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SI GNALS BACKGROUND Rel ated 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 sf er,
accuracy 90lrc wi tﬁh‘?l“?’@’@flonrfé éeétf?dg ?’9@ Q5L a§ ?@%#)(?6‘%2
PCT/ US03/ Bﬁﬁ%ﬁaﬂy, 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).



2 [0005] The GPS satellites transmt three pseudorandom noi se (PRN) rangi ng
codes on two L-band frequencies: L1 = 1575.42 MHz and L2 = 1227.6 MHz, and
use. TheweaBmbi2ites transmt the C A-code as a sequence @®CTAGRB03813
pseudo-random bi nary bi- phase nodul ations of the GPS L1 carrier signal at
a chip rate of 1.023MHz, producing a code repetition period of one
mllisecond. [0006] The satellites trankmit the P-code as a nuch | onger
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acquiring GPS signals, and conmputing the 1ocation of the receiver can be
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time to capture the entire sequence, i.e., greater than one mllisecond,
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In additi the co guences, each sateflite transmtS a navigation
message C@ahadheisagllies forlthepurpeyeh @ffeeiesthintial positsan; Relasity dstimebilh general,
el ements, clock behavior, systemtine ggg st at us_ nmessages.
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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.



on the cal cul ated pseudoranges for the satellites and the epheneris data
received fromthe satellites. WO 03/067279 PCT/US03/03813 3 [0010]

Locat i on-WOIBMRM acqui sition is one techni que that has b@®€m/usezeBsns t hi n
commerci al -grade nobile units to accelerate the acquisition process of

C/ A-codes. According to this approach, the process of acquiring the

C/ A-codes is distributed between the Robile unit and a network. A |ocation

assi st server acts as a reference GPS receiver, —and continuously operates
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utilizing the C A-code, the process can often require several mnutes. In
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given satellite once a week. For this reason, military grade GPS receivers often make use
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



efficiently acquiring a P-code signal froma GPS satellite. In other words,
acquisition of the P-code signal can be perfornmed wthout first needing to
acqui re aw@/odwenade signal fromthe satellite. [0014] For Pexarsps/e3sii n one
enbodi ment, a system conprises an assist server to track a signal froma
G obal Positioning System (GPS) satellite and generate acquisition WO

03/ 067279 PCT/ US03/ 03813 4 assistance4data fromthe si gnal . The system
further conprises a nobile unit to receive the acquisjtion assistance data
from t he assisthrae data frem thesignal o The gystere lurikerpopprsesst yabile ppibip regiye the
satellite based on.the kSl i n : | Siiot
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based on t acqui sition assistance data. [0016] In another enbodinment, an
appar at us: winepoi saelesscoanteroaiondinkecei ve a  signal froma d obal

Posi ti oni ystem (GPS) satellite, and a w rel ess .nodem ecel.ve.
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sequence based on the acquisition assistance data, and a processor to

det er ni nepseuddranslopt teda s¢qienee Rsweidted pithudl sisiabidiont gaeataliguared s &cei at ed
he acqui sition assistance data. [0017] In

with the si lginz%l bas&d bt _ . . [

anot her ABOSUBAS A ESABut er - r eadabl e medi um conprises instructions for

causi ng gop1619r anai| soffed AfRHAMEN, Lie apparetuaCmlpsitdsi AN antssnastoareceivelat a

froman assist server, and determne a tine offset for_ a P-code )

pseudor arfdgial &edea 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.



sequence associated with a signal froma satellite based on the acquisition
assi stance data. [0018] The details of one or nore enbodi nents of the

i nventi orwarg/oert forth in the acconpanyi ng draw ngs andPCRAISA#63IsN3 pti on
bel ow. Ot her features, objects, and advantages of the invention will be
apparent fromthe descrl ption and drawi ngs, and from the clainms. WO
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a block diagramillustrating an_exanple system.i.n h a nobile wunit
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exanpl e a@ogg of the digital data representing a P-code GPS signal.
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[0024] FI timng diagramillustrating an exanple correlation
oper at i on[O(né] f or meBIG)Y3 ishe flovbichat dlistratibg an rexkepleusode fof aperatien lofiphs ave
met hod base on a tinme uncertainty value. [0025] FIG 7 is a flowhart

i|lustrat ™9 11%1 Nilxanpl e acquisition process when the time uncertainty

value is fghaji vel yFi@r geis [0@8Rknat GurtBer ﬂl@tﬁailﬂg\rdiﬁre&empagst prédesd Fon
adaptive acquisition process for acquiring nultiple satellites. DETAI LED

DESCRI PTI GHcjla@zr] prendorangé fra gb‘%’ﬁﬂcﬁlateélitagﬁﬁ@ﬂiﬂlhg F@ﬁﬁﬁ%ﬁh’hﬁlean exanpl e system

2 in whic mobi | kes use o 0 [
directly Méi re E{)dél éllhbsg”{ig 48 CAf ?lgi)e U %f Hhe d1§ﬁ%lr<£arta§&g>?es€rﬂ % % an
assi st sepv&,ae@sc;@gﬁal nuously nonitors and tracks GPS si gnal s 6 from
satellites , and pr (E)ar es and maintains the acquisition assistance data
[00 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.



based on the signals. Assist server 10 may, for exanple, track a P-code GPS
signal or a C/ A-code signal, and extract the acquisition assistance data
fromthe Woga@b7279The acqui sition assi stance data may i nclPC@a@SP3/mE81Df - week
(TON information for each of satellites S. In addition, the acquisition
assi stance data may further include ephenmeris data extracted fromthe
signals 6, such as vehicle (S . V.) identfiers for the satellites 8 that
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of fset's as start positions wthin the sequence during the
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Upon vaLHclghﬂQ thd1®.d3de %ﬁlﬁqlaﬁ 808/ §atellr&'ald %uﬂhemt flflst G SC/A-Sode Fbit KRN,
vel ocity o her GPS data. Alternatively, nobile unit may communi cate

pseudor ampeellitdat a t o assi st server 10. Based on the pseudorange data, plus

its know ft t. h d i ‘ ;
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conmuni Ca\'ﬁe@&:nﬁrk& &@f@P@@a@%lﬁﬁ:ﬁw&@ ARIbilk @mnitri maﬁcoﬁlﬁﬁﬁiﬂatd\ﬁsbuﬂ(&amg’u t 4
may take the formof any one of a variety of nobile GPS _recelLvers catpabl e
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connect | ORceiPlrs tcg'[?able 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.



i ke. One common wireless comuni cation protocol is code division nultiple
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exanpl e, “HEHRBIY %éﬁeréy%%gég@@%%%ﬁﬂ’%ﬁ%@' set of digitized data, typically
corresponmiops] to a A 26 kanples theQasdband sighalste poodhcefa dipitizébsplraemtagognal ,

or | Onger(,)f Ihg rsigunsa(la, a?l)(/i sl;c)osrlzs %Osnagslfl%it gg tﬁehc(laigiz%iczgél id%l‘iat iinorrrllegl[)?yc 82?3 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
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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



[ 0040] To acquire the P-code GPS signals, nobile unit 4 receives the GPS
signals fromsatellites 8, and stores a snapshot of the signals in nenory
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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
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vary for different communication systems. For example, a CDMA 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
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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. 4+ 20 to to. Equivalently, DSP 30 may start the PN reference at time to 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



[0049] FIG 5 illustrates an exanple alignnent of the data snapshot stored
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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.
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the reference si gnaﬁdtvm EB% ]ﬁlﬁl\j};gerogd’\iv%e rgpgesents the bit period. In
this manner, the length of the zero paddlng of the reference blocks is a
function of the tinme uncert in}t6 associated with the TOWN [0057] In

addi ti on, DSP SOPHAUS ‘Fat 4 é’§f nd each bit boundary to the prior block in

an overl ap-save net hodpiasxiil | ustcated xm Fl @, 162, where M eqeads(itke- nunber
of non-

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



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
bel ow, noweaBloy72k&_ B. WO 03/ 067279 PCT/ US03/03813 13 [ 0®EgJUsSPyn3sexanpl e,
if R(0) is the value of the PN code corresponding to time to and D(0) is
the first data word in nenory 28, as aligned to a first bit edge as

expl ai ned above, DSP 30 perforns the ]FAOI I ovm' ng procedure: Convol ve the
first block of data: Ref Block O _t[t R(O 0S

where MsampleDand I@ld@taksa(mpleaﬂothﬁ lett, as, Shqwn E‘)Hero@l%rrﬁteﬁé“é‘e‘%irfeﬁ?mﬂsy, DSP

Sonet oo PRuSor R SCB i o %%ﬁ;ﬂﬁa&gs el YRENIBRPGAY utiBhOthErchbe dah

conput es Pﬂ‘é magni t udes w t he precedi ng bl ocks:
Ref Bl oc ibeémn{n@(aBtHe &, d,tBe shadeperidd df RﬁrPaﬂbcﬂ ONand mpludmarahebm@ Rf BitD( B +
[0,1,2,. 1]) Continue for L blocks. Ref BIockL- [R(j X B +
[0,1,2,. PenMiD 1]) Zeros(1,N - |vp] Data Block L - =D(j X B +

[0.1.2, rgadhy- 1) 1p JRE GokdsT dhta’semplbs M InloBEPH04801 O aPithaldstt B inL Of
si ze N u ue he nature’ o e ove ap-save convolution, only the
first N -safp(bpe@r(m:ex)%om Wcmgdsbé padﬂeﬂawﬂl bo+ M+ Bszetevalped szuples h’.gytb t he

circul ar conval ution. | 1 SP 30 e.terns, Addj,ti I
| ags nmyoBbrel %Télaﬁet%‘mi’é‘?f @’ E rﬁg %167@6%% er%jr‘%%%ﬁﬁg TR af gmeq\/[ ona
of f set ti ng 4t BELAIFA koS dabBIRg T}ﬁfregdﬁeofrc%tl%l‘a%@osnﬂtmta@d&emmamsoA[ 0060]
Not e t hat "'sonme processi ng y be lost because only M 10.23 x 106 s out of

20 s ar eTler mews peakidethi sull sonlvdution tilizing tlan atit @é&rbﬂe@“@ﬁom Al 204400 ence

Si 76 204G00PISTHALNESANE MHRYRHETS QWAL PUrLcY Mooatpfs gibfafied ! dic2

101 og( M ZR460R0sB 4Ridfim¥alibéng BRtcHiéat i on in vvhl ch
[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.”



an entire data bit at a tinme is processed. [0061] This |oss can be overcone
in a couple of ways. Extra energy can be gained if tw convolutions are
per f or redwQioa®érad of one convolution for each of the stepS€T/tshaeas)3 and
then the results added prior to form ng a magnitude-squared operation. The
second convol ution can make use of altered reference and data bl ocks. The
processing of the fi rst sets of reference and data bl ocks can begin with a
deci si on refer 3/ 067279 PCT/ US03/ 03813 14 sanples and N data
sanpl es af‘;‘r% ef t Fids ésn% Wicharr:r@str HngHHeRaaIRIE Aeitiom 8FSPTs waen the

convol uti 9 ecﬁhcegfea.gu\fgl\"étldeoﬁs %ﬁhfeld' W Haghgs’ﬁbw BO9V& RS cilsﬁ%}d b 188

ref erence ning at e en e shaded perio |t Period O,
and concl wdasvely lardes i.enevheh thsi time Bacdratht exde0@62 flath bitgichied M Adsiesatdied
sanples M{hrou 204600, for total of B- M.s es (B = 2046 , woul d
bo. badded i THErRE Eerio PRIl SRS 3 SoPd NrEBRg| 4 EREERCe
sanpl es. E@t%d@?ahéoxﬂ' &)@15 déﬁ)‘é' é@quifsitio'nze%s@t‘dﬁéee&zﬁﬁ' GS) ﬁn@ SR CBSeI:a%tdettéc@i%n

and consi st of N total sanples. The result of convolufion s then added
to that obycCpurelatihgrafersude signad¥p deth taeﬂlglllzeclcsnmhut plothe GRS slgmaing(GthreAentr re

data bit duration of 20460 ai t hat t i cal nly_.the
frror N - daicBbrdade, i Pdh s R 35k ad B8ielimalo Plpish Soaeifbti 4 Huribers
time-ali apopgledi“bind7 td Qdbntify hGHER] ARsROSSEE W MK efR dxafip®)toiRPR TDPpleri s tO
utilize FFT sizes of 20460 I n_ this techni % t he shaded peri ods M woul d

be i dent i &ulicatign ffpra patelligens HDOELz. TRased caghe Bles| PP ABrassisashe fineesssyi ty
to perfor chE- en‘E,ﬁ gokb'ﬁ]zl g&ﬁ %ﬁea@{v@ﬁl dés fkhes 48 A %Erﬂéﬂ@erné:%%ns efrgﬁncftﬁ

However, Size mg conple
perform ngarﬁefﬁdquenay FFT. [0064] Yet anot her appr oach woul d be to sarrpl e .

the data at a lower rate so that M data sanples equals one bit per
However, t#164] nay r&s@ Peakniss Bk dptsetsd | gyves ebls Poppict )}‘YPH%SQSO(%%S&@ Red

bandui dt h r}hﬁr BRLbYELNal eRfonshy SSidiNA 12" R1RANE! P-LOLLRRA R & Hblsiofld! 2

coul d beg dat twce t |s rate a en pertrorm However, IS
approach smaps shetglata by NARK @i vherenf ueaesents the biockstte rmaddd yepreqaatsrtheybn

ggg?g][ i sﬁf %régl ?7%) agﬁi!ter sﬁl%mlfgl the rgfereanfcg ep %Pn% }erf)%atm g Egtdo cI:olnEIS ution
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



30 perfornms peak detection (56) to determne the tinme offset for the
satellite being acquired (58). In particular, DSP 30 conputes magnitudes
of the Mwearpler7extracted fromthe FFT techni ques, and &ddaISphess13
magni tudes in a running buffer. DSP 30 continues this process a nunber of
times equal to the nunber of post detection suns. Note that the FFT
produces N out put sanples, but the proc]éssi ng gain is actually a function

of Mdue to the reference bI ock zero padding. DSP 30 then c%gut es the
mean of t K& pifrting Hourtfset -1&hHzseftet 4409 Hy iy HRach seateh Wa produggeat |

DSP 30 f
bep 30,2 e 000 308 gl AL -ARE, |1 ARE0GHBNEARGRILT o
si t uat i ongdetectioshthedsholdi (84), DI deriareca petinandri debiddrdaret veiss tig, detdction

called a "false alarm" WD 03/ 067279 PCT/ US03/.03813 [ 006 Fl 7 is a
f I owchar t TSt stichtasnGe s rEeRbh HOPBIcE iirk i 1% 9iisFlo RS sté t(gé)

uncertai nHXﬁeth%rfJi% c?e&%%e@t BAPYG fotbibnd IMLRGEHY %@teaﬁ&mggss%ag}ay e%(%{?‘( ; 10 is

relatively large, 1. when the tinme uncertainty excee %erl od
M As desacabedmesb cﬁmenelgldfwngrmc@pgﬂrmffsatsao dét‘ermtm:af Idyteg«scmsr\mre fowndsfognal

33 contai nh % ?f r ef ere Esagudor aﬂgom code u5| ui si tion assistance
data (60) PesnipEs L hresiknal sireng! C‘W’“&B‘%PB t“iaﬁ W&%@gvg.%ﬁm 33
with the dighbdgeobys riﬁmoat mﬁinﬂlﬂﬁlsci%ﬁnélaaa% fhe (RAkureent &feoi@;mtfa@gqa%ove

for each satellite,” DSP 30 performs a Doppler search over nunber of
Doppl er " bpiss Tattoo(SWns sifficenpg hleh togiild gogdkmeasurageniaf psq‘Ud@raeg%xmgg dhegi ve

B e s

est abl i sh@@om] nurrber[f b detecditNay fbdlr[tﬁ(r@flﬁﬁﬁtdl 6he0), aRnDSP 30863 eN6yaer
[0067] If a peak is not detected over all Doppler hypotheses (64), DSP 30

perforns AHegrddon fimedpr feagiven sjellite) andi rapeats the Dregess Brider peakdgdetestediorve t o

t he StOreﬁnhff@ﬁ)?ﬁi@ﬂgr}tgﬁaﬁlonpﬂmgkM;%Heaz\?% erere N represents the block size

and M represen erio sliding the reference P-code,

DSP 30 rejpetiy t he micead s@telrlweaﬁwm(pmredomll)asd) ansket mseleif ehaiasmal Doppeeak
can be found within any of the blnsé_‘s . 1f no eakls det ect ed over al |
dheaic

Doppl er hypeim@esfor ﬁh?esqt%lh@rf@n@érow 8 sppfer é&i%%ﬂhsml{eﬁtesat@}@s
uncert ai mpé:t:;o e,euﬂDoépft?&tﬁﬁ'H'ﬁgt E%a&:ﬁﬁé, DYPLFD ugegrthgmpﬁllr $Hs80 0P thel Ekqlulred

reference
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.



30 resynchroni zes the snapshot to the next data bit boundary as descri bed
above. DSP 30 continues the process until all satellites are searched
(74), andwe@ oBiosial’9 position is conputed (76). [0068] FIG P8TIGsozoIsDWChar t
illustrating an adaptive acquisition process for acquiring nultiple
satellites. As described above, ref eregte generator 31 locally generates
signal 33 (80), and perforns peak detect'ion by correlating reference signal

33 ith the digiti d )sh f the GPS. sj l. 82). 0069] As
IR N B i
a number ng@Q%Slaﬁa alPi sﬁﬁéili‘&ﬁ Befl&Bt infci'ea@ingeﬁﬁlé- it Gand. NEnRURRElt BE Di ns

sear ched, Irst searches for one of the satellites, such as a
sat el | i t eadvesitagatusd Wien thess $¢ noenvpror Okuevlbdgen gf rwhigh i saeslljie osigndie sde

using a relatively short integration tine. For thjs satellite and

'nt oo at | BIFFHE, & BePERYS BT RUNG Rl higheriadhé 97 et e Tapes 4.
bi ns as dasgiiRed 8 ROME fof 8eiredihinatldaPoS AT, PRGPR: bhe ise@htsn dined
m ddl e bin, and proceed outward until all bins ﬁave been exhausteds'hé{e.g
bi n fr equénsintegritset tie nughtsks: incsaseddonthe b EITRtatET/20ddBPoke vatil the SR

of fset +50 Hz, offset .-100 | of fset +100 Hz tc.). o d
produce aS*&fs Bft{‘%?ﬁ@?}ﬂgtgatf gﬁ%ageﬁgﬁgpﬁ}%g%egSO%g% %Ce%]r?ﬁ%?t grs %gﬁ‘éf‘{a}t";’@%& | f
any out putjngxeRedalde tHeheichb&ng DossiBR! fdr (eddatel oM yB0artB@l thtie $ntdgration
prelimnary defecti'on and stores the detection results, such as_the
current DipsseThis appseachimasebe rdveatagesitdhphiacreasiag imegratighdme £an §ed8e¢ i on
is determ_negd ) . f. i t I i (s W)Y,

exani ni ngWItf%rggtsrl? § El%g‘%tagg‘%‘gf’épﬁgoﬁg%%?i‘ﬂ‘g{o&g’gf gﬁ’%?i;og §e’l§) é"r (?cggﬁteltdgtrahi ne if
det ecti ongoove] e f ounthrions embbeaisenaf 65 gesinvanibni Havelteesidgsalbedt rErget lnd or
current DoPpI er was maxi mumrel ative to I‘I{gf nei ghbors (90). If such a
maxi mum i §tesamBodizeats ae WHBIbE $¢APs Pk Hie TOHOWINEFIM™S; gnal -t o- noi se ratio
(SNR) is sufficiently high to yield good neasurenent of pseudorange, e.g.,
the SNR is above a threshold, then DSP 30 term nates processing of the
given satellite. [0070] If no detections are found (no branch of 90), then
DSP 30 uses a longer integration tine for the given satellite and repeats
the process until a peak is detected or until a maxi mumintegration tine
is reached (92). [0071] Once a satellite is acquired, DSP 30 nmakes use of
t he actual Doppl er «



information for the satellite to narrow the search space for the subsequent
satellites. In particular, upon acquiring a satellite, DSP 30 uses the
Doppl er oWDwenaf9 t he acquired satellite as an initial fPEFUESY38LTfset .
Thi s takes advantage of the fact that certain sources of error, such as

| ocal oscillator drift, may be conmon tg the processing of the

multiplicity of satellite signals. The l8econd satellite's signal is then
searched in a manner simlar to tha 3&%@£e first and if detection is nade
Wi th suitable output SNR, then the é ing of this satellite
termnates. If detections are nade for nultiple satellites, an average, or
wei ght ed average (weighted by SNR) of their Doppler offsets nay be used to
initializée theARoghbdcompadinh corresponding to the other satellites. DSP 30
continues the process until all satellites are searcheg (94), and a final

position is coffStive "69‘61)51"10[‘(%91’52?“0@2‘ TR AMFFESt SPFVeER8Y nitial search tine
was 50 ms and gdigmlideBt! e dfrsdPfstd Rlcodd ﬁs%ﬁ&o&ﬁ’dloxﬁ '86d§@hﬁéﬂch'fa%o‘éﬁ@edzer o,
then DSP may have achreved this result by only searching three Dopplers
hypot hesewith aisigng] fromen satdllite besedraarthe béquisition asatstanee datbor i ng bi ns.

Conmparing this result with a search using a one second integration tine and
nine Dopplers, then a search time reduction results equaling 1 second / 50
ms x 9 bips/3 @h@&etho\d’@f%ﬁlrﬁquﬁirtheﬁc&hgﬁéing QeteREinfrRAUSIsitA foia hddileunber of
conput ati ons. Furthernore, even for the weaker satellite signals, correct
|n|t|al|zwmtbwedbnﬂuﬁwnepﬁﬁﬁfset could result in substantial savings in
processing tinme: WO 03/067279 PCT/US03/03813 17 [0073] As a variation, DSP
30 may search for a given integration time across all Dopplers and all
satel |ites, befPhemethodedsiang 1t Mbetel tgraaduisition assstanthidataringhdeshime-of-

advant ageous when there is no a priori know edge of which satellite signals
are pref veelpata 11@1<§1tmg§lléfﬁﬁﬂlstﬂé%?ﬁ’§?§Eﬁiﬁali'%%cf’ ¥YPEI®i t es higher in the
sky. Alternatively, once a detection was made for a given conbi nati on of
satellite, Doppler and integration tinme, this integration tinme mght be

i ncreased4f or Thengihodrof shiiml3, wheredndetBmppingra time bffsettluemﬁfiRs leoaﬂgeds a
threshol d that indicates ade uate pseudor an may t hen
simi|arl ySHRUPES IHECTCE P, Fang ﬁﬁﬁ@”&n&g‘?%? gn &i‘tt@? P ge varyi ng
their int ﬁ.géfﬁ{du{aﬂreéei%ﬁ%rorﬂ_mesasﬁpﬁé%gh may be advantages in that
increasing Integration tine can be done wthout requiring additional
storage and without |oss of previously processed data.

5. The method of claim 4, wherein generating a reference pseudorandom code
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.



[0074] Various enbodi nents of the invention have been described. These and
ot her enbodi nents are within the scope of the follow ng clainms. WO

03/ 067279WB@3HLZCB/ 03813 18 CLAIMS 1. A nethod conpri si RGT/USedei8¥i ng
acqui sition assistance data froman assist server; and determining a tine
of fset for a P-code pseudorandom code sequence associated wth a signal
froma satellite based on the acqui sitibh assistance data. 2. The method of
claiml1, further conprising determining a position for a mobile_ unit based
on the ti®e of Themetd ofirdaimel. ydterein the WICRHTADIY ¥Ad4eGEIRTIvES A BERIEERSS on

assi st ance d%?gti ngllu des tine-of- week data indicating an initial tinme

of fset i ntB*EHREPVESde sequence. 4. The nethod of claim 3, wherein
determining a tinme offset conprises locally generating a reference

pseudor andom code sequence based on the ti ne- ek _infaormation received

£

fromthe &ssi stiheapsiled oflaim Wﬁa&omlaév&m%b&%f%m&%% dgegttaeng a

reference o ggﬁe%éé& %f&%ﬂ&% cEIUHUE. EQTPHLR Sndieeify @ mwdigiaﬁ daif fgence
oM o I ncfude cont

pseudor an e sequence I guous pseudor andom codes within
t he P- codehsretenegssidordridom @idetsbguence.tial time offset. 6. The nethod of
claim4, further conprising: digitizing the signal to produce a stream of
digital data; buffering an anount of the digital data; and correlating the

buffered dppgit ' i &hlsyneHRYAL Sk dighA'RACHIGRIR ferERGRUENCE.
7. The rreﬁpbd gﬂfhec a?ongy\%{f&?%{r‘%%%corsr%?i Si ng1 gettilgg t he amount %rf buf fered

digital gatwlomraslenh andeacduene: eomemisesii nty val ue associated with the
}:.g? -Ug](c)éy\gg g 1i3 réfst%rggi%é 2(1) Plrst 'l’)l% %glgev \%gth{nrtgc—[p d1I g%%l Kies ic,t%i[’edswelliﬁllg Iinemvc\ill?y;oa d0 67279
disregarding 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.

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.



8. The method of claim7, wherein the uncertainty value conprises a
predefined uncertainty value. 9. The nethod of claim®6, wherein

correl atiwg oBle2buf fered digital data with the |ocally gecgnsoeesieference
code sequence conprises synchronizing the digital data and the reference
pseudor andom code sequence. 10. The nmethod of claim9, wherein

synchroni zing the digital data and the 20ef er ence pseudor andom code
sequence conprises: estimating a first bit edge within the digital data
stored vvithi n menory; and disregarding a nunber of chips within the
digital aa h .he reference pseudorandom code
sequence Jziisedﬁ*geﬁ} ﬂ%ﬁg’gt }a%tlgdf@rgﬁl{gﬁlﬂn and a ti rrFe) uncertainty

val ue associ at el@thn\g thl& refeeenice oedadctatiwe ko thafm)glmhdatanf tltecsegnabtiy Nedhehipshe

assi st server. he met hod of claim®6, wh .n corre e .buffered
di gi t al deheredy ﬁi’“ﬁsﬁéts theRlark W@%%‘@EPW&?&E né’ﬂd@ %‘ﬁg%gl MPhpri ses
di vi di ng ence and digital data into bl ocks of size
N, where %"%%lgﬁ&% Q ?%Olﬁgaglg than a data bit period Massociated with

t he signal pl u&paatingwthemﬂdﬂﬂeryparaﬂlm associated with the received
ti me-of -week information. 12. The nethod of claim®6, wherein dividing the
reference code sequence and the digital data into blocks includes formng

bl ocks frem t hgyp eﬁ{éﬁr}ff%lﬁﬁdﬁi FBEHEDARIAPhBAMBrendd EdicRElaBNE M dRaEDed
zeros. 13. The net claim6, wherein correlating the buffered digital

data wit hdatlaeonﬂpuwlrbpeamﬂbe&lailwtheeef@r@n@éoct@cﬂllld psequBingdheenrpplatinss appl yi ng

a matched filteri C f the.blo a
correl at i BIPB¥ d}?“ﬂgwt%@ S%ﬁ?‘gatﬂl gqrélfel r\«;gerer%c%iéﬁ ﬁéeg}Fcé% %rgg(rr\{%e code
sequence. uM@r@ﬁft? O18d steﬁﬂe'dma{ 038k -oRRedidinforhatior tdreitled froed thiennsiq,
further conprising: sliding the reference code relative to the digital data
of the sigaer.-by N-M chips, where N represents the block size and M
represents the bit period, when the correlation peak is bel ow a peak
t hreshol d; and

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.



repeating the matched filter operations. 15. The nethod of claim 13,
wherein sliding the reference code relative to the digital data conprises
r epeat edlwoBlodi2ng t he reference code and perform ng the ®OTIESN3HOISON
process until a total nunmber of shifted chips for the reference code exceed
atime uncertainty value associated with the tinme-of-week information

received fromthe assist server. 16. met hod of claim 1, further
conpri sing;. perform ng pp) er search. over a number of Doppl er hypot heses
to identi 39- a 1psgpitad @ff%ﬁﬁ%’ &fhef%vgi Hag theqyy IW%éqt?f‘éf%B&BB!Pé‘?&of f set

as an initial: Wi i | Rtk wisding

satel li tets?%{ nﬁﬂgﬁﬂg%@ﬁggf %%%g{%ﬁ%ﬁﬁ%?b?ﬂgﬁ%re%ﬁ%tﬁ Si ngv:V usi %3; a first

i nt egr at i etredgtiméyr thecdromDogpleh eff & pinexinswaretdiive do theachghbbriag epplef

Doppl er bi gts to produce a set of outputs; and increasing the integration
tinme and P ﬁg%ti ng the process when no valid peak is detected based on the
set of outputs. 18. The nethod of claim 17, further conprising: declaring a
prelimnary detection when any of the outputs exceed a detection

t hr eshol d20st oflihagneshaslwiradaim Doylsirain thef dcquisitivp sissistanaedlaid edmprises prel i mi nary

det ecti on; |idating the prelimnary detectian b i pi
out put s 1 SIRErHiBdPT S P ormd Bbitn . Bt BT Bleihelide
03/ 067279 DRfpplekiaiadhIor thd saB1litds) BefRinbP SyrhrdihiAkith IFormbtemehid val i dating

the prelimnary detection conprises éxamning the outputs for the
nei ghbor i Pgsitiep pifemmasiondet hesaeldiétser mi ne whet her a signal strength for the
current Doppler offset is maxinumrelative to the nei ghboring Doppler
of fsets. 20. The nethod of claim 1, wherein the acquisition assistance data
conpr i ses 21i dermthe nmetiadd eficldior 1,Saitledricotnpsising: vi ew from a nobile unit,
time-of-week data for the satellites )

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:



Doppl er information for the satellites, frequency synchronization
information, and position information for the satellites. 21. The nethod
of cl ai mwWpQ oBst2ler conprising: comunicating the tinme offC¥AiSoy/essthe

assi st server; and receiving position data fromthe assists server. 22.

The nmethod of claim1, further conprising calculating a position based on
the time offset. 23. A nethod conpri s@%g recei ving acqui sition assistance
data from an assi st server, wherein the acqw sitiop . assistance data

i dentifies a sestimstingaifstbitesge yithin theidigieal datasiored withmangmpry; o i cating an
initial time O(ﬁlf %gardﬁ mﬁnﬁar%?gﬁlgg?ﬁﬂﬁ Qﬁj% f{?%né qAUBMBELoff @ipseach of
rom at e

the satellites; ecel |ng sl gna ites; digitizing the
signal s thtHlﬁl(BiUlﬁlefﬂleséfb&am pfeudomndah cd& sequermes bmedm)g thenestimpigd fist  t he

digital data | ocal |y generating reference .P-code udqr.andom.code
sequencesbif gdgeraid a tighe BReriamdy B%E%BSSBWaEeﬁéMFlb 999;2 F‘Cﬁ?’f‘ AP PPe of f set s

for the SxaeES'véderxt?LtPQ%sﬁs?lsarvi‘:Pg the digital data with the reference code

sequences to I den correlation peaks having respective tine offsets;
and determning a position for a nobile unit based on the time offsets. 24.

ocal Ly gener Shewekisnsr Eies otboeesenatetup ol dei i Sib e

PCT/ US03/ R)%%%}S n%?at&ffe'féf@ﬁde%d@sédu@ﬁées RbipaiskaediWdidp the kdferefitediddal dat a
stored w thi %e di sregarding a nunber of chips within the

digi tal dseqaemed aad dmledat@mt@hloplss ofygiizerN wlere Fhedtlogkhsize Nfigleshithan a data
pseudor an Oﬁ}nﬁc(f) IS% Egtng tgqgas glgn@n%thﬁlshe 52 hhé“?% y fv.lsllrugtasso laf ed ﬁ?th@nd a

time unce tII’T'e

recei ved fdcoived Rfheastshédk ifRvation, dbd w'ﬁbfelﬁrﬂl‘efw@tk@fof tHeakferéice cudtaer e| n
correlating the buffered digital data with the |locally generated reference

code sequesgsercedwivpM sleips and/NdVRpddebzeres er ence code

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:



sequences and digital data into bl ocks of size N, where the block size Nis
| ess than a data bit period Massociated with the signal plus a tinme
uncert ai W9 03ab12@ associ ated with the received tinme-of - weel/usas/easnat i on,
and wherein the blocks of the reference code sequence have M chips and NM
padded zeros. 26. The method of claim?2 wherein correlating the buffered
digital data with the |locally generat ref erence code sequences conpri ses
performng a matched_filtering . operatiaon to each of tHgobl ocks to produce

a correl ation PEER AV RiPEEION NG PP grmipg the DoRP et S§aC rreélF]_éP_ P8 %ode
sequence. robplcGpsRERH Blodfcet B BPoutbis kA ikPBRY the sifhalsShddl Nt he

reference ¢ a given sat te relative to the digital data of the
signal by N M chclpsng aipeslenihbnyealeteetiemvhen hey of the bupusexaesd MMategiossent s t he
bit period, V\hg_n the correlation peak for a given satellite is below a
peak thred SW?} ‘and repeating the matched filtering operations for the

gi ven satel it gorg8-a clRnBbHNE: StseChRbahd wih8E Bldlinshingidegctit ref erence
code relative to the digital " data conprises repeatedly Sliding the

ref erence code vahdatingrthe prelingnari detesti @hledexfaninimgithejoutpple feit the neighlparing a

total nu r_of ifted chips for the refere code ex d t] .

uncert ai mwgﬁf Sgtg%fé i%g?tﬁl?lélge W’fhf"i]?e’f %%‘g{“i‘el r‘?gr?%gqﬁ _ﬁ%retge FW%]& %Q[pp %ﬁ Otfg%(ﬁ ved
fromthe 3gshidbm SRIVELo thdReighb&inEDBgSledffetsabma 23, further conprising: WO
03/ 067279 PCT/US03/03813 23 using a first int ;géatl on time, performng the

Doppl er sear ch using teaPrappler effseses @t initi) Sisneenchpbiseties aequ@ngigalcon set of
outputs far..a fir ne the signals; and declaring a prelimnary detection
when any 8Pbsteﬁléén(§§§t8ﬁ © exceed a detection threshol d; storing a current
Doppl er of fset associated with the prelimnary detection; validating the
prelimnary detection by exam njng the outputs for the neighboring Doppler
of fsets t GVdet dgimpdhoghet daim b furtherpomprisdggt h for the current Doppl er

of fset is naXic%HHﬁlfn%a@itng_\fﬁelii]ﬂe}oﬁ?etrﬂ@iﬂ%@fve}; gboppl er of fsets; and using
a

t he Doppl er offset as an~initi requency offset for acquiring signals
from 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.



subsequent satellites. 30. The nethod of claim1, further conprising:
comuni cating the tine offset to the server; and receiving position data
fromthe wWorm©s72781. The method of claim 23, further conpPCIiusg3/038e3 f or m ng
a Doppl er search over a nunber 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 perform ng*a Doppler search for at |east one
of the other satellites. 32. A method conprising: receiving acquisition
assi stance data fromserver; and directly acquiring a P-code signal froma

satel liteybas LSkt . I g&ﬁgﬂ A i : uirin
a C-code %?gngﬁhfl?lgﬁ%%ta r?qeiaslgﬁ;th ‘?vgég?mg(g&h?%e tﬁ%%}@(]%"& (%:cﬂlégliv%%a%ég nsgggi n thg
acqui si t i anrekaiigshaRaedesigaaliwiti thddscally genahted nefetendac@leisagienat i ng an
initial tine foseE1 i.nto the P-code signal. 34. The nethod of claim 33,
further c#sprding toghe Gmerafyveskitaati ng a reference pseudor andom code
sequence based on the tine-of-week data received fromthe assist server.
WO 03/ 067279 PCT/ US03/ 03813 24 35. The nethod of claim 34, wherein
directly acquiring the P-code signal conprises correlating the P-code

si gnal leég t he | ocal Io%wggnefat ed reference code sequence according to the
time- of - wedk dAtSSCRE ¢ em conprising: an assist server to track a
signal from a £4 2RAt sdPesith Last @ﬁgﬁm&&&ﬁh(@@l_%&i@hin@?ﬂeﬁﬂ@m REERie

acqui sition assistance information fromthe signal; and a nobile unit to
recei ve t sl gengquisiaquisitionsassistenercialatmetion from thpeigaslsped server, and to
acquire a P-code signal . fromithe satellite. 1 Slilo

assi st ance dat %m@l}g UHG L0 56%1 t'e ﬂ]leoq‘ca%]ﬁgllo%ag%ggl\?ﬁ%cejdrag&ﬁ&pﬁ%ea%gﬁt?eﬁ %ri %‘rﬁi

assi st ance fgtize h Pcdodd eipnki filem Ge savali belgddeorf e atduasiBod adsistdnee datdi cati ng an
initial tinme offset into a P-code pseudorandom

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.



code sequence. 38. The system of claim 37, wherein the nobile unit
conprises a reference generator to locally generate a reference

pseudor aromsoen® sequence based on the tine-of-week dat®CT3S03/T38¢3 system
of claim 38, wherein the nobile unit correlates the signal and the

ref erence pseudorandom code sequence bg&gd on the acquisition assistance
data to -determ ne an actual tine offs for the signal relative to the
code sequence. 40. The system of claim 39, wherein the, nobile unjt stores a
ti me uncerai nthpevusieia 0%5&18%611”8@6% R 255t SEVRRIRSks gddid-Gdp Sighat 4%h, and
corr el at egchdigios inalis@nd ihigmhGlERBAS cPARUdeLagdom code according to the
time uncertainty value. 41. The system of claim 36, wherein the assi st
server is coupled to a base station for a cellular comrunication system

WO 03/ 067279 PCT/ US03/ 03813 5 42.. T t f clai 36, . wh j th
assi st sefver t éK%ﬂacgfkﬂeégewgﬁﬁﬁh gﬁ%%iS%&%%?%%ﬁgwg%§g§¥§P§%§Lge ©
I nf or mat i o, &b AMHeNRsiftafreCiatFmatioN Bbm the P-cbae syal em of claim 36, wherein

t he assist” server tracks a P-code signal and generates the assistance
information fromthe P-code signal. 44. An apparatus conprising: an antenna
to receive a signal froma satellite; a wreless nodemto receive

acqui sition assistance data from an assi st server; a reference generator to
generate a reference pseudorandom code sequence based on the acquisition
assi stance data;, and a processor to determne a tine offset for a P-code
pseudor anddm casieapparpieeesprissici ated with the signal based on the

acqui sition assjistance, d 45, s of claim44, wherein the
processor deteraﬁiaﬁ%gngtop%é‘?y? %%gf%l:}?%lﬂgﬁog%ﬁftée{ unit based on the tine

of fset. 46. The wipfadsahsedenoio rebadidnnctisitidieassistanéddatafiqni i dskistseagsj st ance
data includes tinme- of-week data indicating an i%hti | tinme offset into the
P-code sequence TeEFenCeIEEneiBivs (Q EERCTYP adPiTFRCE PSCUAPraNGdam i spausnAg 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.

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.



an anal og-to-digital converter to produce a streamof digital data fromthe
GPS signal; and a nediumto buffer an anount of the digital data. 48. The
appar at uswofospbzaim 47, wherein the processor sets the anmoeat/ushb3/msis er ed
digital data based on a tinme uncertainty value associated with the

time-of -week information received fromthe assi st server. W 03/067279
PCT/ US03/ 03813 26 49. The apparatus of 6cI aim47, wherein the processor
correlates the buffered di qltal data with the Iocei g erence
code sequéfce {THe aRRAEIHS AECIATE BT, %W%?IPWH@%‘?@SWW 4’% tg?Bﬁé italrh g
appar at us 4of, (GhiALIYdtAn g@ﬁé @réf&% I QRRSE enéé/ﬂ)cd&a%ﬁeeéc&tﬁatﬂin%etaﬁl dat a
and the reterence pseﬁ ora om co e sequence. . The apparatus of claim
50, wher effer theigpalocessor synchroni zes the di gltal data and the reference
pseudor andom code by estimating a first bit edge within the digital data
stored within nenory, and disregarding a nunber of chips wthin the digital
data and 30. nurﬁa@ %@r tﬁ??f’élaifﬁ W'\ﬂhér&ﬁ tﬁ@ﬁﬁ&&@&%yﬂ@%ﬂ&é@ﬂﬁ%@@@dﬁa%ﬁ&luence
based on t esti irst bit edge and a tinme uncertainty val ue

associ at edlamefelnertch(psetudnmndbm/@dk sequefice.mat i on received fromthe assi st
server. 52. The apparatus of claim47, wherein the processor divides the
reference code sequence and digital data into bl ocks of size N, where the

bl ock si zg1N i ghb@psarhtlaBf Slad@be, whtrbinREE pRdesvbASMmOkoaizedheididital Agashgnal
plus a tinme uncertainty val ue associated with the received t1ne-of-week

i nf or mat i ¢ie, refemence pseusiosandem; dpde b fesiémaingd Hrst hit cder withjntthe dightal dageal | y

generated jef ce code se n 1 1 . 3. The
appar at us ST S RRGR0 T R e fu3 T P P SR L B 2
r ef er ence nufdeieofhesenitin it Resrendyipsbidesandioth déddlsppadesibased os thes4. The

apparatus of claim52, wherein the rocessor slides the referepce code
rel ative estématpe st §itedee and atipe Wﬁ‘?ﬁ%ﬁl@ﬂ& USWS%W‘H‘H%@e fRePEWRek

repr esent §nﬁﬁﬁat@n%§é%b§%dzﬁoﬁqge %lsgﬁgé}sents the bit period, when the

correl ati on pea ow a pea shol d; and repeating the nmatched
filter operations.

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.



55. The apparatus of claim54, wherein the processor repeatedly sliding the
reference code and performng the correlation process until a total nunber
of shiftedowbiopr7d or the reference code exceed a tinme un®EMEBLNGIB1IYal ue
associated with the tinme-of-week information received fromthe assi st
server. WD 03/067279 PCT/US03/03813 27 _56. The apparatus of claim 44,
wherein the processor perforns a Doppl &’ search over a nunber of Doppl er
hypot heses to identify a Doppler offset for the signal, and uses the

Doppl er offset as an initial frequency offset for acquiring signals from
subsequent \m%? i

processor 1'Sper f gﬁ%réb}%a%&uﬁggd i géé earc %ﬁ?l’rb%r%fgg%{g}@ﬁe?f gﬁg gt %D?)%atrp‘:ﬂg?veé i ns
using a famambemmmmlmdiypbthmstto 1¢mﬂf§m:§opp]seoffm faubepsigsgl, anddises ther eases
thelntegratlon |rre an peats th cess whenn aI|d eakls det ect ed
based on® PREPISEOITHH a5k FUNS LBBETHIESELOA ARG e RS POEGHENE: n ¢ he
processor g é{gﬂ:lkﬁr es a prelimnary det ection when any of the out puts exceed
a detection threshold, stores a current Doppler offset associated with the
prelimnary detection, and validates the prelimnary detection by

exam ni ng utp s for neighbori Doppler offsets ar at

cl ai m 44, ﬁapm?gataéaﬁaane ﬁgﬁ"'%égél?%% Sa%ﬁ%?f@BWﬁﬂfegg%PP??cfS?ﬁCH?? Tcati on
for satel Ehéhe(%a!éat b’f]@ ﬁlélqﬁhﬁuﬂﬁé)h igst Witk dratidrl HBe @ prRAake & adtdf batputshend
satellites Doppler ormatl on for the satelli tes frequency

synchr oni ZEréases tlhnﬁrctﬁgtatwlbhmeamd repgeisithd pracesatenapivelid peak is etestatlel | i t es.
60. The appar,at 44, wherein the processor conprises a digital

si gnal % gsoélgﬁ §g}5>3tpg§ A conput er -readabl e medi um conpri sing

i nstructl ons for cau5| ng a programabl e processor to: receive acquisition

assi stance data froman assi st server; and determne a tine offset for a
P-code psé8dor Aneenpaas okelgii Aécvhareindhepiogesipt dreolasessy prekiminary etgetion

satel lite 8, §3kaa c8ent Bifpler offset
comput er - PALhafy SFEIRREEN S ) B ARRGLERAE, (kS cifont BUBRIer offset . 1 e
associated with the preliminary detection, and validates the preliminary detection by

examining outputs for neighboring Doppler offsets.

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.



processor to determine a position for a nobile unit based on the tine
of fset. WD 03/067279 PCT/US03/ 03813 28 63. The conputer-readabl e medi um of
cl ai m 61, watweizm t he acqui sition assistance data incl ud@STUSA#eI813 week
data indicating an initial tinme offset into the P-code sequence. 64. The
conput er - r eadabl e nmedi um of cl ai m 63, ﬁgerein the instructions cause the
processor to locally generating a referé€nce pseudorandom code sequence
based on tine- of-week data received fromthe assist server. 65. The
conput er -r eadabl e medi um of claim63, wherein the instructions cause the
Processor ¢k 0 S alinaiBNAadHle Rthed 66c16ings 1, aheidh thd RALRERMISAGabde Si gnal
based on a tine uncertainty value associated with the tine-of-week
i nf or mat i data irededes ¢ichef-ofowetkhdataidicating seinitéel tingeoffsphinte theghieede-seqdrnasl e
medi um of cl aim 64, wherein the instructions cause the processor to:
estimate a first bit edge within the digital data stored wthin nmenory; and
di sregar dga NUTREEoRbuGhidaaaMé hitdiurk BECISingb3, abheléih ahcinstnectiotsbaise gfe chi ps
within the reference pseudorandom code sequence based on the esti mated
first bit peggwmontedoeallyt gemerating e nefaenes psearerandess sedateanengebrsedn time-
time-of -week information . received fr the assist server. 67. The
conputer-P§3ﬁ§5pgaﬁ§ﬁpﬁﬁﬁg¥n?Fé?%ﬁéﬁ,%%herein the instructions cause the
processor to divide the reference code sequence and digital data into
bl ocks of size N, where the block size Nis less than a data bit period M
associ at e@5wi t Ahe gemgnigrrasadpble segiung phelaig 6 Whereinhe Metreetions 6sg ey with
the receive i me-of - j 1108, . t I
di'gi ol abigenel B Shal R u R M e R B bl bh Bkt
det er m ne uaceRite value assopiaadd. witBthe Tinee-cowpekt imformatidaldceivied dioomthefasgstai m 67,
the instructions cause the processor to formblocks fromthe reference
code sequéfi¥e-t o have M chi ps and N-M padded zeros. WO 03/ 067279
PCT/ US03/ 03813 29 69. The conputer-readabl e medi um of claim67, the
i nstructions cause the processor

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.



to slide the reference code relative to the digital data of the signal by
N-M chi ps, where N represents the bl ock size and Mrepresents the bit

peri od, WwWen3wbm7correl ati on peak is bel ow a peak thresh@CajusanesiEpeat
the matched filter operations. 70. The conputer-readabl e nmediumof claim
69, the instructions cause the process to repeatedly slide the reference
code and performng the correl ation pr%@ess until a total nunber of

shifted chips for the reference code excee time uncertaint I
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SErVer. ¢ slide 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 repeat the matched filter operations.

70.  The computer-readable medium of claim 69, the instructions cause the processor
to repeatedly slide 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.



