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SI GNALS BACKGROUND Rel at ed Applications [0000] This application clains
priority wWo oslo&27®Provi si onal Application Serial No. 60/ 3P&TAKB3/03813 ed on
February 8, 2002, and U S. Provisional Application Serial No. 60/362, 476,
filed on March 6, 2002. Technical Field [0001] The invention relates to the
d obal Positioning System (GPS) and, more particularly, to acquiring GPS
signals fromsatellites. [0002] The G obal Positioning System (GPS) is a
satellite navigation system designed to provide position, velocity and

tinme informtion i ) .
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constellation of twenty-four operational satellites. [0003] GPS provides
two |evels of service: a Standard Positioning Service, and a Precise
Posi tioning Service. The Standar dBAGCKGROUN® Service (SPS) is a
positioning and timng service that is available to all GPS users. SPS
makes use of a coarse acquisition pseudorandom code (C/ A-code) and a
navi gat| SPS provides a relatively, predictable
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is avail ag(g@&)g @fﬁg&éﬁm%’;é 05! dwi de basis to authori zed users. PPS

makes use reC| si on € (P-code), and is designed primarily for the
use of the United States military. P-code capable mlitary user equipnent
provi des Te¢ghmachl®ieldl e positioning accuracy of at |east 22 neters (95

percent) horizontally. and 27.7 neters v cal d ti fer
accuracy 90Urc wi ¢ BhéinEefionishissde iio ?’9@ Qe a§ stem (GpS) &8 mSre
particularly, to acquiring GPS signals from satellites.

[0002] The Global Positioning System (GPS) is a satellite navigation system
designed to provide position, velocity and time information almost anywhere in the
world. GPS was developed by the Unites States Department of Defense, and currently
includes a constellation of twenty-four operational satellites.

[0003] GPS provides two levels of service: a Standard Positioning Service, and a
Precise Positioning Service. The Standard Positioning Service (SPS) is a positioning and
timing service that is available to all GPS users. SPS makes use of a coarse acquisition
pseudorandom code (C/A-code) and a navigation data message. SPS provides a
relatively, predictable positioning accuracy of 100 meters (95 percent) horizontally and
156 meters (95 percent) vertically and time transfer accuracy to within 340 nanoseconds
(95 percent).

[0004] The Precise Positioning Service (PPS) is a highly accurate military
positioning, velocity and timing service that is available on a continuous, worldwide basis
to authorized users. PPS makes use of a Precision Code (P-code), and is designed
primarily for the use of the United States military. P-code capable military user
equipment provides a predictable positioning accuracy of at least 22 meters (95 percent)
horizontally and 27.7 meters vertically and time transfer accuracy to UTC within 200

nanoseconds (95 percent).



WO 03/ 067279 2 PCT/ US03/03813 [0005] The GPS satellites transmt three
pseudor andom noi se (PRN) ranging codes on two L-band frequencies: L1 =
1575. 42 NP oame2e® = 1227.6 MHz, and use. The satellitesPCTASSRIIBII he

C/ A-code as a sequence of 1023 pseudo-random bi nary bi- phase nodul ati ons
of the GPS LI carrier signal at a chip rate of 1.023MHz, producing a code
repetition period of one mllisecond. [%)006] The satellites transmt the
P-code as a nuch Ionggr sequence of pseudo- rangorzp%i nary bi
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[ 0008] The process of searching for and acquiring GPS signals, and
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col l ect a snapshot of the GPS signal over a duration of tinme to capture
the enti rélesﬁémé,amllablqOlﬂ?%lalgranflﬁ&rff%lﬁ@%?s}I i second, and cal cul ates a
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signals from one or more satellites in view, measure and track the received signals, and
recover navigational data from the signals.
[0008] The process of searching for and acquiring GPS signals, and computing
the location of the receiver can be time consuming. To acquire a GPS signal carrying
C/A-codes, for example, a mobile unit typically performs a free-running correlation
between the GPS signal with an internally stored C/A-code sequence. Alternatively, the
mobile unit may collect a snapshot of the GPS signal over a duration of time to capture
the entire sequence, i.e., greater than one millisecond, and calculates a time offset
(pseudorange) for the satellite by correlating that buffered signal with the stored C/A-
code sequence.
[0009] In addition to the code sequences, each satellite transmits a navigation
message containing so-called “ephemeris” data, such as its orbital elements, clock
behavior, system time and status messages. Upon calculating the pseudoranges for the
satellites, a mobile unit extracts the ephemeris data, and calculates a final position based

on the calculated pseudoranges for the satellites and the ephemeris data received from the

satellites.



behavi or, systemtinme and status nmessages. Upon cal cul ating the
pseudoranges for the satellites, a nobile unit extracts the epheneris

data, andwoaBwen2ad es a final position based on the cal culParasopeisuior anges
for the satellites and the epheneris data received fromthe satellites. WO
03/ 067279 3 PCT/ US03/ 03813 [0010] Location-assisted acquisition is one
techni que that has been used within cémrer ci al -grade nobile units to

accel erate the acquisition process of C A-codes. According to this
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signals. The device nakes use of the epheneris data extracted using the
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of the C/A-codes to accelerate acquisition of the P-codes. In other words, the mobile unit

first acquires the C/A-codes to extract the ephemeris data from the signals. The device
makes use of the ephemeris data extracted using the C/A-codes to accelerate the
correlation process for acquiring the P-codes.

[0012] Nevertheless, even when acquiring signals utilizing the C/A-code, the
process can often require several minutes. In many cases, this lengthy processing time is
unacceptable and, furthermore, greatly limits battery life in portable applications. The
acquisition process can become even more difficult in weak signal or jamming

environments.

SUMMARY
[0013] In general, the invention is directed to techniques for directly and
efficiently acquiring a P-code signal from a GPS satellite. In other words, acquisition of
the P-code signal can be performed without first needing to acquire a C/A-code signal
from the satellite.
[0014] For example, in one embodiment, a system comprises an assist server to

track a signal from a Global Positioning System (GPS) satellite and generate acquisition



environments. SUMVARY [0013] In general, the invention is directed to
techniques for directly and efficiently acquiring a P-code signal froma
GPS sat elWpDtog/o672m9 ot her words, acquisition of the P-codePsirgrsatoisan be
performed without first needing to acquire a C A-code signal fromthe
satellite. [0014] For exanple, in one enbodi nent, a system conprises an
assi st server to track a signal from 4 G obal Positioni ng System (GPS)
satellite and generate acquisition WO 03/067279 4 PCT/ US03/.03813 assi stance
dat a f r oressistencsidgirafromtheesigyalt die SYTeRARIRGE PARIPESSS HMABHS PRt PHEteYotheecei ve
the acquisi.t.i.on _assist e ta f i St é 4 ire the
P- code siaﬁwﬁfl e’ 3%13?%5%5]‘% gﬁﬁ @g a[%gaigt] egc? on 1 et%a%“gﬁ{%?%‘? E%Bges gll%g?lg%%&g dat a.
The acquithd §dt@intcasséSomteacdaisaionysistne! datte Themeqofsitv@edssismhee datalinmat i ng
an initial tine offset into a P-code pseudorandom codge sequence fqr the
sat el | i t énclygetimsifivecclirfata indicating | andaitial tigeep ééntaemﬁ-rcaﬁwsqu@m%naera ly
generat & 3qf %é@{eﬁ@ec fortBE lég@flﬁ&d O{Hecrﬁ ile G inBRBED Rferbile ddntBrdf roweek
data. The assi Server may track and generate the acquisition assistance
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[0016] In another embodiment, an apparatus comprises an antenna to receive a

signal from a Global Positioning System (GPS) satellite, and a wireless modem to receive
acquisition assistance data from an assist server. The apparatus further comprises a
reference generator to generate a reference pseudorandom code sequence based on the
acquisition assistance data, and a processor to determine a time offset for a P-code
pseudorandom code sequence associated with the signal based on the acquisition
assistance data.

[0017] In another embodiment, a computer-readable medium comprises
instructions for causing a programmable processor to receive acquisition assistance data
from an assist server, and determine a time offset for a P-code pseudorandom code
sequence associated with a signal from a satellite based on the acquisition assistance data.
[0018] The details of one or more embodiments of the invention are set forth in
the accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from

the claims.



assi stance data. [0017] In another enbodi ment, a conputer-readabl e nedi um
conprises instructions for causing a programmabl e processor to receive
acqui si tiwp 0a®eizge ance data from an assist server, and deCEusvnessa3 ti e
of fset for a P-code pseudorandom code sequence associated with a signal
froma satellite based on the acquisition assistance data. [0018] The
details of one or nore enbodi ments of the invention are set forth in the
acconpanyi ng drawi ngs and the description_bel ow. O her features, objects,
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fl ow char @ohhé'dﬁirt.r ating an exanpl e node of operation of the nobile unit.
[ 0022] FI Is a flowmhart further illustrating an exenplary process for
cal cul at i [192a] pseudBIGriyés &dltova chary diussratieg lan texampteomdide @f taperatien of the
t echni ques. h002,3] FIG 5 illustrates an exanple alignnment of the digital
data repr 39BHE PR a  P-code GPS signal. [0024] FIG 6 is a timing di agram
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[0024] FIG. 6 is a timing diagram illustrating an example correlation operation
performed by the mobile unit that makes use of an overlap-save method based upon a
time uncertainty value.
[0025] FIG. 7 is a flowchart illustrating an example acquisition process when the
time uncertainty value is relatively large.
[0026] FIG. 8 is a flowchart illustrating an adaptive acquisition process for

acquiring multiple satellites.

DETAILED DESCRIPTION
[0027] FIG. 1 is a block diagram illustrating an example system 2 in which a
mobile unit 4 makes use of acquisition assistance data to directly acquire P-code signals 6
from satellites 8. More specifically, an assist server 10 continuously monitors and tracks
GPS signals 6 from satellites 8, and prepares and maintains the acquisition assistance data
based on the signals. Assist server 10 may, for example, track a P-code GPS signal or a
C/A-code signal, and extract the acquisition assistance data from the signal. The
acquisition assistance data may include time-of-week (TOW) information for each of
satellites 8. In addition, the acquisition assistance data may further include ephemeris
data extracted from the signals 6, such as vehicle (S.V.) identifiers for the satellites 8 that
are currently in view, clock behavior, system time, Doppler shifts for each satellite, status

messages, and the like.



[0027] FIG 1 is a block diagramillustrating an exanple system 2 in which
a nobile unit 4 nakes use of acquisition assistance data to directly

acqui re PWowmdesrignals 6 fromsatellites 8. Mre specifi ®arlusp3/ea81assi st
server 10 continuously nonitors and tracks GPS signals 6 fromsatellites
8, and prepares and nmai ntains the acquisition assistance data based on the
signals. Assist server 10 may, for exar?pl e, track a P-code GPS signal or a
C/ A-code signal, and extract the acquisition assjstance data fromthe
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time offsets as starting positions within the sequence during the

correl atisatellgepcess. In this manner, mobile unit 4 can often significantly
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receivers capable of receiving GPS signals and calculating GPS data. Examples include a
handheld GPS receiver, a GPS receiver mounted within a vehicle, such as an airplane,
automobile, tank, ship, or the like.

[0031] Assist server 10 and mobile unit 4 may communicate using any one of a
number of conventional wired or wireless protocols over link 5, which may be a wireless
link, a hardware interface, such as a serial or parallel port, an Ethernet connection, or the
like. One common wireless communication protocol is code division multiple access
(CDMA) in which multiple communications are simultaneously conducted over a radio-
frequency (RF) spectrum. Other examples include Global System for Mobile
Communications (GSM), which uses narrowband time-division multiple access for
communicating data, and General Packet Radio Service (GPRS). In some embodiments,
mobile unit 4 may integrate both a GPS receiver and a wireless communication device for
voice or data communication.

[0032] Assist server 10 may comprise a high-performance GPS receiver having a
fixed location. For example, assist server 10 may be coupled to a wireless

communication base station for easily communicating with mobile unit 4.



handhel d GPS receiver, a GPS receiver nmounted within a vehicle, such as an
airplane, automobile, tank, ship, or the like. [0031] Assist server 10 and
nobi | e urivd 04/06my9 conmuni cat e usi ng any one of a nunber @®CTABAYEISII onal

wired or wireless protocols over link 5 which my be a wireless |ink, a
hardware interface, such as a serial or parallel port, an Ethernet
connection, or the like. One comon wi’rel ess comunication protocol is

code division multiple accesskaé in which nultiple conmmunic ns are

si mul t and8033ly con 8ds e\hdec iggamﬁéﬂl}mtr%wwa(m “@B@%t‘lpﬁﬁl\mglhg?r
exanpl es 1l udg, Gobal RUSACTE iliRidCy SPITHRLRLOOSWE EMheryhbeh uses

nar r owban VI'sion mul'tipl'e access for ~ comunicating data, an
Gener al Ra&jehicyRagtesber VA4 eanaldBRE)digitad @anertanddCyrd6; spemonyb?28,edigitalt 4
may integrate both a GPS receiver and a wreless conmynica ion'deVigﬁD% for

voi ce or wigneh PESAMOAIREF) &t adoTEPInCAINEIa el hor TARFI YRS RO ARFIILRE
hi gh- pe;_gs?%rg;snﬁelncagcﬁﬁ i&8 ‘?{uylﬁfe BEv4 P‘feélslfgles Wirefds bkl PNand RE 28%AIPBE fordSSI St

server “be coupled toawre conmuni cation base station for
easi |y cojomuhintiedtingovith aRisoedrvérelOuni t 4. WO 03/ 067279 7 PCT/ US03/ 03813

[0033] FIG 2 is a block di illustrati | bi | ' i

{002 P Gl . SbaShermr Rl ey b R SR U B et 0
converter . \Y: § kG thash ADC
26, mermmr 3 33 T e e ey at or

31 }‘05 r etheisigmity frooh hdmoilrfreqyedRS teagbastlang. freqreaelvifer processils | Doy t 4

i ncludes wirel ess nodem 32 and RF.antenna .34 for. i i k.t . assi st
server 10CONYef634~ B8 r%cfr?_{}g the Sé@a_ﬁset(?eql\/l&e F%%%W?%ﬁ%@ gPHeYPH;'lP 5 8
via GPS afidemBR comdfert RBEoRiXSaed Hignditghiad Basebird Requegon! ARemdtivay dayvn
frequency synthesizer 24 to convert the signals fromlL-band frequencies to
a basebanebniverepdhmpy fimplesrent agstnitermsdiste Hequeaey $£IE arhitpciure g}r Heser t

conver (TR A B G R sRbferk s MREREKET C°T T equency. Al Cornat i vel y.

down con@BSEr 22 ABC 26pAmpENthedageband sighelrogdodice af digijuehmprasaitaiion

architecture for direct
of the signal, and stores a snapshot of the digitized data in memory 28. For example,
memory 28 may store a contiguous set of digitized data, typically corresponding to a
duration of 100 ms to 1 second of the baseband signal, or longer, for use by DSP 30
during the acquisition process.
[0036] DSP 30 communicates with assist server 10 via wireless modem 32 and
RF antenna 34. Although not illustrated in FIG. 2, wireless modem 32 typically includes
a down converter and analog-to-digital converter for processing RF signals received from
RF antenna 34. Although a common antenna may be used for GPS and cellular
communications, a separate antenna may be preferred because the cellular
communications and GPS signals typically use different RF bands.
[0037] DSP 30 receives acquisition assistance data, including TOW information,
from assist server 10 via RF antenna 34, and stores the information for use during the
acquisition process. DSP 30 may store the information in memory 28, internal on-chip
memory, or other suitable computer-readable media. In addition, DSP 30 typically
operates according to executable instructions fetched from a computer-readable medium.
Examples of such media include random access memory (RAM), read-only memory

(ROM), non-volatile random access memory (NVRAM), electrically erasable
programmable read-only memory (EEPROM), flash memory, and the like. Although



conversion of the L-band frequencies to baseband. [0035] ADC 26 sanples the
baseband signal to produce a digitized representation of the signal, and
stores a wWoapsbmrs of the digitized data in nenory 28. For PEXAISPI/@3813 nenory
28 may store a contiguous set of digitized data, typically corresponding to
a duration of 100 ms to 1 second of the baseband signal, or |onger, for
use by DSP 30 during the acquisition p$ocess. [ 0036] DSP 30 commruni cates
with assist server 10 via wireless nodem 32 and = RF apntenna 34. Al though
not il | usdesatibefl inrreferapcg fo pidigitabsignatauesessey. qtleriforms of anmbRided PEOCERSRR
converter and. anal og-to-di gital verter for processing RF signals
recei ved PTEHRO %ﬁ{gﬁﬁgdgﬁLﬁﬂP§ﬁ%ﬂ§ﬁE§ common antenna may be used for GPS
?Ed ce: : UPR)BS] coNMUDISPasd ciesnmenisagaltiat enertfenesk EYWoeinfomiationetceizeduse

e cellular comunications and GPS signals typically_.ys Lfferent. RF
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I nformatign, lbe SERYSI3 12 ARLBONRe TIPS AdaSdds 8Grdd
!nfornat!gﬁ _8%&g§%%%§#§h%§§%ee§%cqJ*??FﬁEﬂ rocesg. DSﬁ@%% may s{orgythe
i nf or mat i gRnioty DRMREferd@e denératondll roay bdhieplizavdppdigitalanircuittye pr way takis the

conput er-readabl e nmedi a. | n addjt] DSP 30 typically operates accordin
to execut E5meofi aRrpEIEIR atluéet‘égfé%]ggqom a conput er -readabl e nedi um °
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(ROM, non-vofatile random access nenory (NVRAM, electrically erasable

pr ogr anmabéeelarata dheoatqyisitimoprycdsEERSIM) ynif 4 2e0niviee peTUjsitiemassistaace dita from

Al t hough WD, 03/067279. 8 PCT/ USO3/ 03813 crjbed,i ef ; I.gital
si gnal pr B¥ELSEVE _i‘?l’fé@rw_frggﬁssm(? e e?%icejlgﬁé"a GBP%?:%S%@? ﬁ%ﬁﬂsgo% FQSOS ItagfrC 9can
be used Wyhdi McHBB TOWNintorthatibf G38leadlSBE 3aclinERMBNIanAtAsy tldude ndditibnaleek
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the formyafiie. programmed feature of DSP 30.
[0040] To acquire the P-code GPS signals, mobile unit 4 receives the GPS signals
from satellites 8, and stores a snapshot of the signals in memory 28 (44). Next, mobile
unit 4 acquires each P-code signal using the TOW information for the respective
transmitting satellite 8. In particular, reference generator 31 locally generates signal 33 to
carry a reference P-code sequence based on the TOW information for the current satellite
8 being acquired (46). In other words, signal 33 may carry a subset of the P-code
sequence based on the TOW information for the satellite 8 being acquired. For example,
reference generator 31 may select an initial time offset within the P-code sequence based
on the TOW information, and may generate a subset of the P-code sequence that
progresses from, or surrounds, the initial time offset. Assist server 10 may communicate
the TOW information in a time-based format, such as HOURS:MINUTES:SECONDS, or
may communicate the TOW information as a chip offset within the P-code sequence.
[0041] Unlike conventional systems for acquiring C/A-codes that use a reference
sequence of length corresponding to one frame of sequence codes, i.e., 1023 chips of
C/A-code, the length of the P-code sequence carried by reference signal 33 may well
exceed the amount of data stored within snapshot memory 28. In addition, DSP 30 may
adjust the size of the snapshot stored within memory 28 based on sensitivity requirements

and an initial time uncertainty value associated with the TOW information received form



[0039] FIG3 is a flow chart further illustrating operation of nobile unit
4. To accelerate the acquisition process, nobile unit 4 receives

acqui si tiwp 0a®ei23e ance data from assist server 10 via w PErAsg3/msdem 32
and RF antenna 34 (42). Acquisition assistance data includes TOWV
information for each of satellites 8, and may include additional epheneris
data, such as vehicle (S. V.) identifiePs for the satellites 8 that are

currently in view, clock behavior, systemtine, Dopple hifts for each
sat el | i t esisttseries 1feds sgms caserdior erampleiid .mE{Yd?mﬂeth*g‘g & hﬁ&?fe@ﬂ&s W-Oﬁtgde GPS
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acqui res Ragf 1€¥fé@éife‘s i GAadrtaitsy g tHe MO WO drmhGomat i on for the respective
transmtting satellite 8. In particular, reference generator 31 lacally
gener at es[f)ﬁg nal 33Nex, DSEr 34 campeire AdHER (gsﬁto&ée%dé’gﬂ@ﬁigorb@g eg&tebﬁe ?We TOw
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e -
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of | engt hyeQrhaRRQRMatiod ROEest bardab of egipantade ovdadnventional dpeGaches ps of
C/ A-code, the'length of the P-code sequence carried by reference signal 33

may wel | whearcthedutiber efasurelations erariedisdr@s- wi t hi n snapshot nenory 28. In
addi tion, 30 may  adj ust, t [ t of S ich itfeayenor y
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assi st server 10. |In sone cases, far le, it ma
adequat e blockof fdar ugiog fast comolyiiongnethads.LonHRulds; P &%%@%%P%S%&@%}Sgial 33
that is ong 6eontkdBvdi€ A Ny Ry fAREHRion W58 BB %o partial blockage from buildings,
trees, or other obstacles. DSP 30 computes the pseudoranges for visible GPS satellites 8,
typically 8 out of the 24 that orbit the earth, using this same buffered data within memory
28. This can provide improved performance relative to conventional continuous tracking
GPS receivers in situations, such as urban blockage conditions, in which the signal
amplitude is rapidly changing. )
[0044] Once DSP 30 completes its computation of pseudoranges for each of the satellites
8 in view (48), it computes the position of mobile unit 4 based on the computed
pseudoranges for each satellite 8, and ephemeris information provided to mobile unit 4 by
assist server 10 (49). Alternatively, DSP 30 may transmit via modem 32 the pseudoranges
to assist server 10, which provides a final position computation.
[0045] FIG. 4 is a flowchart further illustrating an exemplary process for
calculating a pseudorange for a given satellite. Upon acquiring the snapshot of the GPS
signals and the acquisition assist information from assist server 10, DSP synchronizes the
captured data and the generated reference PN code sequence carried by signal 33 (50).
Unlike C/A-code acquisition techniques, in order to directly acquire a P-code GPS signal,

DSP 30 may be required to process a range of code phase that exceeds the length of a data



second represents the uncertainty in the TONinformation. [0042] Next, DSP
30 conputes a tinme offset (pseudorange) for the satellite by correlating
ref erenceweiogiei2783 with the digitized snapshot of the GPBCIIupnddIs13t or ed
within menory 28 (47). As described in detail below, DSP 30 nakes use of a
Fast Fourier Transform (FFT) algorithmthat permts very rapid conputation
of the pseudoranges by performng a | pge nunber of correl ati on operations

bet ween | ocal | y enerated reference signal .33 aﬁg .he dat.a ?ngreg [
menory 28bit| nAgrerdinglyl ainlike |genyemiiona)) GBS i TR R AR LISh 2R teEHS Hha
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when the gisplien sedred ovitteh ahéony 2&qUhratheri wotday fecaufd Gu3L/Asoindeagnes
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bl ock of ggrcg?déﬁkaﬂgwi{tﬂl‘ﬁgw&gg‘éghéﬂrbﬂﬁat{%t ﬁa%gr@@ég bf RHuRSid0 HoRedd bhdy to

process sign a ceived levels, 'e.g., when reception is poor due
to parti abiftibigkiaghrettpacduiiihg ieg®-code isdlat, the P-apdasequsbes isc fall mamicab

conput es the pseudoranges for vi.sibl S satellites I I ut of
Che. 24t hEFTDERS] ROYFrRCRE h{gc‘iﬁihﬁég’t ﬁw;ﬁgg of{wft%@%@ﬁggt%ﬁ%s@ﬁ%lﬁ%ﬁ%@r y
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continuous tracking® GPS receivers in situations, such as urban bl ockage
condi t i onsgpetitiomdri the codeeplsisginal  anplitude is rapidly changing. [0044] Once

DSP 30 co es itg conputation of . r . lites
.1 n vi owl(OM) it Soryorietien O BeiPRE G AR, BBk 28 dRenS bl
comput ed sRREHASBAERE yGefetdeb geadretot B1,DSP 3aaskoeftesniims uidefemimyalon
provided to nobile unit 4 by assist server 10 §432[ Alte{;%%tive{)% gﬁP 30
may transmiith the TOW defiermatiansceied Howassjeiseryeg 19s Nap speriyeally1 Brodjs 1

provi des final positi dt.at i 0 ' akdithftHe t her
Pl Fustr at A5 ARt DM 45 SO piftn DEAPHDforiiehed & 3 fing ISR bty e

gi ven sat gigwtigforsdaieh eaived ifrogn hisest saapsHbt Thé TOWE r@RS/edsfirgm alssistaagever he
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range of catefoplifeetthammuderin syhemsefyr exahple, 8 4RMA system may have an
inherent range for the time lag, while other communication systems may have different
time lags.
[0047] In general, DSP 30 synchronizes the digitized GPS signal and the
reference signal 33 based on the received TOW information and the time uncertainty. In
particular, DSP 30 first estimates a location for a first bit edge within the digitized data
stored within memory 28. The bit edges can be computed using the data transfer of 50
bits per second. Accordingly, a bit edge occurs every 20 ms starting at the beginning of
the week. Given a chip rate of 10.23MHz, bit edges occur every 204600 chips.
[0048] Based on the determination and the time uncertainty, DSP 30 disregards a
number of chips at the beginning of the digitized data stored within memory 28, and a
number of chips at the beginning of the PN code sequence produced by reference
generator 31, to start the correlation process at or before the first bit edge. In this manner,
DSP 30 uses the TOW information conveyed from assist server 10 and an associated time
uncertainty to locally generate a reference P-code sequence, and to synchronize the

generated sequence to the data bits stored in memory 28. In this manner, DSP 30 ensures



WO 03/ 067279 10 PCT/ US03/03813 bit. Accordingly, unlike conventional GPS
receivers that first acquire C/ A-codes to acquire P-codes, nobile unit 4
est abl i sh&® 0Bi06723y nchroni zation directly fromthe P-code PEmA[S8heas1zt or ed
within menory 28. In other words, because the C/ A-code sequence repeats a
nunber of tinmes within a single data bit, conventional GPS receivers need
not be concerned with bit edge synchréhi zation for purposes of

acqui sition. However, one difficulty in directly acquiring ,tHe P-code is
that the tRatesdescpqaraiyde maintaingd fof the phige threughouhan 5‘%&8?,“ RrGiR¢ rdé‘b‘ééoti‘%g.
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to. These techniques guarantee that the PN sequence always has samples within one data

bit.

[0051] To process data for lags te+ d to te -+ 29, the techniques eliminate a number

of samples at the beginning of the snapshot and the PN reference equal to the time from

t. + 28 to to. Equivalently, DSP 30 may start the PN reference at time tp and index into

memory 28 a number of samples equal to te+20—to. A similar process can be followed

to handle the next lag range t. + 28 to te+ 38, and succeeding ranges of size d.

[0052] Referring again to FIG. 4, after synchronizing the captured data and the

generated reference PN code sequence (50), DSP 30 performs Doppler corrections on the

carrier by, for example, multiplying by a Doppler carrier correction exponential (52).

Next, DSP 30 implements a matched filter using FFT operations. During the process,

DSP 30 performs Doppler correction of the baseband signal, e.g., by multiplying by a

Doppler carrier correction exponential (54). ,

[0053] In general, the correlation process DSP 30 performs a Doppler search over

a number of Doppler hypotheses (“frequency bins”) to identify a peak. Assist server 10

may, for example, give a Doppler indication for a satellite as 1000 Hz. Based on the

Doppler indication, DSP 30 assigns a frequency increment, €.g., 50 Hz, that effectively



nunber of chips at the beginning of the PN code sequence produced by
reference generator 31, to start the correlation process at or before the
first bitwedges72ih this manner, DSP 30 uses the TOW i nf oPgatlisososohveyed
from assi st server 10 and an associated tinme wuncertainty to locally
generate a reference P-code sequence, and to synchronize the generated
sequence to the data bits stored in me]ﬂ%ry 28. In this manner, DSP 30
ensures WO 03/ 067279 PCT/US03/03813 11 that cor rjiect ol abi %y d S_pai nt ai ned
for the chiapkshenagwgthstof dequency ransamoupd theotrrats r?f@‘eg% Sbr 81

process. [ 00 FILG. .5 i -Selmlg’gl iRt of the data
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al ways has sanpleS within one data bit. [0051] To process data for lags to

+ 8 to todesci##@d. t he techni ques elininate a nunber of sanples at the
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process can be followed to handle the nﬁxt | ag rfiﬂg,e to + .28 to to + 38,
and succeefdthagelemngesaltsr Iagpplergorrection. The result™wil e a correlation peak at a

time offset equal to the relative delay of the GPS signal, assuming it occurs at a lag
corresponding to the two sequences. DSP 30 computes a magnitude of the data for the set
of correlation lags, and sums the magnitudes over a number of integration blocks, also
termed number of post detection sums.

[0056] As illustrated in FIG, 6 DSP 30 performs the FFT by convolving data
blocks of length N, where N is the length of the snapshot data stored in memory 28 as set
by DSP 30 based on the time uncertainty value associated with the TOW information
received from assist server 10. DSP 30 zero pads the blocks of the reference signal with
N-M zeros, where M represents the bit period. In this manner, the length of the zero
padding of the reference blocks is a function of the time uncertainty associated with the
TOW.

[0057] Tn addition, DSP 30 adds data beyond each bit boundary to the prior block
in an overlap-save method, as illustrated in FIG. 6, where M equals the number of non-
zero reference P-code chips, N equals the FFT size, typically 218=262144 chips, and B
equals the data bit size, 204600 P-code chips. As described below, normally M<B.



[ 0052] Referring again to FIG 4, after synchronizing the captured data and
the generated reference PN code sequence (50), DSP 30 perforns Doppl er
correcti owWe oofe2lie carrier by, for exanple, nultiplying gTASDHMSLEr
carrier correction exponential (52). Next, DSP 30 inplenents a matched
filter using FFT operations. During the process, DSP 30 perforns Doppler
correction of the baseband signal, e. g by rrultl pl ying by a Doppler
carrier correction exponenti al &f [0053] gleneral the correlation

process [IQD‘SQO per forrexampie poR l%ﬁﬁr‘@h‘leoﬂ’fethe dpmne to
hypothese q " y V.er Y,
for exarrp"} p S%@%pg t@?wvo)rdérf’ ?fﬁ)?%b% asaal %T 'f%ff?gts%tséle%elz%pm%éged on
t he DOppitféRreIEStPgabb@dsnnﬂﬁE’fcaIb\aaﬁ p@hsdtaefrequency increnent, e.g., 50 Hz,
that effecti ver VO 03/ 067279 jjﬁﬁ / US03/ 03813 est abl i shes a nunber of
frequency bi nsCEVBLYRI tPRetEEF IR SF gﬁean'cy. DSP 30 performs correlation
operations for the tftetf_eqmecﬂcy) bimsountil . aMpeak reraddiexted)].| 0054 For each
bin, DSP 30 divides the reference signal 33 and snapshot data wthin
menory 28%isnfo L bl ocks, where the max block size is less than the data bit
period (204600 P-cgde gh(gcgcs), Phys, 1the esty mathed tine uncertainty for the
received TONrelative to the actual TOW'for the P-code GPS signal. DSP 30
appl i es aTodtptwe densitieity,nGSP difepafarms the coardiuten phethpngskk @veranped)

pur pose of dete ning the relative tim t al ned
within mebtsf Q%Taatﬁdc ut?ﬁ\lth@o‘aggrggl&ﬁ’e C{e]g%rﬁ? ?h lal?‘%“ laﬂfr%gfﬁ%elgle%lggsrgce n

Si mul t anegdsksy, DSP 30 can conpensate for the effect of Doppl er Shl ft on
the sanpling tines. DSP 30 can greatly reduce the conputation time of these
operations by the uBet floglase DRVl W Lod -opef at L bhgetdi HgNFFF &l gori t hns
as presently described 055 r ch bl ogk, P30 conmputes the FFT of

t he snapshot data, %ECC? tBhLQ( EF#(]J:Q [Oe e?enceﬁm égl 33. DSP 30 nultiplies

t he snapshot with the conpl ex conj ugate of the reference, after Doppler
correction. The result will. _have a correlation peak at a tinme offset equal
to the relati vEedert§ F tHEC°EPS signal, assuning it occurs at a | ag

corresponding to thget \@qog]equenqes.[RQ§B<?é)+Cp>rmuﬁ,es.ammgm tzedes @f nt-he dat a
for the set

M)]
Data Block L - 1 =D(j X B + [0,1,2,...,N —- 11),
where j = 2,3,...L - 1 ;
[0059] The output data is of size N, but due to the nature of the overlap-save

convolution, only the first N—M samples (or “lags”) contain no alias terms resulting from
the circular convolution. Normally, DSP 30 only retains these terms. Additional lags
may be ascertained by repeating the overall procedure while offsetting the relative timing
of the reference and data sequences.

[0060] Note that some processing may be lost because only M/10.23 X 10° s out of
20 ms are processed. This is due to the M nonzero samples of the reference that
correspond to the first M samples of each data bit (total data bit size 204600). The result
may be a sensitivity loss of about 10log(M/204600) dB relative to the situation in which
an entire data bit at a time is processed.

[0061] This loss can be overcome in a couple of ways. Extra energy can be
gained if two convolutions are performed (instead of one convolution for each of the steps
above) and then the results added prior to forming a magnitude-squared operation. The
second convolution can make use of altered reference and data blocks. The processing of

the first sets of reference and data blocks can begin with a decision of M reference



of correlation |lags, and suns the nagnitudes over a nunber of integration
bl ocks, also termed nunber of post detection sums. [0056] As illustrated
in FIG 6wD®Bog7performs the FFT by convolving data bl o®k3/ush3/hasmyt h N,
where Nis the length of the snapshot data stored in nmenory 28 as set by
DSP 30 based on the tine uncertainty value associated with the TOV
information received from assist servEf 10. DSP 30 zero pads the bl ocks of

the reference signal with NMzeros, where Mre sents the bit period. In
thi s manmsemples raegll‘érd@tahsmpl@w therleft, ‘ﬁﬁaﬁlﬂﬁ“ﬁ)glrbm(? hé g igfexts etoﬁ}ea*gwsi s a

function of the t n N d h
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an over| apgnaie HAeidad ofetﬁe hdded pedsdeol B PetiGl Ofandrdveckdis ettheaksd phBitnunber

of non- zero reference P-code chips, N equals the FFT size, typically 218 =
262144 clﬂep@dOand B equals the data bit size, 204600 P-code chips. As

descr | bedofiphont N yMe, B QUARLORT 419,10 ORISR ORAADI 80 For

exanpl e e va N co rresponding to tine to and
D(0) is tshplesr(Bt= MGO)Amaﬂlld be p&@dwlﬂBN -ad aBlzgmedaltl@i sarhplesto pield Mdge as

O e, e i b b RSP S PR OIS 1

where M < N¢ %ﬁ e (#ialos ampisO The Zesult ofNonyditiod QBilﬁTﬂ{eﬁ\b@dﬁf@)Sﬂhhﬂ UHGA( DSP
30 perforns the convo utlo on the next L (overlap bl ocks of data,

conput es Tl’reeresmig rprcmdhs a duitl conyrgutidre utiliging tthméstlrw afp %ﬁéﬂlﬁﬁt&i’e@ﬁ AHO09 ocks:

0, 1. 2, samgles s RgdieooierBar gy bk e ST M sptles e Fofi'og @R,

[0,1,2,. conMblutidd do £&%iP@EmERlibing distortion. |
[0063] A possibly more efficient approach is to utilize FFT sizes of 204600. In

this technique, the shaded periods M would be identical to the bit period B. This
approach eliminates the necessity to perform two convolutions to process all data within a
bit period. However, implementing this non-standard size might be more complex than
performing a radix-2 FFT.

[0064] Yet another approach would be to sample the data at a lower rate so that M
data samples equals one bit period. However, this may result in some loss in sensitivity
due to the reduced bandwidth. Alternatively, for sizes that are equal to one data bit, data
could be sampled at twice this rate and then perform FFTs. However, this approach may
require increased computation time and memory capacity.

[0065] Referring again to FIG. 4, after applying the matched filter operation DSP
30 performs peak detection (56) to determine the time offset for the satellite being
acquired (58). In particular, DSP 30 computes magnitudes of the M samples extracted
from the FFT techniques, and adds the magnitudes in a running buffer. DSP 30 continues
this process a number of times equal to the number of post detection sums. Note that the
FFT produces N output samples, but the processing gain is actually a function of M due
to the reference block zero padding. DSP 30 then computes the mean of the running
buffer, and subtracts from the buffer itself. Next, DSP 30 computes the RMS noise, and a
threshold set in the running buffer equal to k times the RMS. DSP 30 may choose the
threshold to avoid situations in which noise spikes may cause a threshold crossing, often

called a “false alarm.”



M] Data Block L - 1 =D(j XB+ [0,11,2,...,N where | =2,3,...L -1

[ 0059] The output data is of size N, but due to the nature of the

over | ap- swoa3/o¢uamvol uti on, only the first N - M sanpl es (®CTUSay838)3 cont ai n
no alias terns resulting from the circular convolution. Normally, DSP 30
only retains these terns. Additional |a may be ascertained by repeating
the overall procedure while offsetting e relative timng of the

ref erence data uence [ 006Q] Note that sqme praocessing nmay be | ost
because o@gﬁgm 10, 231 Toe oeyﬁb%fﬂusareﬂrr&ara? o aeion prcess Wha et o
the M non ousal r emth t h

sanpl es ofgl ﬁ%agﬁ datn?b\l%éuet tIa %to E’?{e a%liaﬁ:1 tl;h%' ?P%qg%%g%g)@l%%rhagmétegeﬁ %rr ﬁr)ml%//I be a
sensi ti vi rglativedslaode, aboumeﬂﬂiedg(m/bﬁ@mﬁﬁﬁy extBedsed data\bﬁ pedot M. istdastribed i n

which an entire.data bit at ti I S processed. 6 This | oss can be
over comp. R GEGEITEE oFPnEY, JEJPPINe ARG b dn Bae! ga; FRAPRE, fSiercice
convol uti gasdafaadeardode r{ﬁ,ﬂl o(dcRaisRRf Rlisehe aR\Ed)LA® &}exff&&nseﬁé‘aﬁ} ReckiBR
steps above) and then the results added prior to forimng a

magni t udeby goaeletingederan¢eotignal Bd withetbo digitdzndwsohpshovef tha v Riadignals 662();f As
altered reference and dat bl o cessi first set

et or encedtoHL AR G deth SRS RR RSSHE Bfenreat et aniBal

03/ 067279 RETH#S0 36 Qdidy aapmkesxs&@ﬂséﬂvaatmnﬁgnwf%&aﬁl 1d, hevd £DoppRs
shown in Fl 6, and referred to herein as convol ution Convol u ion OB
el i mi nat eidigasion e e saglise as HOOHz. | Based oafthe BlopaleaddSP 30 agsigns nfeatenchie end

peri od 0. TLO0RIT 16+ 20 bl e PRERE b BIMSIIHAESCREQIIEN I8 Sougl e o1 o
of B - M cagiepirequenBy.= 204600), woul d be padded with N + M- B zero-val ued

sanpl es t leld N _total reference sanples. The data bl ock would utilize
buf f er ed EQQ%Z Tbegi nhki Agpek isi Aet MeteelRd Qeh<lls PopleN hyppihesesafid).e DSPTAR

resul t OI)R | 48 @GR s%altcheé;l aﬁﬂﬁ&jg”t glat af’e%eﬁ?:t: de 1d1&iVe gﬁ% Osg&eai des

a full tion utilizing the entire ation of
snaps shot data by N-M chips, where N represents the block size and M represents the bit

period (70). After sliding the reference P-code, DSP 30 repeats the set of convolution
operations to determine is a peak can be found within any of the bins (62). If no peak is
detected over all Doppler hypotheses, the reference P-code is shifted until the time
uncertainty range is exhausted (66). Note, for each sliding of the reference P-code, DSP
30 resynchronizes the snapshot to the next data bit boundary as described above. DSP 30
continues the process until all satellites are searched (74), and a final position is computed
(76).

[0068] FIG. 8 is a flowchart illustrating an adaptive acquisition process for
acquiring multiple satellites. As described above, reference generator 31 locally
generates signal 33 (80), and performs peak detection by correlating reference signal 33
with the digitized snapshot of the GPS signals (82).

[0069] As described above, for each satellite, DSP 30 performs a Doppler search
over a number of Doppler “bins” to identify a peak. To reduce the number of bins
searched, DSP 30 first searches for one of the satellites, such as a satellite indicated by
assist server 10 as being relatively overhead, using a relatively short integration time. For
this satellite and integration time, DSP 30 performs a search for each of a set of Doppler
bins as described above. For example, DSP 30 may begin the search at a middle bin, and

proceed outward until all bins have been exhausted (e.g. bin frequency offset 0, offset —50



sanpl es. Again, note that typically only the first N- Msanples are
retained of this convolution to avoid tine-aliasing distortion. , [0063] A
possi bl y woreg/oef2f¢ ci ent approach is to utilize FFT sizes #CTAGAHE®B13 | n

this technique, the shaded periods Mwuld be identical to the bit period
B. This approach elimnates the necessity to performtwo convolutions to
process all data within a bit period. Mowever, i npl ementing this

non- standard size m ght be nore co%r%l ex than erformng a radi x-2 FFT.

[0064] YetlzapHtdiarS0dpprafteh—1RALHE, oféset ¢19@ M sfcondLaghmsgargh wouldpadusete so
that M d ' i . thi '
e M BB e TSR T bl InROiOfhor UGB, ey, PR B "

Si zes t hadeciorersaholdq84)) ®Pad(adduidres & pieliminay lddtebiosanidteads die devdcdont hi s
rate and then perform FFTs. However, f%shi S. appr.oach qri]?{ée require increased

conput at i SFUHNRICERS therdisent horeler witsppdhng ofsste 2p diksi {S%)o Mlksn a

after applgy L@ﬁnﬁ&%d i i Igmgﬁ ction
(56) to de?ﬂg?t%])n;i}eée%e e ti né]j:? f%(géet%(%?ﬁt gﬁéstgﬁﬁf idt‘?{egcﬁﬁ %g\raﬁgcgw re %%8).
I n parti culeasyreiDSRs 36 nagihdring Deppiertaffiets tofdetelmmin® if detetibmsexdre dodreldfor f r om

t he FFT techni gques, and adds the nagnitudes in runni ng.buffer.. DSP.30
e s e oSSR nBad (i SiarA GRoBaN Lt SUTaa PApDleh iR ST VB oS i3

detection néigiBors t68)e 1 bt 4 ngxifrﬂ:ﬁ is_WoﬁH&{?a%ﬁ iig{he WhdtreSRANS Eutp R Yionh -

processing gain is actually unction of Mdue to the reference block
zer o paddinpige raORSHR)tik ewffictenyhigh tolyécldngaed wiaguement oh psrypdotangs.@rg., thad

subtracts mthe buffer.jtsel t..DSP 30 conputes the ..noi se, and

"L hr es SN BabSfe e Soldh R PR A brmibiaioroks SRR PHEE b B Dsp 30° may
choose t heoo70lpr esholifiné deR¢@ors &t tfo@did @dSbrafich\bi S0), RRNSBSB BOKESs FBYngeaUSe a
t hreshold crossing, often called a "false alarm™ WO 03/ 067279

PCT/ US03/ @ezrstiastipedes fhepgiven satgltesand iepratathe preessintdid prikap detealie 106
acquisiti . X M"ﬂﬁ 1€ L LE rés nty val ue associated with the
TOWr ecei @Q%P4@%%§%SS| s?grégﬁv%@é%elg&s}l%ar(%%éti vely large, i.e., when the
time uncef00filhty excrredsa satdiitaidbiqued) DEPMBO Asakdesse idiatle aatmal ®oppler
referenceé%enerator 31 locally generates a signal 33 containi nag a reference

pseudor an#BRIBYIE 198 thigsalellis ©inarmy deseaich spacedior he Bippeduspuspeitesr 18 peak

detecti ON particular, upon acquiring a satellite, DSP 30 uses the Doppler offset of the acquired
satellite as an initial frequency offset. This takes advantage of the fact that certain
sources of error, such as local oscillator drift, may be common to the processing of the
multiplicity of satellite signals. The second satellite’s signal is then searched in a manner
similar to that of the first and if detection is made with suitable output SNR, then the
processing of this satellite terminates. If detections are made for multiple satellites, an
average, or weighted average (weighted by SNR) of their Doppler offsets may be used to
initialize the Doppler search corresponding to the other satellites. DSP 30 continues the
process until all satellites are searched (94), and a final position is computed (96).
[0072] As an example, if the initial search time was 50 ms and the identified
Doppler offset for the satellite was zero, then DSP may have achieved this result by only
searching three Dopplers hypotheses (bins), i.e., the current bin and two neighboring bins.
Comparing this result with a search using a one second integration time and nine
Dopplers, then a search time reduction results equaling 1 second / 50 ms x 9 bins/3 bins,
which equals a sixty-to-one reduction in the number of computations. Furthermore, even
for the weaker satellite signals, correct initialization of Doppler offset could result in

substantial savings in processing time.



by correlating reference signal 33 with the digitized snapshot of the GPS
signals (62). As described above, for each satellite, DSP 30 perforns a

Doppl er swarosienv®er a nunber of Doppler "bins" to identifPgTAISpEEI813 Assi st
server 10 may, for exanple, give a Doppler indication for a satellite as
1000Hz. Based on the Doppler, DSP 30 aﬁ@i gns a frequency increnent, e.g.,
50 Hz, that effectively establishes a nber of frequency bins around the

hypot hese R .~ Deisdodrir dPSE AmSLRRH TR Sud DN Y ongi T Rg The
reference opglgfge ahé! ﬁy s\blaﬁlltitgs tgorst %%Asing NaRS iERhti @AtiAndY Ths Mgt PBe

where N represents t ock size and Mrepresents the bit period (70).
After slidivagtdgheus eftenethere B aode, psP B®wledgsanf witich swiellife gigmalolage i on

operations to determne is a peak can Jound within any, of the bhins (62).
1f no peal?“i[f%rag]ﬂe‘?'%'eF‘gﬂalﬁﬁ‘é‘iresﬁwéiﬁ%ﬁ)pﬁageﬁmff@ B‘@?‘ﬁ’é’é‘éﬁ? Qi}he‘xyeéf%t}vg ¢ 8P Lode
i's shiftedeiiidd whi'enddt T8r a LR é&ﬁﬁlﬁ%idn%ﬁtélﬁte?l%@ﬁﬁ? @fd (§63ratidiPtighe, f OF
each sliding of the reference P-code, DSP 30 resynchroni zes the snapshot

to the nestis t¢gatbon tilno umghirlye insredsed dpi ﬁl@cgimlfi/@gpdmppt% gotihihe SNke

process until .all_ s lLI.jtes .are searched (74 an fJ nal 1. S
conput ed SFFESS a[tbf?éa%(?dr—t"ﬁ indicates adequatie RSG Oﬁ)apg%ggcrua ¥ hgﬁgﬁp%)z%ab’ﬁ\ggﬁ

acqui si ti giniRkRCARSyzEQhe n8igAbOrngDopplbisifot ehesaitetlilei ByesaryAg eis ¢ntbpadombove,
reference generator 31 locally generates sjgnal 33 (80), and perforns peak
det ect i ontibyesc dhiseanproash mayf b adveatagpyifahatziaCregfing integralionyime £y bs H9pe hot

of the GPS.signals. . L I | 3 I ellite, DSP
30 perfor e 89%88%1%‘2%Q%‘gkg%%?%%@fa“gqﬁlﬁ%‘@q%& %%g‘;%’fl‘tél? PI%%%SEQ%?%- identify a
peak. To [@fdge the Visheembbdipienss ofs geriahadionDBRe Ieef idesdribedarkiess ahdr one
of the satellites, such as a satellite indicated_h assi st server 10 as
bei ng rel ather/@mp@mﬁ@aﬁwﬂhm tﬁ@ S%OPPéﬂ%gﬁf\‘?hPX}’l%ﬁ“%si ntegration tinme. For
this satellite and integration time, DSP 30 perforns a search for each of a
set of Doppler bins as described above. For exanple, DSP 30 nmay begin the
search at a mddle bin, and proceed outward until all bins have been
exhausted (e.g. bin frequency offset 0, offset -50 WO 03/067279

PCT/ US03/ 03813 16 Hz, offset +50 Hz, offset -100 Hz, offset +100 Hz, etc.).
Each search woul d produce a r



set of outputs fromthe FFT-based matched filter operation. If any out put
exceeds a detection threshold (84), DSP 30 declares a prelimnary

det ect i orwand/os2ey es the detection results, such as the cecrams3/Dsppl er
offset, tine offset, and the like (88). Wien a detection is determ ned,
DSP 30 determ nes whether the detecti og is valid by exam ning neasurenents
for nei ghboring Doppler offsets to det Brnine if detections were found for

t hese offsets, and if the signal st ré gﬂMjgor current Doppl er was maxi nmum
relative to its neighbors (90). maxi mumis found, and if the
measur enent of output signal-to- n0| seratio (SNR) is sufficiently high to
yi el d good neasurenent of pseudorange, e.g., the SNR is above a threshold,
t hen DSP BO t eAmn¢thd@sompprsigssi ng of the gi ven satellite. [0070] If no
detections are found q(cno branch of 90% DSP 30 useé a | onger
integration tiffEHEE ﬂ%%ovélw%%&csﬂa féOIBr"i‘B aﬁ%ﬁéﬁwgrtaﬁ process until a
peak is detect &éjceﬁlfd ingratﬂlhe BEFEER A ICh Ps&ﬁaéﬂaﬁdbxﬁ cb® deﬁué&@ﬁgt%@la(e%z)
[0071] Once a sat PI e 1's acquired, DSP 30 makes use of the actual Doppler
i nf or mat i withfasignahfromat satdllitedased thevqmﬁ@omwrstamcsﬂa@e for the subsequent
satellites. In particular, upon acquiring a satellite, DSP 30 uses the
Doppl er offset of the acquired satellite as an initial frequency offset.
This takes advapt ﬁ‘ﬂﬁho@fof t::ﬂﬁi‘mflaﬁirtlkjf'é’ém?ﬁsﬁﬁ%ﬂéterrﬁlﬂﬁfg%sﬁfon%f HmmobieICh as

| ocal oscillator drif be conmon e processing of the

mul tipli cumlyb@sﬁdgatt@mmﬁéfgtﬂgnal s. The second satellite's signal is then
searched in a manner simlar to that of the first and if detection is nade
with suitable output SNR, then the processing of this satellite

term nates. |f THehRtHodolsldmd, Wheeid he aoguititiph asssairekdatadacludas timref-age, or
wei ght ed average (wei ghted by SNR) of their Doppl er offsets may be used to
initiali z@e@k]éat%}ﬁma@ﬂg§éé}?1€hl tEpg Pﬁ%eﬁé)rﬁﬁlﬂﬁ‘gpfﬁ § $P8UNBer satellites. DSP 30
continues the process until all satellites are searched (94), and a final
position is conputed (96). [0072] As an exanple, if the initial search tine
was 50 ns4and Themethedtafciabd 3, Rbpriredetafiiamip o tone bffect samptibdastiecallys zer o,

then DSP may have achi eved this result by onl earchl e Doppl ers
hypot hese&eTiestmg)a reference peepdopnfeRm odp seUsAcP Basg ﬂ’éﬂ@ﬁ ‘?Pé %f

Corrparl ng; &&&tloﬁ%ﬂeﬁve\ﬂ‘ff&hﬁlesa‘%ﬁﬁ%r%?' ng a one second integrati on time and

ni ne p ers, then a search tinme reduction results equaling 1 second / 50
n X 9 blns/3 blns whi ch equal s a sixty-to-one reduction in the nunber of
conput at i rt her even, for the weaker satellite nal.s, correct
initializati onlijg oérCIWS gpe@&g@eraé%latrefeﬁence pseudoran%m% &oag

sequence comprises generating the reference pseudorandom code sequence to include
contiguous pseudorandom codes within the P-code sequence starting at the initial time

offset.

6. The method of claim 4, further comprising:
digitizing the signal to produce a stream of digital data;
buffering an amount of the digital data; and
correlating the buffered digital data with the locally generated reference code

sequence.

7. The method of claim 6, further comprising setting the amount of buffered digital
data based on a time uncertainty valueassociated with the time-of-week information

received from the assist server.



substantial savings in processing tinme. WO 03/067279 17 PCT/ US03/ 03813
[0073] As a variation, DSP 30 nay search for a given integration tinme
across alwoodoppiers and all satellites before increasi ngPCRASONOISY at i on
time. This m ght be advantageous when there is no a priori know edge of
which satellite signals are preferable, e.g., signals corresponding to
satellites higher in the sky. Alternatiipely, once a detection was nmade for
a given conbination of satellite, Doppler and integration tinme, this
integrati&n ti fbemagind ofeclaimct. sdhsarin ey uncagaig iy wnessomTises @ PEAaliEsshpl er

unti | theugggtaggx&gﬁgs a threshold that indicates adequate pseudorange
accuracy. J y then simlarly analyze the nei ghboring Dopplers for
the satellite by varying their integration tinmes. This approach nay be
advantages in that increasing integration tine can be done  w thout

requi ri ng9addi tihemegthed ofrdgm %ﬁ”&le\ﬁﬁlﬂﬁeﬁ?laﬂ%%@e@?fﬁeéﬂ%‘ﬁ?% Idﬁtaﬁ’i‘lgb@?sed dat a.
[ 0074] Var] | I LS ! Lhase and
ot her  emboRAr It PRl Lo BB B R A AR o By

03/ 067279 tiRGEfdSQ3/p38R1b3antid ol M&nceA net hod conpri sing: receiving

acqui sition assistance data froman assist server; and determning a tine
of fset for a P-code pseudorandom code sequence associated wth a signal
from a Sa}l@! I te . BASRGH Sf14ibEo apikia sy ARof itk Mg Ral dRtLanddhe Fh&endet hod of
claim1l, further conprising determnihg a position for a nobile wunit based
on the ti mpeewbfadbm @de Temenet trogproes:cl ai m 1, wherein the acquisition

assi stance data i nclude | me-,of - . wee ata, Lndicatjina.an initial, tine

of fset into th&SPENAYRE? §§Ehg%€%e. Wﬁﬁﬁ*ltﬁ%glrgét%%a&a ?)tPregIV%ll?[H{l g,lemv%g’r%idn
deternining a tgi#ByRlihg Atub®RPET &fs WREAlthy digdsinRadndgmanbe fof ckips e

pseudor andom code Sequénce based on the tine-of-week infornation received
fromt he awtiisthegefeyence pseudorandom code sequence based on the estimated first bit edge

and a time uncertainty value associated with the time-of-week information received from

the assist server.

11.  The method of claim 6, wherein correlating the buffered digital data with the
locally generated reference code sequence comprises dividing the reference code
sequence and digital data into blocks of size N, where the block size N is less than a data
bit period M associated with the signal plus a time uncertainty value associated with the

received time-of-week information.

12.  The method of claim 6, wherein dividing the reference code sequence and the
digital data into blocks includes forming blocks from the reference code sequence to have

M chips and N-M padded zeros.

13.  The method of claim 6, wherein correlating the buffered digital data with the
locally generated reference code sequence comprises applying a matched filtering
operation to each of the blocks to produce a correlation peak having a time offset relative

to the reference code sequence.



5. The method of claim4, wherein generating a reference pseudorandom code
sequence conprises generating the reference pseudorandom code sequence to
i ncl ude wonBlgzous pseudor andom codes within the P-code PEqUsnyessss arting
at the initial time offset. 6. The nethod of claim4, further conprising:
digitizing the signal to produce a streamof digital data; buffering an

anmount of the digital data; and correl 20 ng the buffered digital data with
the locally generated reference code sequence. 7. The nmethod of claim®6,

further conprising setting the anmobunt of buffered digital data based on a

time uncetrfain i1at i g .1 me-of -week i nformation

recei ved H'om ?ﬁ%}{lgl%hs%lﬁsot%%gag@vlgfﬁ%%@?@gﬁ%Q 19 PCT/ US03/ 03813 8. The
met hod of cl ai gliding Weaefeienct bedenetative 2o theydigitl deta obthersigras by NpMedeps, ned
uncertainty value. 9. The nethod of_.claim6, erein.correlating the

buf f er ed Wihgiethhrepgesentsipe plogkgize P%]Xflie?re@%tﬁ%@ﬁt L periofep ATt e&B’ngaE‘élbuence

conpri sesgégmglgélgw%&gtﬁgﬁbﬂagmal data and the reference pseudorandom

code sequeénce. e met claim9, wherein synchronizing the digital
data and the r efpeatanpctbe npscheddili@ndpeamatt@de sequence conprises: estimating a
first bit edge within the digital data stored within nenory; and

di sregarding a nunber of chips within the digital data and a nunber of

chips w &?.! n Erhgnfeﬁ{o?r&Q%m%?%Efe%PQ%gE@l@@eﬁ&ﬂH@m 1BREeS e istal
estimated first bit edge and a tine uncertainty value associated with the

ti me- of - wdatk composesatpetedieslalingthefrefsrance bedesandipstfogmingdhe correlatiie net hod

of claim@®6, wherein rrel.ati the buffered diqgital L t:.n the locall
gener at ed PF(’@?%Q‘rLE‘ﬁl 8 t@gld’én%be@(ﬁ q E %Bgecif)%? fog e r&lge\]/f?“(f% %8 de? %EeC%F’%\% Iielgjeen ce code Y
sequence gRcr@idy Vake d@baiatcatvitbihe cise-of wedizi@fdimanibe teecivbe flohoibls assigte N i s

| ess than a data
SErver.

16.  The method of claim 1, further comprising:

performing a Doppler search over a number of Doppler hypotheses to identify a
Doppler offset for the signal; and

using the Doppler offset as an initial frequency offset for acquiring signals from

subsequent satellites.

17.  The method of claim 16, further comprising:

using a first integration time, performing the Doppler search for each of a set of
Doppler bins to produce a set of outputs; and

increasing the integration time and repeating the process when no valid peak is

detected based on the set of outputs.

18.  The method of claim 17, further comprising:
declaring a preliminary detection when any of the outputs exceed a detection
threshold;
storing a current Doppler offset associated with the preliminary detection; and
validating the preliminary detection by examining the outputs for neighboring

Doppler bins of the current Doppler bin.



bit period Massociated with the signal plus a tine uncertainty val ue
associated wth the received tine-of-week information. 12. The net hod of
claim 6, wbhes®én7di vi di ng the reference code sequence andPChAISO#IIgI3 al dat a
into blocks includes form ng blocks fromthe reference code sequence to
have M chips and N-M padded zeros. 13._The nethod of claim6, wherein
correlating the buffered digital data vt h the | ocal ly generated reference

code seqguence nprises applyjng. a matched filterjn operation to each of

the bl ockd’to %?‘66‘%?&@@0%’35%1%t%‘thFP“b@aall@aH%m’?d’fﬁh THEY GHPLIOn CPEIPEEFVe  to
the refer : ?‘%td[ﬁ 03 t hod
of claim %g(?ﬁ]fnur 8?5@gﬁpﬁfgqe\rﬁggg§éﬁgﬁégglﬁgofe Sg:??r%ce coé‘gh e}%rg}?@gf? o the
di gi tal datrengpli farlee sirgmaDopyleNoffat i paximuwvhestaivil to drmesghbbsing Pepbleock si ze
and M reprﬁsents the bit period, when the correlation peak is below a peak
t hr eshol d oS repeating the matched filter operations. 15. The net hod of

claim 13, wherein sliding the reference code relative to the digital data

conprises repeatedly sliding the reference code and perform ng the
correl ati @A. prlheaxthadofidlaim 1,ovheirein theasruisitios lissisterteadatgeonfipptses he

reference.c¢o xceed . me uncertainty value assaoci at i 1,h the.
e of - RO RIE el oy RCE I A ol et FrB TG it B2 shlsfies oo
of cl ai m Hophlér idFErmBRNTO! e REteI1RSY, f@%ge'na syhchRp a6lon SERFBAIdAY 8fid @ nunber
of Doppl er hypotheses to identify a ppl er offset for the signal; and

usi ng t he Peeipph efommativatfonthe safellitgst i al frequency of fset for acquiring
signals from subsequent satellites. 17. The nethod of claim 16, further
conprising: using a first integration tinme, perform ng the Doppl er search
for each afl. a &k nwthodsfapdiar 1, Funkericomprisidgce a set of outputs; and

communicating the time offset to the assist server; and

receiving position data from the assists server.

22.  The method of claim 1, further comprising calculating a position based on the

time offset.

23. A method comprising:

receiving acquisition assistance data from an assist server, wherein the acquisition
assistance data identifies a set of satellites and includes time-of-week data indicating an
initial time offset into a P-code pseudorandom code sequence for each of the satellites;

receiving signals from the satellites;

digitizing the signals to produce a stream of digital data;

buffering an amount of the digital data;

locally generating reference P-code pseudorandom code sequences for the
satellites based on the respective initial time offsets for the satellites;

correlating the digital data with the reference code sequences to identify
correlation peaks having respective time offsets; and

determining a position for a mobile unit based on the time offsets.

24.  The method of claim 23, wherein correlating the digital data with the locally

generated reference code sequences comprises:



increasing the integration tine and repeating the process when no valid
peak is detected based on the set of outputs. 18. The nethod of claim 17,
further cwopmslsi2my: declaring a prelimnary detection wheRCarusyH38the

out puts exceed a detection threshold; storing a current Doppler offset
associated wth the prelimnary detectign; and validating the prelimnary
det ecti OBobyI exart;‘i ning the outputs for?2 gei ghboring Doppler bins of the
current ppler bin. WD 03/067279 PCT/US03/03813 21 19, The nethod of claim
18, wherein vatstignatingg firsiditgrdee wibimhg dél@ff’é&l?‘iaéFPrE‘%Wﬁg}ns‘@?m%’kﬁ ning the

out put s for e NSLONRAT A MhdPehSt okl 01 ARASRARAGYBRSNAA ST onal

strength for t l"er Ximumrelative to the
nei ghbor i Wghllatmplh of the@éfémbs pseiaﬂorairdixﬁn nmdehmqueﬁces baserhon, thevestimsited fidse

acqui sition assistance data conprises . identificatio t I t
vi ew f r onbihedgsande tifpg Pnceﬂaﬁ’éyﬁ “%@RCIB flb&etnﬁ?l %‘J?;‘Evgfﬁﬁr‘?‘f il Eilbpgiselr "

i nformati RBei (zé’&frbﬂlethégés?étls frequency synchroni zation i nformation, and
position AT OFTathon for t e satellites. 21. The nethod of claim 1, furt her

conprising: comunicating the time offset to t he assist server; and

recei vi ng_posit om.the, assists Vv ho I 1,
further c ?b‘?\ﬁ’e&ﬂj@éF n ‘é’hff&q ‘foin@?'? s’fﬁ%b'btﬁer?%glge[? awﬂ Pg%et - gl?,m A
met hod co 51'13?%&&{] atb ERBMhdG0RE WHuShdds @BPHSdsi MG tHatderlbhi@Bods assi st
server, er €l e acquisition assistance data identifies a set of

s?; el lit esaqaﬂtwb;s and digitg] datarintobloked sizetM, Whetp diertlagk sre Niinless Bien gidaia
offset in d
f”gpa gdoqsfgﬁi?fgf# til% folrgnpé:l g aZt%%g %ng?taInQ{l vgﬁg st%t: eﬁ%ﬁ%%' lites;

rece|V|ng rtrzin S to roducea
stream of réélblg'b& ahedstt week iBfdfration ané wharsiithc mmsckts roet}m Igfemice daden; -

sequence have M chips and N-M padded zeros.

26. The method of claim 23, wherein correlating the buffered digital data with the
locally generated reference code sequences comprises performing a matched filtering
operation to each of the blocks to produce a correlation peak having a time offset relative

to the reference code sequence.

27.  The method of claim 26, further comprising:

| sliding the reference code for a given satellite relative to the digital data of the
signal by N-M chips, where N represents the block size and M represents the bit period,
when the correlation peak for a given satellite is below a peak threshold; and

repeating the matched filtering operations for the given satellite.

28.  The method of claim 27, wherein sliding the reference code relative to the digital
data comprises repeatedly sliding the reference code and performing the matched filtering
operations until a total number of shifted chips for the reference code exceed a time
uncertainty value associated with the time-of-week information received from the assist

Server.

29.  The method of claim 23, further comprising:



| ocal |y generating reference P-code pseudorandom code sequences for the
satellites based on the respective initial tinme offsets for the satellites;
correl at iwgQ oBle2a¢ gital data with the reference code sequectasos/assizientify
correl ati on peaks having respective tine offsets; and determning a
position for a nobile unit based on the_tine offsets. 24. The net hod of
claim 23, wherein correlating the digi tZl data with the |ocall y generated
ref erence code sequences conprises: WO 03/067279 22 PCT/ US03/ 03813
estimating a fiUsHE afipt BIREEALRNIING Pﬁlﬁ%mapgmeéﬁow?ra?eg&cbiwaﬁpﬁ? FeEnor y;
and disrﬁgﬁb' L WY heH fhal; d a nunber of
chi ps w thi %E@ﬂp‘g? &éﬁg@érgg g?eg%écegégé\dg g%?%ﬁ]%%ﬁgglgéd%@ssggggfgﬁ%@ based on the
esti mat ed firstdeclatihg e poeinainaryaletectien wher ppointhy ouputsexasslocdadtatidnwi t h t he
ti me-of - week in%or mation received fromthe assist server. 25. The nethod
of claim 3eshi&rein correlating the buffered digital data with the

| ocal l'y gener a%%ngeiﬁ&&ﬂpsog@&%ﬁﬁga@%%d%fmhe seginthyydletgribfle reference
code sequences and digital data into blocks of size N, where the bl ock

size N is | ess vahdating thepelinhhary detecioeh by exsgwovingtteeloviputs forribe séighladringl us a

time uncertainty | ue . assaciated wth th received tinesofr-we .
i nformat i ,Ppgﬁﬁ(?fféﬂéf%ﬁ cipige B’ﬁ‘S@lﬁga Blgn?lﬁgre?%ﬁ?retﬁ% 8u15%‘g§)op%e§| ﬁgﬁ%tés have M
chi ps and hMhBadeRé ve & B8 neBbordEDIBI IO REs; Ghddi M 23, wherein correl ating
the buffered digital data with the locally generated reference code

sequences conprisiigshePepplenelispt as amindtind dregpencyoffsgt fop peguiringongnads Bewh of
t he bl ocks toqgéngg&gﬁite% correlation peak having a tine offset relative to
CO :

t he refereSH]?:See € sequence. 27. The method of claim26, further

conprising: sliding the reference code for a given satellite relative to
the digital data of the signal by N-Mchips, where N represents the block
si ze and NPr epridganitiod pkclpim L urthesfompRsES: t he correl ati on peak for a

gi ven satel li t%o.hﬁm}?ﬁ#agi‘rﬂg?%eoﬁﬁgoﬁ@ét%ﬂ%ls?iy{eg,%drepeati ng the matched

filtering operations e given satelll
: receiving position data from the server.

31.  The method of claim 23, further comprising:

performing a Doppler search over a number of Doppler hypotheses to identify a
Doppler offset for a first one of the signals; and

using the Doppler offset as an initial frequency offset for performing a Doppler

search for at least one of the other satellites.

32. A method comprising:
receiving acquisition assistance data from server; and
directly acquiring a P-code signal from a satellite based on the acquisition

assistance data without first acquiring a C-code signal from the satellite.

33.  The method of claim 32, wherein the acquisition assistance data includes time-of-

week data indicating an initial time offset into the P-code signal.

34.  The method of claim 33, further comprising locally generating a reference
pseudorandom code sequence based on the time-of-week data received from the assist

SCrver.



28. The nethod of claim 27, wherein sliding the reference code relative to
the digital data conprises repeatedly sliding the reference code and
per f or m ngotobweT28e ched filtering operations until a totalPCRUrspz03803
shifted chips for the reference code exceed a tine uncertainty val ue
associated with the tinme-of-week information received fromthe assi st
server. 29. The nmethod of claim 23, fulfher conprising: WO 03/067279

PCT/ US03/ 03813 23 using a first integration tine, perform ng the Doppler
search for each of a set of Doppler hypotheses to produce a set of outputs
for a fir o] ' . | Al -el i j en any
of the outbut o R Gl 2 e 8 R A SRt e

of f set assmmilaingdhewWwtdodé kigngdrvelh tiie harally get@ated oefprenvataddatquegcee he
prelimnary detectjon by exam ning the outputs for the neighboring Doppler
of fsets t%?ca’@?‘&'ﬁ’ith%umé%fh%?ek a-gnal strength for the current Doppler
offset is maxinumrelative to the neighboring Doppler offsets; and using

t he Doppler offset as an initial frequency offset for acquiring signals
from subsequent satellites. 30. The method of claim1, further conprising:
conmmuni caé' ng the time offset to the server; and receiving position data
from the <&rvef SYS$0 PRI od of claim 23, further conprising: performng

a Doppl er sear ghaQ¥eterferty BREK a SloniGRdth @IGIBYA PobEidame! Iy sle @RS ¥atallitdoppl er
offset for a first one of the signals; and using the Doppler offset as an

initial fashgesamie aighiséionfassisigreef igfarmaomimaptbe signalsand ch for at | east one

of the other satellites, 32.. A .nethod. 1,51 N0s vl ng. |.S1.t4 on
assi st ance dat %n}o:bgﬁ]ugi UEF ¢ V%Flh(? G H‘rnelc':\'@ﬁ;/gg %@%ﬁ%ﬁa%%ﬁgﬁﬁ%%%%ﬁgﬁg‘%gﬁﬁ&df roma
sat el |'i t etohrgeige OP-dode safirch theddatel e Hasddadictbe deduasithdi iBistanté dsh. acquiring
a Ccode signal fromthe satellite.

37.  The system of claim 36, wherein the acquisition assistance data includes time-of-

week data for the satellite indicating an initial time offset into a P-code pseudorandom

code sequence.

38.  The system of claim 37, wherein the mobile unit comprises a reference generator
to locally generate a reference pseudorandom code sequence based on the time-of-week

data.

39.  The system of claim 38, wherein the mobile unit correlates the signal and the
reference pseudorandom code sequence based on the acquisition assistance data to

determine an actual time offset for the signal relative to the code sequence.

40.  The system of claim 39, wherein the mobile unit stores a time uncertainty value
associated with the time-of-week information, and correlates the signal and the reference

pseudorandom code according to the time uncertainty value.

41.  The system of claim 36, wherein the assist server is coupled to a base station for a

cellular communication system.



33. The nethod of claim 32, wherein the acquisition assistance data
includes tinme-of- week data indicating an initial tine offset into the
P- code siypaB/06e349 The net hod of claim 33, further conpri PCREPSOPESILI y
generating a reference pseudorandom code sequence based on the

ti me-of -week data received fromthe ass'fnt server. WD 03/067279

PCT/ US03/ 03813 24 35. The nethod of cl 34, wherein directly acquiring

the P-code signal conprises _correlating the P-code signal with the locally
gener at ed 4Pef erldgsustey @k claig Fonwhere t:‘i‘%%%ﬁlsﬁéert"%rtﬁ? S -"i?fi-e\ﬁ}@@ﬁlt%ﬁta. 36.

A Syt e GO WU @ ARG Bk 0 A2BHe Spahignal from a G obal

Posi ti oni yst em satellite and generate acquisition assistance
information fromthe signal; and a nobile unit to receive the acquisition

assi stance _datag_ fromth ssist _server, and to acquirge P: code si gnal
fromthe dtel IaﬁhF’é}’ﬁea“?é’g C@‘Hnrq’%ef”g‘_ir&m é‘?ta_?sbsrji SYYE] &RC ﬁ@é) § a?.lgnég?ndsThe syst em
of clai m 36y ekl RsibBficein ,tiéﬁﬁanﬁﬁépsaolaaggn@ata incl udes time-of - week

data for the satellite indicating an initial tine offset into a P-code
pseudorandom code sequence. 38. The system of claim 37, wherein the nobile
unit conprises a reference generator to locally generate a reference
pseudor andom code sequence based on the tine-of-week data. 39. The system
of claim 38, wherein the nobile unit correlates the signal and the

ref erence pseudorandom code sequence based on the acquisition assistance
data to dét er Mmapparatasceaeitisiigre of fset for the signal relative to the

code sequence. 4%hte-f1rrg§tosl)é§éi$@a9{g8§ll%&@ﬁ%?ﬁlem?erei n the nobile unit stores a

. . a " . .
ti me uncertai nt)l} va assocl a i me-of -week informati on, and

correl at es the asiglads raedbni terecdi € acpistionseisdacaddn fronpaeassiscerdirng to t he
time uncertainty value. 41. The system of cl aim 36, rggerei n the assi st
server is couplidgfarency asaeratos e epnsmate grreterencg perderandgmnsnde sedyeafc £9em

VO 03/ 0672 (8he acquisition assistance data; and
a processor to determine a time offset for a P-code pseudorandom code sequence

associated with the signal based on the acquisition assistance data.

45.  The apparatus of claim 44, wherein the processor determines a position for a

mobile unit based on the time offset.

46.  The apparatus of claim 44, wherein the acquisition assistance data includes time-

of-week data indicating an initial time offset into the P-code sequence.

47.  The apparatus of claim 44, further comprising:
an analog-to-digital converter to produce a stream of digital data from the GPS
signal; and

a medium to buffer an amount of the digital data.

48.  The apparatus of claim 47, wherein the processor sets the amount of buffered
digital data based on a time uncertainty value associated with the time-of-week

information received from the assist server.



25 PCT/ US03/03813 42. The system of claim 36, wherein the assist server
tracks a C/ A-code signal and generates the assistance information fromthe
C/ A- code WD@amb727913. The system of cl aim 36, wherein the REIIGSH3/GISLY er
tracks a P-code signal and generates the assistance information fromthe
P-code signal. 44. An apparatus conprisjng: an antenna to receive a signal
froma satellite; a wireless nodemto rQégei ve acquisition assistance data
froman assist _server; a reference generator to generat ef erenc

Be byl

pseudor and8m cdhe 2RRAIBHEECIHESEH WRFACIP AR BIOGRIPY (GG 3 d@étﬁg; and a
processor g0 A8l GE 'I’Bé:ag\}' gﬁﬁé[rﬁgd %fér%ﬁ%e e sgqﬁhgggﬁdd?&ﬁﬁ'ﬁj@é BEHAM ek

sequence assocl ate signal based on the acquisition assistance
dat a. 45. fditee sippddr at us of cl aim 44, wherein the processor determ nes a
position .for a nobile unit based on the tine offset. 46. The apparatus of
claim44, wherein the acquisition assistance data includes tinme- of-week

data indi ggtingpa EP%;;MJ% ot clhfn’i'g7,%ﬁe§&htﬁ@fn%cés@§r HneRdgizsetens il 44 andhe

apparatus of clal urther conprising: an anal og-to-digital converter
t o pr oduc ¢hearefetrereaps@ifdodingomalodd atqueheeom t he GPS signal ; and a nediumto
buffer an anount of the digital data. 48. The apparatus of claim47,
wherein the processor sets the amount of buffered digital data based on a

tine_ uncesntai Ntie Yapdeud 85 O1GIn 56 dwNdrbi thd)SrobésiBr Sinchivetizes ihefdasinmtiaeand
received fromthe assist server. WO 03/067279 26 PCT/ US03/ 03813 49. The

appar at us thgfrefsirericenpacudovingemi apde by epimaiingsbiirst bit edgawidhingthe digifak dafe d

digital data, wit.h the |ocall r at f .
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number of chips within the reference pseudorandom code sequence based on the
estimated first bit edge and a time uncertainty value associated with the time-of-week

information received from the assist server.

52.  The apparatus of claim 47, wherein the processor divides the reference code
sequence and digital data into blocks of size N, where the block size N is less than a data
bit period M associated with the signal plus a time uncertainty value associated with the
received time-of-week information, and correlates the buffered digital data with the

locally generated reference code sequence to determine a correlation peak.

53.  The apparatus of claim 52, wherein the processor forms blocks from the reference

code sequence to have M chips and N-M padded zeros.

54.  The apparatus of claim 52, wherein the processor slides the reference code relative
to the digital data of the signal by N-M chips, where N represents the block size and M
represents the bit period, when the correlation peak is below a peak threshold; and

repeating the matched filter operations.

55.  The apparatus of claim 54, wherein the processor repeatedly sliding the reference
code and performing the correlation process until a total number of shifted chips for the
reference code exceed a time uncertainty value associated with the time-of-week

information received from the assist server.



50. The apparatus of claim47, wherein the processor synchronizes the
digital data and the reference pseudorandom code sequence. 51. The

appar at uswofo3pbzairm 50, wherein the processor synchroni zes PCha@sds/gdstanl dat a
and the reference pseudorandom code by estimating a first bit edge within
the digital data stored within nenory,_ and disregarding a nunber of chips
within the digital data and a nunber & chi ps within the reference

pseudor andom code sequence based on the estimated first bit edge and a
time uncertai nty val ue associated with the tine-of-week information

recei ved om in the
processor% 1 Vi ?ﬁagbt?%a ﬁ‘?élxlggélc%mg qﬁgﬁ%é@li g’%&?t‘? c?gtz%arlgwn?%&bl ocks
of size Na nﬂhﬁbﬁoft]hﬁp;ﬂéldiyboﬂieZB tlidentifyes Dopplanofiiset ftrahe bgnalpmd wds fHe

associ at ed vvlth signal. plus a ti funcerteu nt v Jgr SOCI ted with
the recellP@BIeE P t@f‘ a’O\EET%al fmqt‘:}??ﬁi’tqf At 1o, ﬁ%q%?%%@% ed di gital
data w thgtbecl ocal |y generated reference code sequence to determ ne a
correl ati on peak. 53. The apparatus of claim52, wherein the processor
fornms bl ocks fromthe reference code sequence to have M chips and N-M
padded zer The a rat us_of, cl.aim 52, whe essor Ildes
the ref eréﬂce Efaaépl?aéﬁtag B@%la“? 36 ‘?ﬁléer‘?}f‘él?et%rlo‘k’?fé?rapeéor?lﬁ@] SIiB rsﬁ?fckl-
chips, whesrg ars%%ﬁﬁsﬁﬁlér &h@thQﬁ Kirs? hrﬁ@%(rﬁf'&h e rt@?fo@ﬁé‘dﬂé §etroh Buiputs, fey i od,
when the correlation peak is below a pea hreshol d; and repeating the
mat ched f inoreasesope integrotion tiss and iepeals paer progess sthes naivalid peak s deterigdt he
processor eatgdlé{ il i di §g the reference code and performng the
correl atl ﬁse§° FAEE NPHPUE t ot al  number of shifted chi ps for the
reference code exceed a tinme uncertainty value associated with the

ti me-of -week information received fromthe assist server. W 03/067279
PCT/ US03/ 08813 The apparatypef elaisa o4+ Waerein the Biopessar dspfpssset preliminasy deleciiony

per f or ms %JhPﬁBH 6 th%%% 8%@.5 a aet@ fgﬂecﬁreglflchl@os?%§5 YO flﬂguz)fe? offSeti denti fy

a Doppl er or t uses t ppler o t as an initial
frequency asdotzedd Witk tmqmelm‘nnag/ @t@uah,sanﬂmhdaabmeqm@nnmmaztcbtdchbeby 57. The

appar atus of claim56, V\/ner th ro sor perforne the Doppl er search
fgf examining outputs for ne1g%bor1ng %ogple Sets. P PP

59.  The apparatus of claim 44, wherein the acquisition assistance data comprises
identification for satellites in view from a mobile unit, time-of-week data for the satellites
Doppler information for the satellites, frequency synchronization information, and

position information for the satellites.

60.  The apparatus of claim 44, wherein the processor comprises a digital signal

processor (DSP).

61. A computer-readable medium comprising instructions for causing a
programmable processor to:

receive acquisition assistance data from an assist server; and

determine a time offset for a P-code pseudorandom code sequence associated with

a signal from a satellite based on the acquisition assistance data.

62.  The computer-readable medium of claim 61, wherein the instructions cause the

processor to determine a position for a mobile unit based on the time offset.



each of a set of Doppler bins using a first integration tine to produce a
set of outputs, and increases the integration tine and repeats the process
when no wabiodopgrak i s detected based on the set of output $CTABO3/TI8¢3
apparatus of claim57, wherein the processor declares a prelimnary
detection when any of the outputs exc§%d a detection threshold, stores a
current Doppler offset associated witH“the prelimnary detection, and
val idates the prelimnary detection by exam ning outputs for neighboring
Doppl er offsets. 59. The apparatus of claim44, wherein the acquisition
assi st ancgs dat gy, ofRhkeRReadhtle Rlekifunf 8f {181 6 Olwiedif kid AcQSisiton\dsaWahdeom a
nmobile unit, tine-of-week data for the satellites Doppler information for
t he sat el Hath éscludes éimeevicyeskydrthindiviating poinifial tioreneffscbinto thed-coslesednange-
information for the satellites. 60. The apparatus of claim44, wherein the
processor conprises a digital signal processor (DSP). 61. A
conput er - pgadalhe cHBPhkHARE hiidifn bNElhin63,ivatseih e iBatisdtidgs eause the
programuabl e processor to: receive acquisition assistance data from an
assi st sepueessontedocltyegemerating at¢farenesd pssudompgors cpdesgucss basrsra{#Ben code
sequence associ gted w t a signal. froma satellite based on the
acquisiti8 —wgé]g?%tﬁé%gbvegg{ogag .SSlﬁtﬁng(c:éBrrput er-readabl e nedi um of claim 61,
wherein the instructions cause the processor to determne a position for a
nobil e unit based on the tine offset. WO 03/067279 28 PCT/ US03/ 0381113 63.
The conpu®dr - r Fhe apmpuisearadable medium Af 64im GhoVRETFNRINSEY 1085 F3usR the
assi st ance i i - af - d indi i | BMcbd i
o tset 1 nPPRar I S5 AEuh Rt R e b 18 el L B o i
63, wher eifcdrfagnti Raliue usdociars wishithe tinkeof-peaciaémomntivn rédcevat! fypnydresusti ng a
ref erence pseudorandom code sequence based on tinme- of-week data received
fromthe 8¥%%¥st server. 65. The conputer-readabl e nedi um of claim 63,
wherein the instructions cause the processor to set an anmount of buffered
digital data representing the signal based on a tine

66.  The computer-readable medium of claim 64, wherein the instructions cause the

processor to:
estimate a first bit edge within the digital data stored within memory; and
disregard a number of chips within the digital data and a number of chips within
the reference pseudorandom code sequence based on the estimated first bit edge and a
time uncertainty value associated with the time-of-week information received from the

assist server.

67.  The computer-readable medium of claim 64, wherein the instructions cause the
processor to divide the reference code sequence and digital data into blocks of size N,
where the block size N is less than a data bit period M associated with the signal plus a
time uncertainty value associated with the received time-of-week information, and to
correlate the buffered digital data with the locally generated reference code sequence to

determine a correlation peak.

68. The computer-readable medium of claim 67, the instructions cause the processor

to form blocks from the reference code sequence to have M chips and N-M padded zeros.



uncertainty value associated wth the tinme-of-week information received
fromthe assist server. 66. The conputer-readabl e nmedi um of cl ai m 64,
wher ei n tWe o3fe2ruct i ons cause the processor to: estinat ®Ca/Uys03/BI81bit edge
within the digital data stored within nenory; and disregard a nunber of
chips within the digital data and a nunfher of chips within the reference
pseudor andom code sequence based on th esti mated first bit edge and a
time uncertainty val ue ass ateg th |rre of -week infgrmation

recei ved $9-om Theeconpyfiea mediugyof cfgf W@WCF‘@B%I%%}SE a??éﬁf’%ﬁ*???ff claim
64, wher ej b end d@%&éﬂé@%b@@&l&%%@tﬁehﬁ 1ta‘?'ﬂ%%?$l§hr51§&1 8y W-Seciibe vighenence
code sequence an data into bl %c ks of size N, ~where the block size
Nis les Srdpfeamtathd:dﬂecldnme meirM(IdpM@%‘rbc bitpedodyi wirentthecerrgjatedn priakiss a  ti e
uncert ai nty val ue with the re ved tie-of -week information,

and to cBflP¥ ékaﬁéﬁ’ﬁ 1a8 éed’eﬂﬁtﬁ?%‘:haé? FCHPRFAYNE | ocal |y gener at ed
reference code sequence to determne a correlation peak. 68. The

conput er -r eadabl e medi um of claim®67, the instructions cause the processor
to form bV@cksThe mmplkter-reaﬂ@i@mélumd%d@laq@%ﬁh@lnstliuqiim@CMSQ ey oegssomN- M

padded zeros 29 PCT 3813 69. Th

nedi um of tochB‘?%\t/ﬁQ@? 31/1‘%)611t£ef grtepff’c?q 83 %Iémflﬁg ¥5¢ @@ﬁ% &e@ur{tﬁ%q&?in
ref er ence,gQe& Jrehiddel \CBips Yol the réibﬁh&e?éodé @kéeedfa tIrﬁ@uﬁdeﬁﬁﬁlky baludadybeibieds,
where N represents the block size and M reﬁ%esents the bit period, when

the correwahitemtipesi-vesk infermticn periked e dhoisist AP epeat t he mat ched
filter operations. 70. The conputer-readabl e nmedium of claim®69, the

i nstructions cause the processor to repeatedly slide the reference code
and performng the correlation process until a total nunber of shifted
chips for the reference code exceed a tinme uncertainty val ue associ at ed
with the tine-of-week information received fromthe assist server.



