REFERENCE OSCl LLATOR FREQUENCY CORRECTI ON SYSTEM CROSS REFERENCE TO RELATED
APPLI CATI ONS [001] This application clains priority to United States

Non- Pr oviwoana/osPatent Application Serial No. 10/997, 79PcTiusk@d/oms4Novenber
24, 2004, entitled "FREQUENCY PHASE CORRECTI ON SYSTEM' which is a
continuation-in-part of U S. Patent Application Serial No. 10/885, 507,

filed July 3, 2004, titled "Ai ded Location Comruni cation System "™ which
application is incorporated into this application by reference inits

entirety and whi ChN‘fﬁ)l i cation is: ab a continuation in part of PCT
appl i cat i on RIGFERENG WB@@&E UENEY GORRECTIONSYSTEM:d " Ai di ng

in a Satellite Positioning System" which is a continuation-in-part of U S
Pat ent Application Serial No. 10/155,614, fil ed May 22, 2002, titled "A
Met hod for Aiding a obal Positioni ;Xste now U. S. Patent No.
6,684,158, which is a nﬂﬁ U‘@Apﬁent Appl i cation
Serial No, 09/795, 871, f| I ed February 28, 2001, titled "Informtion

Tr ansf er PW a Mis tappHetioncrlgisay PHOED | %nlﬁw&dsﬁgqteﬁmsg)e%rowsmm\/@ﬁmss

Net wor ks, " now U.S. Patent No. 6,427,120, which clains priority under
Section l@m(l'B)ltiQm Serial Ncovi1949871,5('97,A¢'dbd canhi Noveamberl 24l 2064/ zasile¥s, fil ed
August 14, 2000, all of which are incorporated into this application in

t hei r ent‘FREQUIENClYe PHASTH: EORRBCHON SIYISTENMY avhi¢h isp@ contifuatibiBin-pat ent
Application Serial No. 10/385,198, filed March 10, 2003, titled

"I nf or matgrqn STPaRAT ApplifatfonMirial NBd6/88530a! filed July 3, 2004, titled “Aided

Location Communication System,” which application is incorporated into this
application by reference in its entirety and which application is:

(a) a continuation in part of PCT application Serial No. PCT/US03/16308, filed
May 22, 2003, titled “Aiding in a Satellite Positioning System,” which is a
continuation-in-part of U.S. Patent Application Serial No. 10/155,614, filed
May 22, 2002, titled “A Method for Aiding a Global Positioning System,”
now U.S. Patent No. 6,684,158, which is a continuation-in-part of U.S. Patent
Application Serial No. 09/795,871, filed February 28, 2001, titled
“Information Transfer in a Multi-mode Global Positioning System Used with
Wireless Networks,” now U.S. Patent No. 6,427,120, which claims priority
under Section 119(e) to U.S. Provisional Application Serial No. 60/225,076,
filed August 14, 2000, all of which are incorporated into this application in
their entirety by reference;

(b) a continuation-in-part of U.S. Patent Application Serial No. 10/385,198, filed
March 10, 2003, titled “Information Transfer in a Multi-mode Global
Positioning System Used with Wireless Networks,” which is a continuation of

U.S. Patent Application Serial No. 10/127,229, filed April 19, 2002, titled



Positioning System Used with Wrel ess Networks," which is a continuation of
U S. Patent Application Serial No. 10/127,229, filed April 19, 2002,
titled"l nvoroetdses11Transfer in a Milti-node G obal Posi rconise@sSystem Used
with Wreless Networks,"” now U. S. Patent 6,542,823, which is a continuation
of U S. Patent Application Serial No. 09/795,871, filed February 28, 2001,
titled "I nformation Transfer in a Milti-nde dobal Positioning System Used
with Wreless Networks,"” now U. S. Patent No. 6,427,120, which clains

priority under Section 119(e).to U.S. Provisional Appl icatiqn gerr al .
60/ 225, 076, fiefarmiipnstransfer m@MularmOQ?rGlrmbaJcPPS&r@um&§b?t%r%%e it o thl s

application in their entirety by reference; (c) a continuation-in- Fart of
U. S. Patent Appirelesst Notwasks,T alowND.S. Toiteh® 4 5612}823f inhédh W &/ cditinu2d@rort i t | ed
"Mul ti-nmode d obal Positioning System For Use with Wrel ess Networks,"

whi ch is a conysnpathtospsifcatioSSeRatentooAsl87¢ atiledrFebeudraR8 Ne0011 61868, 751,
filed February 5, 2002, titled "Miulti-node G obal Positioning System For

Use with Wr el‘ﬁ%rﬁﬁ{dﬁoﬂéﬁsﬁef ﬁPWWﬂ§*m<?&t@%aj\posn§) S 86m Gkt s a
continuation of U 'S. Patent Application Serial No. 1,068, filed

Wrel o5 Netwol TEEH %%W %i'(%“'nta;?’? R%%ﬁéééség%ii@&% rﬁ’@ BrtoBly o ey |
under Section 1 |onaI catio 225, 076,
filed August I er2§ aﬂrlfﬁa‘éfto f‘é’ﬂ%"‘i‘%’rdﬁrpb}a?t&{f’eg Fﬁ W?@S bication
in their enti ret% by reference and (d) a continuatjon-in-part of U S

Pat ent Appl i cdilpdrugesti b, 2080, albof ochigpare inporpgrated into this application in

their entirety by reference;

(¢) a continuation-in-part of U.S. Patent Application Serial No. 10/194,627, filed
July 12, 2002, titled “Multi-mode Global Positioning System For Use with
Wireless Networks,” which is a continuation of U.S. Patent Application Serial
No. 10/068,751, filed February 5, 2002, titled “Multi-mode Global Positioning
System For Use with Wireless Networks,” now U.S. Patent No. 6,519,466,
which is a continuation of U.S. Patent Application Serial No. 09/781,068, filed
February 8, 2001, titled “Multi-mode Global Positioning System For Use with
Wireless Networks,” now U.S. Patent No. 6,389,291, which claims priority
under Section 119(e) to U.S. Provisional Application Serial No. 60/225,076,
filed August 14, 2000, all of which are incorporated into this application in
their entirety by reference; and

(d) a continuation-in-part of U.S. Patent Application Serial No. 10/700,821, filed
November 4, 2003, titled “Satellite Based Positioning Method and System for
Coarse Location Positioning,” which is a continuation-in-part of U.S. Patent

Appligation Serial No. 09/575,492, filed May 18, 2000, titled “Method and



Novenber 4, 2003, titled "Satellite Based Positioning Method and System for
Coarse Location Positioning," which is a continuation-in-part of U S

Pat ent Apwbi20@tG50811 Serial No. 09/575,492, filed May 18pCZABRgosudshed

"Met hod andApparatus for Determ ning G obal Position Using Al manac
Information,” now U S. Patent No. 6,671,620, all of which are incorporated
into this application in their entirety by reference. [0021 This
application is also a continuation-in-part of U. S. Pat ent Application
Serial No. 10/759 677 filed July 3, 2004, titled "Fast Reac UI§I'[IOI’I of a
GPS Signal , " WipertusdorDeisapiningaeiobal Pesition Vsige Al °F1£E AR Ot i on
Serial No. 10/017, 115, filed Decenber 13, 2001, t|tled "Fast Acquisition of
a GPS Signal, U.SioBatent HNo. Beb HHi20Nell of wiiteh argancasporatetl iniei s anplicat Hor por at ed
into this appllcatlon in their entirety by reference. BACKGROUNDOF THE

| NVENTI ON | L isitRbrbngifety by suférenge. [ 003] This invention relates to G obal
Positioning ("GPS") receivers, and in particular to high-sensitivity GPS

recei ver (fzglr l”[}ﬁl}gatﬁﬁh&ﬁlow it k& §%oﬁ'@1’idﬂﬁbﬂ§n péet oREI.SUPREnAAppli€lidh StHel

wor | dwi d ron of wreless devices such as two-way radios, portable

tel evi : lagm{@p I
ggng\r/:'alsi ﬁ%%&ﬁby? %ﬂ"‘ggf g’?l%orge&zﬁhé& ?’5&@1{&%@'@@% 0E?ones ?S@E rf[agl lite (I?Z.dl(g >°
d G obal Posit d
pace, ol @ soniRGyBrEe of (U dRKG: AL RA SPEH M W@% liaéﬂéﬂap'
("CDMVA"), d obal System for Mobile Comrunication (!GSM 5; onal
Communi cé}chmbgyl;,?[ P01, tikeg fFast Acquisition of a GPS Signal,” now US aten

6,778,136, all of which are incorporated into this application in their entirety by

reference.



devi ces, have beconme commonpl ace in today's society. The use of these and
other wireless devices to provide voice, data, and other services, such as
| nt er net wocre&#xs741as provi ded nany conveni ences to cel | Rcanussysarmrsers.
Addi tionally, the nunber of features and applications offered by nmany

W rel ess devices and wireless service providers is increasingly matching,
and in many cases outpacing, the features offered by traditional |and-Iline
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 ot hePACKGROWENGHEHE INYENFIEN by bot h | and-1ine and

W reless service providers. These features generally operate in a simlar
manner omn. bot FisldrofIaentibavi ces and | and-1ine tel ephones. Additiona
features and applications such as "free" long distance, |Internet access,

el ect r onifgoagarhig  intshitioh - telat&A RS T @obal Positivalingd HGREY i skceivtss, (@hBDAS" ), and
the Ii ke make w rel ess communi cati on devi ces a popul ar choi ce anong nmany

CONSUMer g, Qfiplo %%S%W%PS h&eH2ATBr Afe With Ghirclist ALiRBkCOMUNI cat i ons

systens, "such as way pagl ng, trunked radi o, Specialized Mbile Radio
("SMR"), by pqlice f%re, and paranedi ¢ departnents, has al so beconme conmon
for nobi Ize co %ﬁeﬂé’t‘i ons. The expl osive growh of wreless conmunications

communt cA0#n<theo YEPRy i, CEHHiREr o FROSSAFTARS corf 8. BEBHAY B and
police departnents. Taxicabs, buses, delivery trucks and even tractor
trail er s posteblwitelevisions c Bensonal ddigitdndssissands SFRAR ) seHylag dddephongt kalseni ¢l es
and nonitor routes. School buses in sone cornnmunities even use wreless
comuni cq;fk:heraﬁy tkaoait 20 fimbobita phynea? @nd/op &celhphondsd)y stieHite andio weaeliveans a f ew
mnaes C;md 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 Communication 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 1.D.”), three-way calling, data
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, built-in cameras, personal data



a pick-up point. Businesses |large and small use wireless comunications to
deliver services, nonitor inventory and nmanage wor kforces. [006} GPS
systens (Wwb=oosknsesm as Satellite Positioning System " SPBCTarS200&wi@at i on
Satellite System) have al so beconme commonpl ace. In general, GPS systens are
typically satellite (also known as "space vehicle" or "SV') based

navi gation systens. Exanples of navigation systens include but are not
limted to the United States ("U.S.") Navy Navigation Satellite System
("NNSS") (also know as TRANSIT), L N, Shoran, Decca, ,TACAN, NAVSTAR (an
ol der narfssistants GHEPAS DR angig ;{%ﬁ "é%ﬁ‘f"@?lﬁ%?r OmPURIERIOFA RIS PSEYARe G obal
Navi gation Satellite System ("G.ONASS') and the future Western European

pr oposed cheigt ameng manp graswmess an exanpl e, the US NAVSTAR GPS systemi s
described in GPS Theory and Practice,Fifth ed., revised edition by

Hof hi ann-[0é3] dhiibérmdrectifcemaggef dhd WrtlessnsomiBpnicatjers- sysenisagudl en
NewYor k, 2001, which is fully incorporated herein by reference. [007]

Typi cal | Wwwoly pRSERS, tRinked 9486, VSpdcadiized Mobils R£i% FFEMRI)Bys@iliet,| fiteg- based
radi o navi gati'on systens and use those received transm ssions to determ ne
t he | ocat : Vel Tt ] Walab-YN tellation
gener al | ydnggjrfaggrl?i%g d%eﬁgﬁlh:ég e{%s,o %gg@eomfo H%b}?ﬁénrgggﬁﬁ%onpl g’?g&%i bit of
the earth,in 12 hours. There.are often norte than 24 operat.ional tellites
as new on %ffpiosll‘éeuﬁ% Oftgw}rglﬁfsaﬁgn%lflﬁ]@?mstgt %’IS{]eﬂSg}éas Hile t%?pgﬁntgg i ack
(path followed by the satellite over the ground as the earth rotates

beneat h i FeIgENCYataPRse clepms disgr Wirglesse pRIAMyNicptions: 1oo 3ig¥ 1Py CORRE eVihich day.
The orbit altitude is such that the satellites repeat the same track and
conf i gur dtaspitelgvie departpaitsand pphexdepartaleptse abtxicahs.Howses delivery tmcks earl i er
each

and even tractor trailers use wireless communications to dispatch services, track
vehicles 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 systems 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.S.”) 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,



day). There are six orbital planes (with nomnally four satellites in
each), equally spaced (60 degrees apart), and inclined at about fifty-five
degr ees wOhooespsEet to the equatorial plane. This constelritsteosns@apyi des
the user with between five and eight satellites visible fromany point on
the earth. [008] Cenerally, 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 contained . jn the_sjgnal_broadcast by the atel l.ite includes
time-tag g‘oéﬁh et Vi §dmpbﬁ&$%@tWﬁ%n§Pﬁ T etitresd i G ShriBeT
plurality of subfranes at the tinme they are transmtted by the satellite, a
dat a fr anterlsai Wignt¥en¥erks 20, sdiahyis fiHly ingorperatnddhereir by defeimge.second

subframes contain orbital and clock data. Satellite C ock corrections as
wel | as (0@t skypsaile) IGRS renebictsalreatiten rako Sranemivsions | Fordasaeljiterlzased er s) f or
the transmtting satellite are sent in nultiplesubfranes. Additional

subf r anesadibafsmgdtiofl $sRIRNEND IS Ihe¥e Fassived teidkissions &0t déternsiné thé
twenty-five franes (125 subfranes) makes up the conpl ete Navigation Message

that is %g%goﬁvo%}lﬁa% écérivaut?hep%ingﬁé AFO8derA50rA0 c SacTRSn gléﬁé‘rﬁ'nff the

orbiting satellites 1n the Unite t at es system cont ai ns four
hi ghly accurat e om.c. cl ocks; si um and, two. i di . cl ocks
or ovi de st Efeg, GO BLehih ey AFuRRE Bt M pifion S REt vo
uni que binpary codﬁs (al so kn%wn as a pseugﬁi‘tr andom noi se "PRN, " qc))r pseudo
noi se " PNPhegp @es) ofter gporg rthan 24 perationgl satellifesnss apy ags are ilpwshed, tear ¢ h.
These PN codes identify the specific GPS satellite in the GPS
const el | aeplaee olden satgllitesc hTiRPSraymdetrackt @ath §dlowedrshihessagelltstovst thegital |y
coded epheneris data that
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 each 24 hours (4 minutes earlier 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 user 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 radio 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 satellite, 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 (ephemeris data parameters) for the transmitting satellite are sent in multiple



conpletely defines the precise orbit of the GPS satellite. The epheneris
data indicates where the GPS satellite is at any given tine, and its

| ocat i on wayol®szgeci fied in ternms of the GPS satelliteprgrasaastonEak in
precise latitude and | ongitude neasurenents. The information in the
epheneris data is coded and transmtted fromthe GPS satellite providing an
accurate indication of the exact position of the GPS satellite above the
earth at any given tine. is appreciated by those skilled in the art that

\t/vglel | Eﬁgsétl i t{‘&d(ﬁlf nﬁ'[@?@?ﬁ‘t%lrsé’f?n%‘f’t Idll&?t e{tr’nqggggét%?tﬁ‘gprd@é g%s?rgﬂges from

the GPS recel ver to three GPS satellites that have known GPS_satellite
| ocat i onsSet [QfoTventyréivepsames il 3% rsuptamen e makespupcHy spmplete AfayERaleH Ui si ti on

("CA") code sequence for a specific satellite with some formof a CA code
gener at orMefREE thatlissentr avedefl 2 dginfitsrpeBRdsat el | i te i dentification nunbers.
Some GPS receivers may store a conplete set of preconputed CA code chips in

| ocal |y, [009] aAbhandwamplerphchinghthatorlsiting GRsadlites Shithd United Statdgs, GR&n al so
be used. The CA code generator produces a different 1023 chip sequence for

each phas@rsﬁeﬁpc&ﬁélhé f&ar Hté'nlj’?l ab&ﬁﬁ%t&nk%&@ﬂ%@@bﬁﬂm dndeweORigbigithPs can be

shifted in tine, exanple by slewing the clock that controls the shift
register e e t he
ooy oo Thelle ¢ Z%kk??%*ﬁégﬁt%t%%tﬁ% BubHE v BBl G SR8 ol L0° o
repeats the sargre 102%@ gaég RN- code sequenc everg Mtsecon The

recei ver THFUsPEAVHEPED ST SRS ¢ RSTUCRE [po§s OLPSFHHIQ ROISE
correction, vvlth the PRN code received fromthe satellite. Once the codes

begin to AN geeded hatarefrnemitted som the GRS satellites de tarthe dThoyn &N eesiep| et e

correction is achieved,
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 utilizing 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



a spread-spectrumcarrier signal is de-spread and full signal power is
detected. [0013] A phase |ocked loop ("PLL") that can lock to the signal is
used to deondem@rsia navi gati on nmessage fromthe GPS carcras2@sgmah2 The
sanme | oop can be used to neasure and track the carrier frequency and any
associ at ed Doppler shift. By keeping track of the changes to a nunerically
controlled oscillator, carrier frequency phase can be tracked and neasured
as well. [0014] The position of the receiver is determ ned as the point
where the pseudoranges froma_ set of GPS satellites intersect, and is found
from mul tinplemeptgtiopouchfge shifl Jegigivn fa8 2y be Yiedg) %@és&?‘@n%‘??fmé‘ﬁoch. The
pseudo range neasurenents are used to%et her with estimates of satellite
posi t i ongrafiates aridiffztenty] (23ectep sequsncs foragagh mbesd {apdsettingmIn Achardwees) | it e
during the nmeasurenent. The ephenerides allows the receiver to conpute the
sat el | i t gmpR&ichiatios, 1he dobie @Bipdidagriei tifiedain titne, fowi extumipie by stevtimg fhes ent

their respective signals. Four satellites can be used to determ ne three

posi t i oNg RS RBStr A thel dhi¥e regRsik 1 AR ilblERTHLAI0E vHeee thgRbaE dry stoesiput ed by
the receiver in Earth-Centered, Earth-Fixed X, Y, Z ("ECEF XYZ")

o009 sy [ ARGk TEGdd TR RSB g Lo correct ary of fse

e receiver. nsequently, in nost

appl i cati ons relatively inexpensjve cl can i i.n the
recei ver ,lgMilﬁﬁ chn c?‘#‘Feged%Eﬁtor B‘fﬁ’ise%hﬁis?lpe gﬁﬁfﬁﬁ@ﬁgﬂ g@%?@f@ﬁ%&%ﬁg i ver
device. Receiver position can be conputed fromthe dFt e%ggned sgt ellite
posi t i ongnillisseonde aEle eegeivse adivsts drgeedeenlicacia: time ugh! H PIPLEL & | at ency
introduced fromionospheric delays, and relativistic effects), and a
recei ver cpasétidngwithsthie BRY .cotlé receimed dram tthersateltites ingerthe icodss hegipivvi ded,
three satellites can be used to determ ne

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

a spread-spectrum carrier signal is de-spread and full signal power is detected.

[0013] A phase locked loop (“PLL”) that can lock to the signal is used to demodulate

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 controlled 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



three position dinensions. In practice, however, this is rarely achievable,
and four satellites are used to conpute a three dinensional fix with the
user cl ockoensans7sienoved, or three satellites are used POTASAWIEA2

t wo- di nensi onal , horizontal fix (in latitude and |ongitude) given an
assuned altitude, [0016] Wth the growi ng wi 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, cel | ul ar telephones port.abl e conputers, radios, .satellite radios,
trucked rdisensiond time oPRsianedimengionsate tyaisally campuie Oy thg &CeRfer ihe sane
time, electronic device manufacturers constantly strive to reduce costs,
enhance FarfheCerdercd, Eathghised Xf ¥a(f BCEEDSY ZOxwerdinddest tery |ife, and produce
t he nost costattractive product possible for consuners. [0017] In cellular

t el ephony[p013]eTheiae avhsu@émernttie gsal ton@meRSmyafievercarrivig withial theitlack
t el ephones stenms froma new Federal Conmunications Conm ssion ("FCC')

requi r emgRtyd ﬁ@élv&e | did-hls@c[ueﬁ j' Si Iﬁﬁllf&?épﬂh‘éaﬂl&ﬁa& AR el Pinkkddikive 2fbcRRELr S once

ansnmergency call, such as a al so referred to as "Enhanced 9

11" or "Bl néﬂl?embﬁte&"ﬁ? ré%élv@r gégya 't}g: iio%ﬁ %%eeBﬁfPF Y%}e”e genci es

occur, peo are accus nor ma 0 as a
Ul | o PR HAERR B TR c?ﬁ‘%m%? uifem o herSnel Bhlitency
response center that is able to automatically identify the Ioca |on of the
| and- baseepsttenaghe meawiet BsouAe-Tanges (eirregied pieelocl oty latrrcyrint
because wirel ess devices, such as cellular tel ephones, are not har d wi red
into the R&WRbmuspherelys.candirelativisti effests) guimgcccieslmmithm@ﬁmte. déanot
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 trends 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



determne their location as is possible with

automati c-nunber-identification ("ANI") techniques available for use with

| and- | i newoabdes7#Hur t her nore, conventi onal w rel ess deviPCELUSMOSIOFL2 a
position determ nation capability are unable to automatically determ ne and
communi cate their location wi thout 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 |locatable to within

50 nmeters once an energenc bi t el ephgne call, such as a 1.1 call,
i s pl acedmsieercy,sdh sueh 25 @?/Q}g!r?\ C@qulﬁﬂ r&fe%fe It%BﬁgL"n@amﬁﬂCQUt fﬁeﬁ%ﬁgébssi tion
data woul d assi st police, paranedics, and other |aw enforcenent and public
servi ce plicebniela givemetdllulas siepbonegdadne emergancigy op@Ed REBPKARE | egal
rights to determne the position of specific cellular telephone. The E911
servi ces achigtvdvel to dipBiigvel -tli(hérenadlytdefered toiased 83K "dell) oasa landrbaged 11 cal |
does on |l and-line tel ephones. [00191 Wien a 911 call is placed froma

| and- 1 i ng,iteaphang, “kheliads t%k?ﬁdiﬁei on gRNHilic’ BAEIHYE elpleorahdtwarid
determnes the origin of the call. In case the caller falils, or forgets, to

pdent 1Ty Beneh. Rffcr AGRtO cddfert] kol BAEPLARD 1HANS Ghleld affonfitibanpb! ai n

t hel ocati*o e om and send energency personnel
to the lqcati.o f the | I.. Thus ven if .the.caller . nable to give his
or her pd ‘inpif%ﬂ‘,qu‘?f’é’roﬂé’%% %%4’5@?%@6@863‘@3& tgﬁg?lﬁ%%m?tg&t he | ocation from
which the call was made. [0020J.1f instead, an EQJHEé]{qC%I i

. |.is placed froma
wi r el ess [BQ18] dénferiapately, hecarsq wirgless €4VdRtopel asnes ephagH 46 MOt ent er

receives the call but cannot determine the origin of the call wthout

i nf or mat iherd wired inte dhdoDS TINang ears movenboutsidtie etistgepay respersetcipler eannet fail s

to, forgets to, or sinply cannot identify his or her location, the E911
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 automaticélly
determine and communicate their location without a person actively entering or
describing their location. In response, the United States Congress, through the FCC,
has enacted a requirement that cellular telephones be locatable 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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reception center is unable to determ ne the precise |ocation of the call
because the wireless device is only tied to the PSTN at a central | ocation,
such as awbase/stati on, for exanple. At present, the be®CTiusatosoms4E911
reception center may do is to determne the location of the cell site from
which the call was placed. Unfortunately, typical cell sites in a wreless
network system nay cover an area with approximately a 30-mle dianeter.
Further refinenment of the |ocation nay be determnable in a digital network

by the power, setting.of the callin jrel ess device. But, this. .still
results ilﬂcagﬁnzifoé’é %F}fenﬁalﬁrﬂ'laf i“ﬁ‘l%ﬁ\%ﬂm é‘ga S?‘F\‘gF@F@EE?y SREPY (:f(fltt%eer sonnel
cannot be di spatched to the scene W thout nore information. [0021] A

pr oposed legtignijofrihe eall.hiThusy etsmeih theenllrgds unable dp LYHBISEPERO8IUPEr s wi t h
cellular tel ephones. An added benefit to this proposed solution is that any
pOSi t i on enfergrmsy pesonrncd car beldidpatehedrio thedechtion feom whidthacadtiwarsadecei ver
may be utilized by the cellular tel ephone user for directions, |atitude and

| ongi t udgoemy Tt idesd( he G311 068l Brplpedifiddnsyirelesotbdte kadaad arsllaer ot her
cellular tel éphones that the cellular user is trying to |ocate,

det er m nat .o, af %1%%9@1&3 iBf %Fﬁt eBlividiRe el b @hnYf@terinOiRrigimndmar ks,

directions tor the cellular telephone user via internet maps or other GPS
mappi ngt e i S,.,and.the |ike. S d f ot t han E91
1 calls, Ogﬁge%ﬁlvz}ﬂf?é@\%ﬁs?nﬁ%o@f Bﬁovﬁ%‘? bé'g{h%tﬁ Ea§r nan}dglf’l@%gttl} g:(r?lrli bllg(r%fsle. [ 0022]
As an example of the current thrust to inte t.e GBS r.eceiver,s W

cel lul ar qzﬁ?%f?ﬁ‘é@a, %w.gsts g OB FHIRY fEROIS! 8‘?&5’ S@ or;leg L}8‘C‘J§}°8’ R}eaghgf, whi ch
is incorporated by reference herein inits entirety, describes a nethod
wher ei n aeteption seatef dhugabile to Ketswningshe prgise leeationof tha drB rbegase B®i | e

Tel ephone Switching O fice "MISO') transmts _
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
determine the location of the cell 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 the 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
cellular 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 the cellular user to other landmarks,

directions for the cellular telephone user via internet maps or other GPS mapping
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GPS satellite information, including Doppler information, to a renote unit
(such as cellular telephone) utilizing a cellular data |ink, and conputing
pseudor aryo0tesrdie i n-vi ew GPS satellites without the ramdsetosioaossng to
receive GPS satellite ephenmeris information directly fromthe satellites.
Anot her patent that concerns assistance between the GPS system and w rel ess
networks is U S. Pat. No. 5, 365,450, issued to Schuchman, et al., which is
al so incorporated by reference herein inits entirety. [0023] The
integration of GPS capabilities with a wifeless ¢ ni ¢cation. . device,
however , lgshaigues, #nd dhe lkea) Suchglata magrbeaQhHiA g’,r (Hﬁ“gmllj’ént dil reallin®de nat ure
and because nobil e-device designers are striving for smaller packagi ng as
wel | as Iveoikbe ey usafyl foi fellulayiand[PESssubserthers. cat i on devi ces often find

t hensel ves in areas where the signal strength of received GPS signals is
weaker t hgop2jlesi aeekanfisle af tigs clrient ithrustety integeate KIS mxgiwefsowith kelhdms
receiver to receive and | ock onto the GPS signal received fromthe GPS

sat el | i t g9ep3924]S. PhehETGNBer 4,821,914, Sssded @eabribr WicRid interpofatddRy r ecei ver
t hat can re%el Ve and recogni ze signals fromthe GPS constellation in

situationg x\f’\e'g?é Ferdin3A s eﬁg.{eg? gi%gkrib%s WeAlERIG WABinGe5sE %ﬁévgﬂﬂ%%dv@{)%l A

. ref :
recei ver V& ence oscil requency correction systemand nethod is

descri bed that prqvides a_.recejyer. Wih reat ef cabi o k..ont o
ol at i Vel ava Sl g PedsaepSTaaree REPapEPARRLIMISY T B e e
invention is directed toward a system and nmethod for determ.nj ng and
esti mat i KiPSpatellitinforartippeingidis BppRler informatigiale ¢ Fepefe iyt dsl%‘ab?%nce of a
receiver, and using the error estimate to create or

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 wireless networks is U.S. Pat. No. 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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mai ntai n i nproved frequency coherence with a received signal. [026J The

i nvention may be inplenented with receivers in various systens including
posi ti on wetesamsnati on systens, and is particularly wel PCTaiSe@d/ 084N

envi ronment wherein a wireless comunication device is conbined with a
position determ nation system such as, for exanple, in an A ded Location
Commruni cation Device. Various exanples of inplenentations are descri bed
that provide tracking of the rate of change of a frequency error I of the
frequency reference used by the vviéel ess_device (e.g., the ALCD), using the
rate of change (and, optionally at®¥ Y hi gher order derivatives) to
estimate the frequency error O of the frequency reference at a future

poi nt i n (0025 A aeetivesimfprense assillatpatiresmendy rowmeftioncsysiny gpd mpethed dhe
frequency reference at a future point in tinme to maintain frequency

coher enceleydnibed thatqeovidesya aecpiver withra giegtealabilidy ¢p lock oBRSredatiyeli yeak

Determ ning and estimating frequency changes over tinme and adjusting the

| ocal fr @4Hi8 TRy uERy' Sehald VGRS paali@llat]ya thOp@sdnt adleniion Bvdifected towgela per i od
of time, enabling [onger integration tinmes to capture weaker signals

wi t hout 'sga' A%l RGHED Sk cﬁ%ﬁrﬁ%ﬁ%d @sg%%aggman%n% BEfrbQedby LhBAMPNCY

source ma e achreved, for exa ware, software or hybri

t echni ques. 7]. _The _above dgscribed process y_he i

obt ai ni nSO%i&%i‘ﬂdf%%/ 6 ergﬂcea8fﬁaﬁecef1¥%rq&8§c‘§?m§r ﬁ%r O %%ﬁ%gg;:té r%e gar gﬁce
frequency qscil]ator, using these estlgates,toq&)rrgfi ct estimates of a

f r equencyn@RtaEY IEIoYeeLrequeRsy, eREEYIBRLGCHEG 8% or in the future, and

using these estimate predictions to allow the GPS receiver to track the
phase of [826]i Nidwmiinvgntps maynkd implementess (with reegivss nvageUst SHHCS mes are

including position determination systems, and is particularly well suited to an
environment wherein a wireless communication device is combined with a position
determination system, such as, for example, in an Aided Location 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 future 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, software or hybrid

techniques.
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possi bl e as the receiver does not | oose coherence with the incom ng signal.
As a result of allow ng longer integration tinmes, the receiver has a
greater aWwDI20a6pst11acqui re weak signals. The estinates @eCTuseqEemsy2 err or
may be obtained using a radio frequency signal received by the

communi cations portion of an ALCD, for exanple, the received signal of a
cellular tel ephone. Alternatively, estimates of frequency error nay be
obtained using nmetrics that may indicate a drift in the reference frequency

such as, for exanple the tenperature jn which the reference frequency

osci | | at 927ls T@E@&Yq fgperi E‘F?Cﬁﬁyn%yat”? a%ﬁ?@’rphtsf‘?il?y P%tfgimgb\esft}nilaﬁgsr? g system
may be utilized with the present invention to provide_a frequency estimate
havi ng the dntel fesuenty leeestofbatlpedl) refrsense fnaueaey cascilletass usnEZHBeSe r adi o
and GPS receive signals and the original reference source. In one exanple
of an i npktaes abi pedict hatifuates eoff ngfreysheyn amy & tlen refdegpee Vigedueneyer

capabl e of adapting its characteristics based on the input signals it

recei ves osifl28t inihe fiadd had usthg tHise EdtReHE pRMicEioheioaiikey S iRSTeeigermet hod
may conpensate for frequency variations in the reference oscillator

fr equenc¥o %?clftf}]lé%rﬁe tofh ifféﬂjbrniliﬁ%I ﬁﬁsas‘f {.SAs E‘i’ésuﬁi(ﬁaﬂ?éﬁnte bR thit afUt put

frequenc erence osc ator varies as a result of tenperature
vari ations, .t he system and, met h of the present.in .1 on:. redi ct
these varPHible s W dosedys<docs I’i’@gﬁjoeqs%rcgﬂ 81? r‘gﬁﬁet Ty cg)(%%é)g}gﬁglyyg[ggg@] Thus,
as a further advantage of the invention, if the reference, fre uencey used to
get a | oarsuliniHewgadongardnieptesion figies) the tecgiver g@ﬁ agreatet alTHYAGERYTS whi ch i s
referred to as frequency error, the invention determ nes the frequency
error andvdakssighald.t Fhet estinates of dequency een meyebd phtaingd Wing 2t 840 | ow
integration of the incomng GPS signal to

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 reference 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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occur over a longer period of tine while maintaining coherence with the
incomng signal. As a result, this increases the effective sensitivity of
t he GPS rwoenessysial | owi ng detection and neasurenent of PComseomsiogesar | evel s
than may ot herwi se be detected with conventional systens. [031] The present
invention may be inplenented in an exanple of an inplenentation that
provi des hi gher order characterization data to be determ ned such as, for
exanpl e, phase jerk. Utilizing these higher-order characterization data
allow the receiver to inject an inproved drift.rate correction factor into
the corr é030 oG53 @ng?rd Vﬁﬂﬁgﬁgg)f‘l?ﬁ]é‘?’?/%onoi‘f tb? 6%8‘???‘?1 CHYREY YR s
characterization data, including the higher-order characterization data,
can be progdctlock pmthei GRS sasellite Bonah il gﬁ@icmmwum@ igreferediong
interval. Additionally, measurenents of varying nmeasurenent quality and
varyi ng safiphiagyienosthaimyention deemtnds the dreqidg 2froOahd its dyifitraigsandret hods,
features and advantages of the invention will be or wll becone apparent to
one W th ygld liis BharhdigiRkibn VRGNt YRS NateRfionfoftthe ihalnhiaw GRS fsigyal @5 and
detailed description. It is intended that all such additional systens,
met hods, &3t WL @H%{Z&Yi%atcﬁqﬁﬁe Réhife .%iﬂ%ﬁﬁn%“c&ﬁ@r@n&ehévﬁh 4RS ficoRfing®n, be

p an e pro

within the scope o I nventi on, ected by the acconpanyi ng
cl ai ms. BRI EF, CRI PTI OF. THE W 033] . The..| [ . better
under st oS0kt HF 8P Bhc b1y PFRESY @fel g%%ﬁgef%eﬁ%;?g@ %ﬁ@%c(gﬁrr%gggegﬁ e? in the
figures are not necessarily to scale, enphasis instgad bei l.aced upon
i |1 ust r at3lagingdetptioneand wsagyrement qntQE’E?F’@H?‘I fevels f F@Xr%ﬂ?&?ﬁ%
reference iunerals designate corresponding parts throughout the different
Vi ews. detected with conventional systems.

[031] 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 these higher-order characterization 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 appatent 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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[034} FIG 1 illustrates an exanple of an inplenentation of an A ded

Locati on Communi cation System ("ALCS"') using an Aided Location

Communi cavoanoddavsice (" ALCD') having a GPS recei ver | ocacedSesosiuesst he
ALCD. [035] FIG 2 is a block diagramof an exanple of an inplenentation of
the ALCD shown in FIG 1. [036] FIG 3 illustrates an exanple of an

i npl emrentation of an architecture for the ALCS shown in FIG 1. [037] FIG
4 illustrates another exanple of an inplenentation of an architecture for
the ALCS shown in FIG 1. [038] FIG 5 illustrates yet another exanple of
an i npl enentation of an W@EF@NWTﬁﬁRAﬂ@G%OM i FIG 1. [039]
FIG 6 is a functional block diagramillustrating the functionpality of the
f r equenc 033} ciThe atventigiheancbechsttewandentoaslwith rafpignertoshe o g HBUGHe exanpl e
of an inplenentation of the invention. [040] FIG 7 is an operational flow
di agr am irhé ¢stnpahémein e Hpeeatiearotafecessariliyrtogoelec ympkasiy instead behgse
correction systemin accordance with one exanple of an inplenentation of

the i nvenfbanyupdifilustratiag el ﬁn@i?le@@@&l@é invBition’ | RWhelifiggreaniikd tefatnat i ng a
process for estimating a value for the frequency acceleration at a future

0 | B Gy AR St gL o, O e
e | O st ISR R sRaRble! 8 8h iRIRASrbRIoh St b hiNP 150N 2
Communication System (“ALCS”) using an Aided Location Communication Device
(“ALCD”) having a 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 illustrates an example of an implementation of an architecture 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. 1.
[039] 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.
[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.

16



ALCD. DETAI LED DESCRI PTION [043J | me follow ng description of the
preferred and various alternative enbodinents, reference is nade to the
acconmpanywogoaveandimgs that forma part hereof, and in wecThisc@sshaen by way
of illustration a specific enbodiment in which the invention may be
practiced. It is to be understood that other enbodi nents nmay be utilized
and structural changes may be nmade wi thout departing fromthe spirit and
scope of this invention. [044J The invention is described with reference to
various functional block diagrans, which jllustrate possible applications
of and ent988l Bl S ran prerpticneh flogndipgigm Bustiaing » RERCeplof SENAIRE 2 These
functional block diagrans should not be interpreted to inply or otherw se
requi re avabas for thel faequengisaaseleration laf 2 Edungrpeintin imeacdading taionpexdmple
partitioning of the functionality depicted therein. Instead, it will be
appr eci at ethnlisnplemeentdtionr dfithadnyestionl | in the art that various alternative
physi cal architectures (whether hardware, software or a conbination
t her eof) @a@nbﬂ@wdis_t 2 fulDi Qe Hlodkh iadRee rillagehtfndnalel ARRLibAdity Fsr aexanpl e,
[

t he inven can be inplenented using various hardware and software

conponent j I , i 1 L d
ciroui T (BegleR, Hilor pise SHRHRIGR oyBh, & SRR Rkt BL EIENE
circuitsygf Ej, a chipset or nmulti-chip nodule), or in associated
circuitry, 8 “in the software, firmmare, protocol stacks, |ibraries,

al gorithns or other processes operating thereon (or in any configuration of
one or nore of the foregoing). The chip or chipset inplenentation, may
include an integrated circuit,
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including, for exanple, any of the follow ng alone or in conbination: an
application specific integrated circuit, or ASIC, a digital signal

pr ocessorwQ"DsRISY§110r anot her gener al - pur pose or speci fi eCpuSp@sSA4@EIDCESSOr ,
and associated circuitry (e.g., nenory, co-processors, busses, etc.).
OVERVI EW [ 045J The present invention is directed toward a system and net hod
for determning and estimting an anount of frequency error in a | ocal
frequency reference of a receiver in a position determ nation system and
using the error estimate to correct the |ocal reference frequency signal
and thereby naintain frequencPECAHEPIMSCRIFHAN r ecei ved signal . Wile the
invention is described herein hi terns of various exanple applications,

whi ch i ndP4Rle Inf the daldowing, dascaption eokither picfireegr andd vesieus AUeBRNVE ar

t el ephone in an ALCD, one of ordinary skill in the art will appreciate that
t he syst embdine®s, hettrafcet lhempde s@nhe iaccommtangingcdmwiresi thipt donentaepartvi t h any
W rel ess communi cation device where it nmay be desirable to nmaintain

coher enceeplofaandgh SHBAER hbRAUSNGYy 8F ARStratidnOf §leciflc dnibciimentannyiach at ed by
those skilled in the art that position-determ nation, or navigation,

S S R

Syst ens i on I'Tte Systens, eneral,

navi gati on, syste can typically be satell..te-base | so.known. as,"space
vehi cl e" iz %@“@%%%F@;Pﬁ@g%ﬁs{?yeﬁ& mgde witha %W“gﬂégr%%eggﬁlfl& ('lsyst ens
include, but are not limted to, GPS, the United States ("U.S.") Navy
Navi gat i gomsueidhisitteentgRt em (" NNSS") (al so know as TRANSI T), LORAN, Shoran,
Decca, TACAN, NAVSTAR

[044] The invention is described with reference to various functional block

diagrams, which illustrate 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 in
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.g 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 multi-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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(the prior nanme for GPS), the Russian counterpart known as the G obal

Navi gation Satellite System ("G.ONASS') and the future Western-European

pr oposed wGabidmsesipr ogram As an exanpl e, a position deferrise@sioss4syst em
is described in GPS Theory and Practice, Fifth ed., revised edition by

Hof mann- Wl | enhof, Lichtenegger and Collins, Springer-Verlag Wen NewYork,
2001, which is My incorporated herein by reference in its entirety. [047]
When integrating GPS system (or other position-determ nation system
conponents with wrel ess .conmuni cati ons s atens. t.hat i ncl ude, for
exanpl o, EBPHPUPOSAIPRY RN PO ATPR Ghd pEpSitsd ety (ResyBeiBsy: » ppar
Bl uetooth, W-Fi and PCS systens), it is desirable for the GPS systemto
have theQ@éﬁaﬁﬁﬁﬂﬁ¥mﬁﬁﬂd@&&ire and track the GPS satellites under
conditions that a typical w reless comunicati ons system user nay encounter
with his or her wirel ess comunications device. Sone of these conditions

may i nclude indoor use, and use inQ&E@yscEWurban areas that have limted sky

view (such as in downtown areas w rapers bl ocking satellite views,

etc.). Although these conditions are typically sonewhat nanageabl e for
terrestrial-based wreless. comuni cationg systens,, t re, often tines
mor e di f 043 ¢ F?ealm?éfﬁ?%onr‘gﬂf@%&i@)’éﬁf@ﬁs‘%‘ﬁ@rm’éﬂ%ﬁ?@idr‘?%émf‘}‘%%i ti onal
"GPS- st andal one"” node where a GPS receiver, acquires the signals fromthe
GPS sat eldnit estimating s ampentseft Bpquenes errgrdn 4 focgh diegeency gefarencrsoinavi gat i on
wi t hout any outside information being delivered to the GPS system typical
GPS r eceireeigeriin atposition detecthinators system, emgd ewsingribeenporodstisnate ticotrettiche
Time-To-First-Fix ("TTFF") times, and, further, have limted ability to
acquire tlben ERr&RE erddubeys sighdl sdutdasbyi maiatin Gfeqhéntlyt @leiiye Withha

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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conditions. [0481 Even with sone additional information, TTFF tinmes may be
over thirty seconds because epheneris data nmust be acquired fromthe GPS
syst em i twel2hg6/0as1eht ypi cal |y requires a strong GPS si gralr/useoiaogsuz e
epheneris data reliably. These conditions usually inpact the reliability of
the position availability, as well as the power consunption within wreless
communi cati on devices such as, for exanple, cellular tel ephones. Even nore
troubling with conventional GPS receivers in these conditions, is the
inability to acquire the GPS satellite signals at all _due ak signal

st r engt hpragsamc Astascxainple, & pesitior defermipgien sygigahisWesgeibed & éﬁﬁ\lbﬁ’?f’]iye ngt hs
are encountered, the GPS receiver typically is required to integrate the
recei ved asd gnadticoy Biftl edgeaevipet edition dfy Hofreanms Watlguliofe Lichtesieggerf and on t he
signal. Unfortunately, as the integration period progresses, the center

frequencyof@fing Bﬁriﬁ%&%rla@iéﬂlmé\ﬁYoﬁﬁﬂmm gvhidieisrfalbeincerpoiaied hersm lgoher ence
with the signal before a fix can be established. Consequently, in these

conditio iLver is unable to obtain a fix on the GPS satellite
si gnal fg‘?fe{ g%gzi\%e%n%gr-‘strength signals. [049] To describe this phenonenon

in great etajl, .the tinme cade data fr h ) ] ks Sqt, ul at ed
onto a sﬁhﬁﬂoit\gh‘?ﬁ dﬂ{éﬂaélpgwcﬁ) ¥Rt F ? {rﬂgé uéoﬁga;) %o(?e?érgllﬁz&o? olsgﬁ %ﬁ/
transm ssion fromthe satellite to the receiver. This ﬁgdu%ati on s
acconpl i seEgpoRgRtFINith Wirglesy COMBURGRLONS; SYSNEIDS {HFt {} OFNIE0i PG AR i er
signal together. This nultiplication is a fre.quen%lpcgnver si on ‘gfg‘n%cess t hat
shifts, aellupcoageg syowe mging, Parspnal fdaimd\ssisignt HEAIPAL nBlugknogh, I's
centered around the carrier frequency of f ¢ Hz. The signal is then
transni t taad PORRgystdhe)cio igdeirabit farthe GRSraysten( tolimve theosphleitity foractiee
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 (“I'TFF”) 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

20



case of GPS) at this frequency. [00501 The frequency-conversion, or
upconversion, process is reversed at the GPS receiver in order to bring the
dat a si gnab 2b@ais7siown t o baseband. ldeally this step carcChasawsomst: shed by
mul ti plying the received data signal by a |ocally generatedsi nusoid whose
frequency is also fc Hz and whose phase is identical to that of the carrier
signal used at the transmtter. This desired signal is centered at DC since
the fference of the identical frequencies is 0 Hz. Thus, this process of

mul tiplying the eceived signal by a |locally generated sinusoid of the same
f r equencyypicaliyheequisess fi stioag’ GPE Sigabto graiEoPirhemeig %5@1&5’&“ Ilf}’e%w pass
filtering the signal acconplishes the task of bringing the signal back down
t 0 basebaoaditibhe usualiglimpacietheretiahlliyi oflithei pbsitiont yyzilakbilikyy asr‘é@l? es thy a | ocal
reference frequency oscillator in the GPS receiver. In the case of an ai ded

| ocat i on FWBhGRiptRASWHRM Faeledd chhniupRalioe deviced eidneas for equapiey
oscillator can be that used for the conmunication portion of the ALCD

.g., t id | tely,
(e.g &glrl{x]gfg%e Gld | BL m%&ee aoﬁﬁgglugvﬁg bRl ERBANEHPS [OQH:s WnfiREd unat el y

in real - Ications, t l'oc enerat ed sinusoidal signal wll

nave Dot b BB TKSON BRTRS 1R A0SO SURLLERY Y LSl o L,
ow cost GEbE geRtciatyl ety BEEuPaL . Whe o sth PRt e
frequency of the local oscillator ./Lo at the receiver can be described by
the +Af wineowniéred,i the tGRS dessivier dymienibveis equitpdetocintecaste thy recspied signek t he
anount of frequency offset, or frequency error, present at the

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 f; 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 transmitted over the communications channel (the atmosphere in the

case of GPS) at this frequency.

[0050] 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 accomplished by multiplying the received data signal by a locally generated
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receiver's local oscillator. Because the local oscillator running at a
frequency offc + DHz is typically an anal og conponent, one way to renove
t he resi dwel2odaosggiency of fset of DIHz is to multiply thecsiuseels/obys4anot her
sinusoid with a frequency of DDHz. A nultiplier may be used to renove this
of fset and put the signal back to baseband, which is referred to as a
derotator. A derotator can be inplenented using the DSP or Dt her hardware of
t he device, or using software or a hardware/software conbi nati on. Anot her

sinple nethod for renoving the frequency error offset is to. proyvide
appr opr i sesoiéadivse requenchids @lspgh dfcand WhgsoRB3Pe 8 éﬁ?qqtlﬁgloﬁo te’%‘r Oﬁhf

associ ated functionality, such as, for exanple, a PLL) to adjust its output
f r equencyartieckighal usbd atthattensthitegudhisydesired Fignalds centereftat DC ey the t o
determ ne the anmount of frequency error D) in the reference oscillator's

si gnal t gifrneiRE Yfanel idenficaA MRignéncdds isdj Ha!t Tien! thie pressr of mpBiphadg the sone
receivers, the final IFis in the formof a digital signal, and the final

o O 2 LA PG OTIh R fuea) bl ahs oot ooy it e |
CompLex. PhasereXe Lo 0En R PARLACHP! B ARoNReRRgS e sl ve Lo
Sapl o sBFROHRIPReHeAR! B DHOPEE ghe IEPRL il HoP 1 A L8R Ao Seaband val ue
stream I|f the de-rotation is done correctly and the digit LO i s | ocked,
t he resulzehergied ampseidds typinallyeieatsd by 2 kogpl W%ﬂﬁﬁ‘@le,ff%“?ll*f’yt ‘P?éﬁiaFPéd? By part
zero. [054] To address these chall enges, various exanpl es of
i npl enentGRS esived. | 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 fio at the receiver can be

described by the expression fio= fc +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 fnultiply the signal by another sinusoid with a frequency of Af 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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frequency correction system and nethod are described that provide tracking
of the rate of change of a frequency error D) of the frequency source used
by the r eweizoevos7diihe system and nmet hod determ ne the ratreTafS2aange2 (and,
optionally at tines, higher order derivatives) to estimte the frequency
error DD at a future point in tine, or to renove excess noise froma
current-tinme estimate of frequency, and use the estimation of frequency
error D) to maintain frequency coherence while receiving aGPS signal .

Det erm ni ng and estimating. frequency changes _over ti and adjusting the

| ocal fr ethge hardvwasueicihe dspicep?r wing %Pf%qu%gEaﬂ‘Pﬁ‘gWW@%@F COMOBRYEY peri od
of tinme, enabling longer integration tines to capture weaker signals

Wi t hout lAmsiliey simelpueretyode dore remewing [the Sreqpencie eanop| @ffsst 1 niel BYFYHiCat i ons
described herein are suitable for use in various receiver systens, and are

descri bedphopaits feedbsikmeo otheexefernee afigiueney | axilardrt If1GHS sywcamsl and
ALCD appl 1 cations. Because the comruni cation portion of the ALCD nmay

typical | f eNPEL| Whadiharits tMRdqun@ baek tetmal | y)
ek zed%m%'sﬁaelﬁ% JRAUSNGY ekahFleeNPELY igrits! Gt TRdg) 1%%1’

osition determ nation portion of the AL in these

Sg P:c IO:,: ﬁ,it Iﬁ:gn ;g{ %Q(ﬁr{ggéjﬁfce nlthe%ég’&%g}'t b ﬁlseg{l ld H%tgﬁxtnhg ﬁ%: JH&HYER ﬁ¥%ﬁe‘ﬁéf E@Bce in

enen ternative resent 1nvention may be

i npl emented, in a comuni cation, sy.st havi ng i own dedi reqguency
ref erencéy Hnng’seuéfffe’ifﬁceeﬁ Ao 5 ég??ﬁﬁé’naﬂ‘?%?‘f’%ﬁh% aln?oeu&.leoﬁgécﬁgso%lr? gr or
ot her functionality for nmeasuring the frequency ratio or difference between
t he freqweers§aryef erence and the transmtter's frequency can be utilized. A
TYPI CAL GPS ARCH TECTURE

[0053] In some receivers, 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 estimated 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 digital LO is locked, the resulting sample siream may be a real number, with the
imaginary patrt 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
order 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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[056] FIG 1 is a functional block diagramillustrating an exanple

i npl ementation of an Ai ded Location Comruni cation System ("ALCS") 100
utilizi ngvanoexangliie ALCD 102 havi ng a comruni cati on seeCirars2q¢osotosghown)
and a GPS receiver (not shown) located within the position-determ nation
section (not shown) of the ALCD 102. As illustrated in FIG 1, during
operation, the ALCD 102 is in signal conmmunication with a wirel ess network
104 via a base station 106 and wirel esstransm ssion path 108, and is al so
in signal-comunication with at | east one GPS satellite of the GPS

satel |i t ERSsighad [Retéroninibg Gndiestimpiirgafrequemey charges overpdme end adjusting] 116
and 118. It is appreciated by those skilled in the art that while only four
GPS sat elthd 1oesl fieiflench2durck2ppeipiialkdBalioves Sduding ovede 1GR5Er patied bf tims, 120,
122, 124 and 126 may be any nunber of GPS satellites fromthe GPS

constel | %g%lﬂﬁlgjl%%%érhﬁ’t% fiSn YinRds b RaptAre WhdRel Gignalk Ythbul RRindleddubicy may

i ncl ude receiver (not shown) in a positiondeterm nation section
(not shovvn% r%nc% a W rel ess processing section (not shown), also known as a
"cal l pr&? 133 Ng" section, in a communication section (not shown). The GPS

receiver within the ALCD_102 may receiye ignals fromthe GPS.satellite
const el | a[&%%n T%POGW %ioéﬂﬂplgﬂmﬁﬂnéa%S Gﬁ%aﬁ 1 §% ST%EG ?TG“%?n%P 118 and
the comuni cation section of the ALCD 102 nmay receive wireless .
cormuni caetiows tcgiver systamesmand aravileseribads heremyigrtrrmpal ¢xample gaplications
communi cation path 108 and base station 106. In sone inplenmentations, the
ALCD 102 witly GPSseystemsdand A&ICE apploations. cBedaose thegroainsunicationeponiiorepéss
network 104 via signal comrunication path 108 and base station 106.

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 utilizes 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 exarﬁple of implementation,

a frequency counter or other functionality for measuring the frequenéy 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 utilizing 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 signal-

communication with. a wireless network 104 via a base station 106 and wireless
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[ 0581 The ALCD 102 may be a wirel ess device such as a cellular tel ephone
(al so known as a nobile station (M5), wireless handset, cell phone, nobile
t el ephonewonoowaisidie phone) or any other type of nobil e a@eviuseqosiomaskridi ng,
but not limted to, personal digital assistants ("PDAs"), pagers, conputers
and conputer equi pment, two-way radi os, trunked radios, specialized nobile
radios ("SMR') or any other device for which it is desirable to determ ne

| ocati on informati on. The ALCD 102 may al so be a sem conductor integrated
circuit (i.e., a chi | ocated within thew rel ess deV| ce or a cg&? nation
of seni cdﬁ’d’ﬁ’élﬂsé’f(’nl tgg}roﬁi arfl & pleqiin signgl-eommunicaiion spthayt Ifgt ome % nodul e)
| ocated within the wirel ess device, or the algorithnms or processes

oper at i ngatetlige @fithe EiBSr’rmtdhteo‘fonsﬂaEam bl b viacsigned eomnmnjcation | paths by
integrated circuit having a GPS receiver and a transceiver which may

i ncl ude appl i1¢atandn 18pdeis agprédidted batthokecdkiliad in the AR B4) while ASlyChuand a
processi ng capability or processor such as, for exanple, a digital signal

processorGggs 9§5’lh)ces01r20D§f§ 12k 3nd 186 GRSG0Rh, &e(@PS wdilitdsabopimmeqa the ALCD

102 may utilize a celfular transceiver in the conmmunication section that

cenemes i A s Bl RS el RGPS BB GRS P
GSM UMTS,. ﬁi\/gslpéﬁllﬁihzoth, W -Fi and/or any conbination or extension of

these tr aHSRS mes or simlar schemes. [0059] Base station 106 can
be utilized to provide the air interface between ALCD 102 and ot her

comuni caffth Hes/ ALED 1Vhaaydnelyde both 2 LR¥peecivest @et shavasn Popositifther  and

traditional wired or land-l1ine type tel ephones. Base stations 106 thus form
the wir el desamiinationwe¢tion (net sho@D3 add2 vételess prasaskingssontidh (s showm &laci ng t o
Hhe v edknown 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
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network infrastructure at the other. For exanple, with cellular

communi cation systens, there are nultiple base stations |ocated throughout
a gi ven swovowasasiea, each base station 106 serving itsPCHUSANENE0542
surrounding area, which is referred to as a cell. Wen a user places a
call, his or her ALCD 102 comruni 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 may conprjse a conmunicafion network

i mpl enent %Fe{eés SR ¢ spbmat SRORSPRAYAIOT diGgiated cdiguis &g-Aﬁéﬁ?’i@Z or may
conprise a conventional |and-based network such as the PSTN, or may include
a conbi napi anltitehipe sioduj)elpeated  withinsthg wireleks dieige.ant dhe abgwitbnp|@ of an

i npl ementation of the ALCD 102 shown in FIG 1. The exanple ALCD 102

i |1 ustrat prbcessesbferalng itherbort e SExamifiesaot dremulipcat chipsa e atayomc2de agd a
position-determ nation section 202. The wirel ess communi cation section 200

may i ncl ugRepRate@! dircRItORASSs Y APLCReckive GinldOA trdiRteiSEOWhIcH haly pREIder ns the
processing functions for the wirel ess applications and nmay include a

i rel of <] o Iy f , th
ALCD 102 SRR EL e RlgbHaTR R CASIES SRR R LA AROCTT The”
ition-det i nat i ti 202..i ncl ud GPS recsl, 4
P oce vi ng USRI wef Psriah Pbiid Dbt A mowpeorGBEP ) T s tEMFat f on
110. The positjion-determ nation section 20 al sg include, a non- GPS

2
recei ver Ea5p4%|acceliular delephonggtheoplePsYomay i“gﬁ%l%lﬁcﬁe%m HABICRITET Bhibgs

descri bed bel ow. The positiondeterm nation section 202 perfornms the

posi ti on compunisatiignsection thap nperhiss at dny radicHiregoencyBy RIFF) eapdattilizgngt dng

technol ogy of the comunication section 200 with that of the
transmission schemes including but not limited to CDMA, CDMA-2000, W-CDMA,
TDMA, FDMA, GSM, UMTS, AMPS, Bluetooth, Wi-Fi and/or any combination or
extension of these 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 type 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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position-determ nation section 202, the ALCD 102 provides two nmajor service
systens: that of a wireless device, such as cellular tel ephone service, and
that of twe 288®srsaacei ver to provide | ocation infornmati orCofUskés/oddse€D 102.

It is appreciated by those skilled in the art that this integration

provi des for numerous advantages including neeting the E911 requirenents as
set forth by the Federal Communication Comm ssion ("FCC'). [062]

Communi cation section 200 and position determ nation section 202 can be

i npl enented using separate chips oy chipsets, or, alternatively, their
fUnCL | onaVIElsCORNBITEEAHONA SEVIBR OB SRt 12 AV OBFI2K KPREES & EORVeBlionR) e, i n
the illustrated exanple of an inplenentation, algorithnms, circuitry and

ot her i ntlehd-basedaletvpark gach as the Pg%\f, pemay inelulds atdembiRgiohdhereolonal ity may be
integrated to run on or operate with the digital signal processor (DSP) of
Comruni caj0ie0n BEED Bra B0k diadrans 96 ah ekadpletufas iorplanentatidorof the ATZCTY. [ 0631
Wthin the ALCD 102, or, alternatively, between ALCD 102 and an external

accessor y1NHowh VIS, 10 TeCRakiplo ALODTHOY AREir2ABS iPBPIGEE indlh@esGMENI cat i on
section 200 and position-determ nation section 202 take place. These

Cection opripanFlNCEIAN 200 ghP iR FNMGIE L O R TIERERE D) ace
i al . I | el ' [ | nk 208 Al d | i 210,
but "ot ner SRR Ghieler 70 B el eoeddRe Rk ode 0B B T ca | ont

| ink 208 can conmuni cate data in the formof one_or nore _software 'words'
i f desir edat mEEmsshegrrosgssing dwertiops farrthe whreless ennhisetions and maygpeldedor or
ot her functionality that has the ability to "read" the

wireless transceiver. For example, in the case of a cellular telephone, the ALCD 102

would include a CP section with a cellular transceiver.

[061] The position-determination section 202 includes a 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 AL.CD
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 ALLCD 102. It is appreciated by
those skilled in the art that this integration provides for numerous advantages
including meeting the E911 requirements as set forth by the Federal Communication
Commission (“FCC”).

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

implemented using separate chips or chipsets, or, alternatively, their functionality can
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communi cated word or words. Hardware lines 210, if utilized, can transmt
signals, such as a voltage or current |level, which signals are used to

i ndi cat e wbeo@mEpanty to be comuni cated. [0641 As woul eCharsappsnesiat ed by
one of ordinary skill in the art after reading this description, in
exanpl es of inplenentations where Comruni cati on section 200 and position
determ nation section 202 are inplenented o a common chip or chipset,
comuni catipris, between e jwp ."sectipjis” \s, necessary accpnplish® yia a
link, as the two sections are not necessarily physically separate. In such
exanpl es of compipedren @agomynen chip omehipsel: i Bﬁ%ew%énéh‘td%%ﬁ@tﬁ@]%%mP]@r
exanpl e, by sharing datain registers accessed by the DSP, comruni cati ng
over a coofivem ibpdemanrtationg adgomidhms, n¢ircaiteshiapd crthérnintellectuiahb peapertE af&™) As
further exanples, the comruni cati on between sections may be nmade by

i nt er - t asKerfRAMAM HRAGPS NfunétithaliBr indy bedinte@rdté RS @l 8n oF UPdrads wathythei me or
frequency transfers between the comuni cation section 200 and the

posi {1 0n- @il iR biRBssHP DS oAmmbnitHi sebfibh b EAPAR L AR Lo fiRIr ©

describing the present invention in further detail, 1t iIs useful t

descri be ral %ﬁanple applications in which the invention may be
inplenent§§¥ﬁ¥ﬁlfe anpl e applications described herein can either allow the

ALCD to det L ne.its it frgmsignals it r ' directly fromthe
S sat el W65bs Withimi SLED MiE op aliermpsne: Preen ALGT 102 el 28 exlectila) | ow
the ALCD to utilize a communication link with the base station to obtain

posi ti on faseserainasshevahia A& Bhd62.seammanicationsihethiganoiie opFEREI¢aieonGPS

signal strength nay be to weak for the ALCD to nake such
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 ability 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 chip or chipset,
sommunications betwosh e fwa.“sections”  is nat neccesarily agramplishied ¥ia a
link, as the two sectioné. are néf necessarily physicaily éeﬁaraté. In such examples of

implementations, communications may be accomplished, for example, by sharing data
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a determnation on its owm. [066] In FIG 3, an exanple of an

i npl emrentation of an ALCS 300 architecture is shown. The ALCS 300

ar chi t ectwoeodanstsiis exanpl e of an inplenentation utili 2e3/uSR®HsHeshnol ogy
in support of various inplenentations of the ALCD 302 for the

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
wi rel ess network cornmunication services, the ALCS 300 can provide highly
reliable and econom cal solutions to the ALCD 302. The ALCS 3Q0 can be

i mpl ementigdregistesgnseised parthe JASR, \geaumEHcaliag| Qyeh i OMmet bie ¥ 140115l ng a
GPS- st andal one node, aGPS- aut ononobus node, a GPS-networ k- ai ded node, a
GPS- net wonkra-chipt ori iotrarobliipsetameanse rAe fuathdi axpraples thexcorampoicktipmbettveaihd an
augnent ed- ai di ng node, each of which are described in nore detail in the

r el at ed- appliodsahyobe HadeBEiite-thsicampatsitaibn) efdeottaly ddte andagesucihe ALCS
300 can al so acconmpdate a wi de range of wreless comuni cation

t echnol ogj ] UF ; , r
getngzgf?nin@fdr{ Iﬂzli:déﬂn%j YanSRATBE S et cohRMAicaiMY seétitth 296G Anlafe

syst ens. , an exanple of an inplenentation of the ALCS

system 300 _incl ude. S ellite 304 (which is illustrative of the
constel | al?qsga}?%o4et aglé)ﬁg%}ong)tz304 that are in Earth's orbit), the ALCD

302 that includes a GPS receiver, a base station 306, a geol ocation
(server) service center 308, a geolocation end application 310, and a

Public Safety Answering Poi nt : "PSAP") 312. [068} In an exanple of

operation, the GPS satellite T ead spectrumsignals 314 that

are received at the ALCD 302 and the geol ocati on server 308. For
[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 example 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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ease of illustrative purposes, a single GPS satellite 304 is illustrated in
FIG 3. However, other GPS satellites also are transmtting signals that
can be reweizo@dsgi1t he ALCD 302 and t he geol ocati on ser per/i30@s/0dspendi ng
on their respective positions. If the ALCD 302 receives 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 hi a typical fashion of a
conventional GPS system or through use of the present invention where
signals 3 are not strong enough to be received by a conventional GPS
recei ver . OF GagHonamous madey @ GP S-netwerraided mode.cs GBS-rietyporbrentrist inods a i I t he
ALCD 302 is not able to receive strong enough signals 314, or is not able
to recei vEevelsgriiding gibdefa netwnikibgseGREd anteghbited-add 10de Hack ofMtihy
conpute the position of the ALCD 302, it may still be able to comunicate

wi t h baseastdesérived3fGnote demildnahe Radtbd-3dfication H@é&n&%@ﬁ@&@or&é@h&%ﬁe

station 306 may communi cate information, via signals 316, 'to the CD 302

to all ow byigofidibl302nd ATAOIMYCedrl H1sh ABbhfbate! § SRS MR Yr JilfeRase

station 306 nmay communi cate information fromt

geol ocati&%ﬁ MOk l. h eol ocat i r 30 0 C ute the
position o tﬁ@%ﬁ@@%?oglﬂs lgﬁgalﬁlgsgﬂ S{‘%IPﬁSnB@B%% ﬁﬁmr@[}’% r %1?42%}%11
information to the ALCD 302 to allow the ALCD 302 to conpute its position,
the proce®¥t &5 as "wirel ess-ai ded GPS," whereas whea the base station
306 transfers information fromthe ALCD 302 to the geol ocation server 308
for the gl8’bchr FKh 3 enyesrangds of en dowplamentativn gfothiz tAAS aisttine308 SRy 302, it

is known as "network-centric GPS." [070} The geol ocation service center
(i.e., thaclydohdiRf sasellitciOde(whi0i8 ilbstative 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 where 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 to receive signals 314 from
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comuni cates with the geol ocation application 310, via signals 318, and
with PSAP 312 via signals 320. These signals 318 and 320 nay either be via
wi r el ess wWonke/wrsimay- be t hrough the | and-1i ne tel ephonecmatSemsk4an2 ot her

W re-based networks. [0711 The ALCS 300 may i nclude two najor service
systens that include the ALCD 302 with the GPS receiver and the geol ocation
server 308 having geol ocation software nodules. In addition, in this

exanpl e of inplenentation, there can be two types of supporting systens:

t he base station ("BS" 6 nfrastructure i ch provi k
i nf or mat iSW@r%g@?lﬁ?%éﬁgﬁP ?Hﬁonoi"ﬂﬂg %g"r&@ﬂﬁtl Qosgq.on;/ I e %‘é‘%@ca |’\é)\6r)1r end

application 310 system which may initiate the geol ocatign t K

ser vi ces may7il hablatcoomormisgie Wi basfestation, %SQ: ga %%?ﬁi@ﬁ&‘c%ﬁoﬁf)@ésct i on
that perfornms the CP functions, and a position-determ nation sectjion for
POSi t i on egaPle] thicitare statien 306 amyecomzasnicaseriformativ, yirvgnabps! e, (adhs ons
performed at the ALCD 302. A serial comrunication |ink, or other

conmuni cafri@obithkalloRetht AMEDIINE t6 Gompaiecitd looatorh eAllemativélp, thorbasmi cat i on
section and the position-determ nation section and a collection of hardware
L1 nes ey Uil in ol GRS Wbl 4 smieb WERODUTR {onhosgoldcadan [ 0737

FIG 4 i1l rates er exanple of an inplenentation of an end-to-end
system of an |.e ALCS 400 wi j ' RN Agam be
ol emeneger L gl Hgoestalthh Sedd 108 Ry RERE o YA RS
receiving GPS signals 404 from GPS satellite conste i 4 ALCD
402 incl ?ﬁ@@s Iathshape F%HQIHéQQe’fSﬁ%ﬁ‘éflgfrH}g @&maﬁﬂn %b%lehé\]lvéﬁgf%g t&%@()‘?’gfgi ver
client (not shown) and ) ) e . "

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 "network-centric GPS."

[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 or
‘may:be through the land-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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comuni cati on section 410 having a CP section (not shown), connected by,
for exanple, an RS232 data |ink 412. The communi cation section 410

conmuni cavewtshsibase stati on 414, whi ch communi cat es WRCThUSaoosmitos4ser ver
416 via the cellular and/or cellular/land-based tel ephone network 415. The
mai n server 416 comruni cates with the geol ocation server 418 and the
application 420 via | and-based or wirel ess networks, typically using TCP/IP
protocols. [074] The GPS signals 404 can al so be received by a series of

reference recejver 2 hat coppute the position.of the refer

recei ver 5[022}2 ng‘f'dm 29:% nbaé’t’éim%&ﬂ "cyﬁié’a%"%’iuﬂjr‘fﬁ‘ilgn ﬁ??ﬁlf’nfﬁ%t pee?(ﬁ dcted data
such as tinme, Doppler, frequency, etc. is sent to_a GPS data center 424,
for all ohet¢R fompsionst and ja pesition-feferntipaion, seqtion| for | Rasitinge COPEA I Weeded,

t he geol ocation server 418 extracts data fromthe GPS data center 424for
use by t hgseAddZEngtQfcasarahent, cangdrithe GPR fubetions perfonmedaCthe4RRCB302heA
application 420. The main server 416 nay also interface to the PSAP 426 if
desired, sl t BEmARhRat6H Veink4d16r abthet heog@ainicativhon liaky vperfetiS nthy be
co-located if desired or necessary. [075] FIG 5 illustrates another

exanpl e ofo A ARk dnk Hetvien! BE cﬁgmﬁlhﬁéﬁoﬁ%%&wni Al MeWosRiohldeterMinaiBn ALCS 500

is configured to receive GPS signals 502 from GPS constellation 504. The

ALCD 506 may includ sitikon-determ i i j S

recei ver, 5% ﬁg%a% ?F@&E%?lﬂ% 0@?@8% ;° gneggﬁé?,e?%?%%éﬁ% ag%g@e%l? {%Sﬁve 2. The

server 510 and CP. 512 may be included in the conmuni cation section 514. In
the ALCS Bg@Wosestipas- 510 is usual |y known as a "thin server," since it wll

not have the sanme capabilities of server (i.e., the conmunication section
410) descl07BkdFIGy 4lidusteptes 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 illustrated in FIG. 4 shows the ALCD 402 receiving
GPS signals 404 from GPS satellite constellation 406. The ALCD 402 includes a
position-determination section 408 having a 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 communicates
with base station 414, which communicates with a main server 416 via the cellular
and/or cellular/land-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.

Sy

When needed, the geolocation server 418 extracts data from the GPS data center 424
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The ALCS 500 utilizes GPS reference receiver 516 to al so receive signals
502 from GPS constellation 504, and stores the GPS data in data center 518.
Thi s i nf owoabéens7813 transmitted to main server 520 whenPCeqisesisadshy
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 sone aiding data, such as epheneris, to be stored in the ALCD
506 at the server 510 and then provided to the client 508 on denand. [076]

As woul d be apparent to one qQf ordinar Kill i e art .after. reading this
descri pt ifefrasetbydhe AdLIA 402, ﬁ’ﬁnérﬁ‘ltﬁa}f’y 45%1 T%Fm é‘ga\ﬂr e %Rpﬁlé?t?‘%‘ rel ess
systens or wireless comuni cation devices. Dependi ng on a_nlénbe of factors
i ncl udi ng20.nheélhsi meinesssven étl@omiy Blsp rigtetfgedtos thehPSAP é@mlﬁ dggire P&‘,E thewo- way
pagi ng, Specialized Mbile Radio ("SWMR'), Short Messaging Service ("SM5"),
etc. the pphy Sepetl i41p| sdetheagdotoration tsheveAUCS may be agoylotatednif Wasirasheswn i n
FIGs. 3, 4 and 5. FIGs. 3, 4 and 5 are provided for illustrative purposes

only, anqmﬁggn?pt meant to limt the application of the present invention
to the applications described therein. As discussed, the exanple

appl i cat i[@‘%ﬁ 498C5! iRGdratdd dnbiir 67?&6\/%1@%2 aR ?ﬁca@iloh%f hharACOReR Gt er m ne
0 S I

its posit fromsignals 1t recel ire y fromthe GPS satellites

t hensel ves, or_\via.a c ntcationg ink with.t i j j tuations
whor et hact8 Elthns: AR ERgtdY Hegphpeers RSP ittt o dha b 5
determnation on its own. Because the present. jnvention allows t ALCD to
det er mi neopstellaiva; 30%nThe Sk gRA may inclusdeHAFEWN; eFeé’E’frfa;W’f‘rSS\F%ﬁcfrhg S
satellites thenselves in situations where the signal strength is weaker

t han ot hdmwinze GBS ireceiler,iatso called the client, a server 510, and a CP section 512. The

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 (i.e., the communication section 410) described in FIG. 4.
The ALCS 500 utilizes 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 transmitted to main server 520 when requested by application 522, or 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 for some aiding data, such as ephemeris,
to be stored in the ALCD 506 at 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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t hese exanpl es of inplenentations, reliance on the communication |link with
the base station for position determ nation can be mnimzed or even
el i m nat e 2066/05051M, t he i nvention may, in sone exanpl ePCOfUS2005/040542
i npl enentations, allow an ALCS to be inplenented without the link via the
base station for GPS data. Further, the present invention may be utilized
with hardw red systens such as the | andline tel ephone system |ocal area
networks, etc., wi thout departing fromthe scope of the present invention.
REFERENCE OSCl LLATORFREQUENCY CORRECTI ON [ Q771 Having intro he
i nvent i onmBlsaentagien of e ALEeInBKHP ?@fl{gﬁb‘frl@ﬁmér%ﬂﬂdggﬁﬁge ul to now
di scuss the present invention in greater detail. The present invention is
di r ect ed 4 awa$ dre proypddednfor rilustestive purnesesappipwind) aiepotoneant 19 it dheri r st Fi x
(TTFF) and Availability with reduced errors froma reference
osci | | at applidagivebyf did @résanyt dnvesafi@r docthe ogpplichtidmr describalvehereinst And
quality to be used with little or no reduction in performance of the GPS
recei ver diddfigblOthe é:RnfE aPyRcAbAs AbschiBed TRIFEBNBAYI MY 5tdinSallow the
acconpl i shed by obtaining estimtes of a frequency error of a | ocal
referencef e i ion YnD' S S | 1 equency
error in (gﬁ?llét gér:tér,rﬁg%d&éug?%{gw%uch %%%%lfsctﬁl %Eéslb%%hgﬁ?tgevﬁ?ﬁ%étg%%cei ver
to track the. phase gf an incom ng GPS.signal.. resul.t..la I
|t egr at ORI BERstzes de o somtpieass AR vl e barE ke iSRRG
coherence with the incom ng signal and, therefore, the receiver Has a
greater awers the (FSasigopl srengik mgyghete weakelaste ALED &t makeqieR error
can be obtained using a radio received signal to obtain frequency error
measur enmeletesmiriation ha éssowe f Becausbltee presentsinventiomallews ctharAbEPr ist i cs as
conpar ed

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, reliance 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 introduced 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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to those estimates available within the GPS receiver portion.

Alternatively, estimates of frequency error can be obtai ned using

measur enewo0@vosdatia that nmay indicate a drift in the reCense@s/oioseruency.
For exanple, a tenperature sensor may be used to estinate a

tenper ature-induced offset based on the anbient tenperature of the device.
[078] A filtering systemcan be utilized with the present invention to
provi de a net frequency estimate having the best (or at |east better) noise

characterjstjcs_ of, both.radio and GPS receive §i | s and the.original

ref er encéL%rSEY allowing agrferees r‘?ﬁﬁ’lﬂa@f Og}?weﬁﬁPgr?é‘athgﬁ@ﬁ?%Fﬁ’ée&W@éﬁ%g syst em
is an adaptive filter, capable of "self adjustnment in that it _cap adapt its
char act erdrwoi redudiivadn psrformance i dhe GP§rgrevor fupetion. vissonepexagle el t he
adaptive filter can be advantageous as its filter characteristics can
change i rimphspanstont this/amragcomplishgd bl obtaming estivsate§ a7 frequenapptrocek 4 on, t he
invention can be utilized to reduce, or at |east conpensate for, the

effects Qbcdl 8BRS BEGueRty 84dilitor, asing Fifesé Baimdt@ytoiprstiicidraqaenaytdrmmsn of
t hereference oscillator frequency. For exanple, consider an application

wher e t hey, eeﬁﬁ‘ril Mﬁ{l}%kl&hl Eglgﬁ%setg a\l‘liow"tlhé ko 1BSTEORat Ak ¥hPhhAe ©€! | ul ar

or other nobile’tel ephone. e cellular tel ephone user w shes to nake

an energency 911 c , -1t 1S, possible that his.or.her |1l phone
was pr eviBu W&A@kgdﬂ%ﬁ ‘%Sg?ﬁg%’gt’ ?%n%gé?tgé}rétlglgg’p“eers yaﬁ%ip]p ggﬂ(% a%gbgot her
reasons. Wien the cellul ar tel ephone yser w shes to ke, the enmergency 911
cal |, he 18¢CT¥HcCam hefter magytaig fROpregee FWE‘ %@I“P‘iﬂngpg g W%é?ef ﬁ’(ﬁe’ttﬂﬁs gppl y

power to the tel ephones circuitry, including the transmtter. The transmt
process, reedvgoesrd grgatsn ability do moaHnwegk isighglencfhy estigeates af B8qudFE heat
whi ch builds up inside the cellular telephone. This causes the tenperature
of the redreorepme be obtained using a radio received signal to obtain frequency etror

measurements that have some favorable statistical noise characteristics as compared

to those estimates available within the GPS receiver portion. Alternatively, 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 better) 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 filter 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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oscillator to ranp up, which, in turn, causes the reference frequency to
accelerate. As a result, the reference frequency used to get a |l ock on the
GPS sat elWoteoaisgsial is off by a certain anount, which iPsTrustb@snedst o as
frequency error. Additionally, this frequency error can change over tine,
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. [080] The invention determn nes
the frequency error and its drift rat whi.ch can he di scus bt erns of
a phase &lernes asqilion HeauFaek| E?ra‘:t”f 6, cé’ﬁﬁﬁﬁfs%nsa@?’ic tl%‘é’g%%ﬁg? :dzi)asti on data
to allow integration of the incomng GPS signal to occur giver | onger

peri od ofeceiver isviitegsatedwithathei fapctiosabivesice coilular emetherBoRila delePigns) ~ As a
result, this effectively provides a higher sensitivity GPS receiver,

al | owi ng Wikdretht iceliulan@lephasursenwishenfo hakeem ehepgencyl Bilelal, & ds pessiblhi eved.
[081] The inclusion of the filtering process allows higher order

char act eriatit o Héakalliler Recphohe fwhsnaevisusd] paswerddooffe parippeto pruisey
accel eration and phase jerk (i.e., rapidacceleration changes). Utilizing

these i gL QIUSE L NAAGLRERZ Whe (HALMuBL LAWIHORE LS@GAINET0 hRkb Thect a

drift rate correction factor 1nto the correction algorithmduring an
interval of proc in ine..ln o I ' t he

char act e %ﬁiiﬁgﬁ’ ?‘?181[ g Hﬂlsfﬁ%&ty?%g%&%p %ﬁggll‘ﬁclﬁgjﬁeg%ﬁgégz%ta in%urll§ data can
be projected in tine to allow appli.cation of such a correction factor to a
future prREPYsROWE fnths (lephongsFiretngy }W?uq“?g ﬁ%“@&%‘ﬁtﬁe gléheaﬁansm&

i mpl enentation, the filtering systemcan also provide the ability to
conbi ne (ppoceks ramid] povessingnan the) compoventayrih zenasel, eansratey) sog dgrte TEHED qual ity
and varying sanpling intervals. Such higher-order

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

36



characteristics may be utilized in either a hardware or software

i npl enmentation. [082) . 6 is a functional block diagramillustrating the
funct i onavot2goeafs7¢1me frequency oscill ator phase correct POI/USEESAMOSHN
accordance with one exanple of an inplenentation of the invention.
Referring nowto FIG 6, in the illustrated exanple of an inplenentation, a
frequency oscillator phase correction system 614 includes a frequency error
bl ock 630 and a frequency and tinme control block 634. Frequency error bl ock

630 and frequenc nd ti control bJock 634 are inplenented to determ ne
freque ncfcﬁﬁ%rﬁté%‘{ QﬁW?)c rsT% 1Zgy ﬁ%ggfu}él,ggv-qrg?regl@%cgergagﬁ%|da@7@ﬁqyy ded to
the GPS receiver, usually by a local freguency reference source 624. The

f r equencyreesiiver ¢ traeqt ot drift rafe gonrertion factepipla the doyrectien degritherdyning an f or
exanple in an ALCD, to reduce or conpensate for the effects of tenperature

or ot her ifitactabr of tiratessing d¢aese Viar ioati exempla bfiean efmplementatisci lthat or
frequency. [083] FIG 7 is an operational flow diagramillustrating the

oper at i orth@faclelgatione @dRN CcRPflg RS Hightra@erC QRABEELHARIoRY Yn@Mchi) Becor dance
wi th one exanple of an inplenentation of the invention. Referring now to

FI Go. 6 aMledeaiitife ) Blnd O GO BFG: 81 REcRaRk PR AELETMAGS:

i nfornati out tl regquency re nce signal t usel .
Can | nol dBEra} oPaBaRAE S uiF btk LR PR SR RSN PRerT o R L quency
of 11 quekSybIPElentn 8BS, §hapmbng (ERiPiE dBEI hEwoBYoPER Ol RTAG 5
information froma separate or external source (e.g., external to frequency
error bl oo¢as@B80iEnbr qality oapdt ivaryinsgi saniplingr nimterealy. whéneh nhigher-endaput at i on
is perforned in part or in whole

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 illustrated example

of an implementation, a frequency oscillator phase correction system 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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by frequency error block 630. Conputations, whether internal or external to
frequency error block 630, can be made through various neans, including,
for exanpWe,2oesdsr$1zi ng a tenperature sensor to esti mat e PCTARE@I0OY05EL I OF
based on the neasured anbient tenperature in which the device is operating.
[084J In another exanple of an inplenentation, the estimate of frequency
error may be obtained fromthe comruni cations portion of the ALCD in which
the position determ nation systemis operating. In this exanple of an

i npl ementation, for a a phase-.| ocked | oop,, gutgmatic frequency
control crYEEREY ﬁfm’b?bi((lf‘gﬁéfo tdsféﬁtﬂm%dg}?mﬂ% agg‘étr tg’t‘”"i % BAYSHCH feér NGP ar

t el ephone portion of the ALCD to determne the difference between the

recei ved $&19l G740 be wpgrhby: atnositios; dgieamingtign skstem for irsatwyng 6P8rségnals. si gnal
678. [085] Information about frequency reference signal 678 can al so

i ncl ude i Hiisrin&rmation egniludy, e cxingple) amestimaty «f the Keéqueaty emoriofed by
the ALCD. For exanple, where the ALCD is a cellular tel ephone or |ike

devi ce, tféquencidicfdrenvalsignal 67T9tal dverciimel Tt bsiinde BRASYLueicyldiRr oif gnal
quality of the received comunication signal of the ALCD.” Frequency error

e ot S RERENAErHBRE AR Bl BE AGKARGLE By AleRind fhid DECOEAUEMA | )

esti mat es, ich is a function of the signal”qua recel

(e.g., t | ar p e ian ality). [0861.ln.0 exanpl e of an
i mpl emsnthaa‘@eltS «?p%%%té'eogt ?Xttrr% 9%5&8’?0% ?%‘%‘Ueﬁ@ef/nag;% #%%%P\:P[eﬁrr% b&)%kdéfbér?ﬁ d by
frequency error hl.ock 630, at perjodic intervals, such as, for, exanple,
every 45 %‘fm‘ﬁ?@%g}eﬂﬁ 9ﬂ%ﬁﬂpﬁowgwe& CORPRLIPR fshertormed iy pabor igaphola

recei ved frequency estimate is conpared to the previous estimte, and a

di ff erend® 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 temperature in which the device is operating.

[084] In another example of an implementation, the estimate of frequency error 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

38



measurenent is taken. The difference neasurenent is used to nmake an
estimate of the phase acceleration of the frequency error. [087] In a step
708, freqgueroys/msrsior bl ock 630 uses the information obt acma$2008garsd: ng
error in frequency reference signal 678 to determ ne appropriate frequency
characteristics 674 that will be used to correlate the position

determ nation systemw th received GPS signals. In one exanple of an

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

filter, t hough ot her inpl,ementations, are.possihle. Mr ti rly, in
one exanpf &GP aﬁQFW%?%ﬁ&ﬁ#hFi ,cqy%ﬁﬁgﬁévﬁﬁfﬂ K%F%?R@§§&q%§Aﬁ#g$enented
as a two-state Kalnman filter, which can track phase accel eration and phase
jerk over(eig-rfhe catiplardelerhonetssignal gealitiat es of phase accel eration and phase
jerk can then be used by the Kalman filter to predict phase accel eration at
times in kOBe] flmencecxapnpdsaf 4t inhplementations einatesn of fleqesncyaroteheivedbyer nat i ve
functionality, the frequency characteristics that are determned in step

708 can idicdetdmintdrbyefeqpémey edar dluckr 630 iat pesivdic Asertsleqehcys, eforor
(i.e., error expressed in parts-per-billion or other units), the rate of

change Ofeﬁaﬁﬁlé,r&%WWQYmﬂ![iﬁ&'bn&i - #@thousH 'ofer PAhE SNREVAN hldyopd v8&EONA) .
Additionally, to allow the systemto naintain better cohérenceduring signal

ocau 5111 e dd e SRR OSSO LR S e

ti C: requency -accel eration |

e D L Lonl SeReno e caenct L e o bl KELS S chane of

Ok 03 S hass aoceloration of the frequency ewer. | "' N9 Of the Tnput
[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 correlate 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 (i.e., error parts-per-

billion/second).  Additionally, to allow the system to maintain better coherence
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that conmes fromthe comruni cations portion of the ALCD. This may be
desirable in certain applications such as, for exanple, cellular tel ephones
wher e t hewbas@amiipr ocessi ng operates at a rel atively rcglusbesdwisd h
(higher than the GPS receiver systen) of a few hundred hertz. In such
applications, frequency error block 630 can be used to filter broadband

noi se fromthe incomng signal. Although illustrated as a separate bl ock
the functionality of frequency error block 630 may alternatively be

conbined jnto existing filters in the GRS receiver .of. the ALCD. As an

addi t i ondi"IEg tségnﬁgf“?qyg?“?qaét F{?ﬁcag?ooﬂ%p?st"?b[ﬁ tor Qhian dHigher ?grg%%rugg??’ 630 nay
be conbined into the processing functions of the ALCD (e.g., ,the gellular

t el ephonehgragiepytics| g 1as| freguesey Roqeleration (i, LT @ﬁ%ﬁa@n@ﬁmﬁ&?%& bristics
determined in step 708, the frequency error is projected into the future.
Such pr ojaadt fremencariedke (irpdéhevide vadr clonge mfgwbgmnomerardrngarw-mdﬁi n (or
even outside of) frequency oscill ator phase correction system 614. However,

in one emmh,@ewnd%)n i npl enentation, the projections are made using
frequency error block 630, which, as stated, in this exanple of an

i mpl eﬁent[gir;nég Frk eh%ﬁamha@@@ céh 418 BBl 6 hreVidd ARerld gk théirtfat Man
nly kno I I

filter, c I'n various signal processSing applications, operates

o o0 2 mBh el HoRE BB o Rbw bR pBTRnc? (R AYLTS TrisIALARAL i O

algorith a process, ten®in a way tl
cst i ot | GRS TRHEHIO e A ot OB FUPF doeParEs VA SRR e
Kalman filter estimates a process by using a faorm of feedback control. Mre
parti cul ampsessing@peiataseat @gelptively high bapdwidts highest tham tthey GRS, &3¢eh6T nt i n
time and then obtains feedback from neasurenents taken and uses this
f eedback dystet@f 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 functionality of frequency error block 630 may alternatively be
combined into existing filters in the GPS receiver of the ALCD. As an additional
alternative, the functionality of frequency error 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
algorithms 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 Kalman 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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estimation process. As a result, the Kalman filter can typically operate in
two nodes: the tine update node and the neasurenent update node. The tine
updat e nowie 2ad/dsrsaes ti me update al gorithnms that are capablus2@6/0pse2 ecting
the current state and error covariance estimates forward in tine to obtain
an a priori estimate for a next tine step. The neasurenent update node
utilizes nmeasurenent update algorithns that are capable of utilizing the

f eedback rreasurenents and incorporating a given nmeasurenent into the a

priori te obtain ap i oved osteriori estinmate. Therefore, the
time updiﬁ}@% b iR e o wsep g preseatcand Gren AP FERs D whi | e

t he measurenment update al gorithns can be t hought of as corrector

al gor i t hieperafign,1the Kelmope filter estimatdsen prakess byfusinges farppoiciardbackgenizeles in a
cyclical manner. The tine update algorithns are used to estinmate the
process tMate pastigdanyg the fittec estingdtesathbyirocess tiateeat @piveh pointeagsimeamht updat e
al gorithns neasure the actual performance and adjust the projected

esti mat esh@b oBtair®S Wellb&k Fdfh AdaY@emBRASIKETRAN. uRs @i &RHbackOn tthd S
iterative process, prediction estimtes can generally be obtai ned nore

accur at el \ oop.

[ 0921 Wte\ﬁ‘uﬁlﬁg&} ié%%%n%\ys g{lga\érdggltlé;rl St CSE%%%%% ?@&tef nal cai(g?eérsm ned, in
a step 7 t he su ment.s_.and redl s det ed |n ep 712 can now
be used to° IIHPOW’ ar“élc@levtB? 8# atFHBO ttlnﬁ‘@ gﬁu‘@ﬂ S of its

| ocal osci] | atar on an qngoi ng basi s (elther continugusly or at intervals)
to obt ai Atikiges Emep‘%@ dgprathandbal as qapebl @Jﬁ@?ﬁﬁ%&thel ?}“"Eeﬁ'é stafq aad r at ed

exanpl e of an inplenentation, this can be acconplished with frequency and
time conterior chvasiiace Sstimates forpatibin timedkobiin lehra pheri AbiEMate Hor agatmpl e, in
anot her exanple of an inplenentation, the frequency

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

are capable of utilizing the feedback measurements and incorporating a given

measurement 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 actual 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 to

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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characteristics are stored in one or nore registers or other |ocations and
utilized by a processor (such as, for exanple, a DSP of a cellular

t el ephonewonro@tdses11ALCD) to performthe frequency projeeCirarsgoodndspz ovi de

an indication to the receiver of the frequency adjustnment. [0931 Fig. 8 is
an operational flow diagramillustrating a process for estimating a val ue

for the frequency acceleration at a future point in tim according to one

exanpl e of an inplenentation of the invention. Referring nowto FIG 8, in
a step 802, the s%lss_tem receives a neasurepenf or estimate of.the fractional

f r equencyVithy thsrGPsignals- Hndhe illusirpied sxamples ol 2n HBRiemspiatiply S0 Rfal

frequency error,D/7/0 is received at given tine intervals, i.e., once every
Dt secondsconydishedwithifreqpennytand dime ¢nmtnohblock 43h oy innetherchlacksavifliin thea gi ven
measur enent may actually be much |arger than the error of the difference of
subsequertLBas BFoerrabhple, Thumothen eaa@pkx afrpheingflementhtiql, ethe niraguency, t hese
nmeasurenents are considered as the receiver clock accel eration, rather than

recei ver (gh9ckrifti@AeBBYed iNINE cPdrb GaBidbls)or diibr IddaBiofX APkl by
i npl enentation, the systemutilizes the difference of subsequent

measur e | nterpre ' r .+J 0941 In
o ep cobceRl el & RsharE S(pEP 2 MGRLEHAGR, GRARHLETED). < ror at
determ nedflima intervals in the f ture.d To ﬁﬁabhe the, s stemtgﬂ;l)redi ct
the accelPSHEIR dhe LeapeneEPrPITCRRS 415 PRO¥IAS; 3 Higica Qlérjf‘bl%ée \éefce]e}'ﬁr ot He

i npl ementation the systemis inplenented to nodel the accel eration and
jerk, andregaendyediusghetent ed to i gnoreany higher-order terns if desired
(which is the exanple of an inplenmentation described herein). The clock
accel er at[p93], Rig. & anabepetatios rikve didgyan iBustnating asproegss 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 frequency error, Af/fo.
Preferably, the measurement of the fractional frequency error,Af7f; is received at given
time intervals, i.e., once every Ar seconds. However, in practice, the uncertainty
associated with a given measurement may actually be much larger than the error of
the difference of subsequent measurements. Thus, in one example of an
implementation, these measurements are considered 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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a =x1t+x 2 in units of, for exanple, parts-per-billion/second (ppb/s), and
where X1 is the frequency jerk and x2 is the frequency acceleration, at a
gi ven ti neot2e@/05f00951 Al t hough tine t = 0 can be fixedpra3/usednsgsesone ti me
in the past, in one exanple of an inplenentation, t =0 is defined as the
time of the nost recently received frequency neasurenent. Thus, in this
exanpl e of an inplenentation, when a new neasurenent of a is received, this
new neasurenent is defined as timet = 0, and the tine of the previous
nmeasurenment js. described a

=- At , .and . T f in_thi I
of an | msrRRbEToraM, trscd: dssed i Buiie SMimpRcol doyrtpeBgid * T e

200 mlliseconds (ns) after the previous neasurenent, this is referred to
as tine tdescritgd hersin). [The eBick ascalergtion; sie errghsoillastrated by theoxpresieof an

i npl enentation, the systemis inplenmented using a Kalman filter for
frequency error block 630. In a stgp,8lPx the Kalman filter tracks a state
that can be illustrated by the expreséi on> J and the nodel that can be used

for the propagation of th stateth%.uhti i wher.e .S ..gi by, Dt
1and m1i§ntﬁ@%bpgc s@ﬁWNQ&,PH?§PPT ﬁ#&@e I%Féwﬁy®fﬁm'ngﬁg%aﬁbf%qg an
inpl ementation, the filter is tuned by adjusting the elenents of the
process nid@engoetk amineeisrthd frequenty a¢d@i®atjonThien gizemtimed=feasur ements of a
will be denoted z , and the neasurenent

[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 =0,

and the time of the previous measurement is described as #=-Af, and so on.

Therefore, in this example of an implementation, to estimate a at a point in the

future, say, at a time 200 milliseconds (ms) after the previous measurement, this is

referred to as time 7 = 200 ms .

[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,
a
x=lx x]

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

X, =Ax,; +w

where A is given by,
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nodel is, where His given by, =[o |] and v is the process noi se,
distributed, (O R). Ris the variance of the received neasurenents of a .
For exanpWwe,200¢/05712 ppb/s) 2 . [0098] The matrix P gi veecrhis2aswarsiance 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 the
confidence of the assigned guess. For exanple, Were here, s and sl are the
initial uncertainties regarding the jerk and accel eration. [0099]

Therefore, in a.step 820, the syst tili-Zes, measurenent s_recejyv to
predict tid ot a{SeLdé{) PRESE | HUS% ¢ a’lsﬁg’]ugeé%mmaéhr'e t OnHREe gen fe Mone
prior to the newreasurenment being performed. In one exanple of an,

i npl ementimmlementativns the didter i3 mefl byg pdiapting, thendemsnis exf sthe rprosesk neIsK k-\ Pk
=APk_AT + Q [00100] In a step 827, the new neasurenent, zk , is added in to
t he al goridvarin@e mattissOr.ated in the fol l owi ng expression, Kk =P H 1(HPk H
+tRr = +le =Xk +k ( kxk~) =Xk+k(Z2k~XKk,2)

[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 = (2 ppb/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, ogfl and O'fz are the initial uncertainties regarding the jerk and

acceleration.

[0099] Therefore, in a step 820, the system utilizes 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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Pk =(1-K kH)Pk which yields a current estimate for the frequency jerk X1,
and for the frequency acceleration - [001011 In a step 832, the

accel er atworroatosssame tine in the future i s estinmated aspPCitUS2605044542X2
[0102] The process of predicting the acceleration of the frequency can be
done iteratively such that the estimation of this value for given points in
the future are conputed on an ongoing basis. [0103] FIG 9 is a functional
bl ock diagramillustrating the functionality of the frequency oscillator

ot or 11 g oW LR PEEgekEnid CHER SRtooB Bl B Belith ,

communi cati on ectéi on 912 and a position determ nation section 914. As with
t he exanpP&I'apVittat BR¥ Pescri bed above, with reference to FIG. 3, 4 and
5, comruni cation section 912 and position determ nation section 914 can be

i npl enent ed using separate chips ox,chdpsets, or, alternatively, their
functionality can be conbi ned orPsQ%’ dA@q_ common chip or across nultiple
chips in a chipset. For exanple, % n“orig"posSi bl e applicati on where ALCD 902
is a cellular tel ephone with E911 capability, the foundational k conponent of

such a cel00&08) t el Byhgae 823 the mspmeryirementpz; ois agdaddg|te heralgqedmgst h
perform ng functions such as, for exanple, nodul ating and denodul ati ng the

data streapkirs0din@e 3HWRE edbagide data stream for error detection and
correction, encrypting and decrypting for security and privacy

P 1
K,=P H'(HPF;H +R)" = [ - }—————
p k.22 Iy k22 + R

R, =% + K (z, —HE) = % + K, (2, ~%,)
P, =(I-K )P,

which yields a current estimate for the frequency jerk x;, and for the frequency
acceleration x;.

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

a(t) = %t +%x,

[0102] The process of predicting the acceleration of the frequency can be done
iteratively such that the estimation 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 illustrated as having a
communication section 912 and a position determination section 914. As with the

example applications described above, with reference to FIGs. 3, 4 and 5,
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pur poses, and conpressing and deconpressing the speech signal. In sone
applications, ASIC hardware (application specific integrated circuit) is

i ncl uded wo 2bdvasesiipset and operate under the control ofcrhs200SB405These

ASI Cs can be used to performfunctions such as, for exanple, processing,
nmodul ati on and denodul ati on of the signal, and are typically found in
systens utilizing spread spectrumtechni ques. Additionally, RF circuitry is
added to provide t he transnit and receive functions of the cellular
telephone I|f at he .radi.o_si nal pkications
may al so |°r]1§ﬁ11\6\%1§a%0 ge éplér po epg?lg es(si%tg1 IBatﬁo aﬁeg ﬁje)liﬁef%ﬁctblkons of
the cel lu) ar, tel ephane as we exanp n some _a cations the
general ptRRIGEENTE] H5iBY SCRaEAlS Ghibs g B IPIES. £ PhlisaBiveln, BePeRpPaH e andset
and handl es the upper rs of the communications protocol stack. Thus, in
vari ous ekaegihligedpr $h@fﬁcé¢mmcamnum$schm preadrossoniléiple ¢higs infa elipsepodEi on
determ nation section 914 can be inplenented using additional processors,
ASI Cs, orexanipde, idene gossiblehipplication wherd ACDM02cizmmeilutat telepheectvitbn 912
usi ng various hardware or software interconnect techniques. Alternatively,

the positEQMN dgfabiliy,thé ifaihdaneial Qﬂn‘%éﬂerﬁaﬂ sB6h breeligae rl&tholY ig gygIOr at i ng
additional functionality into the DSP and ot her conponentry of the

conmmuni cagj, RNy §Pcisg§@m%ﬁ - taE1I¥d i Eﬁonﬁlﬁ%tﬂhétldrﬁt Leh, & %< afgR| &t

i npl ement at1 on used to etermne position in or mati on mould be

ot i on oradRhELS %ﬂ?lﬂgﬁﬁﬁt?f&m%ﬁﬁ%ﬁ%gﬁm o ool IRTTLR, ?a“ >

determ nation section 914 are.illustrated separate functio bl ocks, in
i mpl enent 2FCHRT detREp Q?Bﬁ?ﬁ'i“i’% &nmar&ﬂ ngIB i"y{] privacy

purposes, and compressing and decompressing the speech signal. In some

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 functions such as, for example, processing, modulation and demodulation of
the signal, and are typically found in systems utilizing spread spectrum techniques.
Additionally, 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 techniques.

Alternatively, the position determination section 914 can be implemented by
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[0104J Position-determ nation section 914 includes a GPS receiver for
receiving the GPS signal transm ssions 991 froma GPS satellite in the GPS
const el | avpano6/0argimough not il lustrated, position-deter rCmatSeas/oseser i on 914
may al so include a non- GPS receiver capable or receiving non-GPS | ocation
aiding information as in the exanple applications described above with
reference to FIGs. 3, 4 and 5. Positiondeterm nation section 914 perforns
the position conputation functions for the ALCD 902 to enable ALCD 902 to

determ ne, for exanp ocatl n or pS| on as well as opti Iy rate
and di r edRGOBPOIAHNG laé"'\l‘@Pn‘ﬁ %ﬁ W e ‘gf‘)thaeﬁ AR OBR@F% ?I oh

illustrated in FIG 9, positi on determ natl on section i ncI u f{a frequency
error bl colmpBicatiod sedtioaqidAcy &arl exampleorinr s plasiek 6@&“ h@® exanpl e
of an inplenmentation illustrated in fig. 9, frequency error bI ock 630 and a

f r equencymphgndnitatdncalpbrithinshisedto c&%nnm\pdzwmnmfc&nmnbm woulbl ypiaeladed as
descri bed above with reference to FIGs. 6 7 and 8. [0106] As descri bed

above wi tf) JpRffd aDeR ERipFdrGhipt phstided forestuantyic@ionOsectib® O8263Dhuspbt ai ns
i nformation“such as frequency error and signal quality to predict frequency

accel eratj 0 O%hor Pﬁgﬂn}}fﬂﬁgﬁ Hnn 95%%11? g('yglfr’on |iBtetfrafdR EBE 0D 148 hre

|nplenenta quency error 975 and signal quality

978 arthcune fromc section.912.

exanmpl e dtt Feﬁ?@?ﬁ%tn%ﬁh?‘?é ﬁf’%lffﬂelﬂcﬁ}npé?@g?mé ﬁx}?r@%’? l-gahlmned from
the cel |l ul ar teI ephone S automatl c frequency control (AFC) subsystem

whi ch, f consremphysicabedmp@spY-e t he frequency of a reference signal 977
provi ded by I ocal reference frequency source 922 with an exterpal frequency
recei ved [010d]aPasitivei-dedet nimationrsectinn Bi/ﬂ gichles adgPS reusiver Aprprceciving 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 location 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 can 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 and signal quality to predict frequency

acceleration for a given time in the future. In the example of an implerentation
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can be inplenented where a reference frequency source 922 provides a conmon
frequency reference signal 977 to both conmunication section 912 and

posi ti on wetesamsnati on section 914. Al though not il l ust Patramso00650eFuENCY
error 975 may be derived i ndependently of comuni cation section. Such an
alternative exanple of an inplenentation would be particularly useful

where, for exanple, there is not a common frequency reference shared by
bot h conmuni cati on section 912 and position determ nation section 914.

1 equencyl TG B0 Fecdiend Pl RO BN é@%?%ﬁi%fm?? fe‘@i"’%% w

software can be used to determ ne the frequen err.or Addi ti naIIy an
AFC or ot¢emenegioasesigyibhclo @R e0e §6®§9‘§t<€" %%Fa‘f}oél tﬁ
necessarily, utilized to determ ne the frequency error 975. For exanpl e, a
t enper at ufrequseels @rrog 97 hanaysdd  dbiaed | frematheegellularf telephonesr agoretici n a
frequency reference based on the tenperature of the device. In one exanple
of an i nplrefienéptimiol (AFEY vegyteny mhich) & axathpld, gamlcompareithy fioq@nay e
expressed as software words or a data nmessage utilized by a processor

(e.g., a bSPlebBnRedifoN o7y fiﬁoﬂa@&bﬁtlb@mefe@éﬂcbwhe hetr@Iphih @h an

i npl enment ati ons are possi bl'ewherein frequency error 975 and signal quality

978 108] Th

[ Tust r at SR B Bl RRAVRY Gadl SRR fhialkie @Sl?’ﬁ%%éqo@aﬁﬁé‘i%ﬁa| h e
lity 978, whi be. d d h h

01 se 1 ¥HEbY SBReBROBAERTE F il BERICY 1EE BN bt & BT HAR cat 6 t he

quality of the received signal . This signal quality 978 can be used to
det er m neftequspcy tefefsmee signiab\d|7 tef both communication séction 912 and position

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 implementation, commonly known frequency-
difference or phase-difference measurement circuits and/or sofiware 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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filtering that may be desirable to be perfornmed by frequency error bl ock
630. I n exanples of inplenentations where signal quality 978 is not

avai | abl evonoatdsesim se not utilized, a fixed filter val eTaseoosm@4asu2 | i zed
instead of using an adaptive filter. Preferably, in nost cellular tel ephone
applications, the filtering perforned by frequency error block 630 is
utilized for the frequency correction systemof the present invention, and
woul d typically not by utilized by the AFC | oop of the cellular tel ephone.

[ 0109} Whi l e various pref ed and.al ter i ve enbodi t resent

i nt ent i orvhgredn §‘(‘,‘°1"P15§H°’h§’25«;m Slg?al\ﬂiu?ll‘ty&?%ﬁﬁep%pé?ﬁseci ﬁ%éwg% S%&%‘llsﬁar y
skill in the art after reading this description art that there are various
modi i catdtberghamepfevereddfons of the above described technol ogy that may be
i mpl ement ed using these teaching w thout departing fromthe spirit and
scope of [0108] (hesitinstrated exenila , oft d1e ithplementatiom dncludrsethe fusaiifch sighal | be
defined by follow ng clains. CLAIMS What is clained is: 1. A frequency

ref er enceuamyreRt WhithsiatRnadrived USgWetdival signansaeagth] phnse @ope \mertheut i | i zi ng
a reference frequency signal, the frequency reference correction system

conpri si Rgy, & B‘{h‘é‘lq&?a?z?c)f?r?s'ﬁ'ég thaPlcQf e GRBA kO dEGtd thedflafityTbN thedretdivgiiency

error of e reference frequency signal, one or nore frequency
characteristjcs,of .the refer e fre ' l., ¢@n 7 i et ec of the
error inSiEPer eSlgl?agq%‘@'ﬁ ys‘&cﬁ%ﬁm gﬁgg&;%id%gﬁﬁmt ﬁ(gf %&?{Prlegsi gegg 6

filtering that may be desirable to be performed by frequency error block 630. In

examples of implementations where signal quality 978 is not available or otherwise
not utilized, a fixed filter value can be utilized instead of using an adaptive filter.
Preferably, in most cellular telephone applications, the filtering performed by
frequency error block 630 is utilized for the frequency correction system of the
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 spirit and scope of the present invention, the breadth and scope of which

shall be defined by following claims.
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a frequency and time control block configured to adjust an operating
frequency of the reference frequency signal to account for said estinate of
t he errorwoOnossfSesience frequency signal. 2. The syst em eCtTalsasosiodgssmwher ei n
said frequency error of the reference frequency signal is obtained by
estimating a frequency error based on the nmeasured anbient tenperature in
which a reference frequency oscillator generating the reference frequency
signal is operating. 3. The systemof claim1l, wherein said frequency error
of the reference frequency signal is obtained utilizing a phase-|ocked | oop
to determne the difference betweetd#™Mécei ved communi cation signal and the
frequency reference signal.4. The systemof claiml, wherein said frequency
char act eWhatiis slaimrgpis:se at | east one of frequency error, the rate of
change of the frequency error, and frequency jerk. 5. The system of claim

1, wherein said freguency error of the.ref nce fr en e | S

obt ai ned wutil ilzi ng ‘%ﬁrf%‘fféﬂ’ & ?rFlé%fu%) (??/tl%%s S?e ?%ri 83@#1@&%&6&8%?%#0% ne the
di fference between a received conmunj cati on sigpal. and the freguency
reference si ghedeives utitizang A refgregee c‘élf%ﬂ“ﬁ?‘fys S&ﬁ*\’g -efhe dreavencys éq?%ﬁ’&“é’

frequency signal is obtained utilizing a reference frequency generat or
dedi cat ed to thocgmpmhysicnatompmsgeei ver. 7. The system of claim 1, wherein
said reference frequency signal is

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, and an estimate of the error in reference frequency
signal at a time in the future; and

a frequency and time control block configured to adjust an operating
frequency of the reference frequency signal to account for said estimate of the

error in reference frequency signal.

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.

3. The system of claim 1, wherein said frequency error of the reference
frequency signal is obtained utilizing a phase-locked loop to determine the
difference between a received communication signal and the frequency

reference signal.
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obtained utilizing a reference frequency generator shared by the
communi cation receiver a second conmuni cation receiver. 8. The system of
claiml, wber@/os7sai d frequency error block is further eomfisgussdsup
determ ne signal quality of a comrunication signal received by the
receiver. 9. The systemof claim8, wherein said frequency error block is
configured to utilize said signal quality information to refine the
determ ned frequency characteristics. 10. The systemof claiml1, wherein
said frequency error block is configured to determ ne frequency error at
peri odi ¢ i nt efval s.The systera of glainarh, Bhereimhsaid frequgrey eharacfenidics FIYDIBICy error
bl ock configured to determ ne a frequency error of the reference frequency
signal is confi lpasteshetaf freemencyeerforetheanteyofahange ofithe frequerry drrosnarsl sour ce
external to the frequency error block 12. The systemof claim1l, wherein
sai d frequencyreguiémy j@kock configured to determne a frequency error of the
reference frequency signal is configured to conpute, at |east partially,
the frequency error_of the reference frequency signal. 13. The system of
claim1, wheréin sdihg sypteguehndgingdy whemsinosaid disanengy wreriod thetderghsre a
frequency error of the reference frequency signal is configured to conpare
a determ ned ffrequersycygresis ohitieed otibizipg evtonatic firequereyopntret ¢irmitey toand
determ ne the difference between the determ ned frequency estinmate and
determine the difference between a received communication signal and the

frequency reference signal.

6. The system of claim 1, wherein said reference frequency signal is
obtained utilizing a reference frequency generator dedicated to the

communication receiver.

7. The system of claim 1, 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 claim 1, wherein said frequency etror block is further
configured to determine signal quality of a communication signal received by

the receiver.

9. The system of claim 8, wherein said frequency error block is
configured to utilize said signal quality information to refine the determined

frequency characteristics.

10.  The system of claim 1, wherein said frequency error block is

configured to determine frequency error at periodic intervals.
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the previous frequency estimate. 14. The systemof claim1l1l, wherein said
frequency error block is inplenented as an adaptive filter. 15. The system
of cl ai mwp 2oévarsesim sai d frequency error bl ock is inplemremusdooas4eiKal man
filter. 16. The systemof claim1l, wherein said frequency error block is
further configured to filter broadband noise fromthe incomng signal. 17.
The systemof claiml, wherein said tine and frequency bl ock is inplenented
using a processor. 18. The system of claim 17, wherein said processor is

i mpl ement ed usj.ng digital signal 0Cesso 19. An aided. |l ocatio

communi cat i on Llevi (a:’ghe(%f@ﬁ) ?fs %lgll%rli g’?‘f’@m %?1‘5 greﬂ‘éef“@?’éﬁé’ﬁgﬁ’%ﬁﬁﬁﬁ%veg
oscillator providing a reference freguency signal, b. a communjcation
section provi dPristaraines fre@snen etk Aelsrenrd frequaney signal is copigwed

comuni cation devices; c. a position determ nation section configured to
det er mi ne positbireceiverfraguenty erordhfarmetigy Ebmbasmedceaoektemal tortheriequeneyei ved
radi o frequency signals, and d. a frequency reference correction system
configured to grirbidott e the reference frequency signal with the one or nore
radi o frequency signals received by the position determ nation section.

12.  The system of claim 1, wherein said frequency error block configured
to determine a frequency error of the reference frequency signal is configured
to compute, at least partially, the frequency error of the reference frequency

signal.

13.  The system of claim 1, 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.

14.  The system of claim 1, wherein said frequency error block is

implemented as an adaptive filter.

15. The system of claim 1, wherein said frequency error block is

implemented as a Kalman filter.

16.  The system of claim 1, wherein said frequency error block is further

configured to filter broadband noise from the incoming signal.

17.  The system of claim 1, wherein said time and frequency block is

implemented using a processor.
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20. The system of claim 19, wherein said comunication section conprises a
W rel ess communi cation device. 2 1. The systemof claim20, wherein the

wi rel ess worrmamseat i on device is a cellular tel ephone. 22T/USh@s59yessEm of
claim19, wherein said position determ nation section conprises a GPS
receiver. 23. The systemof claim19, wherein said frequency reference
correction system conprises:a frequency error block configured to determ ne
a frequency error of the reference frequency signal, one or nore frequency

crror in the r0vor ooty L SRR ol oser W it RGeS

frequency and tine control block configured to adjust an operating
frequency of tdigitalsignabproeessPlaquency signal to account for said estimate of
the error in reference frequency signal. 24. The system of claim 23,

wherein the frﬂguengxaﬁkﬁqgwﬂgnE@ggégkgﬁ&?ﬁgﬁ%% sure§¥0 Iheigab. i s obtai ned

by estimating afrequency error anbl ent tenperature

in which the reference fre ncy oscillator i.g 0perating. 25. Jh yst em of
claim23, wherein the fr%qgegfﬁr@g}geer BEBrY ¢ R cﬂﬁgt]ofe)r ﬁoé'é&gg e&uéﬁ%é{/e%gggnal IS
obtained utilizing a phase-locked |oop to determ ne the difference between

a recei ved corieavcagy sigpalsi gnal and the frequency

b. a communication section providing radio frequency
communication with one or more communication devices;

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

received by the position determination section.

20. The system of claim 19, wherein said communication section

comprises a wireless communication device.

21. The system of claim 20, wherein the wireless communication device is

a cellular telephone.

22.  The system of claim 19, wherein said position determination section

comprises a GPS receiver.

23.  The system of claim 19, wherein said frequency reference correction

system comprises:

53



reference signal. 26. The system of claim 23, wherein the frequency error
of the reference frequency signal is obtained utilizing automatic frequency
control cowopcuidosysiio determ ne the difference between aPCEAS2MSM40542

comuni cation signal and the frequency reference signal. 27. The system of
claim 23, wherein the frequency characteristics conprise at |east one of
frequency error, the rate of change of the frequency error, and frequency
jerk.28. The system of claim 23, wherein the reference frequency signal is

obtained utilizing a.reference frequenc nerat or dedi cated t he

posi tion det er ni nat3 BYAUEREY $18 .bl?g(. c”ﬁﬁgx‘é‘?ag? gﬁ?@“ﬁ?ﬁ%ﬂlﬁy e\ﬁ?gpléi n the
reference frequency signal is obtained utilizing a reference frequency
gener at or ut i |the efereyoedirequenest sisnal, @ of RO Senvensh chapeerstitacf 8§ secti on
and the comuni cation section of the ALCD. 30. The system of cl aim 23,
wher ei n sai d frefemenen Eeqesncysignah akd bs edtimathef the enbi futhe defexsneket er mi ne
signal quality of a communication signal received by a receiver. 31. The

system of cl ai fleqd@ncyigi@bha tihe i tipTaturgualli ty is that of a communication
signal received by the conmunication section of the ALCD. 32. The system of

claim 30, wherein t : BRI CIE QIR BB aB)RE &bpefati@nf i gur ed
to utilize said si g%gﬁe gﬁ%??‘?gxﬁﬁﬁmti o% to refine at%% pefatiig
frequency of the reference frequency signal to account for said estimate of the

error in reference frequency signal.

24,  The system of claim 23, wherein the frequency error of the reference
frequency signal is obtained by estimating a frequency error based on the
measured ambient temperature in which the reference frequency oscillator is

operating.

25.  The system of claim 23, wherein the frequency error of the reference
frequency signal is obtained utilizing a phase-locked loop to determine the
difference between a received communication signal and the frequency

reference signal.

26.  The system of claim 23, wherein the frequency error of the reference
frequency signal is obtained utilizing automatic frequency control circuitry to
determine the difference between a received communication signal and the

frequency reference signal.

27. The system of claim 23, wherein the frequency characteristics
comprise at least one of frequency error, the rate of change of the frequency

error, and frequency jerk.
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determ ned frequency characteristics. 33. The system of claim 23, wherein
said frequency error block is configured to determ ne frequency error at
peri odi c woteswmalrsl1 34. The system of claim 23, wherei npPsaiu$26050msency
error block configured to determne a frequency error of the reference
frequency signal is configured to receive frequency error information from
t he comruni cation section of the ALCD. 35. The system of claim 34, wherein
the received frequency error information is at | east one of a hardware

signal and a sgoft e word. 36. .The_system of claim 23, wherei.n said
frequency errofg'b\lmca;ilﬁe SHYRD i r e §3d\é‘§’€$‘1’ﬁ‘ éefg’?egﬁ"u YRy r JEH 15t he
reference frequency siTcmaI i's configured to conpute, at |east partially,
the frequency @t#iped sfilizing ar wiwergecBequeae @nnsraior gadicated 1o timposilign em of
claim 23, wherein said reference frequency error block configured to

det erm ne a f rddgrencatioarsedionof t he reference frequency signal is configured

to conpare a determ ned frequency estinmate to a previous frequency

estimate, and dgeterm ne the difference between the determ ned.frequency
estimate and tfe pr &%emrogq‘d@% ge?f}ﬁeﬂ%‘%éhe é@l?]re‘?ﬁeef%eﬂg?% %gnaiﬂéi m 23,
wherein said frequency error block is inplemented as an adaptive filter.
39. The syst enetdtined #iikzipg a rgfeeense rfrequerryr gengrasercytilized by #31leask one of
i npl enented as a Kalnan filter.

the position determination section and the communication section of the

ALCD.

30.  The system of claim 23, wherein said frequency error block is further
configured to determine signal quality of a communication signal received by

areceiver.

31.  The system of claim 30, wherein the signal quality is that of a

communication signal received by the communication section of the ALCD.

32.  The system of claim 30, wherein the frequency reference correction
system is configured to utilize said signal quality information to refine the

determined frequency characteristics.

33.  The system of claim 23, wherein said frequency error block is

configured to determine frequency error at periodic intervals.

34.  The system of claim 23, wherein said frequency error block configured
to determine a frequency error of the reference frequency signal is configured
to receive frequency error information from the communication section of the

ALCD.
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40. The system of claim 23, wherein said frequency error block is further
configured to filter broadband noise froma received frequency error

signal . MO0 2006053813t em of claim 23, wherein said tine ardTfusegaemsy2 bl ock
is inplenmented using a processor. 42. The system of claim41l, wherein said
processor is utilized by at |east one of the conmunication section and the
position determ nation section.43. The system of claim41, wherein said
processor is a digital signal processor. 44. A nethod for receiving

wireless signals at_a receiver utili,zing a.ref.erence f.r e i.gnal , the
met hod conpri SPng: Th&t SFFEMRi ﬂfrg CEpIy ééu 18, &l?r r%cre“feﬂe%gglfwglr%gngﬂé&?r equency
signal, determ ning one or nore frequency characteristics of the reference

frequency si gmafbrmatismds pi leasi gneaf ebardwatesignal anda softwareiWPdef er ence
frequency signal at a tine in the future; and adjusting an operating

the error in P8t or SRECTFOGISHEY 21 yhatH id onBacypl op S, i ©f

the error in refer clarm 44,

wherein said determning, the freque error of the reference £ ency
si gnal conpri §%§et€§{lﬁnﬁ&tgﬁ?@e‘écyf ?gaﬁﬁﬁ?re&r%qe %3@88036ﬂg?ﬂé5 ﬁ%[g{ﬁl‘]?% anmbi ent
tenperature in which a reference frequency oscillator generating the
reference fredaesnmputsi ghleast parallys sha Hequeney emRE O tsdersRcecieqURPoy
wherein said determ ning the frequency error

signal.

37.  The system of claim 23, wherein said reference 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.

38.  The system of claim 23, wherein said frequency error block is

implemented as an adaptive filter.

39. The system of claim 23, wherein said frequency error block is

implemented as a Kalman filter.

40.  The system of claim 23, wherein said frequency error block is further

configured to filter broadband noise from a received frequency error signal.

41.  The system of claim 23, wherein said time and frequency block is

implemented using a processor.

42.  The system of claim 41, wherein said processor is utilized by at least

one of the communication section and the position determination section.
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of the reference frequency signal conprises utilizing a phase-Iocked | oop
to determne the difference between a received communi cation signal and the
frequencywoehevesmae signal. 47. The nmet hod of cl ai m 44, palnarsesos/ osdse2
frequency characteristics conprise at | east one of frequency error, the
rate of change of the frequency error, and frequency jerk.48. The method of
claim44, wherein said determning the frequency error of the reference
frequency signal conprises utilizing automatic frequency control circuitry
to determine the difference ggimeen a ﬁeceive conmuni .cat i.0n i%ﬂﬁ! and the

frequency ref &dencdbsisyiEm ohglampn4l Wheigd $Hd AIOTERTA LS 4 HRBEFE S or i si ng

generating the reference frequency signal utilizing a reference frequency
gener at or dedipe@essdrt o t he communi cation receiver. 50. The nmethod of claim
44, further conprising generating the reference frequency signal utilizing

a reference frequency nerat or  shar ed. t i 1 BARE WEr A
second commni4§ati IP%%%‘? ar © i‘.’l%grﬁ‘glr%é Sh%%“@?n%gilﬁq@%%ﬂ%n hger
conprising determ ning a signhal qual %(3/ of a.communi cation signal received

by the recei vaierenee frpengy figagl. Hie methed SOMPHYRE hor conprising utili zi ng
said signal quality information to refine the determ ned trequency
characteristics. b53letennininga fisauascy erras ph tha refgieaseipaucarysigadler mi ni ng t he
frequency error further conprises determning the frequency error at

peri odi ¢ interval s.determining one or more frequency characteristics of the reference

frequency signal,

determining an estimate of the error in reference frequency signal at a
time in the future; and

adjusting an operating frequency of the reference frequency signal to

account for said estimate of the error in reference frequency signal.

45.  The method of claim 44, wherein said determining the frequency error
of the reference frequency signal comprises estimating a frequency etror based
on the measured ambient temperature in which a reference frequency

oscillator generating the reference frequency signal is operating.

46.  The method of claim 44, 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 reference signal.

47. The method of claim 44, wherein the frequency characteristics
comprise at least one of frequency error, the rate of change of the frequency

error, and frequency jerk.
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54. The nethod of claim44, wherein said determ ning the frequency error
further conprises receiving frequency error information froma source
ext ernal wo 2dwsfsi@quency error bl ock 55. The net hod of pciraisnoodA4osaher ei n
said determining the frequency error further conprises conputing, at |east
partially, the frequency error of the reference frequency signal.56. The
met hod of claim44, further conprising conparing a determ ned frequency
estimate to a previous frequency estimate, and determ ning a difference
bet ween the determnined freguenc ti.mat.e a t he. preyvi ous f cy
estimte. 57. 4¥he Wé@ﬁ&?@@f&&l@{\’/};ﬁﬂhefﬂ?tsﬂggief %ﬁ?%‘?%lﬁ{l g a&frequency
error block configured to determ ne the frequengy. error, said tuning based
on expect ed nof dee ireferehee ffrequensycyizealt oveprises UbBzingantgate fegienWai m 44,
further conprising tuning a frequency error block configured to_determ ne
the frequency ceitrdr ,ciaitey t toni defehmised thn diffpmericequbsitivesn r ac 8peéedpy t he
comuni cation device. 59. The nethod of claim44, further conprising at
| east one of phRARRNRGEEH HbAdliaAA thd fefieancfaene!sigmal.i on, phase jerk and
frequency jerk over tinme. 60. The nethod of claim44, further conprising
filtering the frequency reference signal. 61. The nethqd of cl.ai m 44,
further conpri48i ng The anéthed pﬁélaimedqlugw@}er@ﬁmpﬁé@grsewa%g ithe BEFERY rmor e
regi sters or other locations utilized by a

frequency signal utilizing a reference frequency generator dedicated to the

communication receiver.

50. The method of claim 44, further comprising generating the reference
frequency signal utilizing a reference frequency generator shared by the

communication receiver a second communication receiver.

51.  The method of claim 44, further comprising determining a signal

quality of a communication signal received by the receiver.

52.  The method of claim 51, further comprising utilizing said signal

quality information to refine the determined frequency characteristics.

53.  The method of claim 44, wherein said determining the frequency error

further comprises determining the frequency error at periodic intervals.

54.  The method of claim 44, wherein said determining the frequency error
further comprises receiving frequency error information from a source

external to the frequency error block

55.  The method of claim 44, wherein said determining the frequency error
further comprises computing, at least partially, the frequency error of the

reference frequency signal.
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processor. 62. The nmethod of claim44, further conprising determning a
signal quality neasure using received signal strength, phase noise in the

| oop or owbenosniszsiact eri stics that can be used to indi cate/ush@sguahtty of

t he received signal.63. The nethod of claim62, further conprising using
said signal quality neasure to determne a level of filtering applied in
determ ning the frequency error. 64. A systemfor receiving wreless
signals at a receiver utilizing a reference frequency signal, the system
conprising: neans for determ ning a frequency error of the ference
frequency sigidt, ridwrmethed Oﬁélaémrﬂ“miﬂﬁ‘%ﬁ@“&’?ls%r‘é’mﬁagﬁaé’n‘i%emme
characteristics of the reference frequency signal, means for determning an
estimte of tHeqeenayr ejtimatefter & revibne frrgpencys egfiraateaand defsiINIAS the
future; and neans for adjusting an operating frequency of the reference
frequency si gnafferefccaGeiterh fher dsindined tfreqaiercyofestiinetee and rthé rpreedBs ence
frequency signal. 65. The system of claim 64, wherein said neans for
determning t error of the reference frequency signal conprises
means for estirlﬁrfé]tilléng aﬁl rteequency error based on the neasured anbi ent
tenperature in which a reference frequency oscillator generating the

ref erence fredifencyTls mathbd iof clgbmr4d, ifgher comprising tuning'a frequency error

block configured to determine the frequency error, said tuning based on

expected noise in the frequency estimates.

58.  The method of claim 44, further comprising tuning a frequency etror
block configured to determine the frequency error, said tuning based on signal

quality received by the communication device.

59.  The method of claim 44, further comprising at least one of phase

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

60. The method of claim 44, further comprising filtering the frequency

reference signal.

61.  The method of claim 44, further comprising storing the frequency
characteristics in one or more registers or other locations utilized by a

processor.

62.  The method of claim 44, 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.
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66. The system of claim64, wherein said neans for determ ning the
frequency error of the reference frequency signal conprises neans for

det er m niwgQ 200v05a@$1fif er ence bet ween a recei ved comuni carcorsseognaissand t he
frequency reference signal.67. The systemof claim64, wherein the
frequency characteristics conprise at | east one of frequency error, the
rate of change of the frequency error, and frequency jerk. 68. The system
of claim 64, wherein said nmeans for determ ning the frequency error of the

reference frequency_signal .c ris ns for, determni.ng.the di.fference
bet ween a rece&\red “E%%ﬁ%oeé&i%%g%%@m@%&%%%@%@?ﬁﬂ‘éﬂ% si gnal .
69. The system of claim 64, further conprising neans dedicated to the
communi cat i on measute/ierdetesmingeevek offiltering applied Brdderminiggdhe {reqyegryl . 70.
The system of claim 64, further conprising neans shared by the

conmmuni cat i on &remei ver a second conmuni cati on receiver for generating the
reference frequency signal. 71. The system of claim 64, further conprising

nmeans for determning a signal quality.of a co ni cati on signal received
by the recei veé‘{:ﬂ 72/ SYESTL \ISF e Ymgléfrﬂeﬁ,mgi“gg?ﬁtela ESRSFT UG % elns for
utilizing said signal quality information to refine the determ ned

frequency charwgtarendedraquencysmnalpitke siptonbeaapridngii m 64, wherein said neans

for determning the frequency error further conprises neans for determning
t he frequency errormeans for determining a frequency error of the reference frequency

signal,

means for determining one or more frequency characteristics of the
reference frequency signal,

means for determining an estimate of the error in reference frequency
signal at a time in the future; and

means for adjusting an operating frequency of the reference frequency

signal to account for said estimate of the error in reference frequency signal.

65. The system of claim 64, wherein said means for determining the
frequency error of the reference frequency signal comprises means for
estimating a frequency error based on the measured ambient temperature in
which a reference frequency oscillator generating the reference frequency

signal is operating.

66. The system of claim 64, wherein said means for determining the
frequency error of the reference frequency signal comprises means for
determining the difference between a received communication signal and the

frequency reference signal.
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at periodic intervals. 74. The system of claim®64, wherein said nmeans for
determ ning the frequency error further conprises neans for receiving

f requencywenrznavosrsifior mati on from an external source. 75. PChassgsoarmnl cl ai m
64, wherein said neans for determ ning the frequency error further
conprises neans for conputing, at |east partially, the frequency error of
the reference frequency signal. 76. The system of claim 64, further

conpri sing nmeans for conpari ng a determ' ned frequency esti mate to a

previ ous frequency estimte, for mn| iffer zween t he
det er mi ned frégfuen CeSYTIFRt 8 ‘ﬂﬂm% He&* p ’feHhstﬂ? %ﬁ% ﬁ‘f‘f}{/ &t&féttl\é\??? The
system of claim64, further i sing nmeans for%é< nin enc error
bi ock to det eroempsise nélep$téqwaf£eq@@nWrerﬂaséw gie g%e ‘%CHC he
frequency estimates. 78. The system of claim®64, further conprising neans
for tuning a farmyeddieqeencyrjetil ock to determ ne the frequency error based
on signal quali ty recei ved by the conmunicati on devi ce 79. The system of
claim64, furt npri si ng ans det.er m Q phase
accel erati on, &@?‘? YSIR e?&’t"?oﬁa whteR 5o a fPf e‘%§ Xﬁ’&rﬂg%q&e over
tinme. 80. The system of cl ai m 64, further corrpr|S| g neans for flfltering
t he frequency f;rgfugn@n@goggn the reference frequency signal Comprises means I0r

determining the difference between a received communication signal and the

frequency reference signal.

69. The system of claim 64, further comprising means dedicated to the

communication receiver for generating the reference frequency signal.

70.  The system of claim 64, further comprising means shared by the
communication receiver a second communication receiver for generating the

reference frequency signal.

71.  The system of claim 64, further comprising means for determining a

signal quality of a communication signal received by the receiver.

72.  The system of claim 71, further comprising means for utilizing said

signal quality information to refine the determined frequency characteristics.

73.  The system of claim 64, wherein said means for determining the
frequency error further comprises means for determining the frequency error

at periodic intervals.

74.  The system of claim 64, wherein said means for determining the
frequency error further comprises means for receiving frequency error

information from an external source.
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81. The system of claim 64, further conprising neans for storing the
frequency characteristics in one or nore registers or other |ocations
utilized W9 200qp5081@ssor . 82. The system of cl ai m 64, furPrhEmUSeasprisst ng
means for determning a signal quality measure using received signa
strength, phase noise in the |l oop or other characteristics that can be used
to indicate the quality of the received signal. 83. The nethod of claim 82,
further conprising neans for determining a |evel of filtering applied based

on said signal_quality neasure.
J q The:y system of claim 64, wherein said means for determining the

frequency error further comprises means for computing, at least partially, the

frequency error of the reference frequency signal.

76.  The system of claim 64, further comprising means for comparing a
determined frequency estimate to a previous frequency estimate, and for
determining a difference between the determined frequency estimate and the

previous frequency estimate.

77.  The system of claim 64, further comprising means for tuning a
frequency error block to determine the frequency error based on expected

noise in the frequency estimates.

78.  The system of claim 64, further comprising means for tuning a
frequency error block to determine the frequency error based on signal quality

received by the communication device.

79.  The system of claim 64, further comprising means for determining at
least one of phase acceleration, frequency acceleration, phase jerk and

frequency jerk over time.

80.  The system of claim 64, further comprising means for filtering the

frequency reference signal.

81.  The system of claim 64, further comprising means for storing the
frequency characteristics in one or more registers or other locations utilized by

a processor.
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82.  The system of claim 64, further comprising means for 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.

83.  The method of claim 82, further comprising means for determining a

level of filtering applied based on said signal quality measure.
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