PES hay sfoné alid thnisg fdumhmfoﬂmnoﬁor

exanpl e, processi ni en directed erf rma positjon fix
for rTP ecei 5 er (e o a%golu tlmersmf T gfanogs um\é\hmstants compute& tio olisets, ando SO on).

Memory unit 918 may also store program codes and data for processing unit 914 and/or

controlier 920.

[10636]  Controller 920 may direct the operation of processing unit 914. For
example, controller 920 may select the particular types of operation to be performed by

( processing unit 914.

[1087]  The method and apparatus described herein for implementing a virtual real-
time clock and using it for various applications may be implemented by various means,
such as in bhardware, software, or a combination thereof. For a hardware
implementation, the virtual real-time clock may be implemented within one or more
application specific integrated circuits (ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic devices (PLDs), field
programmable gate amrays (FPGAs), processors, controllers, micro-controilers,
microprocessors, other electronic units designed to perform the functions described

herein, or a combination thereof.



unit 900 based on the GPS and/or cellular system Processing unit 914 may
further inplenent the virtual real-tine clock based on the absolute tine
information obtained fromthe GPS and the relative tinme information
obtained fromthe cellular system \Wen requested, processing unit 914 can
esti mat e VEHIBIOEE3% i ne at a designated time instant XREYSPYEPWES hi s
absolute tine estimate to a requesting unit (e.g., GPS receiver 912a).

[ 1084] C ock/counter unit 916 is a tif#®r unit that provides the clock needed
by various elenments within receiver unit 900. C ock/counter unit 916 may

further inplement_a counter qQr a tiner that i s_operated, based on the cl ock.
The tinelin 05 r F¥ca affnitoplggentationy b, Vérﬁ‘f"éc‘l%i“]\'f@"y sk ePAY i¥d by t he

counter out paflemdnledBith MaBmEY (Ui froRdlfess H@IcBEnsY afid 66! Sn)dRhiBparRaa tRY .
processing unit 914 and/or caontroller 920. For exanple, nmenmory unit 918 may

store the tumFiRys descHbedcherei o ipeteftiare cpdes gnay bgistased iper PEHYIY vpibke-&rar i ous ti me

instants, cagRikeshs inMECOT0h S84 Sxec®ll b§% Protessor MBI poddRidly FASoRY; al so store
program codes and data for processing unit 914 and/or controller 920.

[ 1086] Cont Feiteler 9300 Thayregioneent ayde spalpmenteshwdin fregewsspigy examel 914, For
exanpl e, cogfQ k;}o%ss&?ﬁ W S&d £€in ﬁefb%nﬂﬁlmchﬁ}ély%ﬁblg@ﬁﬁtg%ro@&%r@ﬁd on to be

performed by processing unit 914. [108/] The rethod and apparatus descri bed
herein for vesuemeMmsiapty kaows mttesdt. real - time clock and using it for various

application bey. t ! : 1 dwar e,
sof t war e, o?logﬁ%ongp énﬁgﬂﬁ?h@?g%s. X‘%E)r%bgg%ﬁg}r%ﬁg}mep 13%1’%%%%‘?%‘? ?%n, t he

virtual reakmeicipek giap bk usedyn wasiohsirelere aomprunicativn syseres and nptwogks. Fpnl i cat i on
specific in j i i.qi i glﬁl,lnﬁr SPs) ,
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m cro-contr L CEOPrCe , ot I i i iggned to
performt heg}lf‘ﬂl}ﬁ%b?? Shaghagéesécri ge%%ﬁg’r gllgn?ﬁf(‘iar‘@asﬁg%%% ti r%érﬁﬁﬁej(ralgo T WO

2004/ 088880 cHERNUEASFAS,0VIINGA, 2l o188 The ARMA syaénsvmpeimpiphean®iMat i on, t he

Funct ons. - &5 o i e dipakMwPRRRLCR b MEMLES L o " T °
sof tware coddeemey be stored in a nenory unit (e.g.,

[1090]  The previous description of the disclosed embodiments is provided to enable

any person skilled in the art to make or use the present invention. Various

modifications to these embodiments will be readily apparent to those skilled in the art,

and the generic principles defined herein may be apphied to other embodiments without

departing from the epirit or scope of the invention. Thus, the present invention is not

intended to be limiiecl to the embodiments shown herein but is to be accorded the widest

scope consistent with the principles and novel features disclosed herein.

[1091] WHAT IS CLAIMED IS:



menory 918 in FIG 9) and executed by a processor (e.g., processing unit 914
or controller 920). The nmenory unit nmay be inplenmented within the processor
or external to the processor, in which case it can be comunicatively
coupled to the Jorocessor via various neans as is known in the art. [1089]
The met hodVAARY+ARS at us descri bed herein for inpl enentBGTESAONIBYal real -
time clock nay be used in various W rel ess comruni cati on systens and

net works. For exanple, the method and 2apparatus may be used for CDVA, TDVA,
FDVA, and other wireless conmunication systens. These systens may i npl enent
one or nore applicable standards. For exanple, the CDVA systens nmay

i npl emrent | S-95, c¢dma2000, | S-856, WJ@I‘S and so on. The TDMA systens nay
i npl enent GSM and so on. These various standards are known in the art and

i ncorporated herein by reference. [1090] The previous description of the

di scl osed enbodi nient s A methedfor thgdenatiegaiiteal raahtimp eloslobrsgker tinsd i n t he art
to make or use th esent | ion.. Various nodifications to these

- enbodi nent s \l/ﬁ??rf“a ‘)erpé%%gﬁu§él%(§2c%'én“1uf %{'%P ﬁ‘t’)sgegl SKITHEE% n the art, and the
generi c princi pl escaitdhg shaduteeineimfomeyiot fompphirstedminoniodtioe sysembhodi nent s

w t hout departing fromthe irit or scope of the |nvention Thus, the
- present inventi on’%"f"%Vi Iﬁ%{eianrenérg%l zod_m?tbonﬁgmp? ?fcf?’glacofngmf’ﬁ%mé’r%‘g‘a?’r% ts shown
herein but is to previdng e ektichatelod absioliesime a8 6 d@Epnawad Sing b taht basddrontthe

princi pl es and vel features disclosed herein. [1091] VWHAT IS CLAIMED I S:
W0 2004/ 0888 AT B bRRR I sILe lEBS?‘iE‘B}RP%E“E’E‘.SY eHRP B8 YR PRI ement i ng a
virtual real nifériaticd RakK teasedd osimbhhdi@tion siktemmat i on froma plurality of
comuni cati on systens, conprising: receiving absolute tine information from
a f/irst communication system receiving relative tinme information froma

second conmuni cati.on 9%s hthod ahdaim etiéreln fig AR copiiBitneistabR@eut e ti me at

a designated ti i nst.ant, bas n e absolute tine informti fromthe
i ret CommunCISH TREyRE SHtaR (s dnd BF ARPOE WieaforPHeD PRGOS om ¢ he
second conMuging fdriabRass ¥ad @he indantThe met hod of claim 1, wherein the first
conmmuni cati-on systemis the d obal Positioning System (GPS) and the
absolute tine information conprises GPS

3. The method of claim 1, wherein the second communication system is a

=

cellular communication system.

4. The method of claim 3, wherein the relative time information comprises

frame-level timing.

5. The method of claim 3, wherein the relative time information is received
( via a plurality of signaling messages, and wherein 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.



time for at least one tine instant. 3. The nethod of claim11, wherein the
second comuni cation systemis a cellular comunication system 4. The

met hod of claim 3, wherein the relative tine informati on conpri ses
frame-level timng. 5. The method of claim3, wherein the relative tine
infornathHZW%“?%%%ived via a plurality of signaling RaSERHEL0938d wherein
tinme difference between any two C signaling nessages is ascertainable. 6.
The nethod of claim 1, wherein the abs®l ute tine information conprises
absolute tine for a first tine instant and the relative tinme information

conprises first _and _second si g\n,al ing nmessages received at second and third
tine instants, r?aspe@fhie\’i‘éflr&?d‘)f A W thes GemPHEMEhsol ute time estimate for the

designated tine iJnbiadid the Felitds fhe AifornRE&T frovh theRadohd StnrkifcaBBS§hstefne tinme for.
the first time instant _and a _determ ned tinme difference between the second

and third tiPA%dPrEieahsodute vipe ddometrdEabthpinst CRpOUIaEeR®e™ 26 7. The met hod
of claim1, further conprising: calibrating the relative tine information
fromthe second communication system based on the absolute tine information

fromthe first cémmurt gthod forpyayiding angstimatpfiahenlute Gme pased iy an estimate
of absol uteiﬁﬂoﬁ%ﬁgﬁﬁaﬂagignmcy‘sfcdnmlmca@&n's%ee&g,em] sk gural ity of

conmuni cati on systens, npri sing: obtaining absol u time froma first
communi cati on syshtaimng gpsolite tipefrom a figst compygumgation sysiewmifon afysind r st si gnal i ng
nmessage fromg@,pecond comunication systemat a second time instant;
determining a time offset between the first and second tine instants;

recei ving a secovredeisingnfirgt signaling swgsageffrovma scendseoponicetismsysiére atd on syst em at
athird tinga&ﬂgﬁgghﬁmgpternining an el apsed tinme between the second and
third tine instants; éternmining a time difference between the third tine
instant and a f odeterminipgreting pEsetbatwecatiet fpstoud ehicorg tare ingatityrat e of absol ute

time at the four I‘eQei%lgﬁ sbddsid ﬁgﬁalig}?ﬁ)@sgag%@roﬁrl"[ﬁe second communication system at

a third time instant;

determining an elapsed time between the second and third time instants;

determining a time difference between the third time instant and a fourth time
instant; and

providing an estimate of absolute time at the fourth time instant based on the
absolute time for the first time instant, the time offset, the elapsed time, and the time

difference.

Q, The method of claim §, 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:



absolute time for the first tinme instant, the tinme offset, the el apsed tineg,
and the tinme difference. 9. The nethod of claimsS. wherein the tinme offset
and time difference are each determ ned based on a |local clock. 10. The
met hod of claim8, further conprising: obtaining absolute time fromthe
first cormURAi2BEBEI systemfor a fifth tinme instant; dGHEOEOMPENg a
difference in absolute tinme between the first and fifth time instants, and
wherein the el apsed tine is determ ned XJased at |east in part on the
difference in absolute tine. 11. The method of claim10, further conprising:

WO 2004/ 088880 PCT/ US2004/ 009306 . 27 det er ning. a frame peri od for the
second cormmuni cat ?WW@@%W@%F '%%BPO%WS‘FWE’%TPF? &tnce in

absol ute timgy MMff&’elﬁbeﬁxhﬂas@lh@mdanﬁl\ﬁlﬁrdxﬁthdah}ﬁédﬂlﬂed defeagifich on t he
frame peri od. 12 The met hod of claim@8, wherein the first and second

signaling rre?é%&ﬁ@%t edapePetiidsni tted at known |ocations in two frames. 13.
The method of claim8, V\/nerel n the first comrunl cation systemis the @ obal
-Positioning System 14. The thod of claim8, wherein the second

conmmuni cati on system |T§Ie&’eﬂ’@él"f‘di“5‘r3 (‘YB?Fﬁ’ﬂrWecfgﬁtiaBﬁS@%"(W‘%mSWé? net hod of

claim 14, \Ahgfeqiaﬂsﬁn@dgt%@&d M&atbhd 1R rhdfrhdgat i on conprises frane-1evel
-timng. 16 The method of claim 14, wherein the cellular conmunication

systemis operated asynchronously. 17. The nethod of claim 14, wherein the

cel lul'ar comuni cgj i Or'l"hé}‘fﬁhﬁﬁfbfamﬂls %&‘Eﬁyﬁfﬁ@coﬂaﬁmml%n@%ﬁéﬁ?g af claiml7,
wherein the first and second signal I ng nmessages are synchronization bursts

transnitted &Hobal BgsitionmeAysemi on channel in the GSMsystem 19. The net hod
of claim 14, wherein the cellular comunication systemis a WCDVA system

( 14.  The method of claim 8, wherein the second communication system is a

cellular communication system.

15. The method of claim 14, wherein the relative time information comprises

frame-level timing.

16. The 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;



20. A nethod for providing an estimate of absolute tine based on tine
information froma plurality of conmunication systens, conprising: receiving
absolute time information froma first comruni cati on system W) 2004/088880
PCT/ US20041009306 28 receiving relative tinme information froma first
transm t & 20000888%econd conmuni cati on system recei viPEHUSN0M09¢ t i me
information froma second transmitter in the second conmunication system
and providing an estimate of absolute2gine at a designated tine instant
based on the absolute tinme information fromthe first conmunication system
and the relative tinme information fromthe first and second transmtters in
t he second comnfﬁ?ﬂévaﬁﬁréﬁnwg’@%‘ﬁfomﬁnfrPﬁbaﬂfé"ttFP@&n’é‘F“BIaéF“r?Péo further

conpri si ng: cEehedicHibh §Sed; di fference between tining of the first and second
transmtters, and whérein the absolute time estimate for the designated
time instant is ®ephvingaplabyestiee pfermajion frpe 2eaensdamemitterdp dysecopét ween t he
timng of t e d transmtters. 22. The nethod of claim 20,
wherein theggﬂﬁ]{sngl&gﬁlg sggloﬁgntransm tters are asynchronous. 23. A nethod
for providing arpregdingen estmhte ghalsplytedime ae designadd gme fistapt baseffarthat i on from a
Plural ity Ol GRATHAL GRS TR G Frs, &AFRInIcalEy OB B Ba@leut e U1 e from
a first comnication system Irst tinme “Instant; receiving a first

si gnal i ng nmfglagemfﬁr@mla ikt e secondrisnsmittess ini the secerslnommbunisatomsystent i on system
at a second tine instant; determning a first tinme offset between the first
and second tine instants; receiving a second signaling nessage froma
second transmtt2r i ﬂhchethséobﬂdm%oﬁmhﬁmcompﬂm syst emat a third tine
instant; determ A58 ffse € dthird tine

i nstants; and p%éé\;/lll%ﬁl ﬁga (%fr?lé}gasc%:brmf& Jn? %Bpt%% rr%mgthmzhﬁ&gl gnd;t ed tine

i nstant bas edicrin thedsslute kime pstimtateofor the desdraot tite mstamm'sfﬁuthet basedanrtbd ti ne

i nst ant andthesc off { f cl.aim?23, further
conpri si ng: recel %’dof?mnc%ﬁgw asi gnmfligﬂfgm?rg%%gﬁgase‘fond%a?sﬁrgt Ccond transmitter
at a fourth tinme

D

22.  The method of claim 20, wherein the first and second transmitters are

asynchronous.

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

obtaining absolute time from a first communication system for a first time
mstant;

receiving a first signaling message 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;

receiving a second signaling message from a second transmitter in the second
comumunication 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, further comprising:
receiving a third signaling message from the second transmitter at a fourth time

instant; and



i nstant; and WD 2004/ 088880 PCT/ US2004/ 009306 29 determning a timne
difference between the fourth and designated tine instants, and wherein the
absolute tinme estimate for the designated tinme instant is further based on
the tinme difference. 25. The nethod of claim 23, wherein the first and
second tr awet08¥380 are asynchronous. 26. A net hod forP@idisediFionging a
position of a receiver unit in a wireless comunication system conpri sing:
C obtaining absolute tinme froma first ,@omuni cati on systemfor a first tine
instant; receiving relative tine information froma second comuni cati on
system estimating absolute tinme at a second tine instant based on the
absol ute time fordetapiinirsatiee difference hewaen thefrurth el desigeatsdtime insrents nf or mat i on
fromthe sec on of the
receiver uni ?%%gg F%?@P%&ggéﬁ%ﬁ%g&ﬁoso &ha&t?ﬁﬂg@t%lb%gte for the
second tine pmﬁleaxme_dlfﬁemnc%e met hod of claim 26, wherein the absolute tine
for the first time instant is obtained froma position fix determ ned for
-the first tine instant. 28. The nethod of claim 26, further conpri sing:
going to sl eep f ol5.a dbe sethod obflaini Fewhratingde dirdt hed se¢ongitrapmittgeasnd time

i nstants &}%q based on an estimated stability of time for the second
. comruni catl on em 29. A nenory communicatively coupled to a digital

si gnal processi ng devi ce ( DSPD) capabl e of interpreti ng d| g| tal information
to: receive absolyte t| et i S i.on system
receive relative TIne |n o{r’c{r}é fjeg% "(')grﬁ%)sglg Sg%jre%cévr?{rﬁlﬁll 1clglat trll system and WO
2004/ 088880 aﬁﬁbwﬁ&ﬁﬁﬂéﬁ@ﬁﬁ&ﬁnprﬁmgprow de an estinmate of absolute tine at a
st gnal e e S RS T P AR il e LR Trom the
firgt communicati P End ' RE ¢ Erat Ve g system 1o

instant;

receiving relative time information from a second communication system;

estimating absolute time at a second time instant based on the absolute time for
the first time instant and the relative time information from the second communication
system; and

determining the position of the receiver unit based at least in part on the absolute

time estimate for the second time instant.

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

instant is obtained from a position fiz 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 commuiication system; and



information fromthe second comunication system 30. A conputer program
product for providing an estimte of absolute tinme based on tine
information froma plurality of comruni cation systens, conprising: code for
receiving absolute tinme froma first communication systemfor a first tinme
i nstant; WOReH0g888p ecei ving rel ative tinme informati on FGBES2004802306d

communi cation system code for providing an estinmate of absolute tine at a
designated tinme instant based on the spbsolute tine for the first tine
instant and the relative tinme information fromthe second comunication
system and a conputer-usable nmediumfor storing the codes. 31. An apparatus
for inpl ementi ngP&YVige a1 eshimaie ©f pbsplufpetingd) ob & deskpnated|tipg insiapigbasqdremdbarat i on from a
plural ity ofunGhiiil fdrhatfort¥oth BT CHMRENSHB0e SRR oGl RifiheV NQ 3

representation of a tineline; neans recelvi'ng absolute time informtion

from a fir stinfeomrignfromtthenacondgempmpicaieanystelior associ ating the absol ute tine
information with the tineline; neans for receiving relative tine .
information froma second communi cation system neans for mapping the
relative tinme inBorneh conpues prdgsan proddct foe prozidhg ae asisnateef absobye dineg an
estimate of 1d . ' ' | timeline
based on theﬁ%ﬁgégﬁgtlé%@gg%ﬁ%g%ﬂ rrenﬁﬂﬁcggéﬂrlr'a ?%oﬁ%g%%&st ggmpnr%s% ed relative
ti me i nfornmati oncoddZor rédeeyirgmbsolett tisie ddomc fastrpBdpnivdiengystent foe atfrsrel | ne
representati.on .i Sh%n provided by a counter. 33. A receiver unit in a wreless

comuni cat i oR Ve ¥m conprising: WD 2004/ 088880 PCT/ US20041009306 31 a

first receiver opsiedtire@iving phioaise isfognaios ffomanseeoniicommugicatisuni cati on
systemto prfo[vi de absolute tinme information; a second receiver operative to

. cm . . . . .
process si gnsg S froma second communi cation systemto provide relative tine

i nformati on; andcode for providing an estimate of absolute time at a designated time instant
based on the absolute time for the first time instant and the relative time information
from the second communication system; and

a computer-usable medium for storing the codes.

31.  An apparatus for implementing a virtual real-time clock based on time
information from a plurality of communication systems, comprising:

means for receiving a representation of a timeline;

means for receiving absolte 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:



a processing unit operative to provide an estimate of absolute tine at a
designated tine instant based on the absolute tinme information fromthe
first comunication systemand the relative tinme information fromthe
second conmuni cation system 34. The receiver unit of claim33, further
conpri si ng¥O30HOFE8E0 uni t operative to provide a represd@TAS2YHB06G tineline
to which the absolute tinme information and relative tinme information are
mapped. 35. The receiver unit of claim®3, wherein the first receiver is
operative to process signals fromGPS satellites. 36. The receiver unit of
claim 33, wherein the second receiver isS operative to process si Pnal s from
one or nore base HIStTEEAT PRETAIVE K ITOqesy SIS et coMmEctm sysiem ot g

recei ver uni prg¥fdeGhd® @ds intde@i®Inn the processing unit is operative to
receive an absolute tinme for a first tine instant fromthe first receiver
and to deterni ne &secoNdFeceHt QpetativpiopieshsssHaaly frpm sqoRd comBEFionnd ti ni ng of
each base st gfdioRGAdMEGRYinteNBformAANMAdr eCcei ver. 38. A receiver apparatus
-in a wreless comuni cation system conprising: nmeans for processing

signal s from a fi#%BPRCEHRHRN il w0 pyoyide an e pbelutetbacitat e ti me

I nformation; JeBaARa itk _iﬂfaﬁ%?e’iii AdhSiIBak %ig:ferir%?n?ati%ﬁ-&ﬂ theGpgMUNI cation system

-to provide relative tine information; and neans for providing an estinate
of absol ute tcoRBuBeation gesteiand thegelativeetimeigfoanatoniigadbe weondhe absol ute time
i nformation {ram &8k kyskm COMUNI cation systemand the relative tine
information fromthe second comuni cati on system

34.  The receiver unit of claim 33, further comprising:
( a timer unit operative to provide a representation of a timeline to which the

absolute time information and relative time information are mapped.

35. The recetver unit of claim 33, wherein the first receiver is operative 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 detennine 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
absohite time information;

means for processing signals from a second communication system to provide
refative tirme 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 systern.



