WO 031093859 18 Cctober 2006 1 SYSTEM METHOD, AND APPARATUS FCR
GENERATI N& “]' NG SI'GNAL BACKGROUND . Field of- the Invention [00011
This inventi o &l ates to wirel ess comunications. B8<Qctohers00s ‘
‘Rel ated Art [0002] Position determnation has becone si gni ficantly easier
and nore accurate since the devel opngnt of positioning satellite
systens. One exanple .of a.systemof positioning satellites is the

NAVSTAR G to ed. :

VSRR G S ont YR OBLASH %ﬁ%%‘i&?@?@#ﬁ ARBRERE:  on, 2nc

edition, June 2, 1995, United THIMd NAduard Navi gation Center, .

Al exandria, VA). Another exanple of an existing systemis the GLO\IASS
~GPS mai ntained by the Russian sitioning satellite systems

< under pl anni ng include the Eur 5@@“‘&#@%@@@ proposal . GPS receivers are
currenﬁ)ﬂ av IabI o for.usein aircraft, ships, and ground vehicles and
‘for h Pﬁ@‘ iap | ndi vi dual s. [,0003]_ The NAVSTAR GPS provi des for

thirty- two satel lites or "space vehicles'. (SVs) (twenty-four are

currently i)DYPThﬂshﬁ\Fen%MélatE%v@i?éléé&cbﬁnﬁin&a% tal planes (four

satellites in each plane). The SV orbits repeat- al'nmost 't he same ground

" track. as the earth turns beneath them each day. The- orbital planes’ are

equal | ed with respect to the equatorial pl ane, thus
ensun%‘é&% %ﬂoqdi&rlliet%gf‘a‘ljsal ght path exists to at least five SVs from. any

(unobstruct ed) point on the earth..[0004] Each SV 'carries a highly
. urate atl®fDZ] Bosiibdn tdhmrmnstlmy et ibecome dignificantly crasien atd meorbameurate
/-{(C)und bas d rmiltor t|o nal s f omthe SV:

%
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Navi gapdsiivndit atélliths iSVhe NPCRSTAR rca@balomﬁuaﬁﬁlccsyrst eglimﬂr(asea@sbns@t gllite
" fromthese nodel s and are uploaded ‘to each SV. ‘Th en trémsmts a

navi gafiohal hesideniae tyalem swndard Sositispingniaryise SignahSpagifiation; £4° gdisiopy on.
[ 0005]y458ch 995! LARSH dtsed @aﬁaﬁbﬁétNﬁﬁ%ﬁﬁﬁS@&ﬁe@tAI@xﬁ%ﬁl V@be % Stgs.ﬂf that

bits-per sécond -via a di rect sequence spread spéct rum si gnal
i s BPSwafipimel §n pristing sysidne is the [FIHINAFSJoP S rendntained by the Bﬂm@wbbm ri.er:

B e e It

recelvers are currently avaﬂable for use in alrcraft shlps, and ground veh1clcs and for hand

carrymg by 1nd1v1dua]s _ , .
{0003] The NAVSTAR GPS prov1des for thlrty—two satellites or ‘space vehlcles .
(SVs) (twenty—four are - currently actlve) that orblt the earth in six orbital planes (four
‘ _  satellites i in each plane) The SV orbits repeat almost the same ground track. as the earth
C turns beriedth them each day. The orbital planes are equally spaced and mchned with respect
' to the equatonal p]ane thus ensunng that a line-of-sight path exists to at least ﬁve SVs from
any (unobstructed) point on the earth. ) ) ’ |
‘ [0004] Each SV carries a highly accurate atormic cio}:k that. is synch'roﬁized to a
* common time base. Ground-based ’ monitor stations. measure signals from the SVs and
mcorporate these measurements into orbital models for each satellite. Navigation data and
SV clock correctlons are computed for each satellite from these models and are uploaded to
each SV. The SV then transmits a navigation message that includes information relatmg to
its posmon ‘

[0005] Each SV ttansmits its navigation message at a data rate of 50 bits: per second
via a d1rect sequence 5pread spectrum signal (DSSS) that is BPSK (bmary phase—shlft—
keymg) modulated onto 2 1.57542:GHz carrier- (also called L1 frequency). To sprcad the

- signal, each SV uses a different one of thirty-two pseudo-random noise (PRN) seque.nces '

'{J



- SUMVARY"

WD 03/093859 18 Cctober 2006 2 (al'so called, coarse acquisition of CA
codes) thas have a chi.p-~rate of~1. 023 MHz and a | eng of 10 chips. =
‘The -spre;{’g{’ﬂﬂ“?gﬂ’es are ali'gned’Wth the conmon ti meigzg%to&’ﬁ& W0e at
every mllisecond. [0006] 'A GPS receiver calculates its position by
conbi ning data fromthe navigation nessage (which data indicates the
position of the SV) with the delay of the signal received fromthe SW
(which indicates the position of the receiver relative to the SV).

Becaust@lsefcalled ¢anesesadqnisition ar&iAicodes) that hans dehip rate bhil 023 MEe aivba lERSH i e
base, sigpal g f | - VS . ar. cal ly. ' |
pos 11 BrFePR e N S SitB ol kS SR hEPSPon ki il et B8 7 °

avai | apiiBjecony. be used to provide better accuracy. [0007] Prohlems in GPS
-si gnal detection .occur en-a GPS recejver cannot }_ receive a. '

| i ne-of - si gﬁ'ﬁ'ﬂ& '6_@_‘5 FRSRiCECEB PR RPsi i BY Forgbintigsdaty fromyke pavigation
envi r opggRts (WEicH data’¥ l&%ﬁt}?g He ﬂﬂégg)i%hgff Ry vFiﬁ:eﬂhgdeTGaSwof ithe SB¥allEceived

di fficul't or,- inpossible for a GPS receivef to nake an acclirate position
det er niroat thoibV [@bieBlindicgse theqiositienicf the reseives relitiNe torthaSiit tRecauseaef '

" recei ves. OnNe Or DL S | s engkates,.and .tr mts. :
aver ofieat ™ e rERRRs af e RS ORI ARG BB o
sequenﬁ*@s a&Btypimnygéqﬁ&dabe?iMe apsdiureth mgesdih&_hki;?ﬂs:sﬂtm?gh sig;&mh fioged bz
a pseudp).ite ener, .and transmt the C/A waveform |If the timng anc
oottt it S BE AGTbE) S Se Bt IO O P SFOERSE on ¢ hen 1 he |
transm t t edpo@py PRLRIDN T GPRYsibf] Weeetid nilKercar Rhehtd OPSOBEGTE ARbbON. -

[ 0009] Pseudolites may, be used to augnment GRS coverage.. Unfortunately,
pseudofeceirg arlingepirsishy signab from & pyfficieny paberfof i son® @istriepd eopnments

satel | jt ﬁﬁg@%gﬁ @A&%ﬁ%@mg?@% ,%;ﬁlag bR t%ékmééssi%veafok FRUBY reCeiver

, el’ess tommini cations according to one
‘enbodi twemtkeodn dcheratenueasitianaletdrmilatides obtaining a first tinme base froma

. signal rece fir.om round transmtter.. For exanple, obtaijin he
i oen o e TR SRttt i Shec S e Gy s SRR G
si gna: ar&h@ématégaﬁditﬁ@s?;tbidrEiA nvaze;'gfmini @mttﬂels;;sg[gl fc?ﬁgﬁtff@uérﬁiyei ¥edhe -
signal . taining the time € so include synchraoni Zing an -~ -
osci | | Bléo\%z%&a%fﬁwtw& g{&tc%f’ﬂﬁ%?s 3_3 tkf&aéh g’grPé'? &pbﬁsﬂarﬁa&ﬂéé@ﬁaﬁw ' the
first HaBeRRsEbY S RBAMIACH SdneMi@ai] @RRknit MECTAVRE oA B (RABGISE 8hd ON
of a network for cellular tefephony (e.g. a CDMA base station). [?)011]

Such apesitioroef apeendplitel ara&gowp Hithi high arssisiare thanrthe danenited C/Agvavedomm r st

time ;

may be used to make a position determination. _
_ ~ [0009] Pseudolites may .be used to augment GPS coverage. Unfortunately, =
" pseudolites reqﬁire a line-of-sight signal from one or more GPS satellites and are useful only
where a GPS signal is available. R o ' | C ) _
| " SUMMARY t

[0010] A method‘of wixeless.'r'conununications according to one embpg:liment c}fi the

- % invention includes obtaining a first time base from a signal rcceivéd from a ground

transmittef. For example, obtaining the first time base may include obtaining a code phase of

the received signal and/or decoding a time information message from the received signal.

Obtaining the first time base may also include synchronizing an oscillator or adjusting a

counter or code generator. In one example, the first time base is obtained from a signal
‘received from a base station of a network for cellular telephony (e.g. a CDMA base Station).

{0011] Such a method also includes applying a predetermined offset to the _ﬁrst time

base to obt{ain a second. time base. The predetermined offset is based on a propagation delay

of the received signal. The predetermined offset may also be based on signal processing



. an inplenentation 1102 of task T10

- base t'o obtain a second. tine base. The predeterm ned offset is based on
~a propagation del ay . @f ~t.he reegiyed signal. The preijg':(ﬁr | ne f6f set may
al so be b¥©3/08¥85%i gnal processi ng WO 03/0938-59 18 ¢y 3 ‘
del ays and/or other signal transm ssion delays. Obtaining the second ‘tine
base may include synchronizing an osc%i Il ator or adjusting a counter or
code generator. [0012]. Such a 'nethod al so includes generating-a timng, -
signal that has a code phase  based on the “second tine base. For
exanpl edeliyseand/od ethehsizealoftanshéssionndelys.s Optdhingale Sonditingrbast inay tnchidse
base of a positioning.satellite system (e.g.. the NAVSTAR GPS). BRI EF
DESCR OBEINELHE %géme'sa@é%‘aa%“@sw qodergsReratoTs | owchart of a met hod
MLOO accor di ) ' ts t ' t3.00 1. SROWS
% MO13105 2R LHBGEH TR mclﬁge-:s ga[ﬁ%fg%\é%a gﬁl%éi@%@g%ﬁs %&Bﬁe Phadaow

" i npl enebased optheTs@and timegbase T 100 . exafple] i doideiphEsesofhevgmiag signal may be

bl erhEe 8 20881 Rk MG St SR Re AT A "Sl agram

of an apparatus: 100 according to an. enbodi ment of the invention. [0019] -

FIGURE. 7 is a block dj N.i e -af i : apparatus 100.
[00201 FIGURE 8 is a ﬁqﬁmﬁé@%&ﬁ%ﬁ%g’%& 200 of apparatus.
100. - [0021] FIGURE 9 is a block diagram of an inplenentation 202 of

. apparatus 200013j[HIGIAHE FlsebiRE 2 Hvichar@obh aRthod MIO@ R diRdtd AidntoRhadti on

- 300 of a tEa_rat us 100. [0023] FIGURE 11:is.a block diagramof an .
i npl erre‘#{. ¢ IYPNY? - of apparatus -300. [0024] FIGURE 12 is a bl ock diagram
of an.inple t 5 0f: J:14 GETAL L SCRI PTI ON [ 0025] .
QJ Ta0id 2 sR&w@&Pﬁﬁ@%fg&ﬁrg%‘?%ﬂ ’lc‘)b kb doE

FIGURE 1 shows a flowchart for -a net according to an enbodi nent
- of the i nverd00HH FIGARE 7 showem anplgmentétiorsT104 efgaskaBH0E r om a si gnal

ool es a pridACTHEC ERIEI bttt TOSEREETT, Lhcarn a second
T B0, e e st € st
phase is bai@@i%:ﬁﬁ%@e{&ﬁdat?ﬁé{ Hi{%am[ 8H 2 am a‘}“gc@%@ﬂc‘g gRalo My be " -

" modul at @abREESH: OF BB iheer@dnanp! i tude nodul ation (AM: schenme such as OOK
(on- of f keyi[g(cﬂg;] f-requencglshift keyi ng (FSK) schene; a phase S

P?[GURE—_'? is a block diagram of an implementation 102 of apparatus 100.

[00’._’.0}; FIGURE Bis a block diagram of an implementation 200 of apparatus 100.
- {0021] FIGURE 9 is a block diagram of an implementation 202 of apparatué 200.
‘ _[0022] FIGURE 10 is a block diagram of an implementation 300 of apparatus 100.
_ [0023] FIGURE 11 is a block diagram of an implementation 302 of apparatus 300.
C L [0024] FIGURE 12 is a block diagram of an imp16mentat_ion" 305 of apparatus 300.
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DETAILED DESCRIPTION

[0025] FIGURE '1. shoWs ﬁ-ﬂowchart_ for a method. M100 .acdording to an .

embodiment of the invention. Task T100 obtains a first time base from a signal received

LN

from a ground transmitter (‘the received signal’). Task T200 applies a predetermined offset
to the first tifnel base to obtain é second time base. The predetenniﬁed offset is based on a
propégation délay of the received signal. Task T300 generates a timing signal whose code
. phase is based on the second time base. -
- [0026] The received si gnal may be modulated according to an amplitude modulation
._ (AM) scheme such as OOK (on-off keying); a frequency shilt keying (FSK) scheme; a phase
. shift keying (PSK) scheme such as BPSK (binary PSK), QPSK (quadrature PSK), 8-PSK, or |
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- shift keying (PSK) schene such as BPSK (bi naryPSK), QPSK ('quadratur‘e '
. PSK), 8-PSK, or 18 Ost-oberi.i2Q06,,; WO 03/093859 4 S&g&f )LZOEIESK) a
m ni-mum 3o fsodeess ng (MSK) scheme such as GVBK (Gau -
m xed scheme such as QAM (quadr ature anplitude nodul ation). In certain
applications, task T100 obtains the first tine base froma terrestrial
source that maintains (or that has better access to) a nore accurate
time base than is available at the point of reception. [0027] In an

exenpl ca of _net hod obt ai t t time _
base f@%@&%ﬁ%ﬁizgg&’e‘? ALl MR Fﬁ%qﬁg M}lﬁ%‘eﬁ’tﬁ Sélc \%{}ﬁﬁﬁf Wi 4% ess
coNMMUNMSH); @0 miedr sch¥@earheh ab mMe%aﬂém@@m@m@emﬁbmmnb OIinC&rtait] ar

t el ephony. such as -an AMPS 2Advanced bi | e. Phone System) network, a GSM
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TI A/ El B exdiisfie Athe nétii2 004 W BEJ;&S&H ForNEelMMdrKte 2 Khkh' as RHOAMEEEd in
May 2001: TIA/ ElALIS-856, '"CDMA2000, H GH. RATE PACKET DATA AIR

I NTERFidvanegseylpbidey TPlegge” S@’ﬁ‘lsm)sﬁ%tamrk .n aNEHEM b dBlelpyoSystem  for Mobile
TIAEl &&&&%ﬂgo&j%etwo&“gm{ﬁ% cIFC]ﬁ %%@ &@Q@ﬁdﬁc@&pﬁﬁﬁ%n

published i n Mar and the other five document:'
of t helﬂ@ﬂ@@@cge} signdards aweh meacﬂmn@nmwm Indoara SERVREE/ERTraNS F )

R AR o T i SR 05 PHAARN9E 05, 4RO A S mihOR et

-networ S conminicat  ong 'oné~or nore repea
wher e SEMT@Hp@MATBEJI’D%SSMDM &mitn"l]ISAE MO@EWVIDM SEREBD a

opetr oSPB e B AR SRS B B ey A BRSS ALY T
Al t er natDXEAID00" SVERLEESS MY NETWASKK ! STANBARD, hepultfsh&Ctihv 8is0vIomage
~area of _a base station in a sparsely.po uIatedT( .__rural) ion. In":
come CTUAEIALS E56eat CPMARNO; r e RATE| PARKEL g memsﬁgﬁmthe
one | spBCEARARIONgr (o ghunbitad ot noWRbbe  HbGANSTIA A Sl ApRl At om

- the origrna or-to iIdent signal "as being transmitte
repeat éH\}TR@BUGSSl@&{)I d0 a Gl2idéa0er chI'ﬁeNDSB@ CIH@RSlWAEHySPECTR’LM

_ ;Lgﬂ;eg%?[MI o glé%ﬂﬁg an ijﬁ%cnliggﬂﬂ Iaﬁ%tdb%%@ge ve décru%{]e%gs] &5 t'ho TS-%BH() 3Lridl?

and TIA/EIA/IS-707-A; “DATA SERVICE OPTIONS FOR WIDEBAND SPREAD
SPECTRUM SYSTEMS,” published in April 1999.

[0028] A network for wireless communications may include one or more repeaters, («/)

where each repeater receives and retransmits a signal transmitted by a. base station. Such
devices may be used to provide signal avaﬂabﬂlty in obstructed areas, such as urban canyons :
or subway tunnels Altematlvely, repeaters may be used to extend the effectwe coverage
. 2 area of a base station in a sparsely populated (e.g. rural) region. In some cases, a repeater
may transmit a slightly different signal from the one it is repeating (e.g. to dlstmgmsh the
 retransmitted signal from the original signal, or to 1dent1fy the signal as being transmitted by
~arepeater). For example, a repeater of a DSSS CDMA signal may frequency-modulate the
signal slightly before transmission and/or may apply a different spreading code. In another
application of method M100, task T100 obtains the first time base from a signal received
 from a repeater. | | .
' [0029] In some.'applications of method M100, the received signal is a spread
_spectrum f;ignal. Such a signal is moc_lulated with a fériodic spreading code (e.g. a



application of nmethod MLOO, task T100 obtains the first tine base froma
signal received froma. repeater [0029] In some. applications of method
MLOO, thewiusaiosssd si Ghar''i's" a spread spect rum si gndB. Ostabrera28@nal is
modul ated with a periodic spreading code (e.g. a WD 03/093859 18 Cct ober
2006 5 pseudorandom noi se (PRN) code) that has a chip rate nuch higher
than the synbol rate of a data nessafe carried by the signal. In a
direct sequence spread spectrum (DSSS) system for exanple, a data
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" the rezsethgmﬁmraqrraﬂet@mgedameﬁemacer| er dem)dul ation) to obtain the code

. applic&tion,
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ma behaeifs bl & &e@aﬁ?to@tne epraadzﬁg Eaée vrlﬁaafhe'xecambwqe . QYef ca@m

interval Qﬁg}reater than’a period he spreadi ng code. furt her
appl i céemeshrlasfoniin hbtdlnl\mggodftmse ré”lr;ema@(ﬂ&rtqua 1lrﬁlarsa3a01ntméh¢ n@dﬁm(ﬁ on

' F s
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-m nut es, secon portionsS Of Seco erm ned

rel ati ARCt[—ﬁTEﬁﬁ" UREEFOR AMPRIEBADBPECTREAM WTIDMSYSWEM%M@& age .- -

. may aI d Vi t e, at
o oh et bpbados, QARG 66 SR TEERat TERAS RRCHRR " WliBE
i"mpl enajﬁe@dﬁnfgrbrﬁaﬁn&h rhcsksqta8 Ostihaion®MVIge) dpged.or med in such an

appl t cation, Task T120 obtains a tine informati on nmessage fromthe

recei ved si O3] Ttrery lascdorirble to ghtainma time hage rhﬁt:rsuwéméeéem PNST PRATErRR
i nf or N, I

SR S5 i bf 08 DHRCHETRALL B4 Sl it RShontld 11 G
despr eadctmgi fignad hasppima m’g)mlaeommesﬁege Eprazanipivy smhdest;sssgmamgientlfy a

‘time (e.g. in hours, minutes, seconds, and/or portions of seconds) that has a predetermined

~ : - relation to rhe time at which the signal was transmitted. Such a message may also identify a
o date havincr a predetermined relation to the Atime at which the signal was transmitted.

_ [0032] FIGURE 3. shows an implementation T104 of task T100 that may be

performed in such an application. Task T120 obtains a time mformauon message from the

a received s1gna1 For example, task T120 may include decoding the time information message

from the demodulated received signal. In a DSSS app_hcatlon, task T120 may decode t.he

ti.me information message by despreading (i.e. applying one or more spreading codes, such as

PRN codes) or uncovering (i.e. applying one or more covering codes, such as Walsh codes or

other ortﬁogon'a_l of nearly orthogonal codes) to the received signal. Decoding the time
information message may also include such data processing operations as deinterleaving a |

~ data stream, data decompression, and decoding one or more convolutional, tarbo, and/or

parity codes. In another 1mplementat10n, task T120 may be performed after task T200

i



PRN codes) or uncovering (i.e. applying one or nore covering codes, such
as Wal sh codes or other orthogonal or nearly orthogonal codes) to the
recei ved @bgﬁﬁl)”,pecoﬁ‘l Ay the time information nessqgeOotoba 3006 ncl ude
such data processSing operations as deinterleaving a data stream data
deconpression, and decodi ng one or nore convol utional, turbo, and/or-
parity codes. In another inplenmentati én, task T120 nmay be perforned after °
task T200. WO 03/093859 r s> 18 Cctober 2006 6 [0033] The first tine
"base may be represented by a value obtained-fromthe received signal
(e.g. the c&@ﬁl}%& Hag dyrst tmﬂs baSﬁam}vles epraserged py &tvajuerabtaineskiromheeceived
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quant | st 1R ol bl "Afihivel UEREL B LS, mBluP s RLE R HRAUEE
Si gnal cirBait, envateplaue a:srkotﬁ'ew@lclra;avadesm fjuemititngl ¢hat i Gl actording ta a valieng.

t t I t t d
Gener acbieR (i Mk Recives il oBbedadiple. otk bR LA Beode Rislhiorinde Con
nessagelmlh%%ﬂut su&we& aft EbilMer it d168N, e Lu%hhgrh dokRfer r 4 asde JfPatod hat

i ncl udes t asks 10 and T120. In one suc i catiron of nethod I\/[LOO
t ask. Tfi@fﬁl‘é‘gé‘i’ﬂ? obfranedaede phass andfor smedn@n@hfa@m@ressase the received

signal, and @ ﬁé@i}ﬁ&%ﬂ%§ ah plén‘IB?xt u%efl%t &%fsk %@@ "f’rﬂ? Jcﬁnﬂiék Rasks

di fferent channel e recei ve I'n a case ere -recel ved _
si gnal TQ10japd Td2@i Yrednd ml'nagplbagensf ateﬂmd Mi0Q, t@E\?ﬂllﬂertmthéooda:phasal ar

tel eph for .exa th a acqui.red fr.
' channe& qnfaediaﬂléqp?fﬁ\g} ﬁ?‘%‘?’%@ n%ngsga% rﬁ@& 8% d%ch?f li"if“' a&on -
Synchrgﬁscs?@gelfﬁﬁnamd_tchhmnéuemeareeasﬁl_sxgm Eﬂvgcaéasaﬂmé ﬂlerfBM:d n;ilﬁl ﬁg;/mad C.}
using differen adi ng. codes . pseudoriandom noi se codes nd/ or
cover eds TFSPIVEE %‘GF‘f % E?ﬁ?rﬁt ";ﬂéﬁ@g@é&@é ofin]as felephgay, for F’E?é%‘gf e
predet %ﬂé ps&e @hdyS6d adqBirb@ $Reh Q'i}ﬂoﬂ%:i%ﬁﬁa%ilé% ik RfoRhaddiSmERes! ¥ ?

si gnal-. The propagation delay may be obtained fromdirect neasur enen

and/ or bmqued con @syactuenizaonrchianeels In sush a capgyithe bYo ¢hsaneds maxbe saread
“bet wee e n nt,

cal cul gltSﬁ% dﬁfe%?%g}éaﬁ]@)%%é&eg ngu%t %SE%I?@#% £l onsﬁgﬁTﬁ{&& é%{é%%e P ?ﬁnﬁed

of f set dnﬁgrentlmeﬂmg d:mise(b g)NVdslhemdeishct ors such as caI ibration errors,

which may i S essi.ng .del ays (anal og, an

t he poi nt of[B@éﬁng‘F %‘gﬁsﬁg %ﬂc ﬁ% to‘getﬁ?(ﬁé“oaepﬁ%@g%ﬁ“t ‘ﬁeéabf’gﬁl%drece ved!

t r ansmigign@l., TRO PreFagaiiGinablay adys e DbtaaibddRbaYdirdce nibasiREmERUARIbr GhaPbean
ant enna cabl e [0036 Task T200 obtains a second tine base b?/t app %l ng .

- the préalrit j aceerdgg 9ahe fength ofcthesigna! pathibetiieen the grognd Expsmiftes gnd
appl i C%irﬁnof’fre&?ﬁgﬁ’d WHOD. calcifatidhe ?eﬁéﬂoﬂﬁﬂ f8f flﬁtﬂh?étﬁ rs@l@@dtdn%fi t @pet he

first tine base ysutractlngtheo set fromth me base (I
ef f ect ipredejermined offset may also be based on other factors such as calibration errors, Wthh

may mclude signal processing delays (analog and/or digital) at the point of reception, signal

]L:n'cw.essincr delsys in the gréund transmittef, and/or signal transnﬁssisn delays (e.g. as caused (’) :

by an antenna cable). —

_ [0036] Task T200 obtains-a second time base by applymg the predetcmnned offset to

» the first time base. In an exemplary application of method M100, the predetermined offset is

applied to_-fhe first time basé by subtracting the offset from the time base (i.¢. effectively

tuming the first time base backward in time). - Task T200 may include synchronizing a

- timing circuit such as an oscillator or clock, or adjusting a counter or a code generator,
according to the result of applying the predetermined offset to the first time base.

B [0037] A base station of a CDMA network for cellular telephony that is compliant

with at least one of the 1S-95/2000 standards referenced above transmits a DSSS, PSK-

* modulated signal according to a time base that is aligned with the NAVSTAR GPS time

_base. Specifically, a spfeading‘ code sequence in a signal transmitted by such a base siation is



turning the first time base backward in tine). Task® T200-may i ncl ude
synchr oniwong/esssd | mhikiticui £:such as an oscill at 0!8‘(? ORTea0y

adj usting a counter or a code generator, according to %e Tesult of
applying the predeterm ned offset to the first tine base. [0037] A base
station of a CDVA network for cellul a? telephony that is conpliant wth
at | east one of the |1S-95/2000 standards referenced above transnits a

DSSS, PSK:  nmodul at i t t b | d with
© the Navarkresd B e ChEBRe GREGH Pl elfwaaninecate et iedm n o
si gnal @Mﬁssgl'éaﬂﬁld dore wﬁlbh aam?@n&t SAWD of 36.463. 0%@1%%@0@%) é&lé?&ésqpﬁﬁ

2006 , 7 sync roni zed to the S tine base as follows: every e

I ght
mil i sastsEef 2 GRS Cé/ﬁamu@?cet(wblch@m pepird & iong mibigecopdhiscmansmdticd lpseaﬁ od
. of 80/3yor 26.666... nilliseconds) coincides with a start of a GPS /A
sequence (V\:hl ch has a period of one mllisecond) as transmtted by an

- SV. [0038]- [0038] Imatpaa:mmﬂaar ztpphbatmt mfomembdriﬂm@,cthb/[fﬁﬂ tirhéa dadel isSdbthina

base i obtan n rec froma e.,stati.on of a CDVA
et wor EORL S edye pim o SicR of & CLOBAEPHRRe Tk SOl CHERogy Sidt o
(or f r eooplidne Redisath Qkianldah (6 Bl I}eatéém@u@p@h&@%} 1O4ppliB&ion of the

predeterm ned of fset (e.g. upon execution of task 1200 a. second tine

. base i Bregpiernined offpeit(e-g Bpan wﬁ‘éwwfttnsl% FRONw sreard 6P haseris Qhsaiped fhgt
" other eTo) TR 0 L
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(e.g. a GPSE/ 9 Tﬁmm%em%uﬁﬁﬁg Ewﬁﬁst%éd ah luie é‘e@bﬁ@hﬂﬁ%a&@ t th bhe

start of a U A sequence as transmtted by, V: I n other words, the:
-code phzpdigaiinn, $akhT30Q bmeﬁ@jessﬁ@mal that 3y ﬁmﬁ@rhyZzeBRi‘chdfre(e@Ds GPSrg/A -
base- i

0pe° o Suenpe Pl e B RNSRORI o Wb B BRA By RRo LY SRRERRUERY 0

| i neara GRSdHackn cs:herfWoxrde,gths talephafd HfSRsh a tioning kiEHGR i§ omchronizad p:rhﬁ:sé?rPS
conpon nt of the timng signal and the ot her for a quadrature-phase
compon e 8? “The timng signal. The initial state for the in-phase LFSR

" is  the san@oB0r bhi eférfplegd@gplembithteor, Rk 1300 adnseb@s @ GRS 7Aecode for -
~quadr at ur e-phase LFSR depends_qn, _the PRN nunber of the selected code.

' SucHE gy ERal i eRsve-RRNE Ao OHiRS 66 twpinear feedback shift registers -

(LFSRs): one LFSR for an m-phase component of the timing swnal and the other for a

C.y quadrature-phase component of the timing ‘signal. The initial state for the 1n-phase LESR is
the same for all C/A codes, while the initial state for the quadrature-phase LESR depends on.
the PRN number of the selected code. In such an implementation,.task'T'BOO'ﬁlay use PRN

. sequence_é. 33 throngh 37 (which are not assigned to satellites), or any -other of -the 1023.
’ possible GPS C/A codes may be used (lower-numberéd PRN sequences have better cross-
- correlation properties), possibly excluding PRN sequences 1-32 (which are reserved for

SVs). | |
[0041] In one implementation of task T300, the timing signal is teansmitted without
modulation by a data stream (e.g. the signal is modulated by a string of zeroes). Such an
implcmentation may have the advantage of enébling a lower transmit power by supporting a
' Iohger. period of cohgrent integration (e.g. for a greater effective signal-to-noise ratio) at the ‘

receive{ ofthe timing signal. Advantages related to a lower iransmit power may include



sequences 33 through 37 (which are not assigned to satellites), or any
»- other of the 1023 p055| bI e. GRS.C/ A codes may be usf ﬁﬁmﬁ ldggered PRN
sequence?’%'é’(/é”%‘gtter "cr bs&~ correl ati on properties)l8 Sf% cluding -
- PRN sequences 1-32 (which are reserved for s Vs) . [0041] In one
- inplenentation of task T300, the ti n‘éng si.gnal is transmtted w thout
nodul ati on by a data stream (e.qg. signal is nodul ated.by a string of
zeroes). Such an inplenentation may have the advantage of enabling a

| ower emreﬁﬂ:amaueppw rédaced PRATerbme ith hBgisling BRI hnal gréRbeddyment
i'ntegration ( & gn for algreater ef fective sighal-to-noise ratio) at the
%5h
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reduce Interference wth an existing syStem an oynent
opporttmnng sigsal if nlready aeaa‘abtﬂc&ls sthetwissunmeptssant ati on i s appl ied to a
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of task T300, the code of th I mng si is nodul ated by~a
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sone. dpjre pasichriipta is avarapless sehedpleddprtransmissif@. t i ni ng si gnal to convey
timng inf |
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[0044] In the NAVSTAR GPS, tnne is counted in 1.5-second epochs and the current .
time base is communicated by each SV in a 29-bit binary number called a Z-count. The Z- () E

count has two parts: the ten most significant bits indicate the sequential number of the current

GPS week modulo 1024, and the least significant 19 bits indicate the number of. _ep&éhs that

,have elap_sed since the transition from the previous week (also ceiled the time-of-week or

“TOW count, and corresponding to the start of the next subframe). | B

[0045] A NAVSTAR GPS navigation message includes a series of five subframes,

. each subframe ha\?ing a length of 300 bits. In some respect, the subframes are similar. For

.- example, each subframe begins with a 30~Bit telemetry (TLM) word whose content is nsually

constant, followed by a 30-bit handover word (HHOW) that begins with the 17 most
significant bits of the TOW count. In other respects, the subframes differ. Subframe 1 _

" includes the ten most significant bits of the Z—cou'nt. (ie. the GPS week number modulo

11024) and satellite clock correction parameters. Subframes 2 and 3 include parameters that



© < nodul atedin e Tessage) @

' count has two parts: the: ten rmst S|gn|f|cant bits indicate the
sequentlal nunber of the, current,. GPS week nodul o 10§4 and the | east

si gni fi caMOBPIBHPs | vidi ¢at'e the" nunber of . epochs tHh {Octohex (%)sed

since the transition fromthe previous week (al so. called the

time-of -week or TOWcount, and corre§pond1 ng to the start of the next
subframe). [0045] A NAVSTAR GPS navi gati on nessage includes a series of
five subframes, each subfrane having a | ength of 300 bits. In sone

res pecﬁndutdneﬂem’rsammr e16dity, hdd diréution (€66Hled, ‘cpapierBulis AnBuTReidaS

- with a 30-hit telemetry (TLM word whose content is usually constant, -
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[0046] In a_further |ement-atj on.of method MLOO, the. timng . signal. is
n?@%@ﬁ%Pﬂ@°Pr‘i’fW$ érPuREe-Enihe 9% brme portion of

* the GPS nav '[(ﬂﬁﬁ? 2AEHSAIEmple, We G lgnam@ﬁmammea faa@m{at muﬁ@s the
-nmodul ated by a |m3|nforrrat|on nmessage at th ata rate of Hz

o t hat hée@tm alpbrlelpgltlaiﬁeOfcIi}@yP‘Qlét ®f tvammssmpétg moam cﬂphameemiaiaop@itmn

t hi -
“d@ "GP I8 ehlbroBlark TRHiof RGPS Bk, BF0E A0 i8hf Boflighdls,
t hat i ﬁﬁ”ﬂmmefuoasmaynbe meatuired cigd m@drded@ehuﬂ@leniautdﬂ@nmﬂtm nmthoﬂrhegsmaadl on .
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easur gfpleRentaf6R) fee ke mml;ﬁfmﬁ%xe% is%o&ﬂatbdn eﬁ{éﬁ%sm il &a@hbeaay

- be updated in a_case where the pain -transm ssion .is noved. -1 n one
" such Wﬂé%ﬂm Keplswian oghit e&w&lhte Justeprior e Hgpast yithithe earfo@a. at &g p@gnt
ephenmep} gﬂ}oq_)that descri bes "the decaying Keplerian orbit of -a - -
satelllte t “prior toinpact with the earth (e.g. -at the point -of
reception). [(0@84 &3 al furtherf utamlée tbw dimihg signabist mndmigtedltgnaifonnmumdhmamsed
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messag frodhRtedby data that does not correspond to data in the GPS navigation message. In an
apphcatxon to a network for wireless commumcauons, for example, add:.uonal 1nformat10n
may be recelved over a paging channel. In 2 CDMA network for cellular telephony, such
1nformat10n may include data identifying the base stauon (e.g. a base station identification
' number or ‘BSID’ ), data relatlng to other network parameters (e.g. information 1dent1fy1ng a
. CDMA frequency band and/or a frequency slot within such a band, a network identification
a nurmber or. ‘NID’, a system identification number or ‘SID’), and/or data transtnitted in the
form of a broadcast message. Information rece1ved in this or another manner may be passed
along to appear in the timing si gnal
[0050] Other information included in the data medulating the timing signal may
- identify or otherwise relate to a device that performs an impléementation of method M100 (or
an implementation of another method according to an embodiment of the invention, or a
~ portion of such a method). For example, values relatmg to location, ambient or operatmg

temperature POWET Teserve level, and/or estimated timing efror may be commumcated via



application to a network for wreless communi cations, for exanple, .
additiong,{,) ngormatlon may be received over a pagi nmgaaﬁginzgnﬁ a CDMVA- -
net wor k PO ar tel ephony, such information may include data :
identifying the base station (e.g. a base station identification nunber
or BSID ), data relating to other netm\ork ‘paraneters (e.g. information
identifying a " CDVA frequency band and/ or a frequency slot within such a
band, a network identification number or .'NID, a systemidentification

numberthe rtirmfBlgDesijgnalandizek THO0A nidya BROT inkRde Mtk fpiocefsﬂﬁgﬂ &PeratioBs OadE At
message. | nformation received in this or another manner may be passed
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- Cctober 2006 10 the timng signal. Task T300 nay al So include data

pr ocessPRg-esed A AdAWade iHiras AWéwl%ﬁYﬁfgm)’c‘&@Ph drapamifs abe o6 gt dnal |

tur bo, 5@@( %Eccﬁﬂl ity coding),. and puncturing. [0051] Even in a GPS :
“application, e data rate of the timng signal need not be limted to
the 50 bi tsfﬁQéZ:]oHd}lﬂiEtﬁeshww gatﬂmha@sﬁ:ag@ nﬁtiuodemq& eccorfiiegdint zanr at e

205 b8 RGP VAEI, ORI

si gnal a@ﬁaémmsk T400 enalyi tgimeimtetaé dnfing sighdlraveie GPS 13 cﬁ?&rbﬁq&dlc\p%ﬁlg( W de
Ar ea |onSste which transmts at a data rate of :

bi ts/ dno whion) (o BIRER BmenimEed sqUaEBss hape) Ip ﬁ@F%EPWEWSa the

‘accor iRt ol forA ma 3%%&1%& %tot&ﬁ drrﬁi&@tda&ﬂar SieRafs &é&&@&a%%ﬁp‘m&e
timng si Gnar. a NAVSTAR 1P I cation, task transmt

t he timp atsqnghW)aephm@ S@Sas_DQTér(pn@if kﬂe@g)eﬂcfyeqmsncng slsﬂstcynwﬁsdi)l on .’
(e.g. wih.a &)h%%) gﬁ{ @%?) éﬂné %uéﬁ‘%?%) u%&&%re%% QAIENG the
a? ufga e er

‘timng srgn o0 one or al's accordi ng
to an QQPBEK: QmﬂfEet QBSK}); Eﬁﬁﬁrﬂnﬁlﬁl\/khlﬁd@gﬁ@ QIS aﬂaeﬁ@éu(;lo as OIMSKe(Gaﬂgi)ﬁn a
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shift jegying (Mide seha rﬁwgﬁn% n(s%mﬁswrﬁlteﬁﬁ )Ssg)rp@sérkﬁa%oqchene
- such as g&M (quadrature anpl i t ude ‘nodul ation). Task may al so * - o
i ncl ucemplifipatipn.pnd dmpedanee BBKHEE ons such as filtering (e.g.

pul se-s hapl 09531 In a case where the timing signal (or an image or harmonic thereof) is

- transmitted at or near a frequency that is used by an existing system; a near-far problem or -

othef interference ﬁroblem may be encountered. For example, a receiver of NAVSTAR GPS ( o

signals is typlcally designed to receive SV signals at a power level of —160 dBw. The worst-’ ?
case cross—corre]aUOn between two GPS C/A codes is estimated to be ~21.6 dB. Therefore,
s cross-correlations between signals from GPS SVs and a timing signal spread with a GPS C/A
code and BPSK-modulated onto an L1 catrier may be expected to begin at a received power
level of only ~138.4 dBw. For example a signal spread with a GPS C/A code of PRN
greater than 32 may interfere in such manner w1th the operation of a GPS receiver even if the
particular receiver -does not recognize C/A codes of PRN greater than 32. In one
implementation, task T400 transmits the timing signal at a power level that is selected

according to factors such as the desired ‘near limit’ (i.e. the radius within which interference

| With an existing system may occur) and ‘far limit’ (i.e. the radins beyond which the

transmitted timing signal is too weak for acceptable reception).
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anplification, and inpedance matching. [0053] In a Gase where the timng

--signal. (or an inmage or harnonic. thereof) is transmiée{g a orzé)&ear a
frequencyVPREBY used by an existing system a near c‘&&l%'l Gor

ot her .interference problem may be encountered.. For exanple, a receiver of

NAVSTAR GPS signals is typically des“gned to receive SV signals at a

power |evel of -160 dBw. The worst case cross-correlation betvveen t wo
GPS C/ A codes is estimated-to be -21.6 dB. Therefore, s

Cross- cor r e[GUsdpIsothet iedemeitatialsstakk TAGREHIES @B tinéing kigh#lhver §0adier
spread gnth a GPSs CA codgF&md BPSK- nodul at ed ongo an_L| carri er' may be
expect ¥orocapigifrragency i gl £ tq pifequegey ghihg existing sydew: Irepe

exanpl ﬁxchamﬁdlglﬂé{ta%r Ql?éjcé!ﬂt&hf gf’%hé: %ﬁsn?]{tef %ng rfAbPs f.:lla@éﬁ 2y MR

such manner wth eration ecelvereven it t he
part i cépegtrak maibpf/dre g ofidhe ::mm isyster@/ Aoc cdemplsf tHeREmirgesigeal mayabe 32.
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limt' sdrhe epplﬁdaﬁomsadf giSchV\&rI hnplendanetion Nit éfifyebe aegrabW t ndAifeXd Selokiver’s
system may occur) and 'far limt' (i.e. the radius_beyond i ch the
trans ﬁlﬂ@@reqq%lﬁgpgtbdﬂansme that theaerited GRmg g éal{ dhipithpyeceiygy’s
03/ 093 Oct ober 2006 11 [0054] In other inplenentations, task T400

trans s the timng signal over a carrier whose center frequency IS
shifted w t 058 peanothey mplenwntatiooy tagk TEOR uses iagtiffergnt 44 ende torsponad thguch

péceﬁﬁﬁf@ W 4B EOF Pl pETIEA, M BE HERRnel BRSSP E bt ' °
npl éiffetdre chipnategel dral O-NEYz Hep rhteansdrby tedNAVST AR GRSER cydd) mdy bs

~offset fromthe GPS Li  carrier frequency by 1.023 Miz. In sone
appl i c'éstefions of .such an inplenmentation, it nmay be desirable to m)dlfy a

Teceiver's [gsePBl aPEGARS Sintdemedthidh) BB UrRot Ratied ke odes Metdieds tthel ng.
signal falls within the receiver's passband [ 0055] I n another

i npl entsensaiiesh imiag kignaloovaistése.a Karf ampln, ty Napoidied dl@leseeﬁwi Feay ¢ i ing.
2 CoaePdELsEH ) i of ABAEKLERHT Rl B R, SNt BRA RSO0 0
NAVSTA&cfE@ﬁc&dsode) may be used. [ 0056] In a further i rrpl errent ation, .
ime. For oBORETE X RESRRL ACHEED ) AROHRFTSFORATIEGy Be o nEation B duty
fnyglr gsggcolﬁggmm rmts@tl Xs aeé?énbw tabopel ISy diatlyl 8 sncdtporaed qmorrﬂrreefeyeﬂza@
signal. ‘For example, a ground transmitter (c g. a base station or repeater) 1;1ransm1tt1ncr a
spread spectrum signal may advance.the code phase of the signal accordmg to the
predeterrmned offset. In such a case, the tumng signal may be based on the time base of the
received signal, | : .
[0058] FIGURE 6 shows a block diagram of an apparatus 100 according to an.
embodiment of the inveﬁtio'n. Time base processor 110 applies a Predétemﬁned offset to a
, first time base (o obtain a sccond time base. Timing signal generator 120 generates a ﬁmjng
a signal whose code phase is based on the second time baSe. _ |
[0059] Time base processor 110 and timing signal geherator 120 may each include
One OF MOre Processors andfor arrays of logic elements. Such arrays may be implemented as
general-purpose devices (such as microprocessors or other digital signal processors),
embodied Within one or more application-specific integrated circuits (ASICs), and/or
programmed into one or more configurable devices such as field-programmable gete arrays
' (FPG‘AS). In some applications, the same array or ﬁrrays may serve as time base lproces.c:.or

. 110 (or_a portion thereof) at one time and as timing signal generator 120 (or a portion



~[0057] In a nmethod accordi ngto another enbodi ment of the invention, the
predeterm ned of fset. as descri bed above may al ready gd Y Y dinto
‘the receiwedsngisgnal . - & exanple, a ground transmtter %@.g. a base

station or repeater) transmtting a spread spectrum signal nay advance,
t he code phase of the signal according to the predeterm ned offset. In
such a case, the tinming signal may bdZbased on the tine base of the

received signal, . [0058] FlIGURE 6,shows a bl ock diagram of an appar at us

100 ac ' t odi . Jd.nyenti.on. Tinme base processor 110
appl i e@gléeg 'P?g e‘ﬁg%%{’tntglgp'oﬂfrgﬁ]&lF %E%%Bﬁlbll%rmtsfl%a%ﬁgéy P’ba%@fsa{gﬁe Olirég‘ond |
ti me: bparelle] Tasis ofbeth gingd bage pacadsor 11RhdenRIoai @RI gerleiri’fbﬁmo. shlgiadtiveRose
- code, phas‘g%iﬁs tfased on the second tine_base. [005 Ti me base processor

110 anfF PEFARRIY: GRaorglatl okt I A ey 3B cEPnPRREaT R0 mYe inghudgrs get of
Pr ocesggfrsctind L cutbleSomlor it Sudl ﬁf@@%ﬁloaﬁl’eﬁé}nﬁt&ays may be
‘(su€h as m

I npl enment ed as ener al - pur pose devi ce Ccroprocessors or other

digital sigif60bk of shows erbibenki didgwent hf an ompleprentation 102 of apparatus

appl i catd oRs ci-fi,c .l Rt egra Lreuits. | ¢ and/ a rogramed into.

one. or 100, dBb B ifelt P S BhEaS o i oehEis g oo 3R e gL R o

~ ( FPGAsiIncluids asevimten finl liaedwdronfinmwine, sfifer fiftfwaye)Qdriveh aythe TRying elrvidt.ak ti e
base processor 1%% (or a q tjon thereof) at qQne tine and as tim n%_

si gnal OYeHEEEPFIL LI GPPBRUS %W%hasa@%_ 1@y dasgtime batseprogasens 119 w1

t her eofyk @bt thndlhdsk € e Mothdr MRranddmdR¥e %ﬁ%ﬂ%ﬁ@%ﬁﬁi@%a@e RlceSHCTY & g'frilési ay

or arrays to performin paralTel task both tinme base proce 10 .

and t i thergredtgmmined; effeqt dodhe fixet. timet ks as jobtdiged ommthdi teceived signalomd or o
both of, DL OReRS 95111% écgﬁixglg B BNGAAP (ynt 1 B b Fa 86 & hf%%&o% time base. B

i nstructions- execu on ‘one" or "nore such arrays of "1ogic elenen s.
[ 0060] FI GURM6T] BIGVRE®R blkoeka dladk dixgain ah ah iyt ftion02001 62 amfaratus

appar a 10Q. Ti base cl.ock 90 i ncl ude timng.circuit such as °
o oM aeschisn AT EpREH Gofock Rlinstcns T sishiet Mo Adipuniz oS Ay Aiable
and/ or cspdldtvar &) MIVISE @RvRY. o84 obtaing W fime lifffor@BRom ifcashge TRith il
appar at us 102, time base clock 90 provides tinme base processor 110 with

- the fiFeseived neigeals and | magnpetbar oPReaRipEse fchofs appwrending, 1 decompreisioBase

proces -appli.gs r ' ) jof t e frrst fime e.as

obt ai ngﬁ - g%%nm?%?le apgcgﬁédgﬁlggiﬁg{oﬂg%ﬂ%é’r V\t/fétlﬁjgé %ﬁ?@pvgﬁg Ecg&ifsi me "base |

~ cl ock Diplembitgfiorcbibappatatusnl (Pamay aiso sndhide fSeaeon(@-g. iwithit deendef DU that RrCURE

8 shows_a block . di agr.am ( an inmpl.enent ation.200 of apparat.us 100

 Cenr onieiengt B, b setbR a0 o Bl TR Pl B R B oT R e

any suiigadll e correlating or MVBE devi ‘ce. Decoder 140 obtains a time

I_ nformati On[()rﬁ%i]slg%a[ﬁoénslgcp\%s a block diagram of an implementation 202 of apparatus -.

‘200.1_Ti1'ne _bése procéssor IIO sets time base clock 90 according to the first time base, and

ol

thereafter time base clock 90 provides time base processor 110 with the first time base. In
another arrangement of ‘apparatus 202, time base processor 110 ﬁpplies the predetermined
offset to the ﬁrst.time base as obtained from the received signal énd forwards ﬂllS value to
» time base clock 90, which clock then maintains the second time base. _
[0063] FIGURE 10 shows a transceiver 300 écco‘rding to an embodiment of the
invention. Receiver 150 receives the received signal, and transmitter -_160 transmits the
timing signal. Receiver 150 may filter and/or amplify the received signal and downconvert
the signal to baséband. Transmitter 160 may upconvert the timing signal to RF and amplify
and/or filter the signal. FIGURE 11 shows a block diagram of an implc;meﬁtation 302 of
_' apparatus 300 that includes time base clock 90. '
- [0064] The received and transmmitted signals may differ in kind, such as in terms of

_frequency,(amplitude, and/or bandwidth. The received and transmitted signals may also



recei ved signal and may performoperatlons such as despreadl ng,

~'déconpr eswipQBnezsdei Nt er | eavi ng; 'and decodi ng of conv
and/ or panty codes. An ‘inplenentation of apparatus, 3?3@&%1‘&@@' ncl ude

~fingers (e.g. within decoder 140) that are assigned (e.g. by searcher
130) to despread individual multipaths nstances of the received signal.
[0062] FI GURE 9 shows a bl ock diagram of an inplenmentation 202 of
apparatus -. - .200. Tinme base processor 110 sets tine base clock 90

- accor dRHigr intermp of fthe modelatien pehemes apeprding de sdicieeachisignabissprodicedk Foo

D P angERa EgE MR R RS Rhat e SichahPS, b ESbUb Ty BR on RopRRlie”

pr edet euchi aa@DK(ﬁaﬁa:é‘f keying)he fleqnedcyt shife kbying (BSK phihaieed phisershifhReying '

ek Tiker) Frhe a0 S AU Do e 150 (@%ggﬁaé@&g"ﬁgd po K

transcejfiel qRRames 9ﬁ£§enﬂuﬁtq\e§ﬁ1g§-n@%1nﬁﬁﬁ}h ift LSind PVSRY | LRemER6AI YeT

150 recei ves the recei ved %2 and transmtter I60 transmts the
timng Mf‘dﬁatﬁauﬁmmmuys@m keying)t er aamwedrschﬂpb ishigh taﬁé)AMc@]ueératusa: gnal -

and dOMﬁﬂaﬁgﬁodf]Iat%%nEF?ﬁ% eg\%r%ﬁqﬂ neeﬁ?x%ﬂg& tCS%tQuQPed”E} OHB#%%EE ”

the timhng si €Sl
shows mchlveakddamn&mgnﬁ!safﬂﬁerﬂﬂhénent atlon 302 of " apparatus 300 that
i ncl udes ti e clock.,90, [O .The_received and tr smIt d sigpals
s it T or [U6RT Resom A igdiqne, (D o IR Mo oS 407 20D PRSI ISRCER
Cgfdw 8 PultThRcl SRR INERR N dlok 38 $HichRtkcEIdUNBHBled BV uAh OsdR AR BR385P 1

ober 2006 13 differ in terms of the nodul-ati on schenes accordi ng to

whi ch Era@ﬁatgqlg‘hlaplupée%@a@é@wcemsm&mhﬂd@mﬂtﬁe signal s may be nodul ated
accordi ng t@r gg]uﬁan'% 'eEq a?ﬁqy#l?éa'u?@s%'}l\%e&@%@ 1ec§s 'Q a%o{}uog‘b%é '

Kkeying); ency s chene; a pha 't Keying
( PSK) statbemef :s@c"DM&sn@ﬁ’&k fobicakulyr RBighonyORSK dwgu admaﬂmjr ef ﬂSBl)Q MHRIK  or

OQPSK ffs phase.shif.t . ke ) h

(e GEe it 0 BHECEA L RaNPRRELE L it it ot MRbyA T Ll et
s cheneBBSEhnadul /o g Adroatritre In appitictlddembodinlent, idetdder T4RDSHE ¥@troBHO
may but need’ not be .constructed or -configured to receive_and transgit

si gnal SZRAl eyery SOupilliscconstsabat is synshraaizag wifhcthe et bofuthe SOMAPRN caest
of tragsgaRl ¥elivad QiRLE ahdRhE WY €A o t@u{v}dchfh%&ﬁlﬁgqé oy eﬁl méfm

as .interconnécted nmodul est Further, such dul es may [ocated In
mult i plreangementetef devippagtisnl®bas séﬁWodnnnEIGTéREﬁoﬁeﬂ], denO@m e malyabsy

appl | C%\{!x%'f'rba& dod it 'b\é's?e[ pi?’o(%QSSof ‘ﬁﬁ' Vgss&h%@! ﬁlefﬂrgﬁ@t%n‘ggesde offset has been’

apphed to the signal mputted to decoder 140.

) [0067] In some apphcatmns an appropriate 1mp1ementat10n of transceiver 300 may

C be used to augment a posmon location solution i in environments where GPS signal detection

N 1s difficult or 1mposs1ble for example, an urban canyon, mdoors or underground. In such.

cases, a transceiver 300 may be placed in a building, a subway or other tunnel,, _a below-

) ground business area or other underground structure or area such as a cavern. In some such

applications, an implementation of transceiver 300 that does not require signal visibility to a

- GPS satellite may be freely moved and positioned within its environment (possibly subject to
recalibration of the predetermined offset). '

[0068] An implementation of transceiver 300 may include one or more nonvolatile
parameters, . For example, timing signal generator 120 may reference one or more such
pa;axheters to configure one or more codes used to spread and/or cover the timing signal (e.g.

" 2 GPS.PRN number). At least some of these paraméters may bé programmable, such as via a

_keypad or éxternal data connection.



' statlon of’ a CDIVA netvvork for ceIIuI ar tel ephony (e.g. over a portion of
“an 800 , 1.9 @4z band) and transmtsl&Oawb@gmﬂgnal
spread w W’%{O)@-‘% c A code and. BPSK-nodul ated on an Li carrier. In a
particul ar enbodi nent, decoder 140 outputs a strobe. signal every 80
mlliseconds that is synchronized with the start of both the CDVA PRN
code of the received signal and the S C/ A code to which its tinming is
related. In other arrangenents of an apparatus 100 as shown in FI GURES
8- 11, decoo[@OGS!]é[ﬁlp]ayemmordoumsﬂanmmnBOOmmy RS eoRiroces B4t shbes nfich.

such tha the rede ned. of f et h bee appl.ied to the signal
i nput t EAEAY Lﬂ%i tefepheng P‘hn ghuﬁ%a% fisplay cgnmabﬁo%w &8

i npl elnrgypaal Hﬁkzeoi Weh B SSbeY AnpHdfr, MRWor a éggowee@ af %a%t‘%igﬁ g/nﬁy B%ﬁ&gyon »

| ocat solution in environments where si gnal
di f fi candfordiy anrhiend €¢-p! selar} enrergsk engoine, otker exichwah powensonycei ndoor s, or-

urder " ounchogyl Ak, PR3P, el BGSELNEL, TR BiuRheiaty 303 o

ot her wagesigro3ood Bah&pﬁsurfﬂteor(Bame tp@i:se@swaanamei Relettad STMEIAS bellular
applicati

an inpl enenta ce| r 300 that, does not require
si gnal te%ﬁpgvrm Pangy Leyv goweasmé&egfw{&i% lfies @éll?c‘?’r‘fﬁﬂe%”fé?iéf) postitedoned-
Wi t hi meldis BNy fn@éﬁ’ﬁ%ﬂiate( ﬁé&kﬂﬁ?ﬂé’c@fvst&wﬂc%ﬁ@éﬁe? A0 88wionVes the
predeterm ned of fset). | ementati on of transceiver 300 may .
I ncl udrecared signatip évamimdl eInualneexew@ ayrinplemen@gon, cdEmsreive tdbwnmvsﬁtgnal .
gener a8 spbiRed Y RERBOFACET BT Bive R il (RIATELENT b @REL S 0

nor € codes use o Spr ead Andror cover 8 it ng s gna

PRN nubDizgb) Cal#broligash cﬁhﬁmnﬂfodtmme timarcasiedd signatayasbiee fowaconneredd @, ans uch
as via, a kg\a afd or . e ﬂ%at%facgnnectlon WO 03//09385-9 18 Cct ober
2006 ipeTg &] ‘ﬁ’ t8 ranscei ver 300 may be constructed
that share gy PIB@éééM@?aﬂ) wmtaihsah@ﬁisk u{n%rbaaelfleah%%abwanaeﬁgﬁ&amh uiped ude
a display or input. device (e.g , have a weaker power arrpl ifier,
and/ orbmiewwm@w B0. | B@gesswaﬁq wenyﬁp S B@d@temne@ﬁéﬁs@ranﬂ;geamteérﬂ
(e.g. erg X r c 0
e o il GeRirintepiied TElh 18, SRRk AR Gy el Cestidiy
300. Baifictpassn thak usabaséaalaﬁ)at‘lmm ppess ufltiw@lPS nau@t:emtnmss@ f@mm) cBbtt ul ar-

i onal STAPEE dgtseren 06ar oot rlhrdes VISBlnoaE vessPan PR

dOVWCO((!(&AL@Ol\MQWﬁQN&E&@ prédde b 80inviBiltesdr@nahe tsﬁob@@s@b@tﬂﬁkuzémt@n

- .exenpl ary inplenentation, ZlP receive dowconverter 730 includes the

RFRe00tMarrafbgthy the SRMARBRN code of e peqetishisenpindae ﬁ%’o?r GiAcepded pyhich

its timing is related) to one or more additional processors.
| [0072] ZIF transmit upconverter 750 upconverts the tu:mng si gnal from baseband to =~
RF for transmission. ZIF transmit upconverter 750 may include an RFT6100™ transmit- ( ) o
| baseband-to-RF converter (QUALCOMM Inc.) or other device capable of transttnng atthe - ,
desired frequency. In other embodiments, the timing 31gnal may be upconvertad to an
» intermediate frequency and then to RE. PA 760 amplifies the RF signal outputted by ZIF
* transmit upconverter 750 to a desired level for transmission, and GPS BPF 770 filters the
amplified signal as desired before transmission.

[0073] The foregoing presentatlon of the described embodiments is prov1ded to
enable any person - skilled in the art to make or use the present invention. Various
modifications to these embodiments are possible, and the generic principles presented herein

may be applied to other embodiments as well. For example, the invention may be
| implemented in part or in whole as a hard-wired circuit or as a circuit configuration

- fabricated into an application-specific integrated circuit



Diego, California). In other enbodinments, the received signal may be
downconveyg ashedsgsean i nternedi ate frequency and theng @)dtabepande [ 0071]
Processor 740 obtains the first time base fromthe baseband signa
outputted by downconverter 730. Processor .740 then applies a
predet ermi ned of fset and generat es a15t|n1ng signal as described herein
(e.g. a timng. signal nodulated by data representing |nfornat|on t hat

is based-o st a rtion. of the GPS n ation, ne e rmat). For
exanplo. 9B TR Gt el e FivceeabaoT ot VENBBSE M BSER
proc esls@glam( QO bAS oatifOftbiagy bed sbﬂw@f&%ﬂo@ﬁnﬂba@@d ok bSBEPR Q!rafal me
strobe (synchronized to the start of both t code of the

recei vet@ragtr gredivna g masdinepsadable ewige suad ouilecieing instrugtinny gxeantabdd Ayew) to
one or_n i+t r [ 007 r.. 750
upconver S tlﬁgl d‘%@%g‘& gpgg%ﬁﬁgr o?hjvt?agﬁe{b%']ﬁa&fﬁ P EIrZQ?%TSHaté %gg%{%{suﬁlgnls ZdZI F

t r ans memicgpdoctee chig (o péitiom yhereuf) sicbh aaml?&ﬂlﬁfl@(ﬂmlﬁmanm inemory module

baseband-t Q- onverter I.nc.) or o er devi ce capabl e of.
Cr ansnits (08 fiheot HEBEIEQECH Ty oKDl e SRS & TRy ng
si gnal ofiRy1, Bﬁoﬁ@tﬁ%ﬁ@ﬁ}t &%ﬁaee.ahan b MARANAE | AL of f2BEYERE .2 RAF0pHEBr hardRF

" PA 760 anpl i fies the gnal outputted by ZIF transmt upconverter 750
to a déigh ced tappict fd;&k)tqrawmvsblpdnod%de SP8 BFF iny ﬁﬁMﬂ%ngm@aréFlash

anplif @ﬂﬁj re transm ssion. [0073] The f or egoi ng

presen%ﬁ |onggﬁkﬁﬁ%mggﬁﬁ?ggm%ﬁEﬁbodrnents is provided to - enable any o

@ son ski I[IOG’EE]l Thush theaprésenbinveltionots nos éntervded go bs dinhitddnioahe embodiv@nisous -
d

ificatio th se. enhodi nents_are ssi bl e nd

o' i s s Butsber iR RR SRR R RR SR S RER WS R Rl
For exmjﬁam}gg%smgmﬂ@@ﬁgﬁo@ger@mnpl enented in part or in whole as a
hard-wired circuit or as a circuit configuration fabricated into an
'applrcatlon specific integrated circuit WO 03/ 093859 18 Cctober 2006 15
- [0074) WKL FhGEAMDMER iy al so be inplemented in part or in whole as a
~ firmmare programloaded into non-volatile storage or a software program .
| oaded fromor into . a data 'storage nmedi um as nachrne readabl e code; such
code, being instructions executable by an array of logic elenents as
descri bed above. In one exanple, the data storage nediumis a
. sem conductor..chip (or portion thereof) such as an -ASI C or randon}access
- menory nodul € (e.g. CMOS, flash, or ferroelectric). In another exanple,

the storage mediumis a magnetic, optical, nmagneto-optical, or -
phase- change, nedrunrrn di sk or ‘tape fornr(e g. a floppy or hard di sk or.
a conpact . di sk () or renovabl e nDduIe (e.g. a card in PCMC A, donpactFIash




"gscillator according to

Smart Medi a, or MenoryStick format). [0075] Thus, the present .invention is
not intended to be limted to the enbodi nents shown above but rather is
to be accorded the w dest scope consistent with the I8 Owoper2086d novel
features disclosed in any fashion herein T 1S CLAIMED |I'S: 18 Cctober
2006 16 What is clainmed is: 1. ' An appaJ tus for wirel ess

communi cations, said apparatus conprising: a receiver configured and
“arranged_t o receiye a signal froma ground transmtter; a decoder

confi gur 8A*HhH¥ P Shged to decode a time information message fromthe
recei ved signal and arranged to output a strobe signal indicating a

coi nci dence b tween c hases of a sgu adlqﬁ%code .of the signal being

decoded and a EE}}PF@%g T S PEMEHRIO R s apPYPHSCOPEING - o cessor

configured and arranged to apply a predetermned offset to a time base
of the recei vefc&ived Borlfigurodimiaftatbed RGO b kighl R8s gcraundirashitt;Ng si gnal
~generator configured and arranged to generate a timng signal, wherein a
code phase of the timng signal is based on the second tine base. 2. The
appar at us f or2 $fepdsr e Airenged ilscode e Bmelinfgmatipnanessags from g d

- appar at U?ec&wdtsl@ﬁil an&&FEHédd&b Bl a SEsBE 9@@&1 nﬁi&ﬁ'tfn! Q%i%&id&@éibe%éeﬁ'a%d to
obtain a code_phase of the *recejved si § ar at us for

wirel essPl&‘?é‘?hﬁ’ﬁﬁf%%i‘@inéﬁ%deé.’g%ﬁla?“\luael%deé?cgi‘ ARde COWFQ?‘E]F%%)W /ssedhd time

base is aligned with a tine base of a positioning satellite system 4.
The appar at USa fnﬁé baad ﬁl%lse%&%c&%@ﬁfﬁ@hﬁ%&%@@to%ﬁ?ﬁﬁfeﬂ&e&n%e@'oﬁ%emo?amﬁ@her ein -
said timng gnal generator 'is further configured and arranged to :
spr ead tH@ePfth?Wbel‘éefi@ﬁ&FOWaEW%c@ﬂﬁ@ﬁéFsﬁ@n code of positioning satellite °
system 5. The apparatus for wirel ess comuni-cations according to claim
L wherein Saj ik fnd 3 Rrad? L eand'aeafge&meﬁeraemﬂnag@@m a4 anged
to performat |east ‘one anmon cts of 2 synchroni'zing an
osci | | at g1degeasoeidheigming signbis Fsﬁémb Séf’c@‘fdttm?é?aﬁeecel ved signal and (B)
adj ust | ng a code generator according to the tinme base of the received
signal. 6. The apparatus for w reless comupications according to claim
1, wher e|2n sai i PPHEUHE wireless poupraufatins agegrdingde claignk F@%mara%gma?rr anged
to perf Oﬁdﬁllﬂ&lnkﬁﬁe‘%}ch@'%n@%&ﬁgnd DRndQtSolidin § A9de pBUOSNAOREFVAGigA). .

t second 'time base and (B) adj usti ng a code
generator according to the second tine base. '

A

3. The apparatus for wireless communications according to claim I, wherein the second

time base is aligned with a time base of:a positioning satellite system.

4. The apparatus for wireless communications according to claim 3, wherein said fiming
signal generator is further configured and arranged to spread the timing signal with a spreading

code of positioning satellite system.

5. The apparatus for wireless communications according to claim 1, wherein said time base

processor is further configured and arranged to perform at least one among the acts of (A)

i

~ synchronizing an oscillator according to the time base of the received signal and (B) adjusting a

code generator according to the time base of the received signal.

6. The apparatus for wireless communications according to claim 1, wherein said time base .
processor is further configured and arranged to perform at least one among the acts of (A)
synchronizing an oscillator according to the second time base and (B) adjusting a code generator

- according to the second time base.



