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| nvent i onwOhe/ops3esent i nvention rel ates generally to posi tPicarusdzompsi nat i on
systens and, in 5 particular, to providing timng information to a
wireless device in a position determ nation system 2. Description of the
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di st ance ng%fgﬁ?lgﬂécmss?’ g ong with the satellite position and tine
information 20 received through the GPS signals, are used by the GPS
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15 A GPS receiver may determine its geographic position by locating the signals
transmitted from four of the GPS satellites that are in view. The difference between
each signal’s transmission time and reception time is used to calculate the distances
(i.e., pseudoranges) between the GPS receiver and each of the four GPS satellites.
These distance measurements, along with the satellite position and time information

20  received through the GPS signals, are used by the GPS receiver to synchronize its
internal clock with the GPS clock and calculate its longitude, latitude and altitude with

an accuracy of less than 100 meters.

The GPS satellites transmit the GPS signals on the 1575.42 MHz carrier

frequency using direct spread spectrum modulation. Each GPS signal is modulated by a

25  pseudorandom noise (PN) code that uniquely identifies the transmitting GPS satellite.
Each PN code is a repeating sequence of 1023 chips that is transmitted at a rate of 1023

chips per millisecond. To locate a particular GPS signal, the GPS receiver generates a
replica of the associated 1023 chip PN code sequence and searches for a matching 1023

chip sequence in a received signal. The GPS signal will be found if the GPS receiver is

30 able to align the replica, chip-to-chip, with a 1023 chip sequence in the received signal.

Many GPS receivers include correlator hardware that allows a range of contiguous chip



Many GPS receivers include correlator hardware that allows a range of
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conducted, focusing on the PN codes of the identified GPS satellites and centered about

20 the expected Doppler frequencies. Although the use of almanac data can reduce the
search time, the use of almanac data lacks the precision and efficiency of other known

approaches.

In one known approach, the GPS signal acquisition time is reduced through the

use of a position determination entity (PDE). A PDE is typically part of a wireless

25 communications network that includes a plurality of base stations and at least one
mobile device. The PDE continually tracks the positions of the GPS satellites through a
network of stationary GPS receivers distributed across the coverage area of the wireless
communications network. Before searching for the GPS signals, the mobile device
transmits a request for GPS aiding information to the PDE through a local base station.

30 Using the identity of the local base station, the PDE determines the approximate
location of the mobile device and provides the mobile device with the identities and
positions of the GPS satellites that are likely to be in view, and the expected Doppler

shift of each identified GPS signal. The real-time information compiled by the PDE is



| ocation of the nobile device and provides the nobile device with the
identities and positions of the GPS satellites that are likely to be in
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20 In many wireless communications networks, however, such as asynchronous
wideband code division multiple access (WCDMA) networks and Global System for
Mobile Communications (GSM) networks, the internal clocks of the mobile devices are
not necessarily synchronized with the base stations, PDEs and stationary GPS receivers.
Consequently, a mobile device cannot rely on information that describes the time at

25  which a stationary GPS receiver expects to receive the beginning of each PN frame.
Transmitting such GPS timing information to the mobile device would provide little

benefit in terms of reducing the GPS signal acquisition time.

In view of the above, there is a need for an improved system and method for
providing timing information to a wireless device in a position determination system to

30  assist the wireless device in acquiring GPS signals.



providing timng information to a wireless device in a position

determ nation systemto 30 assist the wireless device in acquiring GPS
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and tracksdliévasigebioadeast Sigha oﬁttanhifhbﬁi‘hd&ﬂﬁEqLBch' BighiE. |Ereﬁmwﬁttﬁardfaem
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The stationary SPS receiver derives current Doppler shift information for the SPS
20  signals and tracks the periodic time at which each PN frame is expected to be received.
The information collected by the SPS receiver is transmitted to the PDE and stored in an

SPS memory.

To determine the geographic position of the wireless device, the wireless device

receives the reference signal and samples a snippet of the received signal. The time at

25  which the snippet was received by the wireless device is determined using the wireless
device’s local clock, W_CLOCK. The wireless device transmits the snippet and the
timestamp to the PDE as part of a request for SPS aiding information. In response, the
wireless device receives the requested SPS aiding information and uses the aiding
information to help it acquire the SPS signals. In a preferred embodiment, the aiding

30 information includes the time, as measured by W_CLOCK, at which the wireless device
is expected to receive the beginning of each PN frame that is associated with an SPS
satellite that is in view. After the SPS signals are acquired, the position of the wireless

device may be calculated.



30 information includes the tine, as neasured by WCLOCK, at which the

W reless device 1is expected to receive the beginning of each PN frane that
i s associwoedovdth an SPS satellite that is in view AfteCcTiuse2&e® si gnal s
are acquired, the position of the wirelgss device nmay be cal cul ated. WO
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'

20  the snippet was received by the reference signal receiver. The wireless device further
includes a wireless communications transceiver and a satellite positioning system (SPS)
receiver. The wireless communications transceiver is adapted to transmit the snippet
and time of reception to a position determination entity and, in response, receive SPS
aiding information from the position determination entity. The SPS receiver is adapted

25  to receive SPS signals transmitted from SPS satellites that are in view. In a preferred
embodiment, the reference signal receiver, the communications receiver and SPS
receiver share at least a portion of the receiver circuitry.

The position determination entity of the preferred embodiment includes a timing
source, a reference signal buffer, an SPS memory storing SPS positioning information, a

30 communications interface and a processor. The reference signal buffer stores recent
samples of the received reference signals, along with associated time of reception
information. The communications interface is adapted to receive a request for aiding

information from a wireless device, which includes a signal snippet and a timestamp,



The position determnation entity of the preferred enbodi nent includes a
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timng information to a wreless device; Fig. 3 is a flow diagram
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of a wireless device; FiBRIFF DESCRIPTIONIGRHTHRDRAWINGS ing a preferred
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wireless device;

Fig. 3 is a flow diagram illustrating a preferred process for determining the

geographic position of a wireless device;

Fig. 4 is a flow diagram illustrating a preferred process for providing the aiding

20 information to the wireless device;

Fig. 5 is a block diagram illustrating a wireless device in accordance with a

preferred embodiment of the present invention;

Fig. 6 is a block diagram illustrating a preferred circuitry for the receiving

components of the wireless device;

25 Fig. 7 is a block diagram illustrating a preferred shared circuitry for the
receiving components of the wireless device in accordance with an alternative

embodiment of the present invention; and

Fig. 8 is a block diagram illustrating a position determination entity in

accordance with a preferred embodiment of the present invention.



recei ving conponents of the wireless device in accordance with an
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further adapted to determ ne
network (PTSN) or the Intemet It will be appreciated that the wireless communications

system 10 may include a plurality of MSCs, each managing a plurality of cells 16. In
20 alternate embodiments, the wireless communications system may be any other
communications system in which a wireless device is capable of communicating with a
second device or entity across a wireless communications link, including terrestrial or
satellite based cellular communications systems, a personal communication system, a
specialized mobile radio system, an Advanced Mobile Phone System (AMPS), a Global
25  System for Mobile Communications (GSM), a pager system and a wireless packet data

system.

The wireless communications system 10 is further adapted to determine the
geographic position of the wireless devices 14. In a preferred embodiment, a satellite
positioning system, such as the Global Positioning System (GPS), is used for position

30 determination. Each wireless device 14 includes at least one antenna 20 for
communicating with a local base station 12 and receiving GPS signals transmitted from
orbiting GPS satellites. Each base station 12 includes at least one antenna 22 for

communicating with the wireless devices 14. A position determination entity (PDE) 24



geographic position of the wireless devices 14. In a preferred enbodi nent,
a satellite positioning system such as the d obal Positioning System
(GPS), iswoed7$3¢r position 30 determ nation. Each w rel epeTaBI2/C®914
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ASSI STANCE IN A COMMUNI CATI ON SYSTEM' and U. S. Patent No. 6,081, 229,
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CDVA TRA VER, " Ssign t si.g - L. e
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t echnol ogy, the W rel ess device 14 sinultaneously collects 25 neasurenents
fromat | eAND METHPP FORe DETERMMNING THEA POSTREON L A VAIREIEShEDMAnsni t s
TRANSCEIVER,” both assigned to assignee, and U.S. Patent No. 6,133,874, entitled
20 “METHOD AND APPARATUS FOR ACQUIRING SATELLITE POSITIONING
SYSTEM SIGNALS,” assigned to SnapTrack, Inc., all of which are incorporated herein
by reference. In a preferred embodiment, the position of the wireless device 14 is
determined in accordance with gpsOne™ position location technology, developed by
assignee. Using gpsOne™ technology, the wireless device 14 simultaneously collects
25 measurements from at least one GPS satellite and at least one base station and transmits

the collected information to the PDE 24, which carries out accurate position calculations

using GPS satellite information previously collected by the PDE 24.

In a preferred embodiment, the PDE 24 further includes an antenna 32 for

receiving a reference signal 34, and the wireless devices 14 are adapted to receive the

30 reference signal 34 through the antennas 20. The reference signal 34 may include any
signal that is available for reception by both the PDE 24 and at least one wireless device

14 that is within the coverage area of the wireless communications system 10. The

reference signal 34 preferably originates from a radio frequency (RF) signal source that



the collected information to the PDE 24, which carries out accurate
position calculations wusing GPS satellite information previously collected
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the PDE 24information collected by the GPS receiver 26 is transmitted to the PDE 24 and stored in
20  a GPS memory 46 for use by the PDE 24 in providing position determination assistance
to the wireless device 14. It will be appreciated by those having ordinary skill in the art
that one or all of the functions of the GPS receiver 26 may be implemented as part of

the PDE 24.

The PDE 24 an.d the wireless device 14 are adapted to receive one or more

25 reference signals 50 that are transmitted from one or more signal sources 48. In a
preferred embodiment, the reference signals 50 are radio frequency (RF) signals. In

most terrestrial regions, RF signals are ubiquitous and may include signals transmitted

on the FM radio frequency band (i.e., 88 MHz to 108 MHz), the AM radio frequency

band (i.e., 525 kHz to 1,700 kHz), the VHF television frequency bands (i.e., 54 MHz to

30 88 MHz, 174 MHz to 220 MHz) and other frequency bands. The PDE 24 and the
wireless device 14 are preferably adapted to receive a subset of the available RF signals

that provides substantially ubiquitous coverage throughout the wireless communications

system 10 (e.g., the FM radio frequency band).



The PDE 24 and the wirel ess device 14 are adapted to receive one or nore
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14 receive
20  and the timestamp across a wireless communications link to the PDE 24 as part of a

request for GPS aiding information. In Step 68, the wireless device 14 receives the
requested GPS aiding information and, in Step 70, the aiding information is used to
assist the wireless device 14 in acquiring the GPS signals 42 from the GPS satellites 40
that are in view. In a preferred embodiment, the aiding information provides the
25 wireless device 14 with the identities of the GPS satellites 40 that are in view,
associated Doppler information and the time, as measured by W_CLOCK 56, at which
the wireless device 14 is predicted to receive PN frame. After the GPS signals 42 are
acquired, the position of the wireless device 14 is determined in Step 72 in accordance

with methods known to those having ordinary skill in the art.

30 The information received in the acquired GPS signals may be used by the
wireless device 14 to synchronize W_CLOCK 56 with GPS time. After W_CLOCK 56
is synchronized with GPS time, GPS aiding information may be provided to the wireless

device 14 in a conventional manner, without using a reference signal. However, it is



requested GPS aiding information and, in Step 70, the aiding information is
used to assist the wireless device 14 in acquiring the GPS signals 42 from
the GPS swDebkl7i3eés 40 that are in view. In a preferred emoodiSoponesst he
aiding information provides the 25 wire|gess device 14 with the identities

of the GPS satellites 40 that are in view, associated Doppler information
and the tine, as asured by WC&OCK 36, at which the wirel ess device 14
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20 communicate. Because the wireless device 14 is proximate to the GPS receiver 26, it is
expected that the same GPS satellites 40 will be in view to the wireless device 14 and

that the GPS signals 42 received by the wireless device 14 will have a similar Doppler

shift. In addition, it is expected that the wireless device 14 will receive the PN frames at

approximately the same GPS times as the GPS receiver 26.

25 In a preferred embodiment, the PDE 24 converts the GPS timing data in the
aiding information to the time domain used by the wireless device 14 and W_CLOCK
56. In Step 84, the PDE 24 searches the signal memory 52 for the reference signal
snippet received from the wireless device 14. If a match is found in Step 86, the PDE
24 compares the received timestamp against the reception time of the stored signal, and
30 computes a time offset At between the two clocks, W_CLOCK 56 and P_CLOCK 54, in
Step 88. In Step 90, the PDE 24 uses the time offset At to convert the timing data in the
aiding information from the time domain of the PDE 24 and P_CLOCK 54 to the time
domain used by the wireless device 14 and W_CLOCK 56. The GPS aiding



20 conmuni cate. Because the wireless device 14 is proximate to the GPS
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the signal processing of the received GPS satellite signals, communications signals and

20 reference signals, respectively. The digital signal processor 110 is coupled to a control
processor 112, which controls the operation of the wireless device 100. The digital
signal processor 110 and control processor 112 may be implemented as a single
processor, a plurality of processors or a combination of processors and dedicated
circuitry including application specific integrated circuits (ASICs). The control

25  processor 112 is coupled to a timing source W_CLOCK 114, which maintains a local
time for the wireless device 100, a memory 116 and a user interface 118. The memory

116 preferably includes random access memory and a program memory which stores
execution instructions for controlling the digital signal processor 110 and control
processor 112, and a random access memory (RAM). In a preferred embodiment the

30 wireless device 100 is a mobile telephone, and the user interface 118 includes circuitry
and components for providing a user of the wireless device 100 with a numeric keypad

for user input of telephone numbers and other information, a visual display, a

microphone and a speaker. In alternate embodiments, the wireless device 100 may be a



104, 106 and 108 are coupled to at |east one digital signal processor 110,
whi ch controls the signal processing of the received GPS satellite

si gnal s, wompmmi3eat i ons signals and 20 reference signal s, pcedserticyel y. The
di gital signal processor 110 is coupl eddgto a control processor 112, which
controls the operation of the wireless device 100. The digital si gnal

processor Q and caontro] processor ) be i nplenented as singl e
processor, Il)é"s‘plalﬂ’%h“f Fy‘a(‘ﬁgag?rbéég%r 8 ‘Eﬂgblgea \éﬁrﬁﬁ?%épmt%f 2 RgesSs 6?‘§ﬁ%lrnd

dedi cat ed ygkfecUddide. | Ncl udi ng application specific integrated circuits
(ASICs). The control 25 processor 112 is coupled to a timng source W CLOCK

114, which mai ”’Tﬁ‘ GPS k&%% IERhnE‘xc udes té?x%f%f §bE Sece g@{gcgpéog s MEaor Y

116 and a user ace he menor refer I ncl u es random
access nenmmeﬂﬂ@ mep'eo:gvam}mnmgvalm cligled or’Ehe digitalcsigna rprocessoructit sns f or

controlling the digital naI oc sor. 110 and nt r ol processor 112,
and a rsdndB‘i’?fe&%@és%daﬁ%F‘y ?Wthel aCQeR 18y b dG%%bé’cﬁ“ﬁ]éntexEr?Fé siellifer el ess

devi ce 100; u&mt}wlﬁ tﬁeekgshggﬁals ahgdifte ﬁgaﬁrorangrs@aﬁ@%temle e \cHAeR

circuitry an corrponents oviding a user o he w rel ess device 100
with a nungqucaphaymmhonf mfrthmselrelasmpcnlcealoﬂ elreghdteenate pinbodiment] tht digital

i nformation, vi sual di a, _mcro speaker a ate
enbodi ment SEnghsogsts SOl pRseay 108 i Hiarhs) B atiiedi e 785605
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another wireless device. The GPS receiver 104 includes circuitry for

recei vithg Tescemgnaicatignrdtranseeivelr i(?ﬁwglc!qﬁies cHediny dfar qrsiving) aemaunisadensi t al .

The digital. si,gn ) i | t he PN
codes i ¢ HEEPER pEf BRI K ekorimy e RIS Sefelsto QERET A e firt ek
signal s, caigaul ai;;mlp@mcdssbﬁrlges almé d@hmumcaﬁoﬁsh&améwenu%ga@(gnﬁ:nbd@
position of the wireless device 100. In an alternate. enmbodinent, the
digital sPEHEKY fPoeussing: digitalntigealn e gnalge andsisasmitiing dhe anglapsigalso

transm t r?&%‘é gaéss c&fnﬁ{uﬁg%h&% thﬂ t fouBhEHdS highda" fo£ ONTRI A gx%hérfégg

transcei ver ntenna 1 10 T e co nications transcei
i ncl udes cemboxilmeyt fthe wmieasvdervg:ecd)@mummcatobﬂenstelephcgnadn&l mmddirgﬂalveugm'alng

recei ved comuni c aI sto ital for processi n i gital
i gnal ©pr oBRSEEPT LhtSnd o e s s, o e e BY GRS 0B tamls g erihs
circuitry {8ke GAAVERd 'cBﬂnﬂth:‘ah@rlns BirONAH thel SorAM@hRaiHIOATsBEA9ER 166. NarHehe
anal og signals across a wreless comrunications |ink through the antenna

102. I n a mfetede signal SeeinsodDBamty, be heonyentionslsradiovirequenQO(RE) regeivebisl e
tel ephone %I'cher pnethglagtl 1nc1uds nggc1rcu1try for receiving a reference signal and converting the
20 reference signal to digital for processing by the digital signal processor 110. The digital
signal processor 110 is preferably adapted to sample and timestamp a portion of the
received reference signal and feed the sample and timestamp to the communications

transceiver 106 for transmission to the PDE through the antenna 102.

Fig. 6 is a block diagram illustrating a preferred embodiment of the receiving

25  components of the wireless device 100. Each of the receivers 104, 106 and 108 includes
a double heterodyne receiver for receiving, downconverting and digitizing one of the
GPS, communications and reference signals, respectively. The GPS receiver 104
includes an antenna 120a that is adapted to receive GPS signals. The antenna 120a is
coupled to a first low noise amplifier 122a, the output of which is coupled to the input

30 of a band pass filter 124a. The band pass filter 124a passes a GPS signal band having a
center frequency of 1575.42 MHz and attenuates the communications signals, reference
signals and other signals having frequencies outside the GPS signal band. The output of

the band pass filter 124a is input to a first mixer 126a. A first oscillator 128a provides a



processor 110 and control processor 112 are adapted to process, transmt
and receive voice and data comuni cations through the comuni cations
transcei W0 020&349The reference signal receiver 108 nay beca/usonymsi i onal
radi o frequency (RF) receiver as known,jn the art, including circuitry for
receiving a reference signal and COI’]VEI’%I ng the 20 reference signal to
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si gnal s having frheqenetefoPitd i G inchfle Greuiydhad isRaffar thhfe OiSPMEeiQér t he
band pass filter 124a is input to a first mxer 126a. A first oscillator
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The band pass filter 124b es, a conmmunj.cations signal band ang
at t enuat s MPHbtbECPd ke RBr & Serond ohlipe ) Shboeryer  srondretie e
20  second mixer 134b to downconvert the IF signal to a lower IF. The output of the second
mixer 134b is digitized by an A/D converter 138b and provided as an input to the digital
signal processor 110, which includes logic for processing the digitized communications

signals.

The antenna 120c is adapted to receive reference signals and is coupled to the

25  input of a first low noise amplifier 122c, the output of which is coupled to the input of a
band pass filter 124c. The band pass filter 124c passes a reference signal band and
attenuates the GPS signals, communications signals and other signals having
frequencies outside the reference signal band. For example, in a preferred embodiment,

the reference signal receiver 108 is an FM receiver and the band pass filter 128c

30 attenuates frequencies outside of the FM frequency band (i.e., 88 MHz to 107 MHz).
The output of the band pass filter 124c¢ is input to a first mixer 126¢. A first oscillator

128c provides a second input to the first mixer 126¢c to downconvert the reference

signals, producing an IF signal that is fed to the input of a second low noise amplifier



frequenci es outside the comruni cations signal band. The output of the band
pass filter 15 124b is input to a first mxer 126b. A first oscillator
128b- pr owoag/nzs3gecond input to the first mxer 126b to eomrusonvmpi the
comuni cati ons signals, producing an IFlssi gnal that is fed to the input of
a second | ow noise anplifier 130b. The 6utput of the second |ow noise
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GPS signals, the band pass filter 154b passes communications signals, and the band

20 pass filter 154c passes reference signals, such as the FM radio band. The band pass
filters 154a-c are selectively coupled to a first mixer 158 by a switch 156, which selects
one of the signals for processing. A frequency synthesizer 160 outputs a reference
frequency to the first mixer 158 to downconvert the selected RF signal type to an
intermediate frequency (IF). The output of the first mixer 158 is coupled to a second

25  low noise amplifier 162 which amplifies the signal for input to a low pass filter 164,
which is coupled to a second mixer 166. The frequency synthesizer 160 outputs a
reference frequency for the selected signal type to the second mixer 166 to convert the
IF signal to a lower intermediate frequency. The second mixer 166 outputs a lower IF
signal, which is digitized by an A/D converter 168 and fed into a digital signal processor

30 170. In a preferred embodiment, a processor controls the frequency synthesizer 160 to
select the frequencies input to each of the mixers 158 and 166. It is contemplated that

the reference frequency input to the first mixer 158 will vary depending on the signal



PCSI TI ONI NG SYSTEM AND COVMUNI CATI ONS SYSTEM UTI LI ZI NG SHARED Cl RCUI TRY, "
assigned to SnapTrack, Inc., and incorporated herein by reference. 15 An
al t er nat ewervbouisnent utilizing shared circuitry is illustrarasoreredbhe bl ock
diagram of Fig. 7. The receiving conmpongnts include at | east one antenna
150 which is coupled to three | ow noi se” anpl i fi ers 152a, 152b and 152c,
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reference frequency input to the first mxer 158 will vary dependi ng on the
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W reless d@é{ﬁ]ﬁﬁmcanons between the PDE 250 and wireless devices through a base station in a
wireless communications network. The PDE 250 further includes a GPS data memory

20 266 for storing GPS satellite information received from at least one GPS receiver. The

PDE 250 also includes at least one antenna 272 adapted to receive reference signals,

such as FM signals. Reference signals received by the antenna 272 are fed to a

reference signal receiver 274 which downconverts and digitizes the received reference

signal. The digital signal is stored in a reference signal memory 276, which preferably

25  stores the most recent 2-3 seconds of the received reference signal.

Multiple approaches are contemplated for coordinating the reference signals
between the wireless device 100 and the PDE 250. In a preferred embodiment, the
reference signal receiver 108 of the wireless device 100 and the reference signal
receiver 274 of the position determination entity 250 are tuned to receive a

30 predetermined reference frequency. In alternative embodiments, however, the receivers
108 and 274 are adapted to receive one or more RF frequency bands, which include a
set of RF signals that provides substantially ubiquitous coverage of the wireless

communications system.



A preferred enbodi mrent of a PDE will now be described with reference to the
bl ock diagramof Fig. 8 A PDE 250 includes a processor 252, a program
menory 25%Q 02a784or age system 256, a local timng source PCTIOCKIASB, and a
comuni cations interface 260. In a preferred enbodi ment, P_CLOCK 258 is
synchroni zed wwth a 15 central timng system such as GPS tinme. The program

menory 254 incluydes. program |o for |n uctr n rocesso
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the PDE 250 and w rel ess devices through a base station ina Wwreless

conmmuni cat thensireletswlerice 100 és PDREtRE Chef \umlh@rdervrm I lﬁﬂesam t@QedatreanmdrBrFy 20

266 for st r|n S teII e.in ecer GPS
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by the antenna 272 are fed to a reference signal receiver 274 which
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Mil tipl e agipghflachigs watkese deniespO@ ey thew tmﬁs}mdrtmt;mpgettdnd trrﬁéswrﬁmcmm gnal s
bet ween the wirel ess device 100 and the PDE 250. In a preferred_enbodi nment,

the refer BRESYD, glong wigh thesamiergzeqyengynef (herselested refetsnce siendl ahbe PRE
referefige s5@ngl gm&ggsar&?ro%é A Ehfh gl@seeréraraecy?grﬁr %aa?&rm @BlkdeYvedo0 are

tuned to receiv predeterm erence frequency n alternative
enmbodi nent mfcrhmmgralcarherﬁrexpenmers 108 and 274 are adapted to receive one
or nore RF frequency bands, which include a set of RF signals that

provi des subst ali haktonduddiegnitive esnhodimenaghe HDE 260 weleelsahe referzavalsigaalt i ons
system WD 02/075349 PCT/US02/07695 17 In a first alternative enbodi nent,
the ref er efe@uedFynalherFla roRgpniinually wapethepft fraquen, Binkskor b SERNEFd0.

After the pLECEss teger%ﬁﬁ%ﬁd @g)résq%egﬁ’é?gcft@cp?%g Q@in“ &t Rlferchfie sighhe! ess

device 100 1s init w rel ess device s the predetermned RF
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t hrough the 5 ava ci es, sure the .re ved si trength
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that any detected signal may be used as the reference signal. The w rel ess

devi ce 100TheyircleehdevicendI9ithen Wansenisphetnippet and atigestampito therRDE 250.

Having thus described a preferred embodiment of Time Acquisition in an

20  Wireless Position Determination System, it should be apparent to those skilled in the art
that certain advantages of the within described system have been achieved. It should

also be appreciated that various modifications, adaptations, and alternative embodiments

thereof may be made within the scope and spirit of the present invention.

The scope of the present invention is defined by the following claims.

What is Claimed:

25



PDE 250, along with the carrier frequency of the selected reference signal.
The PDE 10 250 may then search for the snippet in the reference signal
menory orwohe/nrseei ved reference signal carrier frequencyCTiusorozmesond
alternative enbodi nent, the PDE 250 selgcts the reference signa

frequency. The PDE 250 continually scans the RF frequency band for the
strongest received signal strength, and storgs the selected frequency in
the reference signal 15 nenory. Wen t 50 receives a request for
aiding information, the PDE 250 transmts the selected carrier frequency
to the wreless device 100. The wirel ess device 100 tunes to the selected
carrier frequency and sanples a snippet of the received signal. The

wi r el ess devikell@@irclshcammnsicatiansisigemnngpding apasision deteshimatpont entither PDE

250. in hus.descri bed eferred enbodi ment .of Tine. Acquisi.tion in an
20 W r of co e (4 R IMSEr SFILE, BF T URE Mo SAO OB SBaR b0l Ehose
skilled ingkpe art that certain advantages of the within described system
have been achieved. It should also be appreciated that various _

modi fi chtions, zasapying 2 Hppet Dh@ raferanca signdle thendsvppetrbaYisg attineg ebfeceptionbe

made within th a [ rit of the present invention. The scope of the
present i n\glgé?u?%%gfggglé?%dsnozlg&by the following clains. Wat is dained: 25

WO 02/ 065349 PClranésfigtingAo@uest for afdify MPorinatibn t@thei posities Sleranimanidcaititpns
systemincluding a position determnation entity, a 2 method for acquiring
satel lite BEIrQyeshinAiydigdbcesnirgeyand hedippaefig¢spiobhe fol | owing steps: 4

receiviglg a sni %Siyir%thgr{qiﬂgﬁé@ﬁﬁﬁn&ﬁhﬁ%ﬁﬁorﬁIﬁﬁds.ni ppet having a tinme of

recepti on neasure mng source; 6 transmtting a request for aiding
information to ideetigpshd isatrelldet mositionatg oystent sigpals ushvg thequesivednaidingi ng

t he SEL‘?DEt and the tine of reception; 8 receiving the requested aiding

i nform¥i ofMOPAi%Npcating the satel lite positioning system signals using
the received aiding 10 information. 2. The nmethod of Claim1 wherein the

timng source is not synchronized with the 2 position determ nation
entity. 2. The method of Claim 1 wherein the timing source is not synchronized with the

2 position determination entity.

3. The method of Claim 1 wherein the step of receiving a snippet comprises the
2 stepsof:
receiving a radio frequency (RF) signal; and

4 sampling a portion of the received radio frequency signal.
4. The method of Claim 3 wherein the RF signal is an FM radio broadcast signal.

5. The method of Claim 3 wherein the RF signal is ubiquitous throughout the

2 wireless communications system.

6. The method of Claim 1 wherein the aiding information includes timing
2 information that identifies the time at which the wireless device is expected to receive

the satellite signals.

7. The method of Claim 1 wherein the aiding information is synchronized with the

2 timing source.



3. The method of Caim1l wherein the step of receiving a snippet conprises
the 2 steps of: receiving a radio frequency (RF) signal; and 4 sanpling a
porti on obvotbe7secei ved radi o frequency signal. 4. The nepbodsefo7edzai m 3
wherein the RF signal is an FMradio brfgadcast signal. 5. The nethod of
Claim3 wherein the RF signal is ubiquitous throughout the 2 wreless

communi cations system 6. The nethod of C ai H]é’%i wherein the aiding .

i nformati on ihcldedrelessrogmupicatignssysiemon Mefipd fopassistipg advirelgss deyge uy

whi ch the witel [ hS; &ﬁﬁﬁ' lfehd-€ signals. 7.
The met od\é%‘{ﬂﬂﬁgafaﬁ? ?%ﬁgﬁ‘gﬁ‘3§§2§%?$“%§’§nf orsyr;]g%tihgﬁ&i@mslgrslﬂghér'oni zed with
the 2 timng soamaning® Ri@2s6@4e; PCT/ US02/ 07695 19 8. In a wirel ess
conmuni cat i ons sgsteg@%a met hod Eor' assisting a wreless device in 2

acqui ri‘hg sat el FPRHNUBOETECPSHIS A CETEE M gnal s, conprising the fol | owi ng

steps: mal ntal Yolfg thelrefbrétde SIZHAL the sfor6@ Rirdran@! dighal R&EhY biGksBeih@ll GhRNCe
signal; storing the reference signal, the stored reference signal having an
associ a@ edof fegeption thdt is meagyredipy thaaiming setwegsur ed by the timing source;
receiving a request.fromt hﬁ f\r/\(n; [ Ieessepesvaeg;le efpr a(j.di ng i nfiorr1 7 ti on, tt he
request 8 i ncl BEPNY'&? SYRE %?‘bp‘é’fr SRR 195 198 QU MR AYR T e RS gnal
sni ppetstoi@1m%];i sipndfsnipper mdQriadesth®r ence signal; 10 determining a tine
of fset between the tinestanp and the tinme of reception of the matched
portion of the &ashi thesigpaiaippst @reaportiamotihe sioredrgfesense signalaf or mati on f or

the w el ess deyj.ce.. : Rz | gl Lot (W l-rel ess
devi cei(ﬁsi ng thgét%ﬁﬁﬁ&%zgggpgfg%t@% ﬁtﬂ?éaﬁlgﬁ‘lg%ﬂ? rﬂig&t edr{s?é;ﬂ%%?%%?’?\ggﬁ%i di ng
i nf or mat i omatahed pertion o€ kiesssordé véferenceSsigndle nmet hod of C aim 8 wherein the

timng source is not Séachr,%i zed 'tﬂ@t he 2dvvi rel ess device. 10. The
met hod'of O ai nPEPHRRS FFHEROPRFUHOREE WiIrgfitideYeea ubi quitous signal . 11.

The met hod of C'sf’ricﬂ“rcﬂa@ziﬁ@‘%ﬁ@iamiﬁg‘?nféprh%ﬂnt R heS dRAss CRIVRE 885 A bMer adi o
14  offset; and

transmitting the synchronized aiding information to the wireless device.

9. The method of Claim 8 wherein the timing source is not synchronized with the

2 wireless device.
10. The method of Claim 8 wherein the reference signal is a ubiquitous signal.

11. The method of Claim 10 wherein the ubiquitous signal comprises an FM radio

2 broadcast signal.

12. The method of Claim 8 wherein the step of storing comprises the following
2 steps:
sampling the received reference signal; and
4 storing the sampled reference signal in a buffer;
wherein the time of reception of each stored sample may be determined as a
6 function of the current time, as measure.d by the timing source, and its position in the

buffer.



2 broadcast signal. 12. The nmethod of Claim8 wherein the step of storing
conprises the followwng 2 steps: sanpling the received reference signal;
and 4 st ovongot3e sanpl ed reference signal in a buffer; wereraism/etiesti me of
reception of each stored sanple may be termned as a 6 function of the
current tinme, as neasured by the timng source, and its position in the
buffer. WO 02/ 075349 PCT/ US02/ 07695 20 13. The nmethod of Claim8 wherein
the aiding i nforlhat methodnel (daian (§ pyvhegein othen piginga dnformatipsn dnalydes gtimine ¢ i ne
at which tk it e i &L QM ' e e

recei veg bl;;/'ﬁir £ ﬁg&fv%inhrlg ]g“sfg&%e{b}e ggh@%ﬁ%ﬁelgbgsgggﬁ% ﬁ)to %E‘gg‘g gﬁggt%#nggéﬁsstg gem
(SPS) i ncl edpaeg:dao poséceived bgehewirelesd deviceentity, 2 a wrel ess device
conprising: a reference signal receiver adapted to receive an RF signal; 4
a signal processor coupled to the reference signal receiver, the signal

processor  adpp§ed shrgx %ﬁ@%ni%}%i&?%PS}finélﬂ&ngg @Eﬁﬂﬁldeé%ﬁﬁéﬁém@,e a

time of reception at whi € snippet of th signal was recei ved by
t he ref2rencereddsgdavice emppvang: a wirel ess communi cati ons transcei ver

adapted to transmt the .snippet and ti 8.of recepti.on to a position
et or m nat i on- eACHETIESE Ber e SegmedBapsti WG FBEHON 1om "the position
deter m pation eRptsidndl pRBEEsdPcupiidor te edfvhcesiand] @ecei ver/ 86 8ignel oeessor
satellite signals using the SPS aiding information. 15. The wirel ess

devi ce of @fapited tpoexivaerasmippenef thefRdF siged asd datgrming adimepf feseptionmtwhichy adi o
receiver. 16. T i i ; i i ef erence si gnal
recei veé i gh ezf’r?ld;% WZ&]ES%}S Szgn(r%ggvlglggegr&].cve%?h{%éé\#@gF%l's-'é& rg%’\?‘l/%’e of Caim %4

wher ei n the ref anvafrgdessTogmalni¢agions wansceiveiBadaptedab eransmdnhe srgpygdt ané cigiever .
18. The wireless device of O aim 14 further corrprigi ng.,. 2 ? processor; and
atimi n% s 8fjreception to a position determination entity, and receive SPS aiding information from
the position determination entity; and
10 a SPS receiver adapted to receive SPS satellite signals using the SPS aiding

information.

15. The wireless device of Claim 14 wherein the reference signal receiver is an FM

2  radio receiver.

16. The wireless device of Claim 14 wherein the reference signal receiver is an AM

2 radio receiver.

17. The wireless device of Claim 14 wherein the reference signal receiver is a

2  television signal receiver.

18. The wireless device of Claim 14 further comprising:
2 a processor; and
a timing source;
4 wherein the time of reception of the snippet is determined using the timing
source;
6 wherein the SPS aiding information includes a time offset, and
wherein the processor is adapted to synchronize the timing source with the

8  position determination entity using the time offset.



4 wherein the time of reception of the snippet is determ ned using the
timng source; 6 wherein the SPS aiding information includes a tine

of fset, awo ozoes3ad n the processor is adapted to synchroni PETIUSE2/076pF NQ
source with the 8 position determ nati? entity using the tine offset. WO
02/ 075349 PCT/ US02/ 07695 21 19. The wirel ess device of Claim 14 further
conprising: 2 double heterodyne receiver circuitry adapted to double
downconvert al% 8¢ Wirclesederercsf Clpymy 1 fusther spRESINE's an i nt er nedi at e
frequengy (I1F) gj It rej h I I [Mer ' jrst RF
npat 12t he toupiae MisfolBE LM iR bBAR: 16 BLYE R RUR G gl
conmmuni cat freqsency RExi@pwesigral ovandieermedieedreduéticyl (Hpuigmah  t he doubl e

het erodyne receiver circuitry; .and 8 wherein t({;e SPS receiver pro ig s a
third RE i nput to t hEELIME Ffpaseggrden Bodidse o st BE pyt tosfhy dayble
switch for hg@}cﬁgﬁg&ge@a&\cif&it{;}}?e first, second, and third RF input signals
for input to the double heterodyne receiver. 20. In a wrel ess

conmmuni @at i ons net wowheieirc thedéamymuanipatiosb dragsagexer peovidesi ansgcand Risinputoc| ock
and a positio term nation.entity having a second clock a nethod for
provi di ng tﬂ&lcg’ﬂg‘% hﬁEﬁ‘?‘f"l"Sﬁ?‘ﬁb"%figf"ﬁW’(@S) tining information to the

wirel esg device, thewnkgfehPdhe SPSOMEEiver (Botiles hothildWRFIinpue RS : the ediable Ng a
reference signal; 6 extracting a snippet of the received reference signal;
det er ni ni n§jetgrodypgeregeiverciepitnodand or t he sni ppet according to the first

cl ock; 1§ transmidjng hPei2alRPele 8fthel A, LhlBd%hnd SEEPREORPLOSLAS PGS L1 on
determination entity; and 10 ecerlving al gi ng Afornat ion Fro e

posi tion deipat ro thatodhle Reteiddyne tebeived. di ng i nformation including timng
information relating to the acquisition of a satellite 12 positioning
system signal, the timng information being synchronized with the first

clock. 21. Thgy ey W?félé%% c&hﬂiuﬂc%@oﬁmﬁe‘i%ﬂi& iB&]ﬁdiﬁF%Rvi?éles%?ﬁeQﬁ@%ﬂg 3 Rl ppet

conprises the 2 step of sanpling a portion of The received reference
si gnal .2 clock and a position determination entity having a second clock a method for providing

global positioning system (GPS) timing information to the wireless device, the method
4  comprising the following steps:
receiving a reference signal;
6 extracting a snippet of the received reference signal;

determining a time of reception for the snippet according to the first clock;

8 transmitting the snippet and the time of reception to the position determination
entity; and
10 receiving aiding information from the position determination entity, the aiding

information including timing information relating to the acquisition of a satellite
12 positioning system signal, the timing information being synchronized with the first

clock.

21. The method of Claim 20 wherein the step of extracting a snippet comprises the

2  step of sampling a portion of the received reference signal.

22. The method of Claim 21 wherein the reference signal is an FM radio broadcast

2  signal.

23. The method of Claim 22 wherein the FM radio broadcast signal is ubiquitous

2  throughout the wireless communications network.



22. The nmethod of Claim 21 wherein the reference signal is an FMradio
broadcast 2 signal. 23. The nethod of Caim22 wherein the FMradio

br oadcastweiogiai34® s ubi quitous 2 throughout the wrel essPcamunim®as i ons
networ k. WO 02/075349 PCT/ US02/ 07695 22, 24. In a wireless communications
systemincluding a wirel ess device, a position 2 determnation entity
conprising: a timng source; 4 a satellite positioning system (SPS) nenory
including stored SPS satellite position information; 6 a reference signal

merory i ncl udjgng, g @ﬁ&égsdc&ﬁ%ﬁﬁi%&%sséy&@ﬁa' irﬁﬂﬂir}?ﬁ%ﬁ%&éddevﬁée% Ssition

reception information; a communi catrrons 1 nterface adapted to receive a

r equest 2 f odetaindinaxgprn exftivy o@hprising:f r om t he wi rel ess devi ce, the request
i ncluding a signal.sn%f et and a tinmestanp; 10 a signal processor adapted
to align the si §HIINg "gﬁ’et with a portion of the stored reference signal;

and 12 g contr ol Q{EESSR RGP EGderh OSPS) Ghéthe§ thclidiy QidkarispRelanRk t he
tinmestanp and the tinme of reception of the portion of the stored reference

si gnal , pr epatien mfetimagon;14 i nformati on fromthe SPS satellite information
to assist the. w réel ess devjce in I,ocﬁa&.i ng t he SPtS satel || }e ‘ﬁi %snaj S and
adj ust he ai di AJSIRTSY FETPORTO I NENE Prlose relerency Sigg 894, 8mPsiI%ee t he
ai ding inf gﬁﬁ&ifirwapm)ﬁﬁf@mti%;rel ess device, and using the conmuni cati ons
i nterfag:e, transmt the aiding information to the wirel ess device.

a communications interface adapted to receive a request for aiding information
from the wireless device, the request including a signal snippet and a timestamp;
10 a signal processor adapted to align the signal snippet with a portion of the stored
reference signal; and
12 a control processor adapted to determine a time offset between the timestamp
and the time of reception of the portion of the stored reference signal, prepare aiding
14  information from the SPS satellite information to assist the wireless device in locating
the SPS satellite signals, and adjust the aiding information using the time offset to
16  synchronize the aiding information with the wireless device, and using the

communications interface, transmit the aiding information to the wireless device.



