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Mobi | e Communi cation ("GSM'), and Personal Communication System ("PCS")
devi ces, have becone commonpl ace in today's society. The use of these and
other wreless devices to provide voice, data, and other services, such as
I nternet access, has provided many conveni ences to cellul ar system users.
Addi ti onal lyg zsda;gsﬁﬁnber of features and appli cati ons pthRbReoddgszmany

W reless devices and wireless service providers is increasingly matching,
and in many cases outpacing, the features offered by traditional |and-Iine
t el ephone devices and service providers. Features such as call waiting,
call forwarding, caller identification ("caller I.D."), three-way calling,
data transm ssion and others are commonly offered by both | and-Iine and
wirel ess service provi dersBAeﬁﬁ'@Qé’NPé’gﬁrﬂ:Fivw ally operdte in a simlar
manner on both wireless devices and |and-line tel ephones. Additi onal
features add apPBleldefilegenfioduch as "free" long distance, Internet access,
el ectronic gam n built-in cameras, personal data 4 WO 2006/ 057811
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comruni cation devices a popul ar ch0|ce anong nany consuners. [0051

Fur t her nor @artichler todighescotitiabHErS wreiereis usy witelgssinsiorky st ens, such as

t wo-way pagi ng, trunked radi o, Specialized Mbile Radio ("SWR"), by police,
fire, and2par aRebita Agpart ments, has al so becone common for nobile

comuni cations. The expl osive growth of wrel ess comruni cati ons systens
has not st gad Thhevaidwidsmetifistioy ofewpolesse devenss surbeasntwe ey sradios,

communi cations to stay in contact wwth hospitals, fire departnents and

pol i ce depaoitaite tdevisions] Babonal Pigiteb Assisthnts'é‘fBDAa”hcﬂhﬂaretddp@qu(al&Oact or
trailers use wireless comruni cations to dispatch services, track vehicles
and nmoni t olpekie@llyeBnowsCH Oplbobild flgmes” narkitmecelb phones't)] sacllits andio seceiversel ess

and Global Positioning Systems (“GPS™) is growing at a rapid pace. Cellular
telephones, including Code Division Multiple Access (“CDMA™), Global System for
Mobile Communication (“GSM™), and Personal Commimication System (“PCS™)
devices, have become commonplace in today’s society. The use of these and other
'wireless devices to provide voice, data, and other services, such as Internet access, has
provided many conveniences to cellular system users. Additionally, the number of
features and applications offered by many wireless devices and wireless service
providers is increasingly matching, and in many cases outpacing, the features offered
by traditional land-line telephone devices and service providers. Features such as call
waiting, call forwarding, caller identification (“caller LD.”), three-way calling, @ata
transmission and others are commonly offered by both land-line and wireless service
providers. These features generally operate in a similar manner on both wireless
devices and land-line telephones. Additional features and applications such as “free”

long distance, Internet access, electronic gaming, buili-in cameras, personal data



comuni cations to automatically alert parents when they are within a few

m nutes of a pick-up point. Businesses |large and snall use wreless
comuni cations to deliver services, nonitor inventory and manage

wor kf orces. [0061 GPS systens (al so known as Satellite Positioning System
"SPS" or Navd smbio9gi: Satellite System have al so beconmpctarmmon@bsige. | n
general, CGPS systens are typically satellite (also known as "space
vehicle" or "SV') based navigation systens. Exanples of navigation systens
include but are not limted to the United States Navy Navigation Satellite
System ("NNSS") (al so know as TRANSI T), LORAN, Shoran, Decca, TACAN

NAVSTAR (an ol der .. ~for t he Russian ¢ . -1t TAR known
as the d oﬁ%ﬂmg”’vq gﬁgﬁaﬂ%%ﬁ#’t% VEEER m&%@%& ?g‘é‘rr:leg a?ﬂ uture

West ern Eurpopean proposed "Galil eo"” program As an exanple, the US NAVSTAR
GPS syst emChUCCAIDENKDY CPNSUESS: Theory and Practice, 5 WD 2006/ 057811

PCT/ US2005/ 040542  Fifth_ed., reyised edition by.Hofinann-W| of ,

Li cht eneggd¥05hnHusrmarp,gthe %?g%@é?éer qﬁsﬁ C\RF@]XN%@Wr ??',S%%Oid,cﬁa‘)ngi chis
fully incorporated herein by reference 71 TypL l, GPS receivers
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and use those received transm ssions to determ;atne t{;_ | ocat.i on of the GPS
recei ver. Tadprenpdiederarimegise has Flsmbcoms FeREIONAPT BIY g"eﬁ‘ém%‘}”l“ﬁa %B¥npri ses 24

satellites, each of which nmake a conplete orbit of the earth_in 12 hours.

There are Jheenplasive grovdl of witlase someaications sy§teme bas, vot stopoed dhere o
| aunched to replace older satellites. The ground track (path foqllowed by
the satel | iBmergsney reshense geauhgscadvirelees eommpnipations 4 sl¥BaEMIACt Wit each

satellite orbit repeats alnost exactly, once each day. The orbit altitude
i s such t habsgitals, Smtdepdriments anddice departmants. {Terieabsabses, delivery trucks

and even tractor trailers use wireless communications to dispatch services, track
vebicles and monitor routes. School buses in some communities even use wireless
communications to automatically alert parents when they are within a few minutes of
a pick-up point. Businesses large and small use wireless communications to deliver
services, monitor inventory and manage workforces.

[006] GPS systems (also known as Satellite Positioning System “SPS” or Navigation
Satellite System) have also become commonplace. In general, GPS sysiems are
typically satellite (also known as “space vehicle” or “SV”) based navigation systems.
Examples of navigation systems include but are not limited to the United States
(“U.8.”) Navy Navigation Satellite System (“NNSS”) (also know as TRANSIT),
LORAN, Shoran, Decca, TACAN, NAVSTAR (an older name for GPS), the Russian
counterpart to NAVSTAR known as the Global Navigation Satellite System
(“GLONASS™) and the future Western European proposed “Galileo” program. As an

example, the US NAVSTAR GPS system is described in GPS Theory and Practice,



configuration over any point approxi mately each 24 hours (4 mnutes earlier
each day). There are six orbital planes (wwth nomnally four satellites in
each), equally spaced (60 degrees apart), and inclined at about fifty-five
degrees with respect to the equatorial plane. This constellation provides

t he user wWwfghxv@gn five and eight satellites visiblperfustwsaayzpoi nt on
the earth. [0081 Generally, each GPS satellite in a GPS satellite-based
radi o navi gati on system broadcasts a radio transm ssion, that contains its
| ocation information, and orbit information. Mre specifically, the

I nformati on contained in the signal broadcast by the GPS satellite

I ncl udes tine-t ed data bi mar ky he ti of 1 S&) f each of
a pluralit e‘@%%?‘r‘?e&&ggmat%y ogm ﬁ%ﬁ%@?ﬁ%ﬁcgge?%e%%@@gﬁ%% gpsat ellite,
a data fr bei.ng. transmtted .every. thirt on si x-second
subf r ames %ﬁ?&ﬁhﬁ@?ﬁ?@@@ﬁ%‘%@ﬁ’&w&@@%@?‘ f."%z“”yéfl %%Eg%or rections as
wel | as precise.sate]li orbjtal data sets (ephenekris t ar anet ers)
for the ©r 0l Tpigvs A Fiopo ol dadis, aPRRRYE T SaBsRAE 511

PCT/ US2005/ 040542, subfranmes. Additional subfranes.transnpit different pages
of system A&l naggalion sysiemssad gie %‘%f"f?‘f"? SFERFIFRIQNS o &SINIRS Kifes) nmkes
up the conplete Navigation_ Message that is sent qver 12.5 m nute period.
[0091 As arocafigngf the Eareediyert Hdedioging! G Scersratigpal | copsteltalipn, seaeraliy; ¢ o
States GPS system contains four highly accurate atomc I_ocikg: two Cesium
and two Rulspaiptses 24 wfellites.cqagh fisviieh iiekiea potaplets ot ofiths sigth e B8UsSwhi ch are
utilized in generating two unique binary codes (also known as a pseudo

r andom noi SdcrepgR| often s dhato24 @petationaprptelfifsg a3 nephanes are lawngkadnict t ed from

the GPS satellites to Earth. These PN codes identify the specific GPS
satel lite irepladecoldPSatsBitest eTheaghionnd track (path followed by the satellite over the

ground as the earth rotates beneath it} of each satellite orbit repeats almost exactly,
once each day. The orbit altitude is such that the satellites repeat the same track and
configuration over any point approximately ,"?”h 24 hours (4 minutes ea;ligr each
day). There are six orbital planes (with nominally four satellites in each), equally
spaced (60 degrees apart), and inclined at about fifty-five degrees with respect to the
equatorial plane. This constellation provides the usér with between five and eight
satellites visible from any point on the earth.

[008] Generally, each GPS satellite in a GPS satellite-based radio navigation system
broadcasts a radic transmission, that contains its location information, and orbit
information. More specifically, the information contained in the signal broadcast by
the GPS satellite includes time-tagged data bits marking the time of transmission of
each of a plurality of subframes at the time they are transmitted by the sateilite, a data
frame being transmitted every thirty seconds. Three six-second subframes contain
orbital and clock data. Satellite Clock corrections as well as precise satellite orbital

data sets (ephemetis data parameters) for the transmitting satellite are sent in multiple



[ 00101 Each GPS satellite also transmts a set of digitally coded epheneris
data that conpletely defines the precise orbit of the GPS satellite. The
epheneris data indicates where the GPS satellite is at any given tinme, and
its location may be specified in ternms of the GPS satellite ground track

i n precise ywahbdsstgiand | ongi tude neasurenents. The i we@rusedos/aosdzn t he
epheneris data is coded and transmtted from the GPS satellite providing
an accurate indication of the exact position of the GPS satellite above
the earth at any given time. It is appreciated by those skilled in the art
that the | ocation of the GPS receiver may be determ ned by applying the

wel |- known o 6086ED1A 8fiddll SIARHH Bhlthd diBkRG RS ASLETRedgtlfances from

the GPS recerver to elTrtes t ave’known satellite
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acquisiti on&?%&ﬁeg@gﬁ egoﬁglggsu nz\éeg or géjs%élé%sf? tgégtscg }e em\i\?{gﬁﬁc’sﬂorre form
of a CA co en tor.. PRN e re. defined for 32 satellite

i dentificat S%ag?ﬁh%é?%?ﬁ@gﬁ%?ggﬁ?ugg%e%\?%s may store a conplete set of
preconput e code chi in.lacally..b hat.dwar . 0 7811
T Uso00e 180825 Sl bt 5 orbtioR GRS i B e LS PR T 00 be
used. The CA code generator roduces a different 1023 chi equence for
each phase S_P’%Pﬁ*n_sc@ﬁ%\‘ﬂﬁg?mmﬁ‘&%; ciﬁi‘fﬂﬁ%r@ﬁ{%*“%?udttﬁvg%%b@"%hi ps can
hi Tt 1 ogi SHERS SOk BRVIARBERER B AAHe e GHTES BIBTSRURR® | ocal |y
the required code chips are retrieved from gem)‘r_y.“ 00121 The CA code
gener at or g hinary, eodes (lsolinewn a8 i PSpdQ TayeE RuFURE 8y ¢ B89 | second.
The receiver adjusts the code replica in tinme until it finds a match, or

corr ect i on, P taede)h tebmy teagsmmitied dom, by GhSosntallifes toathy | These EN@dehe codes
begin to

identify the specific GPS satellite in the GPS constellation.

[0010] Each GPS satellite also transmits a set of digitally coded ephemeris data that
completely defines the precise orbit of the GPS satellite. The ephemeris 'data
indicates where the GPS satellite is at any given time, and its location may be
specified in terms of the GPS satellite ground track in precise latitude and longitude
measurements. The information in the ephemeris data is coded and transmitted from
the GPS satellite providing an accurate indication of the exact position of the GPS
satellite above the earth at any given time. It is appreciated by those skilled in the art
that the location of the GPS receiver may be determined by applying the well-known
concept of intersection uiilizing the determined distances from the GPS receiver to
three GPS satellites that have known GPS satellite locations,

[0011] The GPS receiver produces replicas of a coarse acquisition (“CA”) code
sequence for a specific satellite with some form of a CA code generator. PRN codes
are defined for 32 satellite identification numbers. Some GPS receivers may store a

complete set of precomputed CA code chips in locally, but a hardware



align, signal power |evels begin to be detected. Wen conplete correction
is achieved, a spread-spectrumcarrier signal is de-spread and full signal
power is detected. [00131 A phase |ocked loop ("PLL") that can lock to the
signal is used to denodulate a navigation nessage fromthe GPS carrier
signal . Theygasm®od?®ap can be used to neasure and trackctris0osimser
frequency and any associ ated Doppler shift. By keeping track of the
changes to a nunerically controlled oscillator, carrier frequency phase can
be tracked and neasured as well. [00141 The position of the receiver is
determ ned as the point where the pseudo- ranges froma set of GPS
satellites intersect, d is,found, from mulLi O-, BerafdEa@sur enent s
at a singl @ﬁ@ﬁ@%@ﬁeﬂ’?’ﬂéﬁgwﬁye&%ﬁ 0 rl}aen]%é&neeggﬁe%{%%t are used
together with estipates of .satellite positions 1 n JAge epheneri s
data recePwderesa ‘é‘ﬁ’&thmszatcg‘fﬂ f’elqgenﬁﬁE rneﬁ'&?ﬁ’gasﬁeaég%tgﬁr%%.a P ebhener i des
allows the receiver to conmpute the llite positions,] di mensi ons
at the poi iaplepenigtiop, Yl’ﬁé"?ge hips °%h%q ?‘3‘% B §1% rgei Egl glﬁ%ﬁ{tge@%t ellites

can be used to determne three, posjtiqn .8 .2006/ 057811 PCT 005/ 040542
di mensi ons clapkithat geptrolpghs; Slqﬁﬁ?%ﬁeﬁemleﬁ’fe’\ég?% Ar cgé?'?’paﬁ? éé[‘ég%y t he
receiver in Earth-Centered, Earth-Fixed X Y, Z ("ECEF XYZ") coordinates.
[00151 The lachlise theseired gedechins ateaeiieyed TR MERPYany of f set occurring within
the clock in the receiver. Consequently, in S ppl.ications, a
rel ativel y[ﬁﬂi@k]ﬁ@ﬁé\@ed%@eﬂai%a@w%@eisﬁ%? é??éﬁ'%{’gﬂ{)ﬁﬁ“ff)’ﬂﬁs‘?q@%\%‘?ry savi ng on
the cost of the bill of materials for the receiver deyice.. Receiver
posi ti on canillisecondnhe egeiveroadiustrcthel eedernepliradn daecmtil atcfinds Sty €, ¢ he
measured pseudo-ranges (corrected for clock offsets, |atency introduced
f r om i onos pbesction, dettaike , PRI dodeateatived; fiarn dhectatellite sPnceihg cqdsshegin@r posi ti on
estimate. If a

align, signal power levels begin to be detected. When complete correction is achieved,

a spread-spectrum catrier signal is de-spread and fuil signal power is detected.

[0013] A phase locked loop (“PLL”) that can lock to the signal is used to demodulat_e
a navigation message from the GPS carrier signal. The same loop can be used to
measure and track the carrier frequency and any associated Doppler shift. By keeping
track of the changes to a numerically conirolled oscillator, carrier frequency phase can
be tracked and measured as well.

[0014] The position of the receiver is determined as the point where the pseudo-
ranges from a set of GPS satellites intersect, and is found from multiple pseudo-range
measurements at a single measurement epoch. The pseudo range measurements are
used together with estimates of satellite positions determined by the ephemeris data
received from each satellite during the measurement. The ephemerides allows the
receiver to compute the satellite positions in three dimensions at the point in time they

sent their respective signals. Four satellites can be used to determine three position



nore optimumreceiver clock is provided, three satellites can be used to
determ ne three position dinensions. In practice, however, this is rarely
achi evable, and four satellites are used to conpute a three dinensional
fix wwth the user clock error renoved, or three satellites are used to
conput e a two-2eaiecmeissi onal , horizontal fix (in [|atitudecarusdeengsiszude)
given an assuned altitude, [00161 Wth the grow ng w despread use of these
technol ogies, current trends are <calling for the incorporation of GPS
services into a broad range of electronic devices and systens, including
PDAs, cellul ar tel ephones, portable conputers, radios, satellite radios,
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time, electronic device manu nt’l y rivé to reduce costs,
enhance petforam CEr ‘ f 4 » attery life, and
produce th?ﬁ@s@:a&pwg%%g’? rE"oE:uc %JS’é{’rgﬁlgteP'or consuners. [00171 In
cellular t . the interest of.integrati . Ler, ] cel [ ul ar
t el ephones e[b&griglnhﬁ P&%%eaﬁlgW?lg e‘fsg{l toc% %gtnl &é’ﬁ e&%&%&?ﬁjﬁ&ﬁe %ﬂ) ")

requi renment, that cellylar telephones he Jl.ocatabl.e.to within ters once
an 9 WO 20B&I08REFE: @&‘*F?‘Bé%‘h?@ ’Bﬁ%@ﬁ@”ﬁ%’ér gagil’e%‘lef‘?enssﬂ’% ﬁﬁ’glé "911"
call (also referred ta "Enhanced 911" or " 1" ). | | ace a given
cel lul ar té® .nwgﬁﬁ%ﬁﬁ?lﬁ%rné?v&g %&ﬁ?”sbgﬁéﬁeé}ﬂérog m%%?&s%ﬁ%ed to
dialing 9-1-1 (nornmally referred to as a "911"  cal n a. |l and-based (also
known as "Ifﬁ??él‘geFidﬁ@e‘)"%?P‘@EhB‘%m\‘i‘i G Wt?]acﬁg%t{'%ﬁgﬁw&ﬁ% net wor k
("PSTN"), which contacts an epergency respaons %%éer that .is able to

aut ormat | calnoitionsy Eerneaguredipsepdn-rapges (Crrecteq doy ofi5ete,dateray E%Gvher e t he

call originated. [0018] Unfortunately, because wreless deyices, such as
cel | ul ar t dfemipsagpher yend relativistic effects), and a receiver position estimate. If a

more optimum receiver clock is provided, three satellites can be used to determine
three position dimensions. In practice, however, this is rarely achievable, and four
satellites are used to compute a three dimensional fix with the user clock error
removed, or three satellites are used to compute a two-dimensional, horizontal fix (in
latitude and longitude) given an assumed altitude.

[0016] With the growing widespread use of these technologies, current frends are
calling for the incorporation of GPS services into a broad range of electronic devices
and systems, including PDAs, cellular telephones, portable computers, radios, satellite
radios, trucked radio, SMR, automobiles, two-way pagers and the like. At the same
time, electronic device manufacturers constantly strive to reduce costs, enhance
performance, augment feature sets, extend battery life, and produce the most cost-
attractive product possible for consumers.

[0017] In cellular telephony, the interest of integrating GPS receivers with cellular
telephones stems from a new Federal Communications Commission (“FCC™)

requirement that cellular telephones be locatable to within 50 meters once an



hard wired into the PSTN and can nove about, the enmergency response center
cannot determne their location as is possible with

automati c- nunber-identification ("ANP') techniques available for use with
| and-1ine calls. Furthernore, conventional wreless devices without a
posi ti on dgygkéds@edisiion capability are unabl e to aut omatpicGalshassoderer m ne
and communi cate their | ocation without a person actively entering or
describing their location. In response, the United States Congress, through
the FCC, has enacted a requirenent that cellular tel ephones be |ocatable
to wwthin 50 neters once an energency nobile tel ephone call, such as an

E91 1 call, is placed a \user a_aiven cel r lephgagm his type
of positi Oﬁmggpxgcy séfg%%sszf ?ﬁﬁp‘@ﬁ:@é{’ regeérregr%% i ?ggﬁg%gﬁo?ﬁer a #

enf orcenment, and publi ¢ seryice personn as _wel | .as ot her ngles that
may need t 812fesl &Y &g&iver iﬂm‘é‘ ttgleﬁﬁn&r 34"?\%* FREEELTH iog%mbfpeﬁgm ic
cellular telephone. The F911 services, however,.. aperate diff tly on
wirel ess dé%uét@@eiiﬁ%ﬁlagn@gf'ééﬂmbbﬁieq?a PaRa- Igilﬁ’ec Ioélp%!)aﬂég‘;& 00191 Wien
a 911 call is placed froma |land-line tele ne, .the 9 reception center
recei ves t kedsockiqwin Ay “laad-tingy iderhone VB i&%g? Si’vﬁﬁhegaﬁ%g’h‘fnﬁ [tgg‘g‘ggt he cal | er
fails, or forgets, to identify his or her location, the 911 reception
center is £MSTND vduehusontactsan eGTepRS Y ASERSNECREIET thetip/ guioBAH | ocati on
fromwhich the call was nade from and send energency personnel to the

| ocati on ofdentily thalopationipfthe landehsedrtelephong syherethe call grigpieds o gi ve his or her
position, energency personnel can be dispatched to the |ocation from which
the cal | wi@0i8hteforiupgeigobecptsewitsless deviens, #oh ps callylar; telephongs 3¢ PYm a

wi rel ess device such as a cellular telephone, the E911 reception center
recei ves t hardoritdd ibtetthe RSN endieanenavie abouthibe empigeiey respopsgeccniay $aniptt hout

i nformation provided by the person who made the call. |If the
determine their location as is possible with automatic-number-identification (“ANI”)

techniques available for use with land-line calls. Furthermore, conventional wireless
~ devices without a position. determination capability are unable to automaﬁcaﬂy
determine and communicate their location without a person actively emtering or
describing their location. In response, the United States Congress, through the FCC,
has enacted a requirement that cellular telephones be locatabie to within 50 meters
once an emergency mobile telephone call, such as an E911 call, is placed by a user on
a given cellular telephone. This type of position data would assist police, paramedics,
and other law enforcement and public service personnel, as well as other agencies that
may need to have legal rights to determine the position of specific cellular telephone.
The E911 services, however, operate differently on wireless devices than a 911 call
does on land-line telephones.
[0019] When a 911 call is placed from a land-line telephone, the 911 reception center
receives the call and determines the origin of the call. In case the caller fails, or

forgets, to identify his or her location, the 911 reception center is able to obtain the
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caller fails to, forgets to, or sinply cannot identify his or her |ocation,
the E911 reception center is unable to determ ne the precise |ocation of
the call because the wreless device is only tied to the PSTN at a central
| ocation, such as a base-station, for exanple. At present, the best that

t he E911 r egepics@svscenter may do is to determ ne the lpogaksombsat he cel l
site fromwhich the call was placed. Unfortunately, typical cell sites in
a wireless network system may cover an area with approxinmately a 30-mle
di aneter. Further refinenent of the |ocation nay be determnable in a
digital network by the power setting of the calling wrel ess device. But,

t hi till | i 1y - ' LDl ) :
LS ot (S8 b D BB Al oty pedBRLEOLE,

|t ograt i ngoieiRS Pbe Ry RRRToT Bt Rl if dpHIS P RGELETME R 1 1o

L oD SR P i DB T g SR PRLL R Fhaedh 1oL 2

pr oduce may peutilized by e cellular

t el ephone r if?r directjons, I.atiteL(Ji and Jcin iéude sitiq | ocati ons
o posi ti AMEP! Bringpaden HORh e i blgred o A it deief b 8L

cel | 5I alr :JSEFI’@PiS tryi q to.locate, determ tign o}) r.el gtio esl.o.cgtioneof
Uhe cel | ul Anemhons e esepfiom ehmir keseiveriip Gall o femoh detpiing 6 prifis,

t el ephone user via jnternet nmaps or,, qther GPS mappin 1 6/ 057811
PCT/ US2005/08 s eel WMW&%PR%@“%%M {hi Persef AP0 ik ‘i?ﬁ ?ng‘e f

ot her than E911 calls, and would be very useful for cellgléﬁg(ra Suli?:s o
subscri ber sallgrdaivto, Aereeth texempmelyosanpeicideniily s of E?IJQP‘“{OB’ ﬁ%‘?t@& ate GPS
receivers with cellular telephony, U S. Patent Nu r 5 3}74, 914, issued to
Krasner, whecsptignsceiies d% papbla odatgrminedhe pregise loratien ﬁﬁ qall beeayps Hist y |

describes a nethod wherein a base station (also known .
wireless device is only tied to the PSTN at a central location, such as a base-station,

for example. At present, the best that the E911 reception center may do is to
d_etermine the location of the (_:eﬂ site from which the call was placed. Unfortunately,
typical cell sites in a wireless network system may cover an area with approximately a
30-mile diameter. Further refinement of tI;ne location may be determinable in a digital
network by the power setting of the calling wireless device. But, this still results in an
area covering multiple miles. Therefore, emergency personnel cannot be dispatched
to the scene without more information.

[0021] A proposed solution to this problem includes integrating GPS receivers with
cellular telephones. An added benefit to this proposed solution is that any position or
position-related data produced by an integrated GPS receiver may be utilized by the
ceflular telephone user for directions, latitude and longitude positions (locations or
positions) of other locations or other cellular telephones that the cellular user is trying
to locate, determination of relative location of ihe cellular user to other landmarks,

directions for the cellular telephone user via internet maps or other GPS mapping
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as a base station and/or the Mobile Tel ephone Switching Ofice "MISO")
transmts GPS satellite information, including Doppler information, to a
renote unit (such as cellular telephone) utilizing a cellular data |ink,
and conputing pseudoranges to the in-view GPS satellites wthout the

handset hawyddek@skacei ve GPS satellite epheneris i nf @gitaisk@soddssect |y
fromthe satellites. Another patent that concerns assistance between the

GPS system and wireless networks is U S. Pat. No. 5,365,450, issued to
Schuchman, et al., which is also incorporated by reference herein inits
entirety. [00231 The integration of GPS capabilities wwth a wreless

communi cati on .devi ce,.. howevyer resents solre | | en F npl e, due
to their nf?ﬁﬂ'?‘ﬂuqﬁa?@rt@e &'%’Et \gg‘gégg@én%%? Péys e@’??@%%@%@%r}s&gﬁ’gﬁgt riving
for smaller packagin wel |~ as er, attery life, wireless
comuni cat iWBN%ngge@f@E?Fuﬂaﬁam{ﬁgﬁﬁﬁs ¥ n areas where the signal
strength of received GP% sjg nal s i s weaker than Pssi red. @@(g sult, it
may be a &0028] 8pga exupple R PRichrushio el OF S &Rt % the GPS
signal received fromthe GPS satellites. 241 Therefore, t e is a need
inthe art tql‘?i’iho%}’a@153Pﬁ@&@ﬂ%‘”ﬁﬁiﬁ%‘bﬁ%‘%&&%@%H’hmﬁlé%ﬁ'ﬁ?ﬁpﬁré‘ggﬁ’ﬁnaI s from
the GPS constellation in situations where signagl strength is . weaker than
desi red. 1Efmm@ﬂ%mfnﬁmﬂﬁgzmﬁwﬁ%m¢ 18P $450 JoWBc e ver
reference oscillator frequency correction systemand nethod is described
that provi des baserstation ad/oxdhe Mobilgr kelaphpneafivitghing flice oMISERY Fansiitst i vel y
weak radio frequency signals. NMore particularly, the present invention is
directed t GRSrsitellite infermmtivmrivcinding Seppler infrmation. {p sgemnnte Wil Gyetasng an
anount of frequency error in a .

cellular telephone) utilizing a cellular data link, and computing pseudoranges to the

in-view GPS satellites without the handset having to receive GPS satellite ephemeris

information directly from the satellites. Another patent that concerns assistance

between the GPS system and Mrgl_ess networks is U.S. Pat. NOT 5,365,450, issued to

Schuchman, et al., which is also incorporated by reference herein in its entirety.

[0023] The integration of GPS capabilities with a wireless communication device,

however, presents some challenges. For example, due to their mobile nature and

because mobile-device designers are striving for smaller packaging as well as longer

battery life, wireless communication devices often find themselves in areas where the

signal strength of received GPS signals is weaker than desired. As a result, it may be

a challenge for the GPS receiver to receive and lock onto the GPS signal received

from the GPS satellites.

[0024] Therefore, there is a need in the art for a GPS receiver that can receive and

recognize signals from the GPS constellation in situations where signal strength is

weaker than desired.
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| ocal frequency reference of a receiver, and using the error estimate to
create or nmaintain inproved frequency coherence with a received signal.

[ 0261 The invention nmay be inplenmented with receivers in various systens

i ncludi ng position determ nation systens, and is particularly well suited
to an enviwgniRpssyherein a wrel ess conmuni cati on dewcgRishdbsG4esd2i ned with
a position determ nation system such as, for exanple, in an A ded
Location Conmuni cati on Device. Various exanples of inplenentations are
descri bed that provide tracking of the rate of change of a frequency error
O of the frequency reference used by the wreless device (e.g., the
ALCD), using the rate of change (agﬂ%}ﬁg& onally at tinmes, higher order
derivatives) to estimate the frequ rror 4f of the frequency reference

t f ut int in tine, d ' th ti .1 f f . Af
of the  frSUipohdyrpayen Sliteion coTucr GRaSpt; Reehod YRR SOEAIRE Kt 1 equency
h il i V) iti [ (€. g. GPS .Si ).
Dot or m i nderbeL U6t FRYKRS sePa LD sein duuoodpok el eHRA i ng 1 ne
I | f i at el I kj I i od
A s A A R

wi t hout | osi ng frequenc¥ coher ence. Adj ust ment of. ttsqIﬁl | ocal fr.eglrjency

sour ce may sheem apd mgthad Torgleteaninipg apd epHmating @i gmeun E‘I‘EM“@ BFOHP 5 i d

t echni ques. 13 WO 2006/ 057811 PCT/ US2005/ 040542 [0271 The above descri bed
process mayodsk figaeeneprofanecs ofya soeivphiang wsing theeuer SHHmas, 1o e¥eal8| O%f r equency
error of a local reference frequency oscillator, using these estimates to
predi ct esmiaingtio dmpioved frequgnryselierence iith@ireqeined sighelr ence frequency
oscillator in the future, and using these estinmate predictions to allow the
OPS recei vg926] The invention may be implemented with receivers in various systems

including position determination systems, and is particolarly well suited to an
environment wherein a wireless communication device is combined with a position
determi_nation system, such as, for gxample, in an Aided Locatic_)n‘ Communication
Device. Various examples of implementations are described that provide tracking of
the rate of change of a frequency error Af of the frequency reference used by the
wireless device (e.g., the ALCD), using the rate of change (and, optionally at times,
higher order derivatives) to estimate the frequency error Af of the frequency reference
at a future point in time, and using the estimation of frequency error Af of the
frequency reference at a fiture point in time to maintain frequency coherence while
receiving a position signal (e.g., a GPS signal). Determining and estimating
frequency changes over time and adjusting the local frequency source appropriately
allows tracking over a longer period of time, enabling longer integration times to
capture weaker signals without losing frequency coherence. Adjustment of the local
frequency source may be achieved, for example, by hardware, sofiware or hybrid

techniques.
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to track the phase of an incomng GPS signal. As a result, |onger
integration tinmes are possible as the receiver does not | oose coherence
with the incomng signal. As a result of allow ng |onger integration
times, the receiver has a greater ability to acquire weak signals. The

estimat es ojohiR@sBNCY error may be obtai ned using a radiras:dosemsancy
signal received by the communi cations portion of an ALCD, for exanple, the

received signal of a cellular telephone. Alternatively, estimtes of
frequency error nmay be obtained using netrics that may indicate a drift in
the reference frequency such as, for exanple the tenperature in which the

reference f uency oscil l.atpor 1s _operati . i Ry 2 tine.
[0281 A fi I[ézgﬁ]i ﬁ%’%‘%?@ cﬂéﬁ%@"%% {nﬂpg‘% cc&%Hs%gggPesen gslrtéré%/age\r%t?’irfon to
provide a frequency estinate _hayi he best (or . st :het ) noi se
charact eri ﬁi@g’aﬁ%‘%‘lﬁlﬁy eF185;%8 %X?f%?@%eﬁ%%ﬁ%ﬁ% sa%ghés'ggeﬁ%rgi gi nal
reference source. In qne exanple_of . an inplenmentatio t he. fi ring

syst em may SFENaE ?d&ﬁ%%eﬁs?ﬁn%%r",f & f5qEsney (?Foﬁd’gp@? rfﬁ%ﬁfntc%efﬁeﬁ%ér&g teristics
based on the input signals [t _receives. [0291. | i cati,o t he frequency
coher ence §%¥%%%HHI%@{%6EAW m%@%@g?m%&gﬁﬁéﬁrons in the
reference oscillator frequency as a_rea?ult of varl ous, factars. For

exanpl e, wieieckithrphesh of @ inGoabReARS sighal  Ag2 FestlL I NEER RGP IPGF @G ar i es as
a result of tenperature varjations, the system a)g? nmet hod, of. the present

i nvent i on wessible pwthegeceivee sloes,Bet laese svberanrg vl the ingoneing &iedple 2R 2 r equency
accordingly. 14 WO 2006/057811 PCT/US2005/ 040542 [0301 Thus, as a further
advant age odsult pBallowieglongsy integrationetimess e easeiverrhas g gessiey abiido 269 §et a | ock
on the GPS satellite signal is off by a certain_amunt, which is referred
to as frequensignsisr oFhe estmnatesveihfremenayeerearniope det ohtvingdeutingh aytadier or  and

its drift rate, and )
frequency signal received by the communications portion of an ALCD, for example,

the received signal of a cellular telephone. Alternatively, estimates of frequency error
may be obtained using metrics that may _indicate a drift in the refergnpe frequency
such as, for example the temperature in which the reference frequency oscillator is
operating, which may vary over time.

[028] A filtering system may be utilized with the present invention to provide a
frequency estimate having the best (or at least better) noise characteristics of both
radio and GPS receive signals and the original reference source. In one example of
an implementation, the filtering system may be an adaptive filter, capable of adapting
its characteristics based on the input signals it receives.

[029] Application of the frequency coherence system and method may compensate
for frequency variations in the reference oscillator frequency as a result of various
factors, For example, where the output frequency of the reference oscillator varies as
a result of temperature variations, the system and method of the present invention may

predict these variations and adjust the reference frequency accordingly.
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uses this characterization data to allow integration of the incom ng GPS
signal to occur over a longer period of tinme while naintaining coherence
with the incoming signal. As a result, this increases the effective
sensitivity of the GPS receiver, allow ng detection and neasurenent of

| ower si gnayvol2ené@b®1t han may ot herw se be detected w tpgTasBNsios2Nal
systens. [0311 The present invention nmay be inplenented in an exanple of an
i npl enentation that provides higher order characterization data to be
determ ned such as, for exanple, phase jerk. Utilizing these higher-order
characterization data allow the receiver to inject an inproved drift rate

correction t into.the {] : ¥ | J al of
processi ng [{)@irs%%fissa a‘rara%ﬁéél eaétﬁ%%mgé'?%?’ #%%%H?ggﬁt%ﬁ%énﬁ g egr - order
characterizatio at .Droj ec LN 1 I i ion to a
future pr oé‘égegiaﬁﬁciioﬁt%er@g#.sat@d%isﬁu%ﬁég Wa%r’éagar%@% t‘Jgﬁ%ﬁ ﬁ@%@‘ﬁf\%
nmeasurenment _quality and varyin anpl i inter S can jned. [00321
Ot her syst @ﬁ@?q%?%%ﬁg’, tg? B’&P%P gdegﬁgﬁg%@gme%eggy%{mrtaﬁg% ﬁgg%?%’ginnﬁm || be or
wi || becone apparent tqQ ogne with il] in.the.art.upon e ination of the
fol | owi ng ‘“F?Sgtgﬁe‘g‘a'é‘ﬁtﬂ“@@%idﬁfé‘ofo % TsereRn Of?th? ’élcﬁg)’ﬂ’fngn@s{gﬁ%lttgal | such
addi tional systens, . net ho_dcsl, f eatures and. advant a esgﬁﬁ d‘éncl uded w t hin
this descr iopeurgiyer longer perigd of dimeswhile maintaining GoRoTeneq WHn the, PePing, o oct ed
by the acconmpanying clains, 15 WO 2006/057811 PCT/ US20Q05 0542 BRI EF
DESCRI PTI Oigop. THE DresvNbss irgmsaser e effoetive i spoialy ‘Esé&ﬁeégérfe‘ffh‘ﬁér st ood
wth reference to the following figures. |'he c onents [n the figures
are not necHewingidetection andameasuemsnhel wen sigaal de mﬂya@hﬁwlﬁﬁgﬁ

illustrating the principles of the invention. In the figures, like
r ef er ence detected with conventional systems.

1031] The present invention may be implemented in an example of an
implementation that provides higher order characterization data to be determined such
as, for example, phase jerk. Utilizing thege_ higher-order characterizatiop data allow
the receiver to inject an improved drift rate correction factor into the correction
algorithm during an interval of processing time. This characterization data, including
the higher-order characterization data, can be projected in time to allow application to
a future processing interval. Additionally, measurements of varying measurement
quality and varying sampling intervals can be combined.

[0032] Other systems, methods, features and advantages of the invention will be or
will become apparent to one with skill in the art upon examination of the following
figures and detailed description. It is intended that all such additional systems,
methods, features and advantages be included within this description, be within the

scope of the invention, and be protected by the accompanying claims.
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nuneral s desi gnate correspondi ng parts throughout the different views.
[0341 FIG 1 illustrates an exanple of an inplenentation of an Aided
Location Comunication System ("ALCS') using an Aided Location
Comuni cation Device ("ALCD') having a GPS receiver located within the
ALCD. [ 035kybhéssnzsits a bl ock di agram of an exanpl e of pamustgpbedent ati on of
the ALCD shown in FIG 1. [036] FIG 3 illustrates an exanple of an
i npl enentation of an architecture for the ALCS shown in FIG L [0371 FIG
4 illustrates another exanple of an inplenentation of an architecture for
the ALCS shown in FIG 1. [0381 FIG 5 illustrates yet another exanple of
an i nplenentation of an chitec Qnfe showmn in FIG 1. [0391
FIG 6 is a functional bw]é%é: ar?r?lslI ?E%'%i?a I'ng the functionality of the
frequency oscillator phase.correction systemeln SEndilfleOne exanpl e
of an i rrpl.oéﬁlan%m‘&?‘i‘gﬁ‘f W%F‘&\V@H@?%ﬁf’&?ﬁﬁul Ti'f%%@é?@ an éc,)\% rati onal flow
diagramillustrating the operation of the. freqguen ! . phase
correction rh%/ﬁ?‘é?ﬁqeﬁtsé‘ég%‘?r @m%n%ﬁga@%m%e,oﬁggﬁg% egélﬁ ation of
the invention. 16 WD 2006/ 057811 .PCI/11S2005104054 04 is an
oper at i onaPlagadgponiiliusirating the pagnies ?*/cfi‘%‘nﬁ?‘&toé‘si“%frzﬁ%% % ’r}r&ﬁ’i%\ege ™8 val ue for
the frequency acceleration at _a future poi nélei ti EE according to one
TELYE

exanpl e  ohuraerals designeiaRogesnoRding parfsdhno "BEIG 9is a

functional block diagramillustrating the functi.onality,.qf .
[034] FIG. 1 illustrates an example og an implementation o% anyAlgcd Location

Communication System (“ALCS”) using an Aided Location Communication Device
(“ALCD”) having 2 GPS receiver located within the ALCD.

[035] FIG. 2 is a block diagram of an example of an implementation of the ALCD
shown in FIG. 1.

[036] FIG. 3 illusirates an example of an i]:n_pl_ementation of an architectur;: for the
ALCS shown in FIG. 1.

[037] FIG. 4 illustrates another example of an implementation of an architecture for
the ALCS shown.in FIG. 1.

[038] FiG.5 illustfates yet another example of an implementation of an architecture
for the ALCS shown.in FIG. L.

[039] FIG. 6 is a functional bloci{ diagram illustrating the functionality of the
frequency oscillator phase correction system in accordance with one example of an
implementation of the invention.

[040] FIG. 7 is an operational flow diagram illustrating the operation of the
frequency oscillator phase correction system in accordance with one example of an

implementation. of the invention.
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frequency oscillator phase correction systemin an exanple environnment of a
sinple ALCD. 17 WD 2006/ 057811 PCT/ US2005/ 040542 DETAThED DESCRI PTI ON
[0431 In the follow ng description of the preferred and various alternative
enbodi ments, reference is made to the acconpanying drawi ngs that form a
part her egg @6@s7813 Which is shown by way of ill ustratcemstospessfiic
enbodi nent in which the invention may be practiced. It is to be understood
t hat ot her enbodi nents nmay be wutilized and structural changes nay be nade
wi t hout departing fromthe spirit and scope of this invention. [0441 The
invention is described with reference to various functional bl ock

di agrans, Lch illyustrate possible.applicatians of and.enbodi ts of the
i nvention V@?gn&é‘fgﬁc@r W&%oﬂér%ﬁé@tﬂ%? sg(éﬂgﬁm%‘feﬁoﬁ?éles%ﬁ%ﬂg%%di agr ams
should not b inferpreted tq inpl r. otherwise require a particular
ohysi cal arBHeRChe fEMeRCY ageclerm it e NFBROTh R 5 FEOTBIA A GPLTERE
functionality depicted, therei,n. I.nstead, it will be appreciated by one of
ordi nary sKfiap mpleqentatignof fhefpveption o s al t er nati ve physical architectures
(whet her hardware, software or a caonbjnatiqp thereof) .can be used to

i mpl enent  tI21d &Gy Ppisa rignciongnbiogk ﬂl.lagFﬂé% 1lysiafing, the Iﬁéﬂcflﬂ%ai‘ bt can be

i mpl ement ed usi ng vari ous hardware and software conponents, incl lljdi ng, for
exanpl e, udfeggensy oasilatenphse eprractienotyplsian a8 exagple cugirepmeng of FigPiGr 3
conbi nati on of sem conductor integrated circuits (e.g., a chipset or

mul ti-chip &gl e), or in associated circuitry, or in the software,

firmvare, protocol stacks, libraries, algorithnms or other processes
operating thereon (or in any configuration of one or nore of the
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foregoing). The chip or chipset inplenmentation, may include an integrated
circuit, including, for exanple, any of the following alone or in

conbi nation: an application specific integrated circuit, or ASIC, a

digital signal processor ("DSP'), or another 18 WD 2006/ 057811

PCT/ US2005h49ndes7sgener al - pur pose or speci fi c- pur pose ppirassnsefosszand
associated circuitry (e.g., nenory, co-processors, busses, etc.). OVERVIEW
[ 0451 The present invention is directed toward a system and net hod for
determining and estimating an anount of frequency error in. a |ocal
frequency reference of a receiver in a position determnation system and

using the error estimte to cqrr.ect 'gﬂe l%i‘% reference frequency signal
and thereby maintain frequencagw FERR a received signal. Wile the
invention is descrjbed herein in ter f various anpl e |.i.cations,
whi ch i ncl déS; fﬂor % gligwine ae%qneggi@%rpﬁe & rﬂi%)éd'gﬁﬂsh aggrg% VI%ul ar

t el ephone in_an ALCD, one of ordina skill i.n the.art wl.l appreciate that
the systememRpdingaEntserenceti etgetif%/ ALY B %Yﬁn%seth%?@érﬂagd with any
wi rel ess conmuni catign device_where |t mat}/ be degiraple to.maintain

coher ence d&preat. gpd W whielbis showy HE Ky of i .°n[a(ﬁ38‘1§? prt patgn eci ated by
those skilled in the art that position-determ natjon, or, navi % tion,
systens canhe ineentioe mephe pipsticeds Itis tofe yndersiopd hat othericgybedimens fag f?qeoni ng
Systens "SPS' and/or Navigation Satellite Systens._ In general, such

navi gat i on utiiyest andsstweinral ghangay mpy he made svifiondepgring from dbe sidh#das " space
vehicle" or "SV') navigation systens. Exanples of sone navigation systens
i ncl ude, bustopsrofthisoinventipni t ed to, GPS, the United States ("U.S.") Navy

Navi gation Satellite System . ]
[044] The invention is described with reference to various functional block

diagrams, which iflustrate possible applications of and embodiments of the invention
from a functional perspective. These functional block diagrams should not be
interpreted to imply or otherwise require a particular physical architecture . 111
accordance with the partitioning of the functionality depicted therein. Instead, it will
be appreciated by one of ordinary skill in the art that various alternative physical
architectures (whether hardware, softwareﬁ or a combination thereof) can be used to
implement the described functionality. : For example, the invention can be
implemented using various hardware and software components, including, for
example, using a semiconductor integrated circuit (e.g., a chip) or a combination of
semiconductor integrated circuits (e.g., a chipset or mulii-chip module), or in
associated circuitry, or in the software, firmware, protocol stacks, libraries, algorithms
or other processes operating thereon {or in any configuration of one or more of the
foregoing). The chip or chipset implementation, may include an integrated circuit,
including, for example, any of the following alone or in combination: an application

specific integrated circuit, or ASIC, a digital signal processor (“DSP™), or another
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("NNSS") (also know as TRANSI T), LORAN, Shoran, Decca, TACAN, NAVSTAR (the
prior name for GPS), the Russian counterpart known as the d obal Navigation
Satellite System ("GLONASS") and the future Western-European proposed
"Galileo" 19 WD 2006/057811 PCTI US2005/ 040542 program As an exanple, a

posi ti on dekyerfisngision systemis described in GPS TheomwernapmsogRt i ce,
Fifth ed., revised edition by Hof mann-\Wel | enhof, Lichtenegger and Collins,
Springer-Verlag Wen NewYork, 2001, which is fully incorporated herein by
reference inits entirety. [0471 Wen integrating GPS system (or other
position-determ nation system conponents with w reless comuni cati ons

systens (that i nclude,.«f - RAsHNR.e WD eY pagi ng,
Per sonal D&e%e%qggﬂ{ %%&8@@%&%8%0%,&%5@%&%%2&%@&“ ens)’, it is
desirabl e fcor t%e r(gPﬁ s%/ssétg? to have the capability to acquire and track
the GPS sat“€HF 5% AHEY> Totidi ti ons that a typi cal wrel ess conmunications
system user may encounter with his or her wirel ess conmuni cati ons devi ce.
Sonme of these conditions may include indoor use, and use in dense urban
areas that have Ilimted sky view (@gME®S in downtown areas with
skyscrapers bl ocking satellite views, etc.). Although these conditions are
typically sonewhat nmanageable for terrestrial-based wireless
conmmuni cat i{45] The presant invhgionds diresfeddoward msyster apd wiethpbi Sorl determimitigr onment s
for GPS systens. For exanple, in a traditional "GPS-standal one” node where
a GPS r eceiavéresihoafitigr &5 ambwent Sif dreghisncl revror tihe 18R% Segnendyi tefesenee rodicks t he
satellites, and, if desired, perforns navigation w thout any outside
i nf or mat i oRedeBienih a pieition detethihgion BesiéEhSmd yising ithe drppéstinlataGeSorred dhever s i n
these conditions nmay experience problens with |ong Tinme-To-First-Fix
("TIFF") til60$ referefloe frétfubitr sigiabvgd thereby maintain frequency coherence with a

received signal. While the invention is described herein in terms of various example

applications, which include, for example, a GPS receiver integrated with a cellular

telephone in an ALCD, one of ordinary skill in the art will appreciate that the system

and method of the present invention can be implemented with any wireless

communication device where it may be desirable to maintain coherence of a reference

frequency signal.

[046] It is also appreciated by those skilled in the art that position-determination, or

navigation, systems can include GPS systems as well as other Satellite Positioning

Systems “SPS” and/or Navigation Satellite Systems. In general, such navigation

systems can typically be satellite-based (also known as “space vehicle” or “SV™)

navigation systems. Examples of some navigation systems include, but are not

limited to, GPS, the United States (“U.S.”) Navy Navigation Satellite System

(“NNSS™) (also know as TRANSIT), LORAN, Shoran, Decca, TACAN, NAVSTAR

(the prior name for GPS), the Russian counterpart known as the Global Navigation

Satellite System (“GLONASS™) and the future Western-European proposed “Galileo”
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limted ability to acquire the GPS satellite signals under indoor or
limted sky-view conditions. [0481 Even with sone additional information,
TTFF times may be over thirty seconds because epheneris data nust be
acquired fromthe GPS systemitself, which 20 WD 2006/ 057811

PCT/ US2005/W4Qbtuéds7sitypi cal |y requires a strong GPS si grairnisonosoasizr €
epheneris data reliably. These conditions usually inpact the reliability
of the position availability, as well as the power consunption within

wi rel ess communi cati on devices such as, for exanple, cellular telephones.
Even nore troubling wth conventional GPS receivers in these conditions,

is the inability to acquire the GPS satellite si.gnal t. to weak
signal st PQ@&“%S%@%%%WQ[%@!PWW% nglé‘all%lr?gl@?%%g"fsc er’in%gglggr i gnal
strengths are_ encountered, th S recej ver twypical .S T irqd to

i ntegrate @FbPrastes, L §§g ﬁ%‘f‘seﬁo‘?%}“m anf@%n%‘?(@&%ﬁ?# %’flftﬁ%mg%eqaaélgui re a
solid fix on_the signal._ Unfortunafel s.the _integration period

pr ogr esses Colls, M@rvﬁfké%@ﬁ&\{?wsgpﬁ% ﬁggﬁlw 1s ﬁ‘ﬁi} “&%rffotr?te‘g]é%gl? b 8 t he

receiver to | oose coherence with the signal before a fix can be
est abl i shedefere@msrinEgeielyy, in these conditions the GPS receiver is unable
to obtain a fix on the GPS satellite signal for, these weaker-strength
signals. [(O4Y]l Whedcitagrasiogt GPS Pisteno fein Ofher pogiigntaerpiatior sYS9R) ¢ i ne code
data fromthe GPS satellite is nodulated onto a sinusoidal carrier with a
center freguepeeniivith wireless comtthunigatipayatess i(bat mey iRAye. PREEMFIEe to t he
receiver. This nodulation is acconplished by nultiplying the data signal
and the si relwardpigimg two-ovay yiagingl Persoyalt Pae Assiptaes “PRA’: Bieteoth (Wl s a
frequency conversion process that shifts, or upconverts, the data in
frequency sadPStsydtéms)sip écdesimbld for eI wytenrto havk thi eapsbifity teracq¥i®quency of
ff Hz. The

and track the GPS satellites under conditions that a typical wireless communications

system user may encounter with his or her wireless communications device. Some of
these conditions may include indoor use, and use in dense urban areas that have
limited sky view (such as in downtown areas with skyscrapers blocking satellite
views, etc.). Although these conditions are typically somewhat manageable for
terrestrial-based wireless communications systems, they are often times more difficult
environments for GPS systems. For example, in a traditional “GPS-standalone™ mode
where a GPS receiver acquires the signals from the GPS satellites, tracks the
satellites, and, if desired, performs navigation without any outside information being
delivered to the GPS system, typical GPS receivers in these conditions may
experience problems with long Time-To-First-Fix (“TTFF”) times, and, further, have
limited ability to acquire the GPS satellite signals under indoor or limited sky-view
conditions.

[048] Even with some additional information, TTFF times may be over thirty

seconds because ephemeris data must be acquired from the GPS system itself, which
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signal is then transmtted over the conmunications channel (the atnosphere
in the case of GPS) at this frequency. [00501 The frequency-conversion, or
upconversion, process is reversed at the GPS receiver in order to bring
the data signal back down to baseband. Ideally this step can be

acconpl i shegohyoesiiisii pl yi ng the recei ved data signal bycarusemabiegs2gener at ed
21 WD 2006/ 057811 PCT/ US2005/ 040542 sinusoid whose frequency is also f Hz
and whose phase is identical to that of the ;arrier signal used at the
transmitter. This desired signal is centered at DC since the lifference of
the identical frequencies is O Hz. Thus, this process of nultiplying the

received signal_ by a | ocall erated sinusoi.d of. t fr ency as
the sansmi “éﬁﬂysye&%ﬁe?i%&rogén(gﬁgfﬁ?datﬁcﬁcg%es%%qﬁgﬁﬁ 9Qt?'or\§v-p Ss %éteri ng the
signal acconpl.ishes the task of. bt.ingi t he. si gn l'tl?fk baseband.
The | ocal | yongiEeRsy WS delfag’ﬂ{fng?@% PVE@%%F%&’% %SYQ% rﬂir%eference
frequency oscillator in the GPS receiver. .In the case of_ . an_aided |ocation
comuni cat i RHET &@%SP’@E“‘P‘AE’@%)“ VHgless) omupunicafien gﬁ@%“fﬁ“8§l?§’h@§ eﬁ%ﬁﬁ?’l ator can
be that used for the comunication_portion of th CD (.e.qg., ,the local
osci | | at or cstulgr telephopesr Even @SWO%&"B% wgﬁnwwaﬁ&%@?%mﬁgf# 8% - wor | d
applications, the |ocally generated sinusoidal, si%gﬂl wi || qll??avealbot h an
unknown phawadigitnss isttheinebili teiparasheGiayaishis sigralsd alldpg I Weak gien
transmtter's carrier signal. These offsets can result fromconditions such
as osci | | atrengthly pfsociated with thesp evoaditipes. anWhen yeakes, signad stengthy 2% of a

| ow-cost oscillator to keep accurate time. [00521 For exanple, the
frequency odncounterédy dleel GBS aedelvar Gmidally inreq; tociatepate the gpceiied Sg@akri bed by

the expression fto= fc +4f, where fc is the desired center frequency, and
over longer periods of time to acquire a solid fix on the signal. Unfortunately, as the

integration period progresses, the center frequency of the signal may drift, causing the
receiver to loose coherence with the signal before a fix can be established.
Consequently, in these conditions the GPS receiver is unable to obtain a fix on the
GPS satellite signal for these weaker-strength signals.
[049] To describe this phenomenon in greater detail, the time code data from the
GPS satellite is modulated onto a sinusoidal carrier with a center frequency of £z Hz to
allow transmission from the satellite to the receiver. This modulation is accomplished
by multiplying the data signal and the sinusoidal carrier signal together. This
multiplication is a frequency conversion process that shifts, or upconverts, the data in
frequency so that the spectrum is centered around the carrier frequency of £, Hz. The
signal is then transmitied over the communications channel (the atmosphere in the
case of GPS) at this frequency.
[0050] The frequency-conversion, ot upconversion, process is reversed at the GPS
teceiver in order to bring the data signal back down to baseband. Ideally this siep can

be accomplished by multiplying the received data signal by a locally generated
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Af represents the anount of frequency offset, or frequency error, present
at the receiver's local oscillator. Because the | ocal oscillator running
at a frequency offs + 1f Hz is typically an anal og conponent, one way to
renove the residual frequency offset of 1sf Hz is to nmultiply the signal

by anot her wphBhgRs@w th a frequency of OF Hz. A nult igehe@boosiese used to
renove this offset and put the signal back to baseband, which is referred

to as a derotator. A derotator can be inplenented using the DSP or 22 WO
20061057811 PCT/ 1JS2005/ 040542 at her hardware of the device, or using
software or a hardware/software conbination. Another sinple nmethod for

renmovi ng the frequency error, offsef is.t rovi de ..approprij edback to
the ref er enigesold BHOGESAVERSY| 1f F’ISP& f{fﬁf"d ivﬁ’é’?ea@%aﬁ% ?Sa{dglgﬁa?ﬁ’n{(l:l?tlt gfn%l?i ty, such
as, for exanple, a PLL) to adjust its output frequenc . he center
frequency fatiermignebpisdat ﬂlet‘mflﬁmlﬁ%fﬁlls 8??“8%?‘5’?%%%"“?‘35%1 ”3%‘5%‘@&0 “fr equency
error Af in the reference oscillator's signal.to undefst f 1 he amount  of
adj ust nent liffecance ofithg idqnticad Seqpancies 0 Flzc Lide fhis PropRss p Wﬁﬁp HEE% N the
formof a digital signal, and the final de-rotation é‘%n be acc&lFrrpl i shed
usi ng di gi teskived rstamat by . a Aocallyi seasrated nipuseid) of, thee s3Re MCARECH i 1¥at or  (NCO)
can be used to generate digital conpl ex phasor val ues having an opposite
i nst ant aneaussnptierse cawlent §inusoido ande sebsequentle dowress dtlicHag e~ sigpdli ved
signal phase. The conplex valued digital LO sanple streamcan be
mul ti pl i ed alxpmiphisheditiy task of bringing theetigial backsdaym to baseleads Thedoeallipl ex
multipler, resulting in a conplex baseband value stream _|f the
de-r ot at i Ofenesatetbsinusoikis pidally eneated bhe latintprefes¢nce Gequenppeseillgtordimther esul t i ng
sanpl e stream nay be a real nunber, with the inmaginary part zero.

GPS receiver. In the case of an aided location communications device (ALCD) the

local reference frequency oscillator can be that used for the communication portion of

the ALCD (e.g., the local oscillator of a cellular telephone).

[0051} Unfortunately, in real-world applications, the locally generated sinusoidal

signal will have both an unknown phase offset and an unknown frequency offset from

the transmitter's carrier signal. These offsets can result from conditions such as

oscillator drift due to temperature and time, or the inability of a low-cost oscillator to

keep accurate time.

[0052] For example, the frequency of the local oscillator Jio at the receiver can be

described by the expression fio= fo +Af, where f¢ is the desired center frequency, and

Af represents the amount of frequency offset, or frequency error, present at the

receiver's local oscillator. Because the local oscillator running at a frequency of fc +

Af Hz is typically an analog component, one way to remove the residual frequency

offset of AfHz is to multiply the signal by another sinusoid with a frequency of A/ Hz.

A multiplier may be used to remove this offset and put the signal back to baseband,

which is referred to as a derotator. A derotator can be implemented using the DSP or
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[054] To address these chall enges, various exanples of inplenentations of a
frequency correction systemand nethod are descri bed that provide tracking
of the rate of change of a frequency error O of the frequency source used
by the receiver. The system and nethod determ ne the rate of change (and,

optional | y wb 26060%8811 hi gher order derivatives) to est ipgaitg2doly@scks2equency
error Af at a future point in tine, or to renove excess noise froma
current-tine estimte of frequency, and use the estinmation of frequency
error Af to maintain frequency coherence while receiving a 23 WO

2006/ 057811 PCT/ US2005/ 040542 GPS signal. Determ ning and estimating

frequency changes over .tije and adjustin | ocal -source
appropri at é@fﬂ%ﬂ?‘ﬁ%o Thﬁéi%?’ﬁ@ ‘%\P&lpg aﬁ%ngg%é%%gw%gﬁgwgﬁﬁgﬁé%%l i ng

| onger integration tines to.capture weaker signals w.dhaut | osj frequency
coher ence, ApOBEn S é‘iébﬁﬁli @’o%"?%%n&%%%se%s%ﬁ%e% tﬁeﬁré}nﬂgar e
suitable for use in various_ receiver stens, a are descrihbed.herein in
terms of ereERFpRTRie JpRdback tone ?f?f‘c@%gwgﬁyer?é?’ﬁ%ﬁﬁ (gf_é% ﬁf)sﬂflfl%gti ons.
Because the communi cation portion of the ALCD ma i cally haye a
frequency farionalivesyolres REpxample addly @“Séktﬁemﬁt%@enm‘?ﬂfg‘f% ®by t he
position determ nation portion of the ALCD, .in_these aQ |i cations the
present i neenerifsauency fo. Zdhsraforasit s padide sterminethe gRgupto g@‘ﬂ‘?eﬁ?yrﬁ% its
measurements. Alternatively the present invention may be ipnplenmented in a
conmuni cat Mdns@zetreﬁwenh@\ﬁswéatm‘% sonpl theandestiand fhee oot \of; adiesBfile. 1 n such
an exanple of inplenentation, a frequency counter or other functionality
for neasur nemgsdatye frequency ratio or difference between the frequency

reference and the transmtter's frequency can be utilized.
[0053] In some receivérs, the final IF is in the form of a digital signal, and the final

de-rotation can be accomplished using digital circuitry. A digital numerically
controlled oscillator (NCO) can be used to generate digital complex phasor values
having an opposite instantaneous phase relative to the estime_ltgd instantaneous
received signal phase. The complex valued digital LO sample stream can be
multiplied by the digital complex received sample stream in a complex multipler,
resulting in a complex baseband value stream. If the de-rotation is done correctly and
the digjtal LO is locked, the resulting sample stream may be a real number, with the
imaginary part zero.

[054] To address these challenges, various examples of implementations of a
frequency correction system and method are described that provide tracking of the
rate of change of a frequency error Af of the frequency source used by the receiver.
The system and method determine the rate of change (and, optionally at times, higher
otder derivatives) to estimate the frequency error Af at a future point in time, or to
remove excess noise from a current-time estimate of frequency, and use the

estimation of frequency error Af to maintain frequency coherence while receiving a
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A TvvicaL GPS ARCHI TECTURE [0561 FIG 1 is a functional block diagram
illustrating an exanple inplenentation of an Aided Location Communi cation
System ("ALCS") 100 utilizing an exanple ALCD 102 having a conmuni cati on
section (not shown) and a GPS receiver (not shown) |ocated within the
posi ti on- deygradsiasmkiion section (not shown) of the ALCDpckazz008840542! ustrat ed
in FIG 1, during operation, the ALCD 102 is in signal- conmunication with
a wreless network 104 via a base station 106 and wireless 24 WO
2006/ 057811 PCTI US2005/ 040542 transm ssion path 108, and is also in
signal -communi cation with at |east one GPS satellite of the GPS satellite
constellation 110 via signal conmunication paths 112, 114 1ﬁélG. and 118. It
i s appreci &P8csigngl. t Rejgmnining jand gstinppiing Segyency ehapedsAves ipR apd pdHstne Gps
satellites 120, 122, 124 and 126 are shown, the GPS satellites,6 120, 122,
124 and 12 lnea) fpquenssysontnetsppropriatelp aliaws wackingayer 3 lopgersried WhAst el | at i on
110 that are visible to ALCD 102. [0571 The ALCD 102 mmy include both a
GPS r ecei venabiimplongtromispration Himes i eaptive WerdeRsignalnwithopt desing fRquentst shown)
and a wirel ess processing section (not shown), also known as a "call
pr ocessi ng'tolsg@icé.on, in a comuni cati on section (not shown). The GPS
receiver wiwthin the ALCD 102 may receive GPS signhals fromthe GPS satellite
const el | at i{@85] 1The ekanplé g dnptenrentationsadésombedhenein lat@ suitable farigseaitd 118 and
the comunication section of the ALCD 102 nay receive wreless
communi cat ivaousse@ivat Systansiahd arewlesazibed beraint inderins 10f £xaple spplirations
communi cation path 108 and base station 106. In sone inplenentations, the
ALCD 102 nayithadiB® syseidd, siid AL.EBsappticationsi Badaie@rths cgnmusicationt goetioni ofel ess
network 104 via signal comuni cation path

the ALCD may typically have a frequency reference (whether internally or externally)

utilized by the position determination portion of the ALCD, in these applications the
present invention wtilizes that frequency reference in performing its measurements.
Alternatively the present invention may be implemented in a communication system
having its own dedicated frequency reference. In such an exan:iple of implementation,
a frequency counter or other functionality for measuring the frequenby ratio or

difference between the frequency reference and the transmitter’s frequency can be

utilized.

A TypicaL GPS ARCHITECTURE

[056] FIG. 1 is a functional block diagram illustrating an example implementation of
an Aided Location Communication System (“ALCS”) 100 uiilizing an example
ALCD 102 having a communication section (not shown) and a GPS receiver (not
shown) located within the position-determination section (not shown) of the ALCD
102. As illustrated in FIG. 1, during operation, the ALCD 102 is in sigpal-

communication with a wireless network 104 via a base station 106 and wireless
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108 and base station 106. [0581 The ALCD 102 nmay be a w rel ess device such
as a cellular telephone (also known as a nobile station (M5), wreless
handset, cell phone, nobile tel ephone or nobile phone) or any other type
of nobile device, including, but not limted to, personal digital

assi st ant s woRBbWwsIsiz pagers, conputers - and conputer equican®ddos/od40sy0- way
radi os, trunked radios, specialized nobile radios ("SMR') or any ot her

device for which it is desirable to determ ne |ocation information. The
ALCD 102 nray al so be a sem conductor integrated circuit (i.e., a chip)
| ocated within the 25 WO 2006/ 057811 PCT/ US2005/ 040542 w rel ess device or

a conbi nati on of sem copnduc integrated circuits chi t or
mul ti-chip ‘Fﬂi‘aﬂs@fmlpaﬁ‘ {bgd%o{s Ph%%?r’%ff*@g%“:@é’wé‘g’ & Iea ﬁ’é’ea@%gri thms or
processes operatin [ €0 a the.chip or chipset i ncl ude
any int egrS&’EeQHe of ﬂ&ﬁfs ﬁ‘ﬁ%’“ﬁ 5‘%@5%0? gi% %WW&%@E&% ich may
i ncl ude IlcatlonseC|f|C|nte e cult ("A C S|Cs and a
processi ng ﬁép Ak pnd 12 o]itlﬁn?%eé’?é%gbys@‘e ﬁﬁ’f@)bﬂ géo si gnal
processor ("DSP") or DSPs In the case of a ceIIuIar telggﬂone he ALCD
102 may utiFPS aatellieai?Qyiids. 194 aw%%?é aye phoviL theSPwtaliipg B2% 190 1488%4 on t hat
operates at any radio frequen(%/ "RE") band utilizing_ any transm ssion
schenes i ncl2fdbmgboany pepber jofi P§dsa¢6'éht€{>mm GRS mosellafpr il that prgvp, FDMVA,
GSM UMIS, AMPS, Bl uetooth, W-Fi and/or any conblnatlon or extension of
these transvisiblsitoALEPH®Res or simi | ar schenes. [ 00591 Base station 106 can
be utilized to provide the air interface between ALCD 102 and ot her
communi cat i @57}d &thie ASGD 102 Imagl iimdudeftwth e GERPotecsivas tihad shgwiODy al@gitionot her and
traditional wired or land-line type tel ephones. Base stations 106 thus form

determination section (not shown) and a wireless processing section (not shown), also

known as a “call processing” section, in a communication section (not shown). The

GPS receiver within the ALCD 102 may receive GPS signals from the GPS satellite

constellation 110 via signal communication paths 112, 114, 116 and 118 and the

communication section of the ALCD 102 may receive wireless communication

signals from the wireless network 104 via signal communication path 108 and base

station 106. In some implementations, the ALCD 102 may also send wireless

communication signals to the wireless network 104 via signal communication path

108 and base station 106.

[058] The ALCD 102 may be a wireless device such as a cellular telephone (also

known as a mobile station (MS), wireless handset, cell phone, mobile telephone or

mobile phone) or any other type of mobile device, including, but not limited to,

personal digital assistants (“PDAs”), pagers, computers and computer equipment,

two-way radios, trunked radios, specialized mobile radios (“SMR”™) or any other

device for which it is desirable to determine location information. The ALCD 102

may also be a semiconductor integrated circuit (i.e., a chip} located within the

25



the wireless link with the ALCDs 102 at one end as well as interfacing to
the wwred network infrastructure at the other. For exanple, with cellular
comuni cation systens, there are nultiple base stations |ocated throughout
a given service area, each base station 106 serving its inmmedi ate
surroundi ngwar2e&/ s ch is referred to as a cell. Werr@muBaesoiksaces a
call, his or her ALCD 102 communi cates with a nearby base station 106,
which then relays the call via wireless network 104 to a central sw tching
office and then to the conventional |and |ine tel ephone network, such as
the PSTN. Wreless network 104 nmay conprise a communi cati on network
i npl enmented_to, serve 26 2006/ 057811 PCT/ US2005/ 04054 L S
comuni cati%@l"ase‘iiﬁ"%"sgéﬁ\é\ﬁb Vikeon ngura ﬁé%?e%%t%lgﬁr%uétsi&%%\?@h%?onal
| and- based networ k. .such he PST r may, i ngl ude a conbi nation thereof.
0601 Fr o 5 it chip JBRadlopind oriip, Ye, TRYeR Gpiss P cRERERT R of ¢t ne
ALCD 102 shown in FlI The anpl e ALCD 102 illustrated in FIG 2,
i ncl udes bopwcﬁsesc%?ﬁ‘?ﬁ?%g:t&?% %@T‘%{% 058%3 5’%‘8 oF CHHRSFY oAy H’gt“g? f%at i on
section 202, The wirel.ess . co i cat.i on section 200 i nclude .a call
processi ng (ntt@ﬁtﬁg“gg@{lﬁ gﬁ@%&%ﬁo%ﬁ?“’eﬁ% 2 FEADFCSIYEE ‘{’ﬁéh ﬁ?@cﬁ’gg\dﬁg
functions for the wreless applications and include a, wireless
tr anscei ver 2PRgatioR,sReRliGntepated ircal {AYE rc‘gﬁﬁélaﬁﬁlaﬁ’ﬁcéﬁ%ﬁéﬁ’a If¢ ALCD 102
woul d include a CP section with a cellular transcejver [0611 The
posi t i on- dePEPIRFasHE Sk ascler prampie 2 digial sighakpracass ((IAYKE) eePSPo 4 1y the
receiving satellite transm ssions 206 froma GPS satellite constellation
110. The peastwof ercclidecielebinnei ba ALID 165 map ptilies/ 2 selbdaritrasagiyer & ten- GPS
recei ver capable or receiving non-GPS | ocation aiding information as
descri bed bednpwmitation sention it opetietescat nﬁmmﬂiooﬁﬁqymi(‘éﬁf’g@qué:ﬂimgmmt he
position conputation functions for the ALCD

transmission schemes including but not limited to CDMA, CDMA-2000, W-CDMA,

TDMA, FDMA, GSM, UMTS, AMPS, Bluctooth, Wi-Fi and/or any combination or
extension of thcse transmission schemes or similar schemes.

[0059] Base station 106 can be utilized to provide the air interface between ALCD
102 and other communication devices, including, for example, other ALCDs 102,
other and traditional wired or land-line fype telephones. Base stations 106 thus form
the wireless link with the ALCDs 102 at one end as well as interfacing to the wired
network infrastructure at the other. For example, with cellular communication
systems, there are multiple base stations located throughout a given service area, each
base station 106 serving its immediate surrounding area, which is referred to as a cell.
When a user places a call, his or her ALCD 102 communicates with a nearby base
station 106, which then relays the call via wireless network 104 to a central switching
office and then to the conventional land line telephone network, such as the PSTN.

Wireless network 104 may comprise a communication network implemented to serve
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102. By integrating the technol ogy of the communication section 200 with
that of the position-determnation section 202, the ALCD 102 provi des two
maj or service systens: that of a wireless device, such as cellular

t el ephone service, and that of the GPS receiver to provide |ocation

I nf or mat i onwof2edcners®CD 102. It is appreciated by thoserakkzédseshsizn the art
that this integration provides for nunerous advantages including neeting
the E911 requirenments as set forth by the Federal Conmunication Conm ssion
("FCC'). [0621 Communi cation section 200 and position determ nation section
202 can be inplenented using separate chips or chipsets, or,

al ternativel their functianality.can 2006/ 05781 . 05/ 040542
be conbi nedwé'ﬁe? COBTHIBIF2HGRs §ogres hp%se‘?l.’ééé&)%&%g fogpﬁ'sﬁ%toﬁlg%ﬁﬁégt rat ed
exanpl e of, an.inplenentatio rithms, .circuitry.and other intellectual
property ("llali&]”!’?sggBWP&W%@%%@%IW&Q%QIGP@%‘%tg‘gw?fr;t egrated to run
on or operate W he i gi.fal signal processaqr {DSP) .of l.cation
section ZOOE‘)&ﬂﬂAé@séd‘? ﬁP@aﬁéﬁ%‘El %t?an W%B%iq%ra?,mi’#mﬁﬂ‘)ﬁm’:[ @Wl n the
ALCD 102, or, alternatively, betwee 2 angd, ext.ernal ccessory
(not shown) 14%shayedn KK 1. %@@Mﬁﬁ&%@f@ o%ﬂf@e&t’%"% section
200 and position-determ nation sectiqn 202 take pl ace.. These .

communi cat | SRORIeAHGN seekian 20 apd B @opitiondsteriRaton SereR 282 gi’ﬁﬁme&if i on
section 200 to the position-determ nation sectiogn 202, and can take place
on a seri al cosamyieatipn section J0Rmay inslude A gall pragessing (G sestipmingiiiorn) | nes 210,
but other connections or interfaces may be used if desired. Communications
link 208 cathaipsrforms e pecepsing fimstionster the wirelsss applicaionh¥danayoinelnge @  wor ds'

i f desired. Such words are used to finnish
wireless transceiver. For example, in the case of a cellular telepbone, the ALCD 102

would include a CP section with a cellular transceiver.

[061] The position-determination section 202 includes a2 GPS receiver 204 for
receiving satellite transmissions 206 from a GPS satellite constellation 110. The
position-determination section 202 may also include a non-GPS receiver capable or
receiving non-GPS location aiding information as described below. The position-
determination section 202 performs the position computation functions for the ALCD
102. By integrating the technology of the communication section 200 with that of the
position-determination section 202, the ALCD 102 provides two major service
systems: that of a wireless device, such as cellular telephone service, and that of the
GPS receiver to provide location information of the ALCD 102. It is appreciated by
those skilled in the art that this integration provides for numerouns advantages
including meeting the E911 requirements as set forth by the Federal Communication
Commission (“FCC™).

[062] Comﬁuﬁcaﬁon section 200 and position determination section 202 can be

implemented using separate chips or chipsets, or, alternatively, their functionality can
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information to a processor or other functionality that has the ability to
"read" the conmmunicated word or words. Hardware lines 210, if utilized,
can transmt signals, such as a voltage or current |level, which signals
are used to indicate the property to be communicated. [0641 As woul d be
appreci at ecybysosensysef ordinary skill in the art after regadisd@siodse
description, in exanples of inplenentations where Conmuni cati on section 200
and position determ nation section 202 are inplenented on a cgm®Q~ chip or
chipset, <cosi}rmunlcatiot}S befiwee t ¢ twp "sectiPpS" is,4fl 11gcQ
satl[y.aGwplisljc4d Via a |link, as the two sections are not necessarily

physically separate. In such exanpl.es of _ inpl enentati.on onmuni cati ons
may be accoﬁ’ﬁ)‘?q Ot 3 oraIon, SHI, OF ¢RIDSE aF%g\paH??e?Hlé‘féﬁ'b%% 7811
PCT/ US2005/ 040542 _in registers accessed by the .DSP, conmuni catljg over a
comon bus,Ofb?nW&leﬁ‘FWé?mviqiﬁ‘ﬂ“i]%icﬁmﬂ?yi gr“&heEHP ‘?Pf.rtyzg]ﬁl’grther
exanpl es, the_communi cation between sections, nay be nmade by inter-task
conmuni cat i BaoraRg he GPS Amgigoality mayshe inteerated 1o Bw ‘ma?Fy"ReFaﬁ%wst tﬁ‘? equency
transfers between the communi cation section 200 and the | .

posi ti on- detisitatisizael npceswE (PSR of Gpmupagtorseation 206and @sgociatsd SHIPREF or e
describing the present invention in further detail, it is useful to
descri be seiveaiten ifagsnpl e applications in which the invention may be

i npl enented. The exanple applications described herein can either allow
t he ALCD t o063k eWithingh¢ AL.CIHYR oi, alerhatinelys bepats ALEDy HRcand &8 egiernabt |y from
the GPS satellites thenselves. Alternatively, these architectures al so

al | ow t he AlcCBsony (bt showa) o ALERPUHI2 atrimnnicationk befivehn theecoamication j on t o

obtain position information fromthe base station in
section 200 and position-determination section 202 take place.  These

communications allow signals to be transferred from the communication section 200
to the position-determination section 202, and can take place on a serial or parallel
communications link 208 or via hardware lines 210, but other connections or
interfaces may be used if desired. Communications link 208 can communicate data in
the form of one or more software “words’ if desired. Such words are used to furnish
information to a processor or other functionality that has the abilify to “read” the
communicated word or words. Hardware lines 210, if utilized, can transmit signals,
such as a voltage or current level, which signals are used to indicate the property to be
communicated.

[064] As would be appreciated by one of ordinary skill in the art after reading this
description, in examples of implementations where Communication section 200 and
position determination section 202 are implemented on a common ch1p or chipset,
communications befwoen the (we-“sections™ . is:nat neeessarily apcamplished via a
link, as the two section.s are.no‘f; necessarily physically separate. In such examples of

implementations, communications may be accompﬁshed, for example, by §haring d?ta
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situations where the GPS signal strength may be to weak for the ALCD to
make such a determnation onits owm. [0661 In FIG 3, an exanple of an

i npl enentation of an ALCS 300 architecture is shown. The ALCS 300
architecture in this exanple of an inplenmentation utilizes GPS technol ogy
in support wh2w@ms@us | npl enentations of the ALCD 302 feardsh®s/io40542

i npl ementation of E911 and geol ocati on services. By taking advantage of | ow
cost, |ow power, high performance and hi gh accuracy GPS receivers and the
wirel ess network comruni cation services, the ALCS 300 can provide highly
reliable and econom cal solutions to the ALCD 302. The ALCS 300 can be

i npl emented, to. support .vario types of geaolocation services, | uding a
GPS- st andal ‘Gi&8 e & ceased;g %@0%&%7%%%%5& ? il%%%%]f) 62’8%4}2 V§aGi-)’@iéllaut ononous
node, a GPS-networ k-

ai ded node, a GRS-network-centric nod
rever se- ai dPFHBGE! %‘%Wﬁpﬁa%&%ﬁ]ﬁ& e’éﬂ?’éﬁ?gﬁ&%ﬂd’%“&ﬁ%g?%%% each of
which are described in re detail in the related-application docunents
i ncor por at e?i’ctl‘f@?&aﬁ%ewdgg’f@f“é CORPIMIRALAE, egﬁlﬁ%ﬁ %EI ﬁﬁ]gasate a w de

e
range of wireless conmunication technologies including, f ex | e, CDVA
TDMVA, AP, BB & Treguepey tapsfers hetwiengha cpmmupieation Se&ﬁ%%ﬁ%% an

i mpl enentation of the ALCS system 300 may include a UPS satellite 304

(whi ch is ipasitiepdgieinyigation seeidn28ast el | ati on of GPS satellites 304 that are
in Earth's orbit), the ALCD 302 that includes a GPS receiver, a base
station 306, a geolocation (server) service center 308, a geol ocation end
application 310, and a Public Safety Answering Point ("PSAP') 312. [0681
In an exanpl e of operation, thEXEMELEARICATIONS304 transnmits spread spectrum

[065] Before describing the present invention in further detail, it is useful to describe
several example applications in which the invention may be implemented. The
example applications described herein can either allow the ALCD to determine its
position from signals it receives directly from the GPS satellites themselves.
Alternatively, these architectures also allow the ALCD to utilize a communication
link with the base station to obtain position information from the base station in
situations where the GPS signal strength may be to weak for the ALCD to make such
a determination on its own.

{066] In FIG. 3, an example of an implementation of an ALCS 300 architecture is
shown. The ALCS 300 architecture in this examplé of an implementation utilizes
GPS technology in support of various implementations of the ALCD 302 for the
implementation of E911 and geolocation services. By taking advantage of low cost,
low power, high performance and high accuracy GPS receivers and the wireless
network communication services, the ALCS 300 can provide highly reliable and
economical solutions to the ALCD 302. The ALCS 300 can be implemented to

support various types of geolocation services including a GPS-standalone mode, a
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signals 314 that are received at the ALCD 302 and the geol ocati on server
308. For ease of illustrative purposes, a single UPS satellite 304 is
illustrated in FIG 3. However, other GPS satellites also are transmtting
signals that can be received by the ALCD 302 and the geol ocati on server
308, dependiybdoedesighei r respective positions. If the AcERsIIodoeel ves
strong enough signals 314 fromone or nore GPS satellites 304, the GPS
receiver in the ALCD 302 may conpute the position of the ALCD 302 in a
typi cal fashion of a conventional GPS system or through use of the present
i nvention where signals 314 are not strong enough to be received by a
conventi ona GPS recei ver. 91 Alternatively, in sonme exanpl es of

i npl enent at |b(l)) Rau %P?m?lﬁén%{f@bg’g?ef‘?rf‘r@{d&? m9re % GP-aetwpkecegiticdnefieet ough
signals 314, or is.not able to receive signals 314 from 30 WO 2006/ 057811
PCT/ Us2005, 1TSS ing ppdéa Restorichasad g0 aa a5gmenies dion moRBLreRl owhg o 1 ho
posi tion of trégc?ilﬁ ) 302, it may still be able to communicate wth base
station 30638 %)Eim?fatdﬁtﬂ%fsthe irefatefhapplicationdacuments ncorporatesihersion 306 may
conmuni cate, informatign, via signals 316, to the ALCD 302 to allow the
ALCD 302 t oP% 8HFfGEee- i ke 1A el PO camialser araemeriafe at wislelrange of witelessi 306 rmy
comuni cate information fromthe ALCD 302 to the geol ocation server 308 to
al | ow t he ¢EBMBUHGaAIEH teshnolagies smdnding, fureparple GAMAo TDMAMNIMP, aridevéd CD  302.
If the base station 306 is transferring information to the ALCD 302 to

al l ow the PREEIYYSORSto conpute its position, the process is known as

"W rel ess-ai ded GPS," whereas when the base station 306 transfers

i nf or mat i onf06Tlodn €. AlOD=:@0Rlet of anhinplepaitaivatdf diie ABCSesyst3RBM00mha he

geol ocation server 308 to conpute the position of the ALCD 302, it is
known as " rieelvgdy kGBS satellits 308 Swhich is illustrative of the constellation of GPS satellites

304 that are in Earth’s orbit), the ALCD 302 that includes a GPS receiver, a base
station 306, a geolocation (server) service center 308, a geolocation end application
' 310, and a Public Safety Answering Point (“PSAP”) 312,

[068] In an example of operation, the GPS satellite 304 transmits spread spectrum
signals 314 that are received at the ALCD 302 and the geolocation server 308. For
ease of illustrative purposes, a single GPS satellite 304 is illustrated in FIG. 3.
However, other GPS satellites also are transmitting signals that can be received by the
ALCD 302 and the geolocation server 308, depending on their respective positions. If
the ALCD 302 receives strong enough signals 314 from one or more GPS satellites
304, the GPS receiver in the ALCD 302 may compute the position of the ALCD 302
in a typical fashion of a conventional GPS system, or through use of the present
invention whete signals 314 are not strong enough to be received by a conventional
GPS receiver.

069] Alternatively, in some examples of implementations, if the ALCD 302 is not

able to receive strong enough signals 314, or is not able fo receive signals 314 from
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[0701 The geol ocation service center (i.e., the geolocation server) 308

al so communicates with the geol ocati on application 310, via signals 318,
and with PSAP 312 via signals 320. These signals 318 and 320 nmay either be
via wireless links or maybe through the |and-1ine tel ephone network or

ot her wi re-Wasesoegiiworks. [0711 The ALCS 300 may i ncl udardsemsomsey service
systens that include the ALCD 302 with the GPS receiver and the

geol ocati on server 308 having geol ocation software nodules. In addition,
in this exanple of inplenmentation, there can be two types of supporting
systens: the base station ( BS") 306 infrastructure, which provides the

O TR Gl RS TGRS coBtte HApaBAR o2 A 2, i

geol ocat i off® 1on y Initiate the geol ocation

e el SRR ST R i g 1 S
T S R e N
Communi cat /D BEE eBIPRt He AR I FrgR B (g, ey, MERARITE The
71§ zod ¢ aiipRAOhSLsamc pAEEARoR oy AT PIRd SGSipeE 7 °°
of  an oxanprReRItEa0 ABoW R FEAT EE BICESET B RBi i paECD SYSTem
" Gtei i g A0esTihyherestaiion 396 b e gs HurRIRERn B AR dh 108 Porne ALCD
402 includes a _ . . \

ALCD 302 to compute its position, the process is known as "wireless-aided GPS,

whereas when. the base station 306 transfers information from the ALCD 302 to the

geolocation server 308 for the geolocation server 308 to compute the position of the

ALCD 302, it is known as "ngtwork-centric GPS." N

[070] The geolocation service center (i.e., the geolocation server) 308 also

communicates with the geolocation application 310, via signals 318, and with PSAP

312 via signals 320. These signals 318 and 320 may either be via wireless links ot

.may_~'15e through the Iand-line telephone network or other wire-based networks. -

[071] The ALCS 300 may include two major service systems that include the ALCD

302 with the GPS receiver and the geolocation server 308 having geolocation

software modules. In addition, in this example of implementation, there can be two

types of supporting systems: the base station (“BS™) 306 infrastructure, which

provides the network information transfer mechanism, and the PSAP 312 or the

geolocation end application 310 system, which may initiate the geolocation network

services.
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posi ti on-determ nati on section 408 having a GPS receiver client (not shown)
and communi cation section 410 having a CP section (not shown), connected
by, for exanple, an RS232 data |link 412. The communi cati on section 410
conmmuni cates w th base station 414, which comunicates with a main server
416 vi a t hewoedbawszn: and/ or cel lul ar/ 1 and- based t el ephowusiatsivoske 415. The
mai n server 416 communicates with the geol ocati on server 418 and the
application 420 via | and-based or wireless networks, typically using
TCP/ I P protocols. [0741 The GPS signals 404 can al so be received by a
series of reference receivers 422 that conpute the position of the

refer ence 1 a9l VAloARds MuKbRA oo LoahRainRRisl GBRBaTARS.  The

extracted dat such as tine, frequency, etc. is sent to a GPS

data cent er 442y o) ot egp&&&mﬁm "5&ioh ot hBsiFES o6aPR@ at | on

406. yt Wen ne t he cation server 418 extracts data fromthe GPS
402 cort o g r%%r%é%%&?é‘t{’ e B R o AL 0 e
rrm;: 2 2@”3“&%@ Y, I%?)Ithg%’];rflr&ﬁn&@%rr C%r caﬁngé bimkg Focat e?ﬂr ftggsr red
for ggczﬁggzr%{ag;%% Ffae B P carmru%%%nas” *i%éﬂé“”‘%%@%ﬂﬁ@w BB T ecel ve
posi L1 o ceRERTR HEA BH-ion o BOBES THRSTRY o AL A,

client, a server 510 and a CP sectron 512. The server 510 and CP 512 may
be i ncl udeded™e RSN cati on section 514. In the

[073] FIG. 4 illustrates another example of an implementation of an end-to-end

system of an example ALCS 400 with which the present invention can be
implemented. The ALCS 400 iilustrated in FIG. 4 shows the ALCD 402 receiving
GPS signals 404 from GPS satel_lite consiellation 406. The ALCD 402 includes a
position-determination section 408 having & GPS receiver client (not shown) and -
communication section 410 having a CP section (not shown), connected by, for
example, an RS232 data link 412. The communication section 410 communhicates
with base station 414, which communicates with a main server 416 via the cellular
and/or cellularland-based telephone network 415. The main server 416
communicates with the geolocation server 418 and the application 420 via land-based
or wireless networks, typically using TCP/IP protocols.

[074] The GPS signals 404 can also be received by a series of reference receivers
422 that compute the position of the reference receivers 422 and extract data from the
GPS signals 404. The extracted data such as time, Doppler, frequency, etc. is sent to
a GPS data center 424, for all of the GPS satellites in the GPS constellation 406.

.'i’ '.“‘;’ ‘[.

When needed, the geolocation server 418 exiracts data from the GPS data center 424
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ALCS 500, server 510 is usually known as a "thin server,” since it will not
have the sane capabilities of server (i.e., the conmunication section 410)
described in FIG 4. The ALCS 500 utilizes GPS reference receiver 516 to
al so receive signals 502 from GPS constellation 504, and stores the GPS
data i n datwogeniwers1ibl8. This information is transm t tred/dseoosmiosszser ver
520 when requested by application 522, or by the ALCD 506, which uses
server 510 to transmt the data back and forth between the CP section 512
and client 508. The ALCS 500 allows for sonme aiding data, such as
epheneris, to be stored in the ALCD 506 at the server 510 and then

ided taq. th I t f
ordi nary sk ws%.bﬁﬂ'z%&igﬁ%z SRR e b B ALUILG Qlsapitatl, 0 Dne ©
i nvention rrgﬁ 2@\% emsntlgﬁ tQS &Q&mmggeqﬁﬁ msﬁd add BRl ess

cormuni cat i g on a nunber ors incfuding the

wi rel ess network be| d such &5 cel |
Speci al i zedMARSEVE féaﬁ“f)ﬁt" @9/&“ ONSH; etr%’l%/g %;FIQ%Q ia(@w ce d?%d "), etc.
t he physical 33 WD 2006/ 057811 PCT/ 11S20051040542 i npl enent ati on of the

ALCS may va&°¢SfHm t hat shown in FIGs. 3, 4 and 5. FIGs 3, 4 and 5 are
provided for illustrative purposes o ar.e 1t the

appl i cati orf0BH Fia HHlsEtes ang ?’iaBWPet%‘ﬁ“I?@ %‘Bf’?? t'Shs desgi;c' pé&d t her ein.
As di scussed, the exanpl e applicatjons, descr.ib in FE nd 5 can
al l ow the DawOD KIG- ée?’éﬁp%%&fot@ CBBég'{’?%T‘P PPV éﬁﬁ S%z %&%I \?(gs directly
fromthe GPS satellites thenselves, or .via a, corcrlgunlc tlon Ilnéovmth t he
base stat i constellatipn §84-i Fhe ALWELPUS migy taghuslesposition-dele 9 98P 20% o weak

for the ALCD to make such a determ nation on its own,. Becalgff ,h_be pr esent
i nventi on daviogs GRferesdien alse called the client, a server 510, and a CP secfion 512, The

Ly .

server 510 and CP 512 may be included in the communication section 514. In the
ALCS 500, server 510 is usually known as a "thin server," since it will not have the
same capabilities of server {ie., thelc(_}mmunication section 410) degoribed in FIG. 4.
The ALCS 500 utlhzes GPS reference receiver 516 to also receive signals 502 from
GPS constellation 504, and stores the GPS data in data center 518. This information
is fransmitted to main server 520 when requested by application 522, ot by the ALCD
506, which uses server 510 to transmit the data back and forth between the CP section
512 and client 508. The ALCS 500 allows fot some aiding data, such as ephemeris,
1o be stored in the ALCD 506 ai the server 510 and then provided to the client 508 on
demand.

[076] As would be apparent to one of ordinary skill in the art after reading this
description, the present invention may be implemented with other wireless systems or
wireless communication devices. Depending on a number of factors including the
wireless network being used such as cellular, PCS, two-way paging, Specialized

Mobile Radio (“SMR”), Short Messaging Service (“SMS”), etc. the physical
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determne its position fromsignalss it receives directly fromthe GPS
satellites thenselves in situations where the signal strength is weaker
than otherwi se desired, in these exanples of inplenentations, reliance on
t he conmunication link with the base station for position determ nation
can be m niwb3aadnekieven elimnated. As such, the i nvegtrh@ivstsszi N SoMe
exanpl es of inplenentations, allow an ALCS to be inplenented wthout the
link via the base station for GPS data. Further, the present invention nmay
be utilized with hardwired systens such as the | andline tel ephone system

| ocal area networks, etc., wi thout departing fromthe scope of the present

i tion. .REFERENCE QSCI OR_EREQUENCY, RE: 77 '

|t T oducod FORESPHOSH 0 SHE- FPESBTCER Hof SO A PAREFed 690 SiCPcat  ons, i 1
or esent | ndoHOTDAFeTEIlor SREERE osEy B, e et ot £ B8 (6. ng

i nproved Ti

. Lo First Fix (TIFF) and Avail.abilit i t educeqd errors
from a ref GPRIERTLOE TG Prespat nyom @0@8/@?%?%@%‘3@%6@?@&05 t her eby
allowing a reference oscillator of |ower, co and quality tq be_used with
little or dievspedila P’éﬂ‘?lﬂlﬁab@%cﬁ'éﬂ“ﬁéi‘?ﬁfé‘ I’Eﬁ:iG%SI%“réﬂ‘Lis @Hﬁ"cﬁeon. In one
exanple of an__inplenmentation, this is acconplished by obtaini n% esti mat es
of a frequét&P o dstermipe dis position frei csignglscit rpesivre rlikpes Fop MieofPSysi ng
these estimates to predict frequency error in the future, and_ using such
pr edi ct i onsetellites thegrelvere oGpi8 4 eosunygatipn lipk it the,basp istatien g situahiensnconi ng
GPS signal. As a result, longer integration tines are possible as the

recei ver cavhetsethe GPIrsignalastrensibhmay he doiweak fondhe ALER ity make maeh and,

therefore, the receiver has a greater ability to acquire weak signals. The
esti mat es détefminafipenayy its own. Because the present invention allows the ALCD to

determine its position from signals it receives directly from the GPS satellites
themselves in situations where the signal strength is weaker than otherwise desired, in
these examples of implementations, rel_iance on the communication link with the base
station for position determination can be minimized or even eliminated. As such, the
invention may, in some examples of implementations, allow an ALCS to be
implemented without the link via the base station for GPS data. Further, the present
invention may be utilized with hardwired systems such as the landline telephone
system, local area networks, etc., without departing from the scope of the present

invention.

REFERENCE OSCILLATOR FREQUENCY CORRECTION

[077] Having inifroduced the invention and presented a few examples of
applications, it is useful to now discuss the present invention in greater detail. The
present invention is directed toward a system and method for allowing improved Time

to First Fix (TTFF) and Availability with reduced errors from a reference oscillator,
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error can be obtained using a radio received signal to obtain frequency
error measurenents that have sone favorable statistical noise
characteristics as conpared to those estinmates available within the GPS
receiver portion. Alternatively, estimates of frequency error can be

obt ai ned uswodotemamul enents or data that may indi cate apcigysbdsiokizst he
reference frequency. For exanple, a tenperature sensor may be used to
estimate a tenperature-induced of fset based on the anbient tenperature of
the device. [078] Afiltering systemcan be utilized with the present

I nvention to provide a net frequency estimate having the best (or at |east
better) noi 5e ERAIRANEE LS oRfnhet & 1ohatolt ARG G eY Sihingal s and
the original reteren source. I'n one exanple of" anh | nplementation, the
filtering systemis an ad i Vv ol t pab f "self' _ adi nt in
that it can&a{ﬁ’arﬁ “cl%'?% %%egfoglé?.né:r@ iogs?tﬂl1 ecgﬁ%aégﬁ&oé\lgﬂ%g' i@%ﬁ% e’éﬁrﬁ% sélﬂs
receives.

As_ a result.. the ad i filter can be an its
i ter char ERGHEERPRMs e RaRDe Probublh sSis Sy A AR RENE ¥
condi ti ons. 79] In application, the inventiqgn can.be utiljzed to reduce,
or at |eastl® r‘fié‘l‘i%c&t%q{?%y? reﬁ’sfn@ctbgse(?%h‘? ?ﬁ&gpﬁﬁﬂffge%l}ﬂﬂ%ﬁ%{ Mactors
that may induce variatjons of the 35 0 057811 PCT/ US2005/ 040542
ref erence o€ iftg ) using fide .°Wt%§¥$b$“8?ﬁ(§oﬁ§qlﬁéfogﬁ°k§§%PgﬂéﬁP on where
the GPS recejver,is_integrated with the functionali t%/rgof guacell | ar or
ot her nobi | & MEPRBESFRS sigRghe Ay haesully Jopgesintegrption, Bmes ARosHPEASLES 0 nake an
emergency 911 call, it is _possible that his or her cellular _tel E‘?hone was
previ ousi y JseRiEstsan better mppintaiarohergncs withy g inepming signal;and, Gerefogs. tBe ner
reasons. Wien the cellul ar _tel ephone user wishes to nake the energency 911
cal |, he orreediverrhase greatestabifyie aevire yeeak signalsa  Thecasipaisn of fsawenfhus  apply

power to the telephones circuitry, including the transmtter. The transmt
error can be obtained using a radio received signal to obtain frequency error

measurements that have some favorable statistical noise characteristics as compared
to those esi_:imates available within the GI_’S' receiver portion. Alternativgly, estimates
of frequency error can be obtained using measurements or data that may indicate a
drift in the reference frequency. For example, a temperature sensor may be used to
estimate a temperature-induced offset based on the ambient temperature of the device.
[078] A filtering system can be utilized with the present invention to provide a net
frequency estimate having the best (or at least beiter) noise characteristics of both
radio and GPS receive signals and the original reference source. In one example of
an implementation, the filtering system is an adaptive filter, capable of “self”
adjustment in that it can adapt its characteristics based on the input signals it receives.
As a result, the adaptive filter can be advantageous as its filier characteristics can
change in response to varying signal conditions.

079} In application, the invention can be utilized to reduce, or at least compensate

for, the effects of temperature or other factors that may induce variations of the
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process, and powering on the conponentry in general, generates sone heat,
which builds up inside the cellular tel ephone. This causes the tenperature
of the reference oscillator to ranp up, which, in turn, causes the
reference frequency to accelerate. As a result, the reference frequency
used to getwe 2bdepkison the GPS satellite signal is off Werg26€640842n anount ,
which is referred to as frequency error. Additionally, this frequency

error can change over tinme, for exanple, as tenperature increases or
decreases or as other factors change. This frequency error nmakes it nore
difficult for the GPS receiver to get a position fix in a tinmely manner.

[ 0801 The invention..determ rQrq: ' | rate,

whi ch can B ereﬂ?es%sﬁ%lgtgﬂﬁfér?eﬁéfé nlid}%fg%aﬁ %ﬂ%@%@ﬁ"@e élrl%'p ?%r% gr %te}%gl eration),
and uses this. characternization d h | | ntearati I ncom ng
&S 5 gal NeBvGLR pegeE AR o8 TgRRbRLP ofh s T P dble Rlechife.

h i th 1he incoming signal. As |1, LB 5.8 Lect| i d
i gher - sorReph bR Eofche 3l isies 7 e brkened A ool BRI Or o
| i gnal levels t hieved. [0811 The inclusion of the filteri
o7 ocese. a1 R Perco A FephSHAoePRYALRS AoNEn of gopaRis BPlfHed such

, e, ph | er at ] d | I id. 36 WD
2006/ 05751 P AR g0y b oo, B SeLah st e h BRI s

hi gher-order characterization data allow the recejver to inject a drift
i tho el Py 2, thys

rate corre€mrEEANgYaRtlosall, e 6 shecmpE LT RAVSH o8| K nterval of
processing tine. In one exanple of an inplenentation, the_ characterization
dat a, incl aeplyigpomise i iﬂgqntql&pbﬁmférclreﬂlawa&r@}d%ﬁeownaa%ﬂéﬂcéﬁwaéﬁﬂswoj ected in
time to allow application of such a correction factor to a future
pr ocessi ng pracasse ayhpowexidg; an the spmponenisy o gensralnganerals sameihesh hicht at i on,
the filtering system can

builds up inside the cellular telephone. This causes the temperature of the reference

oscillator to ramp up, which, in turn, causes the reference frequency to accelerate. As

a result, the reference frequency used to get a lock on the GPS satellite signal is off by

a certain amount, which is referred to as frequency error. Additionally, this frequency

error can change over time, for example, as temperature increases or decreases or as

other factors change. This frequency error makes it more difficult for the GPS

receiver to get a position fix in a timely manner.

[080] The invention determines the frequency error and its drift rate, which can be

discussed in terms of a phase acceleration (or deceleration), and uses this

characterization data to allow integration of the incoming GPS signal to occur over a

longer period of time while maintaining coherence with the incoming signal. As a

result, this effectively provides a higher sensitivity GPS receiver, allowing detection

and measurement of lower signal levels to be achieved.

[081) The inclusion of the filtering process allows higher order characterization data

to be determined such as, for example, phase acceleration and phase jerk (i.e., rapid
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al so provide the ability to conbine (preferably optinmally) neasurenents of
varyi ng neasurenent quality and varying sanpling intervals. Such

hi gher-order characteristics may be utilized in either a hardware or
software inplenentation. [0821 FIG 6 is a functional block diagram

I 1l ustratingrotXagsosacti onality of the frequency oscil | @@is:00R38%R42
correction systemin accordance with one exanple of an inplenentation of

the invention. Referring nowto FIG 6, in the illustrated exanple of an
i npl ementation, a frequency oscillator phase correction system 614 incl udes
a frequency error block 630 and a frequency and time control block 634.

Frequency ernor..bl gck 630.and. frequen and tinme control block 634 are

i npl enent e g daias @W’rﬁ?ﬁ flﬁ:'g"&ﬁ‘ n@%egﬂlﬁi%ﬁg@g Fhapgeiedizafion.y Eﬁ@%ﬂ%

reference signal 678 prqvjded to .the GPS receiver, usually by a |ocal
frequency rf'é%é‘feéﬁc’c’é‘ﬁggﬁ TEs gorreptan ?ai""fé)ﬁ%?lﬁk? coprReon %’Hﬂg fi‘&%“gcaé‘n t hen be
applied by the afl:’% recei yer, for exanple in lan ALCD,  t reduce or
conpensat e PGV R PFecassing d*met'eng%r ey c8agpie o o gt rimplegpegiatiny theay cause

variations in the reference oscillator frequency. [0831 FIG 7 is an
oper at i onal ShRREGIZRgY k% e athien §igherordeie cadtpcivrization (igta L Rfency
oscillator phase correctjon systemin accordance with one exanple of an
i npl ement atgreigctert indthne o allew apRlicatiqut such afgrefionifacton texg futgreaiepesing n a st ep
704, 37 WD 2006/ 057811 PCT/ QS2005/040542 frequency error block 630
det er m nes ipiervgk ndddiéenalipdoene renmlexfisaiaplomsniation the flterigg aysteayeant 0 be used
by a position determination systemfor receiving GPS signals. This
i nf or mat i orelspamovid thedbility e cembing (nesferahly captimatly emedsuretnsnts rof yawingy error of
frequency reference signal 678 at a given tinme. The estimate of the
frequency engagiemént foneliferand wvafyingesemphngyniaterG8 cafuche hightreondémed by
receiving this information from

characteristics may be utilized in either a hardware or software implementation.

[082] FIG. 6 is a functional block diagram illustrating the functionality of the

frequency oscillator phase correction system in accordance with one example of an

implementation of the invention. Referring now to FIG. 6, in the iflustrated example

of an implementation, a frequency oscillator phase correction sysiem 614 includes a

frequency error block 630 and a frequency and time control block 634. Frequency

error block 630 and frequency and time control block 634 are implemented to

determine frequency characteristics of a frequency reference signal 678 provided to

the GPS receiver, usually by a local frequency reference source 624. The frequency

characteristics can then be applied by the GPS receiver, for example in an ALCD, to

reduce or compensate for the effects of temperature or other factors that may cause

variations in the reference oscillator frequency.

[083] FIG. 7 is an operational flow diagram illustrating the operation of the

frequency oscillator phase correction system in accordance with one example of an

implementation of the invention. Referring now to FIGs. 6 and 7, in a step 704,
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a separate or external source (e.g., external to frequency error bl ock 630)
or by conputing this information, wherein the conputation is perforned in
part or in whole by frequency error block 630. Conputations, whether
internal or external to frequency error block 630, can be made through
vari ous neaws,.zossstsudi ng, for exanple, utilizing a tenanabss@iosensor to
estimate frequency error based on the neasured anmbient tenperature in
whi ch the device is operating. [084] In another exanple of an
i npl ementation, the estinmate of frequency error nay be obtained fromthe
conmmuni cations portion of the ALCD in which the position determnation
systemis o ' I | -] tion, fo exanpl e, a
ﬁ&{u%%d , grmr ﬂoél{] B§O ?él@ﬂ%gs %or%&?éﬂg}gi)mé i%iem}e,nc% refe{eﬁg?

phase-1| ocke automat ¢ frequency con clrcu ro

t echnol ogy r.ath in . |.Lul.ar. tel eph@ne por.ti of the ALCD to
det ermine t dlgﬁ% goﬁ%n%é& Egta\écsalﬁ(’%ﬁ%ter 2oy ﬁs(g%le? " g‘?‘”ﬁ%%rﬁ t on signal
and the fregue referenc ignal 678. [085] Inf ti on about frequency
ref erence sf@ﬁéﬁ% 0g &A™ é?ci% ° gocfl %@Pﬁnﬁéﬁﬂﬁh%ﬁf%ggfﬁﬂW%W%O i gnal
quality of signal.receive the ALCD. L For ex e, wWhere the ALCDis a
cel lul ar teﬁ@&ﬁ%&%@?ﬁ%@aﬂ%@%&gﬁeﬂi eangF Fq"ﬂ?gqn‘ﬁjiq‘ﬁ%?%‘ﬁ?‘iycﬁ‘imﬁ% i ncl ude
a measure of the signal quali of, the recejved co ni.cation signal of the
ALCD. Freq W%FP’%WHE 58%‘3@& é%%ca@eh‘? J%E’“Pﬁ‘ﬁgby 5%5’8@%3%%%&0% noi se in
the 38 WD 2006/057811 1' CT/US2005/ 040542 frequency estimtes, which is a
function of® tHEI §hsFegaafqurss (CdeetXieraly Femenqycesror Rlock 630 Bl | ul ar

tel ephone's signal quality). [0861 | n one exanple of an inplenentation,

esti mat es JTOHPUERY R dpfogpationcwhareia dhapmpylation isperprnred ippart prigodds error

bl ock 630 at periodic intervals, such as, for
by frequency error block 630. Computations, whether internal or external to

frequency error block 630, can be made through various means, including, for
example, utilizing a temperature sensor to estimate frequency error based on the
measured ambient tgn;perature in which the device.is_ operating.

[084] In another example of an implementation, the estimate of frequency efror may
be obtained from the communications portion of the ALCD in which the position
determination system is operating. In this example of an implementation, for
example, a phase-locked loop, automatic frequency control circuitry, or other
technology may be operating in a cellular telephone portion of the ALCD +to
determine the difference between the received cellular communication signal and the
frequency reference signal 678.

[085] Information about frequency reference signal 678 can also include information
regarding the signal quality of a signal received by the ALCD. For example, where
the ALCD is a cellular telephone or like device, this additional information can
include a measure of the signal quality of the received communication signal of the

ALCD. Frequency error block 630 can be tuned based on the expected noise in the
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exanpl e, every 45 m|liseconds, although other time intervals may be used.
A received frequency estinate is conpared to the previous estimte, and a
difference neasurenent is taken. The difference nmeasurenent is used to
make an estimate of the phase acceleration of the frequency error. [0871
In a step 7Q% 2obgdgdency error bl ock 630 uses the inforp@atoRoeselhisad ned
regarding error in frequency reference signal 678 to determ ne appropriate
frequency characteristics 674 that will be used to correlate the position
determ nation system w th received GPS signals. In one exanple of an

i npl enentation, frequency error block 630 is inplenented as an adaptive

filter, alt I . tAat | . jr - . eyl arly, in
one exanpl eﬁgﬁgﬁp%slan%%t@g?fe%%o% n@#@gq%gg%gs%ng? ﬁLoﬁth}l %F%%%%S@g%ﬁqynpl enent ed
as a two-stgt [ ' track phase acceleration and phase
jerk overti%é;’t@éer%{e:lélpbgéise%ggﬁarﬂ%@és of pE\ase acceleration and pﬁase
jerk can th used by.,the Kal man filter . redict ph ration at
times in th@gpﬁﬁ&roél? eﬁ%@i oﬁﬁ &?Przf‘?lﬁegnqdﬁé’ {gg#%tg%oflg‘%‘ﬁlg?&oaﬁég c%‘g’(ré‘?gft ernative
functionality, the f nc charagcteri.stics t.hat .are eterrrinepin step
708 can inc?%g‘ét,emf’ﬂ?‘{ g’g oy ?}Wé?@ﬁ‘elﬁ?‘iﬁ?@@%‘%‘éﬂn{ﬁ?ﬁgr oAty 1 or
(i.e., error expressed ;ﬁ?arts-spe -t{%li n or .other uni i}j) i%e rate of
change of tW@mfplr[)eECﬁ‘fﬁWc‘;ﬁ é'?lﬁlé?cof‘ﬁi.’é’iﬂ,m r et ipe dotgvpls 192y PF diiPd e fdnd) .
Additionally, to allow the systemto paintain. better cohedre e 39 WO

2006/ 0578118 SOVCERIBA 1S GRRPHE & LI BRI RURERORY § AIHRIASS 50 be
desirable to obtain higher order frequency characteristics such as
frequency aPE¥UEeeHt 5 . gthe diffgrefpoe Jugasuregent i psad; 19 ppake @g fafmatg, 9f

frequency jerk (i.e., the rate of change of acceleration, or error
parts- per - the phase acceleration of the frequency error.

[087] In a step 708, frequency error block 630 uses the information obtained
regarding error in frequency reference signal 678 to determine appropriate frequency
characteristics 674 that will be used to comelate the position determination system
with received GPS signals. In one example of an implementation, frequency error
block 630 is implemented as an adaptive filter, although other implementations are
possible. More particularly, in one example of an implementation, frequency error
block 630 is implemented as a two-state Kalman filter, which can track phase
acceleration and phase jerk over time. Current filtered estimates of phase acceleration
and phase jerk can then be used by the Kalman filter to predict phase acceleration at
times in the future.

[088] Utilizing the Kalman filter or other alternative functionality, the frequency
characteristics that are determined in step 708 can include, for example,
characteristics such as frequency error (i.e., error expressed in parts-per-billion or
other units), the rate of change of the frequency error (ie., emror parts-per-

billion/second).  Additionally, to allow the system to maintain betiter coherence
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billion/second 3). [0891 Frequency error block 630 can also be utilized to
provide filtering of the input that conmes fromthe comuni cati ons portion
of the ALCD. This may be desirable in certain applications such as, for

exanpl e, cellular tel ephones where the baseband processing operates at a

rel atively Wogboshhgriw dt h (hi gher than the GPS recei verpcrayissnlosef a few
hundred hertz. In such applications, frequency error block 630 can be used
to filter broadband noise fromthe incom ng signal. Although illustrated as
a separate block, the functionality of frequency error block 630 may
alternatively be conmbined into existing filters in the GPS receiver of the

ALCD. *As analdidh Rl ioBLE 5F BaE KG bol dBroh 46! SRR bighike Bl hERURACY er T or

bl ock 630 may Bé“co he™ processi ng ncti ons of t LCD (e.qg.,

the cellular tel ephone’.s DSP) . e o EihidAe guency
characteris ggte%g‘tc%s?ﬁhnﬁsd F%ueg{}gggc%lﬁéﬁo?@é“ ??%%éaéﬁ%fygﬂl? or fésnrd roj ect ed
into the futyre. Such, groj ections can, b La.yario L.t hns
operating vﬁnahﬁ?ﬂuf”?f? -@@‘eg{edufhfir&ge 8$)°h?n§g(ﬁg%c€§lg%g§lﬁl +ra or g%%gﬁeekcor rection
system 614@#—113 ver,a i n one exanple of an inplenentation, the projections
are nade sePhhency error bl ock 630, which, as stated, in this

exanple of an inplenentatjon |s inplepented.as a Kaloan filter or the

i ker A o 81 ERRREIEY SrBhRTr e sehl oF Huger R pSvide Siaroat shebeft,
applications, operates using a set of, t he .cal,.al gorith to provide a
conput at i orfatt ce@es ‘Pméllleg‘é’mwuf’%“rpoé%‘l"l%‘? ‘g'g&bt %’P%[%e %?Sga’l?)’r“ocess,
often in a way that m nimzes the nean of the squared.error. 40 WO

2006/ 05781 1ceFiir/ ARt s1sosngh 43, f@r?é%henﬁﬁﬂ“i%r|t?1§P%°B%ﬁ1WBFf8\Fgﬁé’a%¢Eﬂdnat i ons of

past, present, and even future states. In qperation, the Kalman filter

estimat es aprpgessing apamtes gl dgelativebr highfbapdwidhn thishen fhangthe GPS receiver
system) of a few hundred hertz. In such applications, frequency error block 630 can

be used to filter broadband noise from the incoming signal. Although illustrated as a
separate block, the ﬁlnctionaﬁty of frequency error blqck 630 may alternatively be
combined into existing filters in the GPS receiver of the ALCD. As an additional
alternative, the functionality of frequency etror block 630 may be combined into the
processing functions of the ALCD (e.g., the cellular telephone’s DSP).

{090] In a step 712, given the frequency characteristics determined in step 708, the
frequency error is projected into the future. Such projections can be made via various
alporithms operating within (or even outside of) frequency oscillator phase correction
system 614. However, in one example of an implementation, the projections are
made using frequency error block 630, which, as stated, in this example of an
implementation is implemented as a Kalmen filter or the like. A Kalman filter,
commonly known in various signal processing applications, operates using a set of
mathematical algorithms to provide a computational set of algorithms for estimating

the state of a process, often in a way that minimizes the mean of the squared error.
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More particularly, the filter estimates the process state at a given point
in time and then obtains feedback from neasurenents taken and uses this
feedback in the estinmation process. As a result, the Kalman filter can

typically operate in two nodes: the tine update node and the neasurenent

updat e nodewobb®btsie update node utilizes tinme updat eeclngooshlivds: t hat are
capabl e of projecting the current state and error covariance estinmates
forward in time to obtain an a priori estimate for a next tine step. The
measur enent update node utilizes neasurenent update algorithns that are
capable of utilizing the feedback neasurenents and incorporating a given

nmeasur ementq ﬁ“’l riori, estimnnte taln an i EQY pasteriori
esti mate. ]iﬂr?gé e orgl,tgrt“ﬁ%pfolv}% eﬁ“{% 8 3#%%?%%%’ Qr?V%H; re%gthr%se'd 0 as
predi ctor al got.it whi | t he asurenent updat e al.gorithns can be
t hought of Oé’gm O Kl ?Sf'ﬁﬁg.ga[f’ﬁ‘{«f’ff' ynusb'%éal' fqlé’ﬁ?eefihaé’ﬂlﬁg?'ﬁ@h filter
typically erates in a,cyclical manner. The  tine .update algorithns are
used to est&ﬁﬂt&tﬁqu@;}lﬁ’rﬁﬁﬁ@r ?ﬁﬁlatqszgeggﬁoﬁffs SRR A given Pyt ‘I“lfg’ﬁ‘? % ime, and
t he neasurepent updat e al gorithnms neasure. the actual performance, and
adj ust the tg?eﬂoﬂefeﬁé?e@ﬁ?lﬁ%o%nﬁ%@%@@%fﬂ?h@%&%#@eﬁm Sfent. As a
result of this iterative process, predigction estimtes c¢an generally be
obt ai ned neFEMALRNRIPCest | As 4 wawt fhsUf elman Hien Gew iypirally parntn 84w eS¢ he
feedback | oop.. [0921 Wth the frequency characteristics of reference signal
det er ni ned, s fims wndals modegand; e mResYERAAIPdate dnefiep Lheltime WdedBeds i ned i n
step 712 can_now_ be used to__allow the GPS receiver to adjust the operating
frequency ofiligesstine ypdate glgprithes dhatige sapablgrpfaireigetingsthe cpaent istate awsht | nuousl y
or at intervals) to obtain better phase coherence 41 WO 2006/057811
PCT/ US2005/e0%p Savarianget dstimpfes fpwand; igritmesto olfainae & priorsestimatedfoeraept e of an
I npl ementation, this can be

time step. The measurement update mode utilizes measurement update algorithms that

are capable of utilizing the feedback measurements and incorporating a given

measwrement into the a priori estimate to obtain an improved a posteriori estimate.

Therefore, the time update algorithms can be referred to as predictor algorithms, while

the measurement update algorithms can be thought of as corrector algorithms.

[091] In operation, the Kalman filter typically operates in a cyclical manner. The

time update algorithms are used to estimate the process that is going to occur at a

future time, and the measurement update algorithms measure the actnal performance

. and adjust the projected estimates as a result of the actual measurement. As a result

of this iterative process, prediction estimates can generally be obtained more

accurately than would otherwise be obtained without the feedback loop.

[092] With the frequency characteristics of reference signal determined, in a step

718, the measurements and predictions determined in step 712 can now be used o

allow the GPS receiver to adjust the operating frequency of its local oscillator on an

ongoing basis (either continuously or at intervals) to obtain better phase coherence
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acconplished wth frequency and tine control block 634 or in other blocks
within the ALCD. For exanple, in another exanple of an inplenentation, the
frequency characteristics are stored in one or nore registers or other

| ocations and utilized by a processor (such as, for exanple, a DSP of a
cel lul ar telvopbsnerser other ALCD) to performthe frequengys2ius@ueet i ons and
provide an indication to the receiver of the frequency adjustnment. [0931
Fig. 8 is an operational flow diagramillustrating a process for estimting
a value for the frequency acceleration at a future point in tinme according
to one exanple of an inplenentation of the invention. Referring nowto

FIG 8, in a_sLe 2, the emreceives measur enent t: mat e of
the fracti o) &‘F%%gﬁ ‘e?'r%}/,ﬁuﬁﬁt?‘géx eef’g?nag?@?m? e‘loﬁbg]isu%%n%nt of the
fractional frequency error, AflfQ. s receiye iven i iLnterval s,

i .e., once 3% 1s‘%d\§1§:t ?cymWﬂ?ﬁ%&gé?{‘ 8%’,11 ﬁ?@b{?ﬁ%‘é‘f”]{"‘a ‘raﬂey
associated with a_given asurenpent may actual ly be nuch_larger than the
error of tAT fF@r@%@%fms@nghmﬁwgfﬁr@%W?m“?Pm&e )f‘ "§HE exanpl e
of an inplenentation, these nmeasurenents are considered as.ta receiver
cl ock accahapelensiss anestonad inqne AT mereegistersgr gtiier f9catinns sag utilgs Z’Y a
particularly, in this exanple _of an inplenentation, the syst utilizes
the diff er diewsssor (swoh 8% Joreeramplead P et sellulgs delephons gF ather ﬁr@ﬁ? s an
accel eration neasurenment. [0941 In a step 805, the systempredicts the
accel er at | aorform theefréquenayeprojeciions sind provideotnb indication 19 the PESF PEE i n t he
future. To enable the systemto predict the acceleration at tines in the
future, in foquersyadiptmentf an i npl enentation the systemis inplenented to

nmodel the acceleration and jerk, and can be inplenmented to ignore 42 WO
2006/ 05781 0¥ T Figs 308 TnOopestional flow diagram illustrating a process for estimating a

value for the frequency acceleration at a future point in time according to one example
of an implementation of the invention. Referring now to FIG. 8, in a step 802, the

system receives a measurement or estimate of the fractional .frgquency error, Afffo.

Preferably, the measurement of the fractional frequency error,Afffs is received at given

time intervals, i.e., once every Af seconds. However, in practice, the uncertainty

associated with a given measurement may actually be much larger than the esvor of
the difference of subsequent measurements. Thus, in one example of an

implementation, these measurements are comsidered as the receiver clock

acceleration, rather than receiver clock frequency. More particularly, in this example

of an implementation, the system utilizes the difference of subsequent measurements

and interprets these as an acceleration measurement.

[094] In a step 805, the system predicts the acceleration of the frequency error at

determined time intervals in the future. To enable the system to predict the

acceleration at times in the future, in one example of an implementation the system is

implemented to model the acceleration and jerk, and can be implemented to ignore
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any higher-order ternms if desired (which is the exanple of an

i npl enmentation described herein). The clock accel eration, a, can be
illustrated by the expression, a=xlt+x2 in units of, for exanple,
parts-per-billion/second (ppb/s), and where xt is the frequency jerk and
x2 i s the fwedesmeikiaccel eration, at a given tinme t=0. Jcadakdobstdosfr0ugh ti e
t = 0 can be fixed as being sone tine in the past, in one exanple of an

i npl enentation, t = 0 is defined as the tine of the nost recently received
frequency neasurenent. Thus, in this exanple of an inplenentation, when a
new neasurenent of a is received, this new neasurenent is defined _as time t

;ng’soagﬁ.tarﬁgh%gge(ﬁ’]f% r s i S “ﬁ’%ﬁ‘iﬁﬁ@%ﬂpﬁeﬁ‘%ﬁ el o ﬁét’ﬁ a
[ ' 20
o o oL it b Bapid TR R PSS e

di scussed above, in one exanple of an inplenentation, the systemis

i npl enented using a Kalman filter f5FX%fté&guency error block 630. In a step
810, the Kalman filter tracks a state that can be illustrated by the

expr essi on,inxusits[ of, fsz Elample, parts-pendiltimdetortdn Gipbispnase whered xf dy thene
propagation of the state through tinme is, Xk = Axk_ i + w where Ais given

by, r r1 0 1ﬁ'eq%e1ﬁ5! jerk and x, is the frequency acceleration, at a given time 7=0.

[0095] Although time #=0 can be fixed as being some time in the past, in one
example of an implementation, =0 is defined as the time of the most recently
received frequency measurement. Thus, in this example of an implementation, when
a new measurement of a is received, this new measurement is defined as time 7 =0,
and the time of the previous measurement Is described as f=-A7, and so on.
Therefore, in this example of an implementation, to estimate @ at a point in the
future, say, at a time 200 milliseconds (ms) after the previous measurement, this is
referred fo as time ¢ = 200ms .

[0096] As discussed above, in one example of an implementation, the system is
implemented using a Kalman filter for frequency error block 630. In a step 810, the

Kalman filter tracks a state that can be illustrated by the expression,

xr= [xl Xy ]T

and the model that can be used for the propagation of the state through time is,

x, =Ax,  +w

L ]
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L 1 43 WD 2006/057811 PCT/ US2005/ 040542 and wis the process noi se,
distributed N(O,Q In one exanple of an inplenentation, the filter is
tuned by adjusting the elenents of the process noise covariance matrix, Q
[ 00971 The received neasurenents of a will be denoted z, and the
measur enent wonmebmis7sis, Zk = Hxk +Vk where H is given hsgraszdiBioddsand v is
the process noise, distributed, N(OR). Ris the variance of the received
measurenents of a. For exanple, R = (2 ppb / s)2. [00981 The matrix P gives
t he covariance of the state estimate. In one exanple of an inplenentation,
in a step 814, a guess is initially assigned to the state, and Pis set to

reflect theﬁgp\%ere&%ePBEmE%lﬁ%&Hﬁﬂe&Uﬁﬁﬁg)ForE@@&”plafam P08 A

ILT-~ O O crand c are the initial uncertainties regarding

1| pes modmIRRgRpe pedies it et 57 S Bsk fe SBpduEbERr’fters BEsEYS NT o,

measur enent Thl S can.be, done prior to the new 44
covariance matrix, .

[0097] The received measurements of a will be denoted z, and the measurement

model is,

z, = Hx, +v,
where H is given by,
H=[0 1]
and v is the process noise, distributed, N(0,R). R is the variance of the received

measurements of a. For example, R = (2ppb/s).

[0098] The matrix P gives the covariance of the state estimate. In one example of an
implementation, in a step 814, a guess is initially assigned to the state, and P is set to

reflect the confidence of the assigned guess. For example,

Where here, o) and o) are the initial uncertainties regarding the jerk and

acceleration.

[0099] Therefore, in a step 820, the system uiilizes measurements received to predict

the state at the time of the new measurement. This can be done prior to the new
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WO 2006/ 057811 PCT/ US2005/ 040542 neasurenent being performed. In one
exanpl e of an inplenentation, this prediction is given by the expression,
2k = Axk-1 Pk = APk-1AT + Q[001001 In a step 827, the new nmeasurenent, zk,
is added in to the algorithmas illustrated in the follow ng expression,

- 1 Kk = PwoboqdsBia HT + R-1 P =121 - Pk, 22 Pk, 22 +R pda/osebos/040542

+Kk ( Zk- HSk) =xk +Kk( Zk- xk, 2) Pk =(1 - KkH)Pk which yields a current estimte
for the frequency jerk x1, and for the frequency acceleration x2. [001011
In a step 832, the acceleration at sone tinme in the future is estinmated

as, NO = 21t +x2 [01021 The process of predicting the acceleration of the

frequency CaRaffentidNBeind h&FRhbY ElnYons Ldingld 3t ad Ml@EtaABA, 1B paldicibh s val ue
for given points in the Tuture are conputed on an ongoing basis. [01031
FIG 9 is ajf tyQidkpRsQ6K diagramillustrating the functionality of the
frequency osc ator Sﬁase correction systemin an exanple environnment of a
sinple ALCD. Referring nowto FIG A9, exanple ALCD 902 is illustrated
as having a comunication section §42 Qe a position determ nation section
914. As with the B, = AP, A" +Q

[00100] In a step 827, the new measurement, z, , is added in to the algorithm as

illustrated in the following expression,

R 1
K, =P H'(HF H" +R)" =[ ";‘2} -
‘ ’ F Pk,zz Pk,zz + R

ﬁk =£;+Kk(zk_-H‘%]:) =£; +Kk(zk _:ﬁ]ZZ)
Pk =(I-KkH)P::

which yields a current estimate for the frequency jerk xi, and for the frequency
acceleration xz.

[00101] In a step 832, the acceleration at some time in the future is estimated
as,

) =%i+%,

[0102] The process of predicting the acceleration of the frequency can be done
iteratively such that the estimaiion of this value for given points in the future are
computed on an ongoing basis.

[0103] FIG. 9 is a functional block diagram illustrating the functionality of the
frequency oscillator phase correction system in an example environment of a simple
ALCD. Referring now to FIG. 9, an example ALCD 902 is illusirated as having a
communication section 912 and a position determination section 914. As with the

example applications described above, with reference to FlGs. 3, 4 and 5,
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exanpl e applications descri bed above, with reference to FIGs. 3, 4 and 5,
45 WO 2006/ 057811 PCT/ US2005/ 040542 comruni cation section 912 and position
determ nation section 914 can be inplenented using separate chips or

chi psets, or, alternatively, their functionality can be conbined or shared
on a comonwoldg/oersiacr oss nultiple chips in a chipset.pdwrsospas e, in
one possible application where ALCD 902 is a cellular telephone with E911
capability, the foundational conmponent of such a cellular tel ephone is a
DSP. This DSP is typically tasked with perform ng functions such as, for
exanpl e, nodul ating and denodul ati ng the data stream coding and decodi ng

the data stEGahnifdionCidclbn ORDEGhi OfoshitE GBEMBRAHRN sectidR’ Y1f idad 8o d
decrypting for security and privacy purposes, and conpressing and

deconpr essi EQPSI&H&M%%%&Q hips b chHREE, orARLHEAT) ARGy A daalig cdar e

(applicatio pecific Integrated circuit) 1s incl u%fed in the chipset and

oper ate undgl ol shitbd O o Lbifmb¥ehip bR 868s< trliEplo s B URRRA! Gor Per f orm

functions such as, for exarrp?e, procegm ng, nodufati on and denodul ati on of

th [ |, A ' I : j il LA t

techni quos, “CRF I ghd Phele oolial ar XEER Bpoth o e OB i 20 T

and 1 ecel vegbiELlang, Bk bRBaGH! bihAlnhCliSRPR SRR Elebndd @A | cali on
i

of the radi 0" sighal's one applica S nay also I nc e a general purpose

processor tgQ..h e qt her, f ti Q of.the cel |l ul ar el epghon wel | . For
exanpl e, i n%m%dﬁﬁr@%ﬂyoﬁgﬁdhgﬂg& cra "nﬁuﬁlﬁ%t%oél S%c%ragbf?%:cee)gjsll ?e’suppor ts

the user interface of, the ndset .and, handl es th r Layers. of the
comuni cat i BIHQ“%‘F& qyécgfemgfbg\%ygg t$FI gata srran, g0 Slgsangggﬁﬁl%egstlh% ala stredm
i npl ementatijons, .th un tionalit]%((i of. t he Eositjogbdeterm'n ti.on section

914 can be fonSPendstke 8’3 SRreCtifiy FROTEHRE 2pd Hoctupting Jor sReyTHY anqprivacy o

devices, which are tjed to the c ni cati.on )
purposes, and compressing an%%compressmg the speech signal. In some

o

applications, ASIC hardware (application specific integrated circuit) is included in the
chipset and operate under the control of the DSP. These ASICs can be used to
perform ﬁm;:ﬁons such as, for example, processing, modulation and demodulation of
the signal, and are typically found in systems utilizing spread spectrum techniques.
Additionaily, RF circuitry is added to provide the transmit and receive functions of
the cellular telephone as well as amplification of the radio signals. Some applications
may also include a general purpose processor to handle other functions of the cellular
telephone as well. For example, in some applications the general purpose
microprocessor supports the user interface of the handset and handles the upper layers
of the communications protocol stack. Thus, in various examples of implementations,
the functionality of the position determination section 914 can be implemented using
additional processors, ASICs, or other devices, which are tied to the communication
section 912 wusing various hardware or software interconnect technigues.

Alternatively, the position determination section 914 can be implemented by
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section 912 using various hardware or software interconnect techniques.
Alternatively, the position determ nation section 914 can be inplenented by
46 WD 2006/ 057811 PCT/ US2005/ 040542 incorporating additional functionality
into the DSP and ot her conponentry of the comunication section 912. For
exanpl e, i nwrossobatt er exanpl e of an inpl enentation, EgEsdshessused to
determ ne position informati on would be included to operate in the chip or
chi pset provided for conmunication section 912. Thus, although

comuni cation section 912 and position determ nation section 914 are

Il lustrated as separate functional blocks, in inplenentation, they may

comprt e, SATRBAIN it BABANGEY e bOISE oROSuL Chnfiieeonat on
Lransss! oo Skl BTS00 Chy | abft ' D, GRS Skl 07 gu AL houoh

_ eteérm nation Section may also include a non-
S T oo vt SRR Uit BE R AR Bo bR SRy bopned Lon o0 I
Funct  ons MBropeRE J BB v Tgeseh BV oA tor- SuatgiGapiien 22 FRIRL I 00
(01051 1 n (HEOuBH REFBUBFALER oHBRe AN A POHUPT CHEPPRPit PR 8487 bodi i on
and 11 mo- CORMSREN B Grpkress fnoRsrot HUoka o PR BRS e BT SeTe
illustrated in fig. 9, frequency error block 630 and a frequency and tine

control bl oRORNEIYP. ﬁiﬁalﬁemp‘i’l??ﬁﬁ%nent ed to operate as descri bed above with

reference to FIGs. 6, 7 and 8. . . . . .
[0104] Position-determination section 914 includes a GPS receiver for receiving the

GPS signal transmissions 991 from a GPS satellite in the GPS constellation.
Although not illustrated, position-determination section 914 may also include a non-
GPS receiver capable or receiving non-GPS‘ Ipcation aiding information as in the
example applications described above with reference to FIGs. 3, 4 and 5. Position-
determination section 914 performs the position computation functions for the ALCD
902 to enable ALCD 902 to determine, for example, a location or position as well as
optionally rate and direction of travel.

[0105] In the example of an implementation illustrated in FIG. 9, position
determination section includes a frequency error block 630 and a frequency and time
control block 634. In the example of an implementation illustrated in fig. 9,
frequency error block 630 and a frequency and time control block 634 cau be
implemented to operate as described abo've with reference to FIGs. 6, 7 and 8.

[0106] As described above with reference to FIGs. 6 and 7, frequency error block 630
obtains information such as frequency error ahd signal quality to predict fregehdy

acceleration for a given time in the future. In the example of an impletfientation
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[ 01061 As described above with reference to FIGs. 6 and 7, frequency error
bl ock 6-30" obtains information such as frequency error and signal quality
to predict frequi hSy acceleration for a given tine iri the future. In the
exanple of an inpletfte' ntation 47 W 2006/ 057811 PCT/ US2005/ 040542

i Il ustr at edwionodsle§is1®, frequency error 975 and signal qualiszges@4i842ar e
obt ai ned from conmunication section 912. For exanple, in one exanple of an
i npl enentation the frequency error 975 nay be obtained fromthe cellular
tel ephone's automatic frequency control (AFC) subsystem which, for
exanpl e, can conpare the frequency of a reference signal 977 provided by

local refergnge:diiGa8N6Y rSRidh&Pe I 79158 sfal Qalif" MRl ark LBAIRAGont ecei ved

via a received conmuni cation si"gnal 972. This approach can be inplenented

where a r ef&ﬁﬂ@g@é&%ﬁﬁ%tﬁﬁﬁ Opk;rce%al%@% Y ieﬁ’%ﬁ;l@ of T TRRembdARYARE Y

reference signa communi cat1 on section 912 and position

det of i nat | ARuSEG LA $38-md) HOOUANO ok > LARKE bR AtmSts O 975

may be derl ndepen of conmuni cation sectlo Such an alternative
exanmple of an inpl j , ' a Hﬁﬁ{.ﬂ(‘i for
exanpl e, th@‘Eﬁ?g‘wgﬁﬁgﬁﬁg%%@%ﬁﬁgﬁgﬁﬁg%@?géégﬁkaﬁ%%“é are eﬁgﬁﬁgﬁh
communi cation section. 9 nd it r.m i fé 4 [01071
COMINt ot ot el ol 2 Wl ), Rt ARSI R0 ;56 b
Used o dePer TR IEEYHLRY FBrNSH OB Ay vy TH e o her -
i i z6d | OHOReIITRA VB dcTTEye dRAURoD FUk S22 SRBa: o Ehpor at ur e
sensor can be used to derive 3 | evel . of err.or, or dnifb in g fngqyency

7 12 and posmio

ref erence bHMEIFnefssence igel At (irte eARMYRIGINOR. sepion
determination section 914. Although not illustrated, frequency error 975 may be

derived independently of communication section. Such an alternative example of an
implementation would be particularly useful where, for example, there is not a
common frequency reference shared by both communication section 912 and position
determination section 914.

[0107] In another example of an implemenfation, commonly known frequency-
difference or phase-difference measurement circuits and/or software can be used to
determine the frequency error 975. Additionally an AFC or other complex frequency
measurement subsystem can, but is not necessarily, utilized to determine the
frequency error 975. For example, a temperature sensor can be used to derive a level
of error or drift in a frequency reference based on the temperature of the device. In
one example of an implementation, frequency error 975 and signal quality 978 are
expressed as software words or a data message utilized by a processor (e.g., a DSP) to

perform the predictions, although other example of an implementations are possible
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one exanple of an inplenentation, frequency error 975 and signal quality
978 are expressed as software words or a data nessage utilized by a
processor (e.g., a DSP) to performthe predictions, although other exanple
of an inplenentations are possible 48 WD 20061057811 PCT/ Q52005/ 040542
wher ei n fregoenswssir or 975 and signal quality 978 are pETarse®sewdsas
hardware signals rather than software data. [01081 The illustrated exanple
of an inplenmentation includes the use of a signal quality 978, which can
be derived using received signal strength, phase noise in the |oop or

ot her characteristics that can be used to indicate the quality of the
received s U1 deeleeiogihRe, for
exanpl e, @&%ﬁm% %ltmlﬁﬁtat%%ﬁ%ﬁ%g%%ﬁﬁ%gﬁm[mg%ﬁmdby
frequency er or. $%8 exanpl es of inplenentations where signa

qual ity 9782 aval 1e or otherwise not utilized, a fixed filter

vl S0 3] S SE e RGP R Wl o Pghar a0, I

olrca |ons ering per or med frequency

ot esent 1 oA 91 Sk e ery tind ye%%%‘%d“%%ﬂaf?ﬁ%n%ﬁzhﬂ%e%ﬁ%%f 00p of
eraod ment 35qnorm§£§ﬁ@gg#s%%%ﬁmea¥¥n;¢f 5900 el R GUIEY o B0 B 2
Goser  pti oegRe THaseoRaRel 8 B s @ﬁ%ﬁe%%a‘?ofaégf 188 E s of tne
i thout dediennhga meg e kbl o éqa%?@'eﬂﬁg%aﬁ%nﬁ%eﬁﬁr;@@m E?fﬁvefﬁ?fiéﬂ' "he
et AN mmls o faptmenitions here Sgnsl quatly D7%s oSt ARHAHlE of bAse

not utilized, a fixed filter value can be utilized instead of using an adaptive filter.

U

)

i

U\J

Preferably, in most cellular telephone applications, the filtering performed by
frequency error block 630 is utilized for the ﬁ‘equency correction system of fche
present invention, and would typically not by utilized by the AFC loop of the cellular
telephone.

[0109] While various preferred and alternative embodiments of the present intention
are described herein, it will be apparent to .one of ordinary skill in the art after reading
this description art that there are various modifications and extensions of the above
described technology that may be implemented using these teaching without departing
from the spitit and scope of the present invention, the breadth and scope of which

shall be defined by following claims.
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49 CLAIMS What is clainmed is: 1. A frequency reference correction system
for use with a conmunication receiver wutilizing a reference frequency
signal, the frequency reference correction system conprising: a frequency
error block configured to determne a frequency error of the reference
frequency signal, one or nore frequency characteristics of the reference
frequency signal using said frequency error, and an estinmate of the error
in reference frequency signal at a tine in the future using said one or
nore frequency characteristics; and a frequency and tine control bl ock
configured to adjust an operating fdeqmancy of the reference frequency
signal to account for said estimate of the error in reference frequency
signal, characterized in that said frequency error block is further
configured to determ ne signal quality of a conmunication signal received
by the r ¢afkYLélaintdtflist 0 utilize said signal quality information to refine
said one or nore determ ned frequency characteristics. 2. The system of
claim1l1, wherein said frequency error of the reference frequency signal is
obtained by estimating a frequency error based on the neasured amnbi ent
t enper at ur e, i A fidgueityaeferines esrestibn Sbtan Gy ues Gith habemupratdrateceigert he
reference frequency signal is operating. 50 3. The systemof claiml1,
wherei n sai d {tiliemgeineieraice dieqadncl Benale frerfegoendyrefgreane gorrexdtigmaysters  obt ai ned
utilizing a phase | ocked |oop to determne the difference between

comprising:

a frequency error block configured to determine a frequency error of the
reference frequency signal, one or more frequency characteristics of the reference
frequency signal using said frequency error, arnd an estimate of the error in
reference frequency signal at a time in the future using said one or more frequency
characteristics; and

a frequency and time contro! block configured to adjust an operating
frequency of the reference frequency signal to account for said estimate of the error
in reference frequency signal, characterized in that

said frequenacy error block is further configured to determine signal quality of
a communication signal received by the receiver, and to utilize said signal quality

information to refine said one or more determined frequency characteristics.

2. The system of claim 1, wherein said frequency error of the reference frequency
signal is obtained by estimating a frequency error based on the measured ambient
temperature in which a reference frequency oscillator generating the reference

frequency signal is operating.

50



t he received conmuni cati on signal and the frequency reference signal. 4.
The system of any of clains 1-3, wherein said frequency characteristics
conprise at |east one of frequency error, the rate of change of the
frequency error, and frequency jerk. 5. The system of any of clainms 1-4,
wherein said frequency error of the reference frequency signal is obtained
utilizing automatic frequency control circuitry to determ ne the

di fference between the received conmunication signal and the frequency
reference signal. 6. The systemof any of clainms 1-5 wherein said

reference f4equeBaYers bBBA 1, vheRiM 84i Rqitnc) bAbMNE tie Je@‘ré{c‘é'?ﬁ‘eﬁuéﬁc%quency
generat or dedicated to the communi cation receiver. 7. The system of any of

clainms 1-5, whghAiiglomaihed L@zRE e PHsé IRRMEBEY tosdediditing the dwﬂ@ie@qb@sdwé&hl i zi ng
a reference frequency generator shared by the comruni cation receiver a

second cormuntr@&bcéwedrmumano@s?iagnayrﬁéf%au@ﬁcyaasé_r@fce@lgablrfs 1-7, wherein
said frequency error block is configured to determ ne frequency error at

periodic intervals. 51 9. The system of any of clains 1-8, wherein said
frequency error block configured to determne a frequency error of the
ref erence f4 etjhesygyers of@al ofickimo 3] ghereith satl freqpestywehafacagsosapmerisoat
information froma source external to the frequency error block. 10. The
syst em of anyleabt arleaif freqdengy ewbie thel ratesd ichliarigeard] therfoaguenayarrapl amdk conf i gur ed
to determne a frequency error of the reference frequency signal is
configured tofreqummpyijesk. at | east partially, the frequency error of the
reference frequency signal.
5. The system of any of claims 1-4, wherein said frequency error of the reference
frequency signal is obtained utilizing automatic frequency control circuitry to
determine the difference between the received communication signal and the

frequency reference signal.

6. The system of any of claims 1-5, wherein said reference frequency signal is
obtained utilizing a reference frequency generator dedicated to the communication

receiver.
7. The system of any of claims 1-5, wherein said reference frequency signal is
obtained utilizing a reference frequency generator shared by the communication

receiver a second communication receiver.

8. The system of any of claims 1-7, wherein said frequency error block is configured to

determine frequency error af periodic intervais.
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11. The system of any of clains 1-10, wherein said frequency error block
configured to determine a frequency error of the reference frequency
signal is configured to conpare a determ ned frequency estinmate to a

previ ous frequency estimte, and determne the difference between the
determ ned frequency estimate and the previous frequency estimate. 12. The
system of any of clains 1-11, wherein said frequency error block is

i npl enented as an adaptive filter. 13. The systemof any of clains 1-11,
wherein said frequency error block is inplenented as a Kalman filter. 14.

The system@f TRAY,Mm 6t &y Br clins1-8\IREBINSaRATSHUBA GBI BYcRESITIUIRHISK 1S
further configured to fi'lter broadband noise fromthe incom ng signal. 52

15. The SYSteﬂb@ﬁniﬁ@ﬁf@ﬁu@ﬂc@ieﬁﬁréftﬂérefé’lf@ﬁcfﬁébuéﬁé%ig%ﬂam RRfhukéeguency bl ock
is inplenented using a processor. 16. The systemof claim 15, wherein said

processor is duglvemeniédy effoni@formatidil fiomh a s6Urgd akteiaPoa@ns Péquehdy erfit ai ded
| ocati on communi cation device (ALCD), conprising: a. a reference frequency
oscillator prewckli ng a reference frequency signal; b. a comunication
section providing radio frequency conmuni cation with one or nore
communi cation devices; c. a position determ nation section configured to
determ ne position information of the ALCD based on one or nore received
radi o frequendie sysigralofany airthirds 1-8, Whergineyad/fraqekrryesTaoe blook cardigpued tsyst em
according to any of clainms 1-16

determine a frequency error of the reference frequency signal is configured to

compute, at least partially, the frequency error of the reference frequency signal.

11. The system of any of claims 1-10, wherein said frequency error block configured to
determine a frequency error of the reference frequency signal is configured to
compare a determined frequency estimate to a previous frequency estimate, and
determine the difference between the determined frequency estimate and the

previous frequency estimate.

12. The system of any of claims 1-11, wherein said frequency error block is

implemented as an adaptive filter.

13. The system of any of claims 1-11, wherein said frequency error block is

implemented as a Kalman filter.

14, The system of any of claims 1-13, wherein said frequency error block is further

configured to filter broadband noise from the incoming signal.
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configured to correlate the reference frequency signal with the one or nore
radio frequency signals received by the position determ nation section.

18. The systemof clains 17, wherein said conmunication section conprises a
wi rel ess comunication device. 19. The systemof claim 18, wherein the

Wi rel ess comrmuni cation device is a cellular telephone. 20. The system of
any of clains 17-19, wherein said position determ nation section conprises
a GPS receiver. 53 21. The system of any of clainms 17-20, wherein the
reference frequency signal is obtained utilizing a reference frequency

gener at or dﬁﬁ*rﬁé‘%;‘?é?erﬁ Qf éﬁiﬁofl&%’ﬁhé han, welsERAidNR]d S RREbAG blockds The system
of any of clainms 17-20, wherein the reference frequency signal is obtained

utilizing a rﬁﬁ@é,ﬁ&qu [isiegHPRsesdpner ator utilized by at |east one of the
position determ nation section and the comruni cati on section of the ALCD.

23. The systemof any of clainms 17-22, wherein said frequency error bl ock
configured to determne a frequency error of the reference frequency
signal is ctfTheguystéh bbclairets wherdin Sfidi proeysser BonplembatetRikinga digtam t he

conmmruni cation section of the ALCD. 24. The system of claim 23, wherein the
recei ved frequignalypresessor. i nformation is at |east one of a hardware signal
and a software word. 25. The systemof any of clains 17-24 in conbination
with claim15, wherein said processor is utilized by at |east one of the
comuni cation section and the position determ nation section. 26. A nethod
f or recei vitgAniaided destio cprerhgnicatioa dewce(AL&ID)ucanhprisingg a r ef erence
frequency
a. a reference frequency oscillator providing a reference frequency signal;
b. a communication section providing radio frequency communication with
ohe or meore communication devices;
¢. a position determination section configured to determine position
information of the ALCD based on one or more received radio frequency signals,
and
d. a frequency reference correction system according to any of claims 1-16

configured to correlate the reference frequency signal with the one or more radio

frequency signals received by the position determination section.

18. The systern of claims 17, wherein said communication section comprises a wireless

communication device.

19. The system of claim 18, wherein the wireless communication device is a cellular

telephone.

20. The system of any of claims 17-19, wherein said position determination section

comprises a GPS receiver.
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signal, the nethod conprising: determning a frequency error of the
reference frequency signal, determ ning one or nore frequency
characteristics of the reference frequency signal using said frequency
error, 54 determining an estimate of the error in reference frequency
signal at a tinme in the future using said one or nore frequency
characteristics; and adjusting an operating frequency of the reference
frequency signal to account for said estimate of the error in reference
frequency signal, characterized by determining a signal quality of a
communi cation signal received by the receiver, and utilizing said signa
quality information to refine said one or nore determ ned frequency

char act eri s, Ghe sysfem bhanydicRds 0F-20] hdieid the rehRERIeNregBérty@aRjnarisi ni ng the
frequency error of the reference frequency signal conprises estimating a
frequency err gptah@aedliiy 4 RferenRafd4ueskyajdhbRdr deaiames & e obilowhi ch a
reference frequency oscillator generating the reference frequency signal
i S operating. dé@mihbonneektiwd of claim 26, wherein said determ ning the
frequency error of the reference frequency signal conprises utilizing a
phase-| ocked | oop to determne the difference between a received

comuni cation signal and the frequency signal. 29. The nethod of any of

cl ai ns 26- 2%. Thaeystem of &gy dfroliue hE-20 ckfareio ey ieiréree fegugrdys@nabis | east one
of frequency error, the rate of change of the frequency error, and
frequency | er kbtained utilizing a reference frequency generator utilized by at least one of the

position determination section and the communication section of the ALCD.

23. The system of any of claims 17-22, wherein said frequency error block configured to
determine a frequency error of the reference frequency signal is configured to

receive frequency error information form the communication section of the ALCD.

24. The system of claim 23, wherein the received frequency error information is at least

one of a hardware signal and a software word.

25. The system of any of claims 17-24 in combination with claim 15, wherein said
processor is utilized by at least one of the communication section and the position

determination section.

26. A method for receiving wireless signals at a receiver utilizing a reference frequency
signal, the method comprising:
determining a frequency error of the reference frequency signal,
determining one or more frequency characteristics of the reference

frequency signal using said frequency errot,
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30. The nethod of any of clainms 26-29, wherein said determning the
frequency error of the reference frequency signal conprises utilizing
automatic frequency control 55 circuitry to determne the difference

bet ween a received conmuni cation signal and the frequency reference
signal. 31. The nethod of any of clains 26-30, further conprising
generating the reference frequency signal utilizing a reference frequency
generator dedicated to the comrunication receiver. 32. The nethod of any
of clainms 26-30, further conprising generating the reference frequency

signal utilizing agéghRhagas e%ﬁ.ﬁae%mﬁﬁé_@@Pﬁ@k%ncém@a@&chighaﬁatatime
conmuni cation receiver a Second conmuni cation receiver. 33. The met hod of

any of clai s e fdureW3RGSEIY i nilpd REqIdALPEhdri@eddliesibpacy error  further
conprises determning the frequency error at periodic intervals. 34. The

met hod of any of chéusthg2®-operating aeQidhcs af e Astbrehbd Redqi@néhegidl eguency error
further conprises receiving frequency error information froma source

external to tlhecouhtfof s estinedte of thble@roKin réferent @etiRinbpsigadl, any of cl ai ns

26- 34, wherein said determ ning the frequency error further conprises
conputing, at |easth@acteriatd py t he frequency error of the reference
frequency signal. 36. The nethod of any of clains 26-35, further conprising
conparing a det er nilgtennining egignatyualitytal aebmniunicatiQr Sgnad tesefved gudrcy
estimate, and determning a difference between the determ ned frequency
esti mate and rdeeiver.@ndous frequency estinmate. 56 37. The nethod of any of

clains 26-36, further conprising tuning a frequency error
utilizing said signal quality information to refine said one or more determined

frequency characteristics.

27. The method of claim 26, wherein said determining the frequency error of the
reference frequency signal comprises estimating a frequency error based on the
measured ambient temperature in which a reference frequency oscillator generating

the reference frequency signal is operating.

28. The method of claim 26, wherein said determining the frequency error of the
reference frequency signal comprises utilizing a phase-locked loop to determine the

difference between a received communication signal and the frequency signal.

29. The method of any of claims 26-28, wherein the frequency characteristics comprise
at least one of frequency error, the rate of change of the frequency error, and

frequency jerk.

30. The method of any of claims 26-29, wherein said determining the frequency error of

the reference frequency signal comprises utilizing automatic frequency control
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bl ock configured to determ ne the frequency error, said tuning based on
expected noise in the frequency estinmates. 38. The nethod of any of clains
26- 37, further conprising tuning a frequency error block configured to
determ ne the frequency error, said tuning based on signal quality

recei ved by the conmmuni cation device. 39. The nethod of any of clains
26-38, further conprising at |east one of phase acceleration, frequency
accel eration, phase jerk and frequency jerk over time. 40. The method of
any of clainms 26-39, further conprising filtering the frequency reference

signal . 41. TheiRihedicphineMe @fferth@ BBwebT 4 Rcelvbd EARMURIBAINAI skinBGarkt OF | Ng
the frequency characteristics in one or nore registers or other |ocations

utilized by atHerReEssY referehée sififl. met hod of any of clains 26-41, further

conprising determning a signal quality measure using received signa

strength, phase noise in the loop or other characteristics that can be

used to indicate the quality of the received signal. 43. The nethod of

claim 42, fair Themet@df bey ftldias 2¢-39afufther @hmtisiAg gbndritingens wierehce det er m ne

a level of filtering applied in determ ning the frequency error. 57
frequency signal utilizing a reference frequency generator dedicated to the

communication receiver.

32. The method of any of claims 26-30, further comprising generating the reference
frequency signal utilizing a reference frequency generator shared by the

communication receiver a second communication receiver.

33, The method of any of claims 28-32, wherein said determining the frequency error

further comprises determining the frequency error at periodic intervals.

34. The method of any of claims 26-33, wherein said determining the frequency error
further comprises receiving frequency error information from a source external to the

frequency error block.

35. The method of any of claims 26-34, wherein said determining the frequency error
further comprises computing, at least partially, the frequency error of the reference

frequency signal.

36. The method of any of claims 26-35, further comprising comparing a determined
frequency estimate to a previous frequency estimate, and determining a difference

between the determined frequency estimate and the previous frequency estimate.
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37.

38.

39.

40.

41.

42.

43,

The method of any of claims 26-36, further comprising tuning a frequency error
block configured to determine the frequency error, said tuning based on expected

hoise in the frequency estimates.

The method of any of claims 26-37, further comprising tuning a frequency error
block configured to determine the frequency error, said tuning based on signal

quality received by the communication device.

The method of any of claims 26-38, further comprising at least one of phase

acceleration, frequency acceleration, phase jerk and frequency jerk over time.

The method of any of claims 26-39, further coMprising filtering the frequency

reference signal.

The method of any of claims 26-40, further comprising storing the frequency

characteristics in one or more registers or other locations utilized by a processor.
The method of any of claims 26-41, further comprising determining a signal quality
measure using received signal strength, phase noise in the loop or other

characteristics that can be used to indicate the quality of the received signal.

The method of claim 42, further comprising using said signal quality measure to

determine a level of filtering applied in determining the frequency error.
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