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CRroSs REFERENCE TO REI;:ATED APPLICATIONS B

[001] This application dlaims priority to U.S. patent application Serial No.
10/885,507, filed on.July 3, 2004, which is a conﬁriuation—in—part of PCT applicaﬁon
Seria]l No. PCT/US03/16308, filed May 22_, 2003, titled “Search Domain Reducing
Frequency Transfer in a Multi-mode Global Positioning System Used W1th Wireless

: Networks » which is 2 continuation-in-part of U.S. Patent Apphcatlon Senal No.
10/155,614, filed May 22, 2002, titled “Search Domain Reducing Frequency Transfer
in a Mylti-mode Global Positioning System Used - With Wireless Netw;)ilcs,” now U.S.
Patent No. 6,684,158, which is a continuation-in-part of U.S, ‘Patent Applioation'
Serial No. 09/795,871, ﬁled Febmar;.r 28, 2001, titled “Information Transfer in a
Muli1~mode Global Positioning System Used with Wireless Networks,” now U.S.
Patent No. 6,427,120, whmh claims priority under Section 119(6) to U.8. Provisional
Application Serial No. 60/225,076, filed August 14,_ .2000, all of which are

incotporated into this application by reference.



Mul ti-nmode d obal Positioning System Used with Wrel ess Networks," now U. S.
Patent No. 6,427,120, which clains priority under Section 119(e) to U. S
Provi sional Application Serial No. 60/225,076, filed August 14, 2000, all
of which are incorporated into this application by reference. [002] This
application is also a continuation-in-part of U S. FateirtApplication "rim
No. 10/385,198, filed March 10, 2003, titled "I nformati on Transfer in a

Mul ti-nmode GPS Used wi a conti nuatl on of

U's. patent AW dkisseealiprnppeniuiay spat o f § e appRigh thez,
titled "Inf t T f ed. with

Net vor ks, - ot §135hdgt peag sl 1§ A0, tmﬁr’ﬁ HPaion SREFRLR § MPE

Pat ent Appl ication Serial No. 09/795,871, | ed Februar Q%y %%} t| tled
"| nformation TGB&SWW il aVikkess | Nefarksy B’B’& Po’ PP H@)‘Y Ut nf 88%d wi t h

Wreless Networks," now U S. Patent No. 6,427,120, which clajns iority
under Section Aps{cetontSsia) No. 12120, Sk A IO 20023 Wdéé‘i‘ff)’am% @%}&’225 076,
filed August 14, 2000, all of which are |ncorporated into this application
by reference. mlﬂmudﬁhdas(}%&sﬁ@avtlﬂloWﬂ?1§SSaNQtWOIiCS de Heatatemt 64 g&? 3 of

U.S. Patent Application Serial No. 10/194,627, filed July 12, 2002, titled
"Ml ti-node UPGhiehris dsentitationiof &1.8sRateriebnmickion” Sexisl ¥e. é”&%ﬁ%i fitadat i on
of U S. Patent Application Serial No. 10/068, 751, filed July 12, 2002,

titled "Ml ti- Reear@RRoaD1, Fitlsd ¢InfminapnSYrensden oy Multiemode Globy Pasitioning
Net wor ks, " now U.S. Patent No. 6,519,466, which is a continuation of U S.

Pat ent Appl i cakiaen Seed with Waeled HeRBakGE8yw TL.9. Petcmiio. Ga12,180, wigioh clainis | ed
"Multi-nmode d obal Positioning System For Use with Wrel ess Networks," now
U.S. Patent Nopriority 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 by reférence.
[003] This application is also a continuation-in-part of U.8. Patent Appﬁcation Sle'rial
No. 10/194,627, filed Fuly 12, 2002, titled “Multi-mode GPS For Use with Wireless
Networks,” which is a continuation of U.8. Patent Application Serial No, 10/068,751,
filed July 12, 2002, titled “Multi-mode Global Positioning System For Use with
‘Wireless Networks,” now‘ 1.,8. 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 Positibn'mg System For Use with Wireless Networks,” now U.S. Pétent No.
6,389,291, which claims priority under Section 119(g) tb U.S. Provisional Application
- Serial No. 60/225,076, filed August 14, 2000, all of which are incorporated into this
é.pplication by reference.
[004] This application is also a continuation-in-part of U.S. Patent Applicaﬁoﬁ Serial

No. 10/700,821, filed November 11, 2003, titled “Satellite Based Positioning Method

and System for Coarse Location Positioning,” which is a continuation—in—pai‘t of U.B.



6, 389, 291, which clains priority under Section 119(e) to U. S. Provisional
Application Serial No. 60/225,6076, filed August 14, 2000, all of which are

incorporated into this application by reference. [004] This application is
al so a continuation-in-part of U S. Patent Application Serial No.

10/ 700, 821, filed Novenmber 11, 2003, titled "Satellite Based Positioning
Met hod and System for Coarse Location Positioning," which is a

continuation-in-part of U S. 2 Patent Applicati ial .No. 09/575, 492,
filed May 18, Pz@empnlwﬁﬂ%ﬁW%Nﬁo_%f’/%"r?a@%ﬁﬁéﬁ\g%’ugé]f?gﬁ&rﬂe&r MY *S obal
Posi tion Using Al manac |nfornnation, " now U 'S. _ Patent No, 6,671,620, both
of which are iAmperpefetRaderminies Cibal Rosiop Lnechmpac Plraplone OBAGRGRO JNA
OF TIE INVENTION 1. Field of Invention [005] This inveption re|lates to

G obal Posi t i diatent No' G31,620, cbash vabr whick ép inpornogatad dnte 4his ¢ pRFtor-Whde GPs
receivers for use with wireless networks. 2. Related Art [006] The

wor | dwi de uti lmefesnecon of wirel ess devices such as two-way radi os, portable
tel evisions, Personal Digital Assistants ("PDAs") cellular tel ephones (also
general ly known a "nobile phones"” and/or "cell phones"), satellite radio
receivers and d obal Positioning Systens CUPS') is growing at a rapid ‘
pace. Cellular tel ephones, i rRAGKEHROYNPOFSBREIVESEAR NI cation System (" PCS")

devi ces, have
L Tield of Invention
[005] This invention relates to ‘Globa;l Positioning (“GPS”) receivers, and in
particular to multi-mode; GPS receivers for nse with wireless networks.
2. Related Art
[006] The worldwide utilization of wireless devices such as two-way radios,
portablé televisions, ?.ersonal Digital Assistants (“PDAs™) celiular telephones (also
generally imown a “mobile phones” and/or “cell phones™), satellite radio receivers
and Global Positioning Systems (“GPS™) is growing af a rapid pace. Cellolar
telephones, including Personal Communication System (“PCS”) devices, have
ﬁecome commonplace. The use of these Wﬁeless devices to provide voice, data, and
other services, such as Internet access, has provided many conveniences to cellular
system users. Additionally, the number of featvres offered by many wireless service
providers is. increasingly matching the features offered by traditional land-line
telephone service providers. Features such as call waeiting, call forwarding, caller

identification (“caller 1.D,”), three-way calling, data transmission and others are

cornmonty offered by both land-line and wireless service providers. These features



beconme commonpl ace. The use of these wireless devices to provide voice,
data, and other services, such as Internet access, has provi ded many
conveni ences to cellular systemusers. Additionally, the nunber of
features offered by many wirel ess service providers is increasingly

mat ching the features offered by traditional land-line telephone service
provi ders. Features such as call waiting, call forwardnig, caller

identification ("caller 1.D."), three-wa allin dat a. Lransm ssi and
others are ccﬁ?\gﬁ%ﬂﬁ’y P rllécfh%nfalﬂifjt’ﬁaqnﬁ?néglﬁfoﬁlé ‘31%%35’5\& &r%c}éss 31@ eifl]?/qsglgéq
provi ders. These features 3 generally operate in the same manner on both
wirel ess devi d88PIRRE t ang-tine tel ephones. [007] Puxthennore, ot her

wi rel ess conmuni cations systens, such as twp-wa i ng, .trun] ced radio,
Speci al i zed MIB9Tle Fredbsrmores oibey )WltPrq% i%@&‘“ﬂva&bﬁéi SEIS; Pheb. g WOSRE% nedi ¢
departnents, have al so becone common npbi | unications, 1008 S
systens (al so Hess@ritukedsadiel ﬁﬂﬂﬁléIi%Mof"}l%ﬁ?‘ﬁ@%%grﬂu 1LY P(S’Pc?\l%% gﬁ‘ﬁaon
Satellite System) have ‘al so become comonpl ace. In general, GPS systems are
typical |y sat epardmedicdgpazionerisdieie elac bespme eonpaph wphile commugipelionsa e
navi gation systems. Exanples of GPS systems include but are not linmted to
the United Stafe8 (CRI sgstermy (alspibmamasPrighits Reritoaing Sypiee “BI3T erifvigiRgs: )
(al so, know as TRANSIT), LORAN, Shoran, Decca, TACAN, NAVSTAR, the Russian
counter part t oS#ASTS Retohdare alss bedeme@oottnplaggi Jatdcomalssis| ssteassyet em
("GLONASS') and any future Western European GPS such as the proposed
"Gal il eo" progtyaisliystellite @lakpbeg as ‘fypactgehicle” or “SV”) based navigation systems.
Examples of GPS 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, the Russian counterpart to NAVSTAR known
as the Global Navigation Satellite System (“GLONASS”) and any future Western
- Buropean GPS such as the proposed “Galileo” program. As an example, the US
NAVSTAR GPS system is described in GPS Theory and Practice, Fifth ed,, revised
edition by Hofmann-Wellenhof, Lichtenegger and Collins, Springer-Verlag Wien
NewYork, 2001, which is fullﬁ incorporated herein by reference.
[009] 'I‘ypicélly, GPS receivers receive radio transmissions from satellite-based
radio navigation systems and use those received transmissions to determite the
location of the GPS receiver, 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 GPE satellite locations. '



NAVSTAR GPS systemis described in UPS Teony and Practice, Fifth ed.,
revised edition by Hof mann-Wel | enhof, Lichtenegger and Collins,
Springer-Verlag Wen Newyork, 2001, which is fully incorporated herein by
reference. [009] Typically, GPS receivers receive radio transm ssions from
satellite-based radio navigation systens and use those received

transm ssions to determne the |ocation of the GPS receiver, It is

appreci ated by those skilled in the, art at .th l.ocation of the GPS
receiver may b@03863wﬁﬁﬁ@aﬂg§hﬁbﬁ#@ﬁﬁal%ﬁ%ga%@ﬁWﬁW%%ﬁa %H@@gﬁmngyﬁmn
intersection utilizing the determ ned distances frpn1t€e PS re ehé r to
three GPS sat BPpdopss Atipde IHAVRISHAbWIAM OIS 1 [9epton Hioipplioh 208 ¢8810)
CGeneral ly, each UPS satellite in a GPS satellite-hased radig nayjgation
system br oadcuumations ddets spackically %%?ﬁml’]ﬁa@c{'} (9#@% %&‘“}1% g}&’gﬁéﬁﬁ}t%r@ ~
information, and orbit information. Mre specifically as an exanple, each
of the orbitintheUbstediepy CPEsyptam eoptainsniop Hizblya fegrapipomg ClRKE dPai ns
four highly accurate atom c clocks: two Cesium and two Rubidium_ These
cl ocks provi deCpriwniasd e Rubidipiy, Fhess slocksmpwe piegisiop tiningptscsnvijehafeat i ng
two unique binary codes (also known as a pseudo random noise "PRN, " or
pseudo noi se ' Willized drigeperatittevo amnigue binprywpdasdelsd kupwn a5a repdo sendom naiws t o
Earth, These PN codes identify the specific GPS satellite in the GPS
const el | ati on. “PRISP bt psdEde hoiGPEN atcdk), itheb ang trppstoittah Siopy he §PSetatebiftesitogi t al |y
coded epheneris data that conpletely defines the precise orbit of the GPS
satellite. The FefilneThesd BN daiesidentify iteapesioBRS sidlite rGhsGPHcohdtéliation.s at any
given tine, and its |l ocation may be

[0011) Bach 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 thé GPS satellite is at any given time, and its location may be

specified in terms of tﬁe GPS satellite ground track in precise latitude and longitude

measurements, The information in the ephemeris data is coded and transmitted from

the GPS satellite proﬁdmg an accurate indication of the exact position of the GPS

satellite above the earth at any given time.

[0012] With the growing widespread use of these technologies, current trends are

calling for the incorporation of GPS serviees into a broad range of electronic devices

and systems, including PDAS, cellular telephones, portable comimters, 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 and produce

the most cost-atiractive product possible for consumers.

[0013] In cellular telephony, the interest of integrating GPS receivers with cellular

telephones stems from a new Federal Communications Commission (FCC”)



specified in terns of the GPS satellite ground track in precise |latitude
and | ongitude neasurenents. The information in the epheneris data is coded
and transmtted from the GPS satellite providing an accurate indication of
t he exact position of the UPS satellite above the earth at any given tine.
100121 Wth the growi ng wi despread use of these technol ogi es, current
trends are calling for the incorporation of GPS services into a broad
range of electronic devices and systens, includi g PDAs, cellul ar

t el ephones, powa@zml@nt@m@ﬂﬁlﬁ%wlwlmewe logaiphlp [vyithin Pé{%ﬁt 6%06 M %Rl@ﬁwyadu o,
SMR, aut onobil es, two-way ers and the like. At th

el ectronic devpailesmnm'@éi&aﬂ(@smmf@pémasyﬂgltamﬂ&ltl o:r'@a.yya 1&:21@@@ byad -
produce the nobst cost-attractive product possible for consuners. [0013] In
cel lul ar t el epgivay celivhe talephence SYheofeniengengien véony Hopde e edonetpm Wi didlingel | ul ar
t el ephones stens froma new Federal Communi cations Comm ssion ("FCC') s
requi renment théatl @edolally saferted e pivofPds” tadl) oo ¢ dndblassdviplshkuevBasf dand-lor'Qe an
energency call, such as a "911" call (also referred to as "Enhanced 911"
or "11911") i sigdphaechndyomtactigh ve rmesehel santet ¢iae pliometicali ém aldineo dientifyes
occur, people are accustomto dialing 911 (normally referred to as a "911"
call) on a | anghehomneh dfafhedaddmoatinelashchb adhere liiervall prigihetedphone and contacting
an, energency center that automatically is able to identify the |ocation
of the |and- basedd4} ehfephnns, wigies dbbcsakichomsi gllnat edephbAB] 4te vnable to
Unfortunately, wreless devices, such as cellular tel ephones, are unable to

Cﬁmmnl cate t hebhmhsicad tieh m&altxh@%thautpsrpsﬁdsn asttvieebitediyt @F dargribing digRser i bi ng
thelr

location, In response, the United States Congress, through the FCC, has enacted a
requirement that cellular telephdnes be locatable to within 50 feet once an émergency
cafl, such as an E911, is placed by a given cellular telephone. This type of position .
data would aésist police, paramedics, and other law enforcement and public service
personnel, as well as other agencies that may need tor have legal rights fo determine
the position of -speciﬁc'dellular telephone. The E911 services, however, operate
differently on wireless devices than a 911 call does on land-line telephones.

-[0015] 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
forgeté, to identify his or her location, the 911 zreception center is able tb obtain ﬁm
location from which the call was made from the public teléphone switching network
(PSTN) and send emergency personnel to the location of the call.

[0016]) If instead, an E911 call is placed from -a wireless device such as a cellular
telephc.me, the E911 reception ‘center receives the call but cannot determine the origin

of the call. If the caller fails, or forgets, to identify his or her location, the E911




| ocation, In response, the United States Congress, through the FCC, has
enacted a requirenent that cellular tel ephones be |ocatable to within 50
feet once an enmergency call, such as an E911, is placed by a given
cellular tel ephone. This type of position data would assist police,

par anmedi cs, and ot her | aw enforcenment and public service personnel, as
wel | as other agencies that may need to have legal rights to determne the
posi tion of specific cellular telephone. The E911 seryices, however,
operate diff ereeertipy ceervis ruapile 4o i B Topin 27 6oy ol bpoaliEo BeORIPERA | | ne
t el ephones. [0015] Wen a 911 call is placed froma |and-1ine tel ephone,
the 911 recept hewoldndiferent desitheE5TNe Shpresanh dhe et Mhat A EPHe 195e0tn of
the call. In case the caller fails, or forgets, to identify his_ or her

| ocation, the gam-nweigtismd@m@rﬂwéooaﬁmeof e et sitnTomenhipl S ¢3S om
which the call was nmade fromthe public tel ephone swi tching network (PSTN)
and send ener gehcsl. dénfetmately, twiceheslll dienin owirdesstigevasisysicn) Qmyeioveran

i nstead, an E911 call is placed froma wreless device such as a cellular
t el ephone, t he a8 Hithreperepimiaoly £2hide direwty Esrilich efipamenttadthe onation nRst ent e
the origin of the call, If the caller fails, or forgets, to identify .his

or her | ocatiome defeenifhlelin & dighalepdtivork oe fiteepowes setthah o€ theocalling imirelebe
| ocati on of the call because the wireless network is different than the

PSTN. At presemgvicd. B, ids it roalts irhen de@lcbvermpepdiippemmileenter may do is to
determ ne the location of the cell site fromwhich the call was placed,

Unfortunately, (o] aahopoedd sofitib@so ik Probemeheades hesgraring GBS rewivemywidover an
area with approximately a 30-mle dianeter. Further refinement of the
location may  cellilar telephones. As an added benefit to this proposed solution is that any GPS

data produced by an integrated GPS receiver may be utilized by the cellular telephone

user for dkecﬁons, Iatitnde and longitude positions (locations or positions) of other
locations or other cellular telephones that the cellular user is frying fo locate,

Vdetermination of relative location of the cellular user to other 1andmarks, directions
for the cellular telephone user via internet maps or other GPS mapping teéhlﬁques,‘

~ etc, Such data may be of use for other than E911 calls, and would be very useful for
ceflular and PCS subseribers.

. [0018] As an example of the current thrust fo integrate GPS receivers with cellular
telephony, U.S. Patent Number 5,874,914, issued to Krasner, which is incorporated by
reference herein, describes a method wherein a basestation (also known as a b‘ase
station and/or the Mobile Telciahone Switching Office “MTS0”) fransmits GPS
satellite information, inclading Doppler information, to a remote unit (such as cellular
-telephone) utilizing a cellular data link, and computing pseudoranges to the in-view

GPS satellites without receiving or utilizing GPS satellite ephemeris information.




be determnable in a digital network by the power setting of the calling
wreless device. But, this still results in an area covering nmultiple
mles. [00171 A proposed solution to this problemincludes integrating UPS
receivers with cellular telephones. As an added benefit to this proposed
solution is that any GPS data produced by an integrated UPS recei ver may
be utilized by the cellular tel ephone wuser for directions, latitude and

| ongi tude positions (locations or positions), of qther | ocations or other
cel lular tel epBPeEheapppagiin I@@Pﬁ'ﬂﬁ%"?’e"ﬁ’é &qﬁl%e%twafl%ﬂu?tgl Iog?%l? 2111:1{3 toa
determ nation of relative |ocation of the cefl I U[efl’ ursrgi to_ ot herd | andmar ks,
di rections f @en beneonaestor (o & CRSIeI0RIEA S SBIPIY, AP OREmate MR P iSeHer aPs
mappi ng techniques, etc. Such data may be of use for o{ﬁ;gr,than&? 1
call's, and woukdlsde bpeypgraded i mapage Meeadditions! wawrepERssHhdeliepaE £ %100 181
As an exanple of the current thrust to integrate GPS receivers wth

cel lular tel dphowion t0.c8eh eithe pelluban AHRES Bsasrthaigrareapestine FPEHofe 254588 | whi ch
is incorporated by reference herein, describes a nethod wherein a

basest ati on ( additionehceapireasents Weilé be davared o tapaf e rewEromssis @ brafleghene
Switching Ofice "MISO') transnmts GPS satellite information, including
Doppl er i nf or nmtha npicd mmd alate dmbitoghai s marpgefcand dgliveead| byl the wirglesseiypisme )
utilizing a cellular data link, and conputing pseudoranges to the in-view
GPS satel | i t es[ppio] haotherpeteei thirmgnornsusiistinee hefwershs 408 wypten. g uipbosh s
information. 7 10019] The approach. in Krasner, however, is |limted by the
nunber or aat Nudiifesis TR, Paic No. Hidcdninsated do Sthoclan@Ps- aleuhich iscdsclreinsuppl y

war ehouse. The system hardwar e

. incorporated by reference, In the Schuchman reference, ephemeris aiding through the
cellular telephone syétem is required for the GPS receiver to acquin_e and track GPS
satellites. However, cellular and other wireless networks do not always have the
capability to provide ephemeris aiding to the mobile GPS receiver,
[0621] Therefore, there is .a need in the art for delivering GPS data to wireless
commimications syétem;é, including cellvlar and PCS subscribers, in an efficient
manner, There is also a need for GPS capable ceflular and PCS telephones.
Moreover, there is a need for GPS capable cellﬁlar and PCS telephones that may
reﬁeive GPS satellite data for use by the cellular/PCS subscriber (i.e., the user).

~ Additionally, there is a need for a 1aige celiular gystem that is capable of ﬁtilizing
and/or supplying GPS information to celtular telephone users for a number of
applications, including E911 without the requirement of geographically proximate

base stations.



needs to be upgraded to manage the additional requirenments of delivering
GPS information to each of the cellular or PCS users that are requesting
GPS data, These additional requirenments would be |ayered on top of the
requi renents to handle the nornmal voice and data traffic that is nanaged .
and delivered by the wireless system [0020] Another patent that concerns
assi stance between the GPS system and gy rel ess networks is U.S. Pat. No.
5, 365, 450, issued to Sehuchman, et al »"WAMH is also herein i ncor por at ed
by reference. In the Sclnchman reference, epheneris aiding through the
cel lul arwgiz@iqeph@ﬁ_%t 83pdi 8 Mk Preb@M HivERGnf %viﬁ@&a@ﬂ%@ﬁ%@dﬁéﬁ'@oﬁﬁuﬁa‘é%?ﬁ%ﬂd

track GP satellites. However, cellular and other w rel ess netwo not

al ways haveatte, &aRatidg: b ¥edRatRh QivgleagPhemeri s aiding to the nobile GPS
recei ver.v([0021]) Ther ef (gr e,g t here \i%‘g éalﬁﬁed in the art for delivering GPS

data to wirel ess GonMRGERLL @ORnAYRE evi.tdé_(‘(*" b8 1 lditl ar and PCS
: .

subscribers, in an efficient nmanner. There i's alsd 'a ne for GPS capabl e

cel lular and.PCS t A5 s ) el Soaks ; - for .GPS capabl e

cel lular ‘and PCS ‘t%oggﬁ%%es'ntsﬁ%ﬁaﬁgg%gﬂ%ocel veca@é%istggg%fs&&émaﬁfg"?ror use by
-the cellular/ subscriber (i.e., the-user). ~Additionally, there is a
need for a.large cellular systemthat is capable of utilizing- and/or

| yi GPS i nf ] : i ] ¢ for. “of
appli et Lons, | el R Eg Gl Moo SRR St Byl |

- .proximate b%&&ﬁﬁﬁgﬂ&ﬂs%&&n@cag%@écﬁﬁly switching betwoen '
- 2 ©oa ﬁrstposiﬁoﬁ~detenninatic3_n m;)de for détermining a geolo‘c_:atioﬁ of the
ALCD and |
a scéond poaiﬁdnn&atemﬁz}a,ﬁon mode for determjnii_l';g the geolo cé,ﬁon of the
ALCD, | | | .7

7 [022]:An Aided Location Colmnunioéiiéu Systcn; t“ALCS“) is described. that ma:%
include a geolocation server and a wireless communication de-vicc; The geolocation
server is capable of Teceiving af least one signal from at least one Global Position
System (“GPS”) satellite and the wireless communication device may include a GPS
receiver section. The GPS receiver section is capable of being selectively sxxritchéd
between a standalone mode and at least one ofher md_dc for determining a geolocation
of the wi:cless-cpmmunicaﬁons device. The at lcast-one other mode may include an
autonomous mode, a gefwork ~aided mode, reverse-piding mode, augu.xc-n:l;ad—
. autonomous mode and a network centric mode, The wireless oommunicéiioﬁs device
is capable of sclectively seﬁdiﬁg the determined geolocaﬁon of the WiI;CIGSS

communications device to the geolocation server:
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1 [021 a] Afirst aspect of the present invention provides an Aided
Locati on Communi cation System ("ALES"'), conprising: a geol ocation server;
and an Ai ded Location Comunication Device C ALCD') including

a.conmuni oati on section in signal comrunication with the geol ocation
server, and a position-determ nation section having a GPS-receiver,
wherein the position- determ nation section is capable of selectively
switching between a first position-determ nation node for determ ning a

geol ocat i 0f0281 At Keled AbRoaThrAnEeea04 b b } | knat. de for
detcnnivirrg the geol ocatei on of the Rﬁ%tﬁg‘g}g)%ﬁ% %%gl.tlt%gc % on

oo 1 S0 MR MRSl il sl ot ol octon
server is o8 seHREEHY 5@ a8 - L. OIT £as

po 1 on ST RS ST R AL it e Mol e
bei ng sel ect i vel y gemﬁft?%ﬁém%gtﬁ é\%g%ﬁgggf?ﬁ&éﬁ?ﬁéﬁefmosé?ﬂ?’%ﬁ“%ast_ one
devi ce. TRiETED 6 YBLAUIES, AR B B8, AR mUE e FiEGRe F0GoRvde, o
et vor k. cend TG SRR Roft DR RO HC Sledlel SR Rmnl e of

sel 'eCt_i V'el%ﬁ%ﬁ]qi @@-Etgﬁia%k%men&% '&epelasqcc-?n?ei (9 1er01]:c|:10 eh(EorV\ﬁ el gss |

efermining a

~ geolocation of the ALCD, the at least one other mode including a GPS~auto1i0m0us
- mode, a GPS-network-aided mode, a GPS-network-centric mode, a reversefaiding.

mode, a network-based and an augmented-autonomous mode. The communication is
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comuni cations device to the geolocation server. 9 [023] An Aided Location
Commruni cation Device ("ALCD') is al so described. The ALCD may include a
position-determ ned section having a GPS receiver and a comuni cation
section in signal-comunication with the position-determ nation section.
The position-detei mnation section is capable of receiving position-rel ated
signals and determ ning a geol ocation for the ALCD fromthe received
position- related.sigpals and the positiqn- rmnation section is

sel ectively swi ?agf)bj[%lg HREt )ec’%n@n%@!}% t“ﬁalﬁu aﬁéﬁémr% J}ewé‘ﬁﬁmhtw Teast " oire

ot her node for deternini a .. geol.ocation_ pof _ Lk R | east one

ot her node i ncl mfﬁgv%rﬁ%oﬁﬁogﬁbdﬁ%?m%ﬁ@?a%c{]@@%t%éé?g'ded nmode, a
GPS- net wor k-cent [ de, a reverse-aidin de, a network-based. and an
‘augnent ed- aut on ot%%]sgﬁﬂcf@?te% ng'lﬂs?]ﬁu%f‘@be? ?”8?1: g?‘?m’@%cs c“gg%%i“g" OBy ggleﬁ?/ Phg

posi tion-aiding information |ron, exacrna, . source,, ere.th .

| ocat i on- ai di ngv&lbheceme apparegb oy %éﬁﬁé’l‘ g{f’cf‘ﬂt‘ﬂ’én,&?iw\.w A%xe %ﬁ’l}f’é’?’ng
systens, nethods, features and advantages of e inyentjon Wll be or wll
becone appar ent figarenfed @eteiledsdeseription.  Res a‘?tﬁn‘{i’gﬂ%até\&ﬁa?ﬁc aééﬁg}?uﬁ]f Syqigns,
followng figures and detailed description, It is intended that all such
addi ti onal syst esmoeds, ferfiescrnd athuantesce be dprindsd vethinalisdeprainfingy e wdthin bai n
this description, be within the scope of the inventjon, and be protected
by t he acconpanyscopg o thainventiop.omd Bp protesseddiydhersgerranpps Chipr esent i nvention
provides a. nethod for detennani ug. the geol ooaiion

~ {024a] A second aspect of the present invention. provides a; method for detcnnip:ing {he geoloeation

of an Aided Locaﬁonprmmmﬁcaﬁon Dcviéc (“ALCD”) within an Aided Lo-catiqn
| C.émniﬁﬁicéﬁon System (“ALCS’?, fhe wmethod comprising: B
| receiving at ieasf one GPB-signal from af least one GPS satollite at the ALCD,
wherein the ALCD is capable of selectively switching between
 a first position-determination mode and -
at least ono other position-detormination mode for determining a
geologation of the ALCD, and |
" determining fhie geolocation of the ALCD.'
[024b] A third aspect of the present invention provides an Alded ché,tien Communication

Deviee (“ALCD™), the ALCD mmpﬁsing
* aeemthmication-seetion-for-eommmnicating-wifh-a wircless-commmnications

_netwark; and | |
l a posiﬁon;datcﬁnil:;aﬁbx; ég(:tioﬁ having a GP8-réceiver, wherein flie pgs‘iﬁqn—:
o dettlarmination secﬁgn 8 G,B‘»iJa;.Jle of é_electiv;:ly émﬁching- betw_cen
a first mode éééitiomdatermination mode a{ld T ‘
at 1east.one aﬂlér posiﬁondetérﬁiiﬁaﬁon maode for dct@r;nini_ng a geolo cafion

of the ALCD,
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of an Ai ded Location Commpnication Device ("ALCD') within an A ded.
Location conmunication System ("W5"), the nethod conprising; receiving at
| east one GPS~signal fromat |east one UPS satellite at the ALCD, wherein
the ALCD is capable of selectively switching between a first positions
detezrni sati a~ node and at | east one other position-determ nation node for
determning n geolocation of the A LCD, and determ ning the geol ocati on of
t he ALCD. [024b] A thi rd aspect of the present i nvention provi des an Ai ded

Locat if@kc Deesv ce {"ALCD D, the ALCD conprising.”. a:co

nni | 7I rG&tt | n e | on 5’3}1‘ tion peqvidessaided Locatipn Conganioaiomt sm cahPnS
- net wor k; a @3? s gi? 0N section having a GPS-zeoei ver,

wherein t1 by P@h g%%‘% on section is capabl e of selecti vel y

sSwi t cbi ngbet en fi rst ode E’Hﬁltlon det-er m-nati on node and .. at | east
one ot her posﬂ?“’?i’%ﬁ?f '&“E?W%H% WWWW%PWOQ@@@@I ocation - of the

ALCD. 10 1[021&4?A fourth aspect of the- present
invention pr 0\/"[1%?@ on-gﬁer%%ggl *GBW F\‘Pl%t"i’hﬂﬁn the Posihom

determination section i is. capable of sclcatwely smtohmg bctween
~ afirstmode posxtiomdetermmahm mode and

at least one pther pomtmmdctmmnatmn mode for datermmmg a geolocutlou

of the ALCD

{024d]A fifih aspect of the present invention provides an Aided Location Commumcatlon Dewce ,
(“ALCD”), the ALCD campnsmg‘
6ALS for oommunicai;in@wﬁh a wireless communidaﬁuns network; and

EAns ‘for dctelmnnng the-position-of: tha ALCD, wherein the detenmnmg
" means is capable of selectively switching betwecn

g first mode pogition-determination Mous auw
gt least one other posiiionndetczminﬁion mode for defermining 8 geolocation
of the ALCD.
BRIEF DESCRIPTION OF THE DRAWINGS
_[025] The invention can be befter understood with reference to 'thefﬁilowing figures,
-'I’he—r-eamponents--iﬁ--the—ﬁgmes are not: ﬁ@oess}lrily»to -scale, emphasis-instead-being -
placed upon illustrating the. principles of the mventmn In the fipures, hk:e reference
" mumerals designate corrcspondmg parts fhroughout the different views.
‘ f[026] FIG. 1 illnsfrates an example cf a implementation-of a Aided Location
: Cbmmunicaﬁon System. (“ALCS”) usiﬁg an Aided Location Communication Device

(“ALCD”) having a GPS recejver located within the ALCD,
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Dance ("ALCD'), the ALCD oonipiising: neans for communicating with a
W rel ess communi cati ons network, and aposition-detenaamaton section having
a GP'u receiver', wherein the po Sitiou- detennimtion section is capable
of selectively switching between a fast nobdeposition-determ nation incde
and at | east one pther position deteuninationnode, for determ ning a
geol ocation of the ALCD. [024d]A fifth aspect of the present invention
provi des an Ai ded Location Conmunication Device ("ALCD'), the ALCD
conprising: nbans for comunicating-with a wrel ess conmuni cati ons network,
and neans for determ ning the position-of theALCD, whereia
the..detern&dug. -neans is capable of selectively switching between a Furst
node pesi t i[027]0RIGER x4 Blndlt dmpranpefan aaaplatof ke dsplemedatnhed the ALCD
"posi tion~detormiuati on node for deternmining a geolqcation of the ALCD. Bar
- DESClirn7| ghtwaRnFIdXwi / nGs [ 025] The invention can be better understood
with reference to the following figures, Theconponents-in-the-figures are
not necessafo2BYFIR 3Sh@ketes a@epdaasie 6f an infidnemthibebfign architesred fopte
illustrating the. principles of the invention. -I.n the figures, |ike
reference Ausedwksicdgsi gnate correspondi ng parts throughout the di'fferent
views. 1[026] FIG 1 illustrates an exanple of an inplenentation of a A ded-
~Location - 029] FIG. 4 illustrates another example of an implementation of an architecture for

the ALCS shown in FIG. 1.
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Conmmuni cati on System ("ALCS") using an Aided Location Conmunication Device
("ALCD') having a GPS receiver |ocated within the ALCD. 10Ca [027] FIG 2 is
a bl ock diagram of an exanple of an inplenentation of the ALCD shown in
FIG 1. 1028] FIG 3 illustrates an exanple of an inplenentation of an
architecture for the ALCS shown in FIG 1. ,,[029] FIG 4 illustrates

anot her exanple of an inplenentation of an architecture for the ALCS shown

in FIG 1. 10b [030] FIG 5 illustrates another exanple of an

i npl ement at i orliU?([Qi El]ﬁ} aillheteangghst F’%i‘lml’fec q{@ng@@fgmgpﬂ@ 1 ‘i’friml‘—af-@w‘ﬂme[i@% 1) FIG
6 illustrates a basestalion |ocated within a. cell iu an exanple of a

cel lular comerdiedt shownéyElGe [032] FIG 7 illustrates an exanple of an

i mpl enentation of a cellular comunication systemutilizing directional
ant ennas on t eB1gxBieh béllustaiest baspation derated Wik meallip ae erampleeie el zi ng
three frequencies. )033] FIG 8 illustrates an exanple of a typically N7
frequency- r eusemplunicativaeyshgn.7 channel s assigned to nunmerous cells. [034]
FIG 9 illustrates an exanple of an inplenmentation of the ALCS of FIG 1
utilizing a reos2sekai di ngpshaide. an example of an implementation of a cellular

communication system utilizing directional antennas on two example basestations and

within two cells and viilizing three frequencies, |

[033] FIG. 8 illustrates an example of a fypically N7 frequency—réuse plan having 7

channels assigned to numetous cells.

[034] | FIG. 9 illustrates an example of an hﬁplementation of the ALCS of FIG. 1

utilizing a reverse-aiding mode. |

| [035] FIG, 10 illustrates an example of an implementation of the ALCS of FIG. 1

utilizing the reverse-aiding mode fo mcreasé the frequency capacity within a cell

ﬂardugh SDM. |

1036] FIG. 11 illustrates another example of an hnplementaﬁon of the ALCS 1100

utilizing the reverse-aiding mode to increase the frequency cap‘acity within a cell

through SDM. o

[037] FIG, 12 illustrates an example of en implementation of the ALCS 1200

u’ﬁlizing the reverse—a.idiﬁg mode mobile to mobile aiding.

[038] FIG. 13 shows an example of an implementation of the ALCD of FIG. 1 in a

room within a building. |

[039] FIG. 14 shows an example of an implementation of the ALCD of FIG, 1

Jocated at an intersection of four city blocks having numerous buildings.

1



[035] FIG 10 illustrates an exanple of an inplenentation of the ALCS of
FIG 1 wutilizing the reverse-aiding node to increase the frequency
capacity within a cell through SDM [036] FIG 11 illustrates another
exanpl e of an inplenentation of the ALCS 1100 wutilizing the reverse-aiding
node to increase the frequency capacity within a cell through SDM [0371
FIG 12 illustrates an exanple of an inplenentation of the ALCS 1200

utilizing the reverse-aidjing node nobi]Je to nobile aj.ding. [[038) F]G 13
shows an exanpl'd®loffidn 17 ﬁg?sg'ﬁ'ﬁ%taﬁt ‘?XSWPJ& 0{ e ‘R@Eﬂe{}lﬁhﬁ? @? 4 k’lmeé Aanrsi%m
within a building. [039] FIG 14 shows  an e | e of ~an inplenmentation of
the ALCD of FI @191?0“1#9@&3"1‘1&78‘1 gtco%mnqtmlgp@é}}qglgﬁygﬁlﬁoh city blocks having
nuner ous bui | di n?s, 11%040 FIG 15 illuystrates an, exaflng_l e of an .
i npl enent at i on[08T] F16; M liuskrier & examalh Pt 8t duPENgLaN P TEePR- R ®nct i on
with the ALCS' of FIG 1. [041] FIG 16 illustrates an exanple of an
i npl ement at i onatelitebiesca siliapd ireanivpetion vfdhe AEEP 6FEGad. utilized in
conjunction with the ALCS of FIG 1. [042] FIG 17 illustrates a bl ock
di agram of an EMahJIIE. UF illagicateprp blesk dlegtamodf aaexampide off sndiplesmepiatipn AE ther
architecture utilized in conjunction with the ALCS of FIG 1. [043] FIG 18
is a flowchart friedueneyttraasforpgchiinctes atlited ineonjuvetign widehe ABESrdHEdl-by t he
ALCS of FIG 1. ' :

[043] FIG. 18 is a flowchart illustrating an exarple of the process performed by the

ALCS of FIG 1,

DETAILED DESCRIPTION
[044] In the following description of the preferred embodiment, reference is made fo.
the accompanying drawings that form a part hereof, and m Whicl;l is shown by way of
illustration a specific embodiment in which the invention may be practicéd. Itistobe
" understood that other embodiments may be utilized and strietoral changes may be

made without departing from the scope of this invention.

OVERVIEW
[045] It is appreciated by those skilled in the art that GPS systems include Satellite

Positioning System “SPS” and/or Navigation Satellite Systems. In general, GPS
systems are typically sateilite (aléo known as “space vehicle” or “SV™) based
ﬁavigation systems, Examples of GPS systems include but are not limited to the
. Unitod Statos-(“U.S.”). Nay. Navigation. Satellite System (NNSS”) (also know. as..
TRANSIT), LORAN, Shoréu Decca, TACAN, NAVSTAR, the Russian counterpart

.to NAVSTAR known as the Global Navigation Satellite System (“GLOMNASS") and
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DETAI LED DESCRI PTION [044] In the follow ng description of the preferred
enbodi nent, reference is nade to the acconpanying drawings that forma
part hereof, and in which is shown by way of illustration a specific
enbodi ment in which the invention nay be practiced. It is to be understood
t hat ot her enbodi nents may be utilized and structural changes may be nade
w t hout departing fromthe scope of this invention. OVERVIEW [045] It is

appreciated by those skilled in the art that GPS systeng include Satellite
Posi tioni ng Syasy dwre SPsstermRuropean NERA ﬁ}’é‘%liaértilleg’arf’@sf’qstéa@f})stll%ﬂ@?mt Y8her al |
GPS systens are typically satellite (also _known as SZ ce vets]' cle" or
"SV') based rebgatthoHS NAYEMR (Beapewds descaped 18\ fheory ap h’é"%% are
not limted to the United States -("U S Navy Navigation- Satelljte
-System . (NNSBf) ed.abessd efitionby Hefmanm- Wellensfrichiprogan snb o, SHpeges,

TACAN, NAVSTAR, the Russian counterpart to NAVSTAR known as the G obal

Navi gati on Sat @érlag VEeryew Bork(200Lorbidss fullyriveorpopaterhierein by Federg@ist er n Eur opean
GPS such as the proposed "Galileo" program As an exanple, the US NAVSTAR
GPS system i s Me6lcWikednicpratBRSGPResystemananRmais vt wiklepy poragunicatioppsed
edition by Hofnr.ann-Weller%of, Lichtenegger and Collins, Springer- Verlag

W en NewYork, @@@dhs (iingdy indudewklivlar paging dwatvey phgingiDerspyel TifeAsvigent [ 046]
When integrating GPS system conmponents with wirel ess conmuni cations

systens (that eeEyA", mlbegsieh, CWi-Fliaad P(Sagysins),t to-GRY speigh ngeviebssntle Dat a

peststant capability to acquire and track the GPS satellites under conditions that a typical
wireless communications system. user may encounter. Some of these conditions may
include indoor use, use in dense urban areas that have limited sky view (such as in
downtown areas with skyserapers blocking satellite views, ete). Although the.se
conditions- are typically manageable for terrestrial-based Wil‘eiess communications
systems, they are difficult environments for GPS systems. For example, in a
traditional “GPS-standaléné”. ‘mode where a GPS recefver acquires the signals from
the GPS satellites, tracks the satellites, and, if desired, performs navigatiqn without
any outside information being dcli\;ered to the GPS system, typical GPS receivers
ﬁave problems with long Time-To-First-Fix (“TTFE™) times, and, forther, have
limited ability to acquife the GPS satellite signals under indoor or limited slq;vicw
conditions. Bven with some additional information, TTFF times may be over thirty
seconds because ephemeris éata must be acquired from the GPS system itgelf, which
typicaily requires a strong GPS signal to acquire ephemeris data reliably, These

conditions usually impact the reliability of the position availability, as well as, the
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"TDA', Bluetooth, W-Fi and PCS systens), the GPS system shoul d have the
capability to acquire and track the GPS satellites under conditions that a
typical wreless comunications system user nay encounter. Some of these
conditions may include indoor use, use in dense urban areas that have
limted sky view (such as in downtown areas wi th skyscrapers bl ocki ng
satellite views, etc,). Although these <conditions are typically manageabl e
for terrestrial-based wi rel ess conmuni cations, %yslens t hey, are d&fficult
envi ronnents fEAWEEPESIPRIOSHIDIE SYelass, APPRUNICHiOR depiear) g iy for cxample,

" OPS- st andal one" node where a GPS receiver acquires the signals from the
GPS satel | it esgellulapteleghoppfe satellites, and, if desired, performs navigation

wi t hout any outside information being delivered to the GPS sés em typical
GPS recei vers JMEv&oppetsomesthoret mobleny an disded Japtiopy Copampcpf F‘t[?‘“’fcie nes,
and, further, have limted ability to acquire the GPS satel Iit&psi gnal s

under indoor of*ALCEH") édieskiped iflebyallewen &ir tirgiinle e ohPPHAEBHECRSEHENE i%Bnal
information, TIFF tines nmay be over thirty seconds because epheneris data
must be -acqui r esticdie fiootsh EhGPECEysaydmceld e telephaid, PEDE JPiiceal vy WEB B es a
strong GPS signal to acquire epheneris data reliably. These conditions
usual 'y i npact PDiAg Bletdoftbableyl defvice,n®/ifF0 sinello nledioi Iapliop | ¢opyputass dogkap as,
the. rs power consunption within wireless comunication devices such as,
for exanple, eehpusranot-@blhdais. arfdnt 7PCT wyguer cGhe ATHE3 empy oldoehs 4 an
Ai ded Location Conmunication Device ("ALLCD') is described that allows for
mul ti pl e nodes sghicoesatinegadepradi (e, arhip or chipset) within a device such as, for
- example, & ceflular telephone, paging device, two-way pager, PDA, Bluetooth enabled
device, Wi-Fi enable device, laptop computer, desktop computer, non-mobile device
and/or PCS system.
[048] The ALCD may operate in a GPS-standalone mode, GPS-autonomous mode,
GfS—network—aidcd mode, GPS-network-centric mode, reverse-aiding mode,
nemork—based and augmented—aiding mode, These multiple modes qf operation
allow the ALCD fo operate in various environments and to receive and/or send
“aiding” information to or from an external network or external aiding devices.
[049] The ALCD includes a position-determination section, having GPS receiver,
and/or a comnmmication secﬁon and, as an Qxample, the ALCD 1pay be utilized in a
“G3PS-standalone” mode, when the GPS receiver in position-determination section is
receiving a strong signal, has recent ephemeris or almenac data, or when an exact
position is not reqlﬁfed. In the GPS-standalone mode, the position-determination

section does not receive any aiding and therefore operates independently from any

available external networks or external aiding devices. In the GPS-standalone mode,
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various factors. The ALCD may be cellul ar tel ephone, paging device, two-way
pager, PDA, Bluetooth enabl ed device, W-Fi enable device, |aptop

conput er, desktop conputer, non-nobile device and/or PCS system The ALCD
‘may al so be a sem conductor integrated circuit (i.e., a chip or chipset)

wi thin a device such as, for exanple, a cellular tel ephone, paging device,
two-way pager, PDA, Bluetooth enabled device, W-Fi enable device, |aptop

comput er, desktop conputer, non-nobile device,K and/or system [048] The
ALCD nmay oper dbeCThicaeieps: e apaligihdriermingdon @@I‘a"d’%‘ﬁ‘?ﬁ'@% SE}‘%@‘@,%“&I&’

GPS- net wor k- ai ded node, GPS-network-centric node, reverse-aiding node,

net wor k- based rahutilizatiesstsimalaitel detgrmiprithe loradanerfiiby ALED: Thso@l® gFei3fer at i on
allow the ALCD to operate in various environnents and to receive and/or
send "ai di ng"mayndleor wiilize dhe €BS.oatellito sigerts Extimeking s Hofeeired. nexization

ai ding devices. [049] The ALCD includes a position-determnation_ section,
havi ng GPS r ecleictiess, in thndVI6ID. a The reienhningd ipositianeet fenARRR, way bartidizetml e,
the ALCD may be utilized in a "GPS-standal one" node, when the GPS receiver
in position-detiemntinaditha sstidnalstansinatione epationgon extarghgicsithmapositivas recent
epheneris or al manac data, or when an exact position is not required. In

t he GPS- st andadeanainaive esctivhendioirteilp o tHe tammimetipw sectigewithinihabbEDnot

recei ve any aiding and therefore operates independently fromany avail able
external net wopBy Of areitiecenaiple it ADCH eviydesitilikel dliteinGPS3BY-awidednamwe” mode,

14 the CPS receiver in the position-determ nation section acqui res GPS
satel | ite signgbd, wherethe GPS receiver within the ALCD again receives a strong signal from a
| GPS satellite, has recent ephemeris or almanac data, or when an exact position is not
required.  Similar fo the GPS-standalone mode, in the GPS-autonomous mode the
position~-determination section in the ALCD does not receive any aiding and therefore
operates independently from any available external networks or external . aiding
devices. Tn the GPS-autonomons mode, the GPS receiver acquifes GPS satellite
sigualé, aﬁd uses those signals to determine the location of the ALCD. The GPS
‘receiver may also use the GPS satellite signals for' tracking, and, if desired, navigation
fonctions. Howeifer, instead of only wtilizing the determined position inténially to the
ALCD, in the autonomous mode, the ALCD also trzmsmits the determined position of
the ALCD to an external network that may include a geolocation server or other
similar devices,
[051] Similarly, in yet another example, the ALCD may be utilized also in a
“reverse-aided” mode, where the GPS receiver again receives a strong signal, has
-recent ephemeris or almanac dafa, or when an exact position is not réquired. Shniiar

to the GPS-antonomous mode and GPS-standaloné mode, in the reverse-aided mode
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and utilizes those signals to determne the |ocation of the ALCD, The GPS
receiver may also utilize the GPS, satellite signals for tracking, and, if
desired, navigation functions in the ALCD. The determ ned position of the
ALCD may be utilized internally to the position-determ nation section or
external to the position- determ nation section and internally to the
comuni cation section withifti the ALCD. [050] In another exanple, the
ALCD may be utilized also in a "GPS-autononous”. node, where the GPS

recei ver wit hiihe tphstiAl-@Riagation se@tei e theaAbCPodugs il medeive raspn aidingRsd
satellite, has recent epheneris or al manac data, or when an exact position
i's not requirgekefofi opdmes hdepchienBPSost andalaiside exidma! netwotie @@RBtemal ononous
mode the position-determ nation section in the ALCD does not receive any
ai di ng and t hegighgrdevic@pehaiseasi-rdiapendentleyGPE orcelvay aeiared &RSesatelliter nal
networks or external. aiding devices. In the GPS-autononous node, the GPS
receiver acqui ggs<CR% Gk €hdsé Hgnals ko datminaned lostsn ohdeeABCDNallse GBS
determ ne the |ocation of the ALCD. The GPS receiver. nay al so use the GPS

satel lite signabgvdGh e RGN Beterditthion keoles inhgdiso May GBI O RatelfitenddnaBNS .
However, instead of only utilizing the determ ned position internally to

the ALCD in E‘J?Qra@lﬂﬁ ) NAADH Sl SR EnavidiBorN Bt @sS CHTbwaRE Mdtsadt Seudiel aem ned
position of the AL to an external network that may include a geol ocation

server or ot hepeesintilBkindeihERBy th QB ALGh Wl (B teversh BidkRtmanoUReAL €panyl e,
t he ALCD may bgetﬁlﬁlﬁd%g& al glo inya "reverse-ai degllj'S rmdioil%, where the GPS

receiver agai nyfecelVes A ik 8P theRiulidhforiAn o ALAGPS QRBRERL) M SferhimeNac

data, or when an exact position i1s not required. Simlar
' network.

'[052] In yet another éxample, the ALCD may operate in a "GPS-network aided”
mode if the GPS receiver in the ALCD does not receive a strong enough GPS signal,
such as Wheﬁ the ALCD is utilized iﬁdoors, the position~determination section may
switch to a different mode of operation where an external network such as a wireless
comﬁlunication system may help (L.e., “eﬁd"’) the position-determination section to
acquire, track, and/or navigate using the GPS signals received by the GPS receiver
with aﬁditibnal information supplied by the external nef:work or an external aiding
device. The additional information may include almanac or sub-almanac infonnaﬁon,
coarse position information, Doppler data, in-view satellite positions, time and
frequency aid, received wireless tadio signal strength, or other aids that will aid the
GPS receiver in acquiring the information that the GPS receiver needs to acquire,
navigate, or track. The GI’S-neh'zvork aided .111ode apprdaqh differs from a “GPS-
network ceniric” mode (also .kllt)Wlll as “GPS-mobile based” mode 01"“1161,W01'k-

assisted” mode in other known literature) approach because in the GPS-network-aided
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to the GPS-autononobus node and GPS-standal one node, in the reverse-aided.
node nb the position-determ nation section in the ALCD does not receive
any aiding and therefore operates independently fromany avail abl e
external networks or external aiding devices, In reverse-aiding node, the
GPS receiver acquires UPS satellite signals, and uses those signals to
determ ne the location of the ALCD, The GPS receiver in the

position-determ nation section may al so use the UPS satellite signals for
tracking, and, mofle gpmiaelsthe GRBceriter tnthe WD rrapablafeyaiually pbiaddee B usi ng
the determned position internally to the ALCD, in the reverse-aiding
node, the ALCDpositicansdirtesinganfpmution yesded toflogsisdbatb@Pifeelfat i on at the UPS
receiver to an external network. [052] in yet another exanple, the ALCD
may operate i n[53} GRBitiabliyinknehatesmpledbesl €Dmiwy oopgieiee &ngpwerkihesedie ALCD
does not receive a strong enough GPS signal, such as when the ALCD is
utilized i ndoomsde ingipibmi twhere-tHe hEICH isatiiliaed Heat ¢von hawlier Sguat tdeeptivna

di fferent node of operation where an external network such-as a wireless
communi cati on gyfcefent HAY (H €IS rédeier in thaidd D tdosotpasiveiaon Citstgnalsnaltsi on
section to acquire, track, and/or navigate using the UPS signals received
by the GPS recejahethe pakifidh-deigininkguiadectiol BritmALOD mayphd beaplbylytdepersbenter nal
networ k. or ‘an external aiding device. The additional infornmation nmay

i ncl ude al mNagnQh citRmPhdRARCo ioBfaBl 4Bt poitioning GEbmentipn.s MybieAlly, mewarst i on,

Doppl er data, in-view satellite positions, tinme and {requency aid,

recei ved wirel g3sqhaRbCeoflp@RabsiBd RAAusiAE GRS besther GIES sdrdliteWfotmaiod. t he
Positions of the ALCD are derived from network resources such as cellular
transmitter towers, Time Difference of Arival (“TDOA”) techniques, non-cellylar
wireless networlks, efo.
[054] Additionally in another example, the ALCD may operate in the GPS- network-
centric mode in situations where the GPS receiver in the ALCD is constrained in
performance or where the location of the ALCD is computed on the network. As
such, the ALCD receives the signéls in the position-determination section and
transmits the positiobn related data to the network for final position computation. This
n;ode is also known as the *mobile-assisted” mode. |
[055] Similarly, in still another example, the ALCD may operate in an “augmented-
autonomous” mode in situations where the ALCD is wutilized in a harsh signal
yeception environment and cannot receive any GPS signals. In the augmented-
B.iltdn‘omous mode, fhe ALCD may uiilize various typaé of external location-aiding
sources/devicés or external networl;s to obtain location information that may be

totally independent of any GPS information, In the augmented-antonomous mode,
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GPS receiver in acquiring the information that the GPS receiver needs to
.acquire, navigate, or track. The UPS-network ai ded node approach differs
froma "GPS- network centric" node (al so known as "GPS-nobil e based" node
or "network- assisted"” node in other known |iterature) approach because in
t he GPS-network-aided 16 node approach, the UPS receiver in the ALCD is
capabl e of eventually obtaining the position and tracking information
needed to | ocate the ALCD by itself, [053] Additionally in another exanple,
the ALCD may offer aLE€DI norapiiiese itngrositioh awitletbut ysinge GPR  of toflzeri ORE wiellite t he
ALCD is utilized in an even harsher signal reception environnent and the
UPS recei ver i tofoinatiodl CPpstins of treedb(DReararipri@e@Iran gateiosk resgurcstisirh ashe
position-determ nation section in the ALCD may be conpl etely dependent on
an external netwapkertnetvoiisasommanycatias htivorkisnwirdlest aeivatlisam. exiyml daticss,

net wor k- based nodes conpute position w thout using GPS or other GPS

satel | ite infonmkkpRansmPsbtidndnBrediohhe ALCD are derived from network
resources such as cellular transmtter towers, Tinme Difference of Arrival

("TDOA") t echnijgaepSThdONCD §hdylidvaich betwesh Gfse metaartkeperasbc bade 4] several
Additionally in another exanple, the ALCD nmay operate in the GPS- network-

centric node i Rpgitiddak RN Ss WReEEeddioréBBnsd Ge tiedndk, Rnll Ry Awbh kfiter via
constrained in performance or where the |ocation of the ALCD is conputed

on the networ ko8 or SH6R cohti®l, A-ER cltBG iRk b8 nfinBA adofniaRdd BRven to the
position-determnation sectionh and transmts the position related data to

the network forsfddmal position conputation. This

THE GPS ARCHITECTURE

[057] FIG. 1 is an exemple of an implementation of an Aided Location
Communication System (*ALCS”) 100 utilizing the‘ ALCD 102 having a
communicaﬁon section (not shown) and a GPS receiver (not shoivvn) loca;ted within
the position-determination section (not shown) of the ALCD 102, As Shown_ in FIG,
1, during operation, the ALCD 162 is in signal-communication with a. wireless
network 104 via,é,‘bascstation 106 and wireless transmission paﬂi 108 and is in signal-
coinmunication with at least one GP;S satellite of the GPS satellite constellation 110
 via signal commumication paths 112, 114, 116 and 118. 1t is appreciated by those
skilled in fhe art that while only four GPS satellites 120, 122, 124 and 126 are shown,
the GPS satellites 120, 122, 124 and 126 may be any number of GPS satellites from
 the GPS constellation 110 that are _Yisible to ALCD 102. 7 | |
[058] The ALCD 102 may include both a GPS receiver (not shown) in a position-

determination section (not shown) and a wireless processing section (not showny), also
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node is al so known as the "nobile-assisted' ' node. [055] Simlarly, in
still another exanple, the ALCD nay operate in an "augl nented- autononous"”
node in situations where the ALCD is utilized in a harsh signal reception
envi ronment and cannot receive any GPS signals. In the augnented-

aut ononous node, the ALCD nmay utilize various types of external

| ocati on-aiding sources/devices or external networks to obtain |ocation
information that may be totally independent of any GPS information. In the
augnent ed- aut okomous arfelieprocessing’ wectinn.GD acermpuniastion seoiiespt gwwm+ Abat usi ng
GPS or other GPS satellite information. Positions of the ALCD are derived
from net wor k r @Bdumrceies vdibhihha 4 LCEbhPuney reaeiv eGP R siznde fiorihe 4FSomtalliewor ks,
wirel ess networks or external devices that may transmt | ocation

i nformati on. [ @méklathe 17 €D syl smivokicdietweds tRete, hélend dfl Somdr thei on
based on several variables, as well as user-selected preferences or
demands, and neyuswidatitn edctitienf ha ATIET 02 omay eesive wisitss otommunivitianei t her
automati c or manual commands given to the ALCD. THE UPS ARCH TECTURE [ 057]

FIG 1 is an exgiy @offtharvitelis esmnilat 0oniofigan Andechidatdoatpadn 108 -and
Conmuni cati on System ("ALCS") 100 utilizing the ALCD 102 having a

communi cat i on ggediteA 1660tn SheWRiplanstatoshhe ATEDVIER nfdyoilss avdnyirtlogat ed

within the position-determ nation section (not shown) of the ALCD 102. As

shown in FI G - communication signals to the wireless network 104 via signal communication path
108 and basestation 106, The ALCD 102 may be a wireless device such as a cellular
telephone (also known as a wireless handset, cellphone, mobile telephone or mobile .
phone) or any other type of mobile device, including, but not fimited to, personal
digital assistants (“PDAs™), pagérs, cémputer, two-way radio, trunked radio,
specialized mobile radio (“SMR”) or any other device for which it is desirable to
determine location information. The ALCD 102 may also be 'a semiconductor
integrated éirmﬁt (ie., a chip) located within the wireless device or a combination of
semiéonductor integrated circuits (.., a chipset) located within the wireless device.

_ Examples of the chip, or .chipéet; may any include any intégratéd circuit having a GPS

receiver and a transceiver which may include application specific integrated circuit
(“ASIC”) or ASICs and digital signal processor (“DSP”) or D8Ps, In the case of a
cellular telephone, the ALCD 102. may wutilize a celtular transc_:eiver in the
communication section that operates at any radio frequency (“RF”) band utilizing any
{ransmission schep_mes i1101udi11g but not Hmited o 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.

i9



1, during operation, the ALCD 102 is in signal-communication with a
wreless network 104 via a basestation 106 and wirel ess transm ssion path
108 and is in signal- conmunication with at | east one GPS satellite of the
GPS satellite constellation 110 via signal comrunication paths 112, 114,
116 and 118. It is appreciated by those skilled in the ail that while only
four GPS satellites 120, 122, 124 and 126 are shown, the GPS satellites
120, 122, 124 and 126 nmay be any nunber of GPS satellites from the GPS
constel | ati on 10891 t H&k 2 &y eblotlsdibgiemtad apleemnple of arf BE8mantasionloCheChay

i nclude both a UPS receiver (not shown) in a position- determ nation
section (not sHOnowamdFlE. W Tt 8E€DI0RFEsR igplwlecbitha compunisttomspstioal so 18
known as a "call processing" section, in a. eonununieation section (not
shown). The ORS melepssiionvietetminatichesedioG2020 ZMhaewiretess ednuenGRBioni sgetains f rom
the GPS satellite constellation 110 via signal conmunication paths 112,

114, 116 and 1280 amg ihéhele £ oafimpricesatng qFCRYCdebtinn @bt Hivsvn\ikdD EpPrmayher ecei ve
Wi rel ess conmuni cation signals fromthe wireless network 104 via signal

communi cat i on padchssihdBfuadtidns Bars Gt ireless Aficetlons SAdEMBYTIhetidRN hawireles t he
ALCD 102 may al so send wireless comrunication signals to the wireless

network 104 vi arafdcgifél FePeimbple; ai fherapaifly cclifif: RRehdesestatdmnol fauldThe
ALCD 102 may be a wirel ess device such as a cellular telephone (also known

as a wirel ess hangRalcp &8lididR#D e celiRith8sdeRbe PN sWionHeRihi@atiddeAgn Or any

other type of nobile device, including, but not l'imted to, personal .
di gital assi st 30h sncludBRASES recd?d 04 for SRR ARl NPmURsHAGL W frdrh HiHFRd

radi o,

satellite constellation 110. The position-determination section 202 may also include a
non-GPS receiver capable or- receiving non-GPS location aiding information as
deseribed beiow. The po_siﬁon—determination section 202 performs the position
computation functions for the ALCD 10;’2. By integrating the technology of the
comxﬁuuicaﬁon section 200 with that of the position-determination section 202, the
ALCD 102 provides two major sef:vice gystems: that of a wireless device, such as
cellular telephone service, and that of the GPS receiver to provide location
information of thg ALCD 102. Itis appreciated by those skilled in the art that this
integtation provides for numerous advantages includmg meeting the E911"
tequirements of the Federal Cbmmmlication Commission (“FCC™).
[060] Within the ALCD 102, or, alternatively, between ALCD 102 and an éxtr;:mal

~ accessory (nof shdwn) to ALCD 102, communications between the communication
seclion 200 and position-defermination section 202 take place. These

communications allow signals to be transferred from the communication section 200

to fhe position-determination section 202, and typically take place on a serial
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specialized nobile radio (i9SMR") or any other device for which it is
desirable to determne location information. The ALCD 102 nay al so be a
sem conductor integrated circuit (i.e., a chip) located within the

wi rel ess device or a conmbination of sem conductor integrated circuits
(i.e., a chipset) located within the wirel ess device. Exanples of the
chip, or chipset, may any include any integrated circuit having a GPS
receiver and a transceiver i CH By incl u,?‘ plication specific
integrated ci rempmmicgliopgsiig S0840 gf’%ﬁ' ﬁ‘é"ﬁﬁwﬁ ""gi’ E@I()msc? gnal - processor (" DSP")
or DSPs. In the case of a cellular tel ephone, the ALCD 102 may utilize a

cel lul ar transd®ild?dn t he communication section that operates at any

radi o frequency ("RF") band utilizing any tr m ssi on.schemes. i acl udi ng
but not Iim te[&_mglo ASBIVE AT R 2O t@@r&ﬁ?‘mgm}f ‘é‘t’)}?}?ﬁ‘“" < Eﬁ?ﬂ@ﬁ@&l AVPS,
Bl uetooth, W-Fi and/or any conbinatigon or e teqsi og %f _ hesg .%}r}a sm ssion
schemes or si ndebtion 292 mesrshire the spye digited pepcessor @OLSHGIGYL RIGHAY A EY dh
exanpl e of an inplenentation of the ALCD 102 shown %n F!aﬂ% bl" tTh? 1,(A\LCD
102, FIG 2, isuchudessehBichcomraarention OSTEEh SEEIONT IPAY DB 1tg g MHr-1ask
posi tion-determ nati on section 202. The w rel ess conmmuni cati on,section 200
may include a amtthunpmbeessd neptafy &R yransdes.i Bk Moty EREWRICEWREY FEFFSF s t he
processing functions for the wireless applications and may include a
Wirel ess tranbgwtondhe cRonumsoatinpbestion 200 nd e pesitpp-detepmivpliprysectien g%one,
the ALCD 102 would include a CP. section with a cellular transceiver. The
posi ti on- det er moidt A russ dmtdvare HR62 208 chut deeid bepmianest dpyibe FsubyoPr,
receiving satellite transmssions 206 froma GPS =~

potentially, no transfer would be required depending on the circuit design,

[062] In FIG. 3, an example of an jmplementation of ALCS 300 architeeture is
shown, 'i'he ATLCS 300 architecturs utilizes GPS technology in support of various
jmplementations of the ALCD 302 for the implementation of E911 and geolocation
services. By taking advantage of low cost, low power, high performance and ]:ugh
acouracy _GPS receivers and the wireless network communication services, the ALCS
300 provides highly reliable z;.nd econo-mical solutions fo the ALCD 302. The ALCS
300 supports all types of geolocation services including GPS-standalone ‘mode, GPS-
antonomous mode, GPS-network-aided mode, GPS-nemorkncenh'ic mode, reverse-
aiding mode, network-based and augmented-aiding modes. The ALCS 300 also
accommodates a wide range of wireless communication technologies including
- CDMA, TDMA, AMP, and even pager systems.
[063] In FIG. 3, an example of implementation of the ALCS system 300 mey
in'clude.a GPS .satellite 304 (wl;ioh is illustraﬁvg of the constellation of GPS satellites

304 that are in Barth orbit), the ALCD 302 that includes a GPS receiver, a basestation
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satellite constellation 110. The position-determ nation section 202 nay

al so include a non-GPS receiver capable or receiving non-GPS | ocati on
aiding information as described below. The position-determ nation section
202 performs the position conputation functions for the ALCD 102. By
integrating the technology of the conmunication section 200 with that of
the position-determ nation section 202, the ALCD 102 provides two major
service systens: that of a wireless device, such as cellular tel ephone
service, and tB@d, agbolbdaorGRSvereaevivedenteo 3@, @\geslecalios atd applicdtioh Ot fyahd on of
the ALCD 102. It is appreciated by those skilled in the art that this

i ntegration praPildesafenr AmweriORSnEREAP RS | ncl udi ng [

requi renents of the Federal Communication Conmi ssion ("FCC'). [060] Wthin
the ALCD 102, pi64] antegreR@iply ef ¥perdiioh wae GPALLILO 20anshsaits 8T HRbirum
accessory (not shown) to ALCD 102, communi cati ons between the

conununi cat i ONgiehAC 140Rat 280read3 6k Hel AT A6D AR AHebIODDE GhvaNB RO L ake
pl ace. These conmunications allow signals to be transferred f Tom the

conmuni cati on ggebk 9Rstd@e phiBodel ShdOBEL GEN sAQLRE HeNRE RS 86kbRA AR2. and
typically take place on a Sefial 20 conmunications |ink 208 and har dwar e

1nes Lau, our coBRicRANLI) Y Falitting 5ebits 1l arebdivedl Al D63 hndean

| exanpl e, the cormmuni eation section 2 and the posifion-determ nation

secti on 202 Meyeahidch & SO LOUIRD BELRESRE! ke kn3NBU A0k

circuitry, In “such a case, the conmunication n ctions e made
by inter-task gpg receiver in the ALCD 302 may compute the position of the ALCD 302 in a

typical fashion of & known GPS system.,

[065] prever, if the ALCD 302 is not able to receive strong enough signals 3i4, or
is not able to receive signals from enough GPS satellites 302 to autonomousl’yl
compute the position of the ALCD 302, it may still be able to communicate with
basestation 306 via signal path 316. In this eﬁample, the basestation 306 may
communicate information, via signals 316, to tﬁe ALCD 302 to. allbw the ALCD 302
to compute its location. Alternatively, the basestatién 306 may communicafe
information from the ALCD 302 io the geolocation server 308 fo allow the

- geolocation server 308 to compute the position of the ALCD 302 If the basestation

306 is transferring information to the ALCD 302 to allow the AT.CD 302 to compute
its position, the process is Inown ag "Wﬁeiess—aided GPB," whereas when the
basestation 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

Inown as "network-centric GPS."
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comuni cation, and certain data transfers, such as any time or frequency

transfers between the communication section 200 and the

position-determnation section 202, would not use hardware |ines 208, but

woul d be internal to the circuitry or, potentially, no transfer would be

required depending on the circuit design. [062] In FIG 3, an exanple of an

|rrplh_e{rent ation of ALCS 300 architecture is shown. The ALCS 300

architecture Ll zes echnal: I POyt F < 0ol e tations

of " the ALCD 3 b 5 HEPeBPE RO ek PHEETY B Bh] BB SRt Ges.

y taki ng advantage. of | ow.cQ . ) by dairgh

:’gi(c::gr ag;(SOGPS r?@e’gﬁ\‘}’fﬁigslgﬁ]&lﬁ%%ﬁé&\?\?al}lgﬁiva 2’%%1\/\32?1%%%0 élﬁ?g%{a? ﬁﬁ@gg’r vices, the
provj.des hi reliabl ] oy i LCD

302 The ALCS il@oga- SuBbops ThrE e P B b 8 e ol g

- st andal one node, -GPS:  aui ononpus node 2Sr e = Al iode,

GPS- net vvgr k- ge‘ﬁi‘%l?eéhlﬁﬁ%]’eqm ﬁ%‘i/"&l%tg@ﬁﬁ)ﬁlﬁ P%gbrrlfo%gg?h%h&e’%?sf@ 1‘%@% &gnd

augnent ed- ai di ng_nodes, ALCS 3Q0, al sa acconmoda j r of

Wi rel ess commwg'aatrﬂ%ﬁwggﬁ%m%&cﬁ@e FYROPEEE 3957 %ﬁfng %@1‘&@%3 Agh even

pager. systenms. [063] In FIG 3, an exanp]e of inpl ntation qf t.he ALCS

systtt_'amI |300. mayB(}Qi #h fbe @S@Sﬂggt@}ql ﬁ’?eg i?ﬁat{%hfe r?j’;ﬁﬁi f‘”r"b%% Fg‘@??? Bt the

constellation of GPS satellites .304 that are in Earth orbit t he, ALCD 302

that includes efigns peddyef agd%tggetgqrgta#oﬁwo L] ,S"QPO"'B%I%%%T?’ one

(server) service center 308, a geol oeation end aﬁgl i.cation_ 31 and a

Publ i c Saf ety baseuaionn(BPoi #io P&PW‘?@ awhich provides the network mfbrmation

transfer mechanism, and the PSAP 312 or the geolocation end applicatioﬁ 310 system,

which may initiate the geolocation network services.

[068] The ALCD 302 may inclnde a typical commuynication section that perfonﬁs

the CP functions, and a position-determination section for position computation,
pseudorange measurement, and other GPS ﬁmctioﬁs p_erformed at the ALCD 302. A
serial communication link, or other | communications link, performs the
communications between the communication section and the position—determjnaﬁo;z
section and a collection of bardware lines may be utilized to transmit signals between
the two sections, |

‘[069] "FIG. 4 illustrates another example of an implementation of an end-to-end
syétem of the ALCS 400. The.ALCS. 400 shows the ALCD 402 receiving GPS
signals 404 from GPS satellite constellation 406, The ALCD 402 includes a position-
defermination section 408 having a GPS receiver client (not shown) and
cc.>1mnu11.icaﬁlo1.1.s"eotié11 410 having a CP section (not shown), comnected by, for

example, an R8232 data link 412, The communication section 410 communicates
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[064] In an exanple of operation, the GPS satellite 304 transmts spread
spectrum signals 314 that are received at the ALCD 302 and the geol oeation
server 308. For case of illustrative purposes, the other GPS satellites
are not shown, however, other UPS satellites also are transmtting signals
that are received by the ALCD 302 and the geol oeation server 308. If the
ALCD 302 receives strong enough signals 314, the UPS receiver in the ALCD
302 may conpute the position of. the ALCD 302 in a typical fashion of a.

known GPS syst @ith ba@eaiionHoMEWEIch dofaniuhigatéd GRh I0Rainssenvot 4Bbhie the celliei ve
strong enough signals 314, or is not able to receive signals from enough

UPS satel | itesqdfa toathidllaadaEuds islephemsTpitingorkhe 1posi Thonmeh béeerAldTh 302,
it my still be able to communicate with basestation 306 via signal path

316. In this exanRhRendsRAMERSERIGRIARCIE6! IXRM] ﬂcanagspma‘ticmm int@ppasedon, via
signals 316, to the ALCD 302 to allow the ALCD 302 to conpute its

| ocation. Al { epngiivghiwohayasnsiiak ron/BRRidmy, communi cate informtion
fromthe ALCD 3.02 to the geol ocation server 308 to allow the geolocation

server 308 to u , ROSd Ad ; SirbeRasfeladdoon 306
is transferri ngwiﬁﬁf %I%W%ﬂt;?gg&?éoﬂﬁﬁge %E%é&%gﬁd—%aﬁ%x?feﬁéaﬁfc%& 302@10

conpute its pogi E%lgfsﬁgest%xgﬁsgihﬂgg%é rdiSred ol QReR %25 Whd GES SnairadncoPs’

wher eas when the transfers information fromthe ALCD 302
(9,1 9201 oot g, 39 8k By b, B0 00% k0D sEpue(, SO0 caIPLL
GPS data center 424, for all of the GPS satellites in the GPS constellation 406, When
needed, fhe geolocation server 418 exﬁacts data from the GPS data center 424 for use
by fhe ALCD 402, and transmits the data to the ALCD 402 or the application 420.
The main server 416 may also interface to the PSAP 426 if desired, and the main
server 416 and the geolocation server 418 may be co-located if desired or necessary.

- [071] Depending on the vﬁreless network being nsed such as cellular, PCS, twov;way
paging, Specialized Mobile Radio (*SMR*), Short Messaging Service (“SMS™), etc.
the physical implementation of the ALCS 400 may vary from that shown in the FIGs
3 and 4. FIGs 3 and 4 are for illustrative 1$urposes only, and are not meant to limit fhe
application of the ALCS 400 to other wireless systems, Furfher, the ALCS 400 may
Dbe utilized with hardwired systems such as the 1arid1ijle telephone system, local area
networks, etc., without departing from the scope of the present invention.

[072] FIG. 5 illustrates another example of implementation of ALCS 500. The
ALCS 500 teceives GPS signals 502 fom GPS constellation 504. ‘The ALCD 506

may inchade position-determination section 508 having a GPS receiver, also called the

client, a server 510, and a CP section 512, The server 510 and CP 512 may be
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[ 0661 The geol ocation service center (i.e., inc geoxeouuum aclvcy ova "xav
conununi cates with the geol ocation application 310, via signals 318, and
with PSAP 312 via signals 320, These signals 318 and 320 rmay either be via
wireless lines or may be through the land-lire tel ephone network or other
W re-based networks. 10671 The ALCS 300 may include two nmajor service
systens that include the ALCD 302 with the GPS receiver and the

geol ocati on server 308 having geol ocation software nodules. In addition,
there are two tydsl inftheswppuniceivg syiineitd: It the AT B, atrivars 10 iBHRIIB06
infrastructure, which provides the network information transfer nechanism
and t he PSAP Smm“mrasnﬁmix@mbqummamriﬁnﬂtlmp@tlie@amb capaidlifes Y séreen(i.ehe ch may
initiate the geol ocation network services. [068] The ALCD 302 nay i nclude a

typi cal communemabibdeatioe etciomn 41 Matiespdlyc oin MG, ¥he TOP ALOK 0O IflizaandPS a
position-determ nation section for position conmputation, pseudorange

nmeasur ement,  apgereric edeciGhI S 16 UH Glsb eBBIvVRSIgnalk 02 fain GPE cAlLdNaBH504) anger i al
comuni cation |ink, or other communications link, perforns the

comuni cat i onssthek W EPSIHIR I QNS B, 0H11§ﬁﬁﬁﬁn@libnﬁl@&aﬂsﬂﬂted t0 main server
position-determ nation section and a collection of hardware lines may be

utilized to tramswhin rgqugﬂ@d By n?@h%i@ﬂ 523, ke bl WR AR 508)Swhidt0GY sdildP514

illustrates another exanple of "an inpl ement ation of an end-to-end system

of the ALCS 400, it MGt &iﬂoﬁﬁhtbgﬁrc&@p%ﬁﬁﬁﬁ@’a‘lﬂ%u@ﬂ%@%S"I‘QEal s 404
from GPS satellite constellation 406. The ALCD 402 includes a position-
determ nation 3eekisan itk HashR%idndFak, bh%E Wilenfelib, 3be 48R i BRWMYCcNd

506 at the server 510 and then provided to the client 508 on demand.

MULTI-MODE GPS ('),PERA;.FION WITH WIRELESS NETWORKS
[073] As described above, the ALCS may be operated in different modes depending
on ﬁ number of varisbles such as signal strength, operator intervention, type of
sérvices desired or requested, perfonﬁance expectation, e.g,, TTEF of a fow seconds

vs. tens of seconds, etc. The operation of each mode is described below,

STANDALONE MODE
[074] In GPS-standalone mode, the GPS receiver of the ‘poslitiomdeterinination
section located in the ALCD 304 operates independently from _thé wireless
- communications nétwork that is In signal-communication with the ALCD 304 via the
- basestation 306 and signal—ﬁath 3'16_. The pg_s_fl__i;ion-detelj_ninaﬁon section acquires the
GPS signals 314, and utilizes the signals 314 to determine the location of the ALCD

304. The position-determination section also utilizes the GPS signals 314 for
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comuni cation section 410 having a CP section (not shown), connected by,
for exanple, an RS232 data |ink 412. The conmuni cation section 410

conmuni cates 23 with basestation 414, which comunicates with a main
server 416 via the cellular aid/or cellular/land-based tel ephone network
415. The main .server 416 comunicates wth the geol ocation server 418 and
the application 420 via | and-based. or wreless networks, typically using
TCP/ I P protocols. [070] The GPS signals 404 are al so received by a series
of reference rawkingend, ifdaired, marizgomunotionsh Thp dsteriaed pepitioh ef et dldnce
receivers 422 and extract data fromthe GPS signals 404. The extracted
data such as t Boves nidezpdintmnallf tetoddSP 3@ c. is sent to a GPS data center
424, for all of the GPS satellites in the GPS constell ation 406. Wen
needed, the geol ocation server 418 extracts data fromthe GPS data center
424 for use by the ALCD 402, and transmts the data to the ALCD 402 or the
application 420. The main server AbGonmyousMonE nterface to the PSAP 426 if
desired, and the main server 416 and the geol ocation server 418 may be
co-located if qgs] rRGE-aAGeeSEambde, OBl tioDad Rt ALGDO30A la@omipnied &sa
networ k bei ng used such as cellular, PCS, two-way paging, Specialized

Mobi | e Radi 0 ('sq& nanS0dst inVeiPS aginddorRe vl ee.£., BB , position-dettindngiioysi cal

i npl enentation of the ALCS 400 nay vary fromthat shown in the FIG 3 and

4. FIGs 3 and 4efb@inf AICDH BOMGHKR hiBsRHERO HE6 tRidellulatsihiiRs CofmimioaAt {0
limt the application of the ALCS 400 to other wreless systens. Further,

the ALCS 400 mayioRE Widwehdeistedd buiBiddwhe Bsersiisdaomiiss 6 ARsALEP doandl i ne
t el ephone system 1local area :

internal to ALCD 304, in the GPS-autonomous mode, the ALCD 304 transmits the

determined position of the ALCD 304 back to the communications network (e.g., the
geoloeation server 308, application 310, PSAP 312, etc) through the wireless

commmunications network.

NETWORK AIDED MODE
[076] A different mode of operation may be implemeﬁted in the ACLS 300 such that
fhe position-determination section in- the ALCD 302 utilizes the wizcless
communications network fo deliver some of the position information to the position-
" determination section to “aid" the GPS receiver in the acquisition, tracking, and
navigdtion functions.  Such information includes aimana.c or sub-almanac
information, coarse position information, Doppler data, in-view GPS satellite
positions, time and frequency aid, received wireless radio signal strengtli {to obtain by
analogy an idea of what to expect for the GPS signal Sﬁ'@ﬂgﬂl}, or other aids that will

aid the GPS receiver in acquisition, navigation, or tracking, Such situations may
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networ ks, etc., w thout departing fromthe scope of the present invention,
[072] FIG 5 illustrates another exanple of inplenentation of ALCS 500. The
ALCS 500 receives GPS signals 502 from GPS constellation 504. The ALCD 506
may i nclude position-determ nation section 508 having a GPS receiver, also
called the client, a server 510, and a CP section 512. The server 510 and
CP 512 may be 24 included in the comruni cation section 514. In the ALCS
500, server 510 is usually known as a "thin server,” since it will not
have the sane capabibki theed. Q) 3&2haser libitedeview bhthe skja,m:rruammﬁ:abqlmm eB€gghi on
410) described in FIG 4. The ALCS 500 utilizes UPS reference receiver 516

to al so recei veairH goalsonS620vin, derauiShe ISR BbAis 06cked4r ofiRtviss beibastd he GPS
data in data center 518. This information is transmtted to nmain server

520 when requesb@shebiic @MY batadlit GfpnRR20r QknnbY trhdkethALEPS SOR1IHMNb &R 6
server 510 to transnmt the data back and forth between the CP sectlon_512

and client 508.myHiemh AKREMSOBudlehavs, ok sit@ffsahal 18 Bakdiat&sN RS,
epheneris, to be gt%ored in the ALCD 506 at the ési‘erver 510 and th erfl;er

provi ded to theosditcd RS BPendRERRGL Mdnbh wVBPE @?ﬁsg LiEhMIED
W RELESS NETWORKS [ 0731 As descri bed above, the ALCS fray be.operated in

di fferent nmodesgodefe st Msire@B For E!WT@ o¥ #at ARG H&Qoﬁ&s 38R s

strengt h, oper at OI’ i ntervention, type of Servi ces esire request ed,

e fance PXERAE L o1 Migui ot SRR o 12 0200 "0
[077] . The GPS-network aided approach differs from the GPS-network centric (also
called the network assisted mode in other lite;ature) approach because in the GPS-
netwotk aided appreach, the position-determination section could, eventually, obtain
the position and tracking information needed to locate the ALCD 302 by itself. The
GPS-network centric approach, as discussed in Krasner, cannot determine the position
of a mobile devic_e solely using the GPS infonnation'acquired from. outside  the
wiféless-nefwork, because the posiﬁdn calculation is done inside of the wireless
network at the basestation, instead of in the ALCD 302,

[078] Further, fhe GPS-networ'k aided approach, as described with respect ALCS
300 aliows for switching between the GPS-standalone mode, GPS-antonomous mode,
or other modes, once the inifjal acquisition has been made. The GPS-network aided
‘mode and architecture of the ALCS 300 allows for the tracking, e.g., continuous
update of user position to be done in GPS-autonomous mode or GPS-standalone mode

even in weak signal environments, The GPS-network assisted architecture of Krasner

typically continues to depend on the network aid to calculate subsequent position.
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[074) I n CPS-standal one node, the GPS receiver of the

position-determ nation section located in the ALCD 304 operates

i ndependently fromthe wirel ess comunications network that is in

si gnal -communi cation with the ALCD 304 via the basestation 306 and

signal -path 316. The position-determ nation section acquires the GPS
signals 314, and utilizes the signals 314 to determne the |ocation of the
ALCD 304. The position-determ nation sectign also utjilizes the GPS signals
314 for 25 trHENi e CRRdeIWOrk aides edp is wﬁa@w&éﬁmﬁ%%‘ﬂ BHYSHPREYYRY er i ned
position of the ALCD 304 is utilized internal l%,%éq t he ALCD 384. _
AUTONOMOUS MODEP$ 68 int wedspignal ansieimsuts. iRge e 8RS 5w 5 A P& oo 304
is conputed. in a simlar manner as in UPS-standal one node, ¢ % ,$)y t he
posi t i on- det er seegwt iobthe Ale@D 367 i erpsllent Baking hasTE whiitedY wibtaidr om t he
cel lular or other communication networks. However, instead of utiljzing
the det er ni nedfpagidiebrorbf The GBS-AbGDIGBEsted mode AR asere Atduiesha neiwprk he

GPS- aut ononmous node, the ALCD 304 transmits the determ ned position of the
ALCD 304 back tonssibeihe GiPSueeetat ionsnabie Wovike: foa itgpeling marporse 6 Jeellt #soRrser ver
308, application 310, PSAP 312, etc.) through the wireless conmunications
net wor k. NET oidltioED MODE [076] A different node of operation maybe

i mpl emented in the ACLS 300°such that the position-determ nation section
in the ALCD 302 utilizes the wireless

NETWORK-BASED MODE
[080] A network-based mode may also be utilized for situations where the GPS
receiver cannot receive any GPS signals. As such, the ALCD 302 is completely
dependent on- the 'wireless communications nefwork fo obtain any positioning
" information, and as such, is "centered" upon the information delivered by the wircless
communications network, Typically, network-based modes compute position wiﬂiout
using GPS or other satellite information. Position of the ALCD 302 is derived from
‘network resources, e.g., celtular tran_smitter towers and TDOA technigues. Therefore,
the network-based mode is nseful when the ALCD 302 is in an area where it canﬁot
‘receive GPS or other posiﬁoﬁing system information to determine ALCD 302

position.

REVERSE-ATDING MODE
[081] The reverse-aiding mode may be utilize when the GPS receiver in the ALCD
302 again receives a strong GPS signal, has recent ephemeris or almanac data, or

when an exact posiion is not required. Similar to the GPS-antonomous mode and
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comuni cations network to deliver sone of the position information to the
position- determ nation section to "aid" the GPS receiver in the

acqui sition, tracking, and navigation functions. Such information includes
al manac or sub-al manac information, coarse position information, Doppler
data, in-view UPS satellite positions, time and frequency aid, received
wireless radio signal strength (to obtain by analogy an idea of what to
expect for the UPS signal strength), or other aids that will aid the UPS
recei ver in acdiitSsstanddme made, gathe osversorided amidadhe Builongictermainaimsseniiyn 26
occur when the ALCD 302 has a limted view of the sky, or cannot acquire
enough UPS si givad sot ogeeiivé snyosifing e heasfore hperdbGnd@e2ddnty Bbmclogdivaiiable

ot herwi se unable to acquire the UPS satellite signals, or cannot track the

GPS satel lites dipgausewodks drubitérpalt diding alevipes. Ihuht hevemradding uediesithelat i ons
may al so be initiated by the user conditioned upon a given event such as

when an E911 calokitibSddidraaReod scotion dbguid:CEPS fllite tslp@alisdi vlBSdsiRGe ML Y
short TTFF or that additional network information is included in the GPS

cal cul ati on f orgi ARG IBRANIAE Ty REMionCIT @E NETCT SB30NBhe OO -deteTiBation
GPS- networ k ai ded approach differs fromthe GPS=network centric (al so

cal l ed the netwaglonassianh Qck MPESSishelitd\@nalsi ek Rk HE LI I2RAEDRE MRBEAMEE | N

the GPS- network aided approach, the position-determnation section could,

eventual I'y, obt@hfiond NEwRYS! hliody @%9% HRGlelRginkA bomRliheRMeRdeE AL @) ocat e
the ALCD 302 by itself. The GPS-network centric” approach, ‘as discussed in

Krasner, cannotsglet,arihsd hienpasid inar ob o Hahikies ARYAGSUrshotsited N0 the

GPS information acquired from outsi de t
' information at the GPS receiver t0 a communication section of & wireless device

and/or an external network such as a wireless communications networlk for nse within
the wireless communications network,

|082] The reverse-aiding mode may be wiilized to supply location information,
precise time, vclocity, heading and a reference GPS clock because location, velocity

and heading are very useful for cell planning and power management,

REVERSE-ATDING FOR CELL PLANNING AND FREQUENCY-REUSE
[083] In cellular communication systems, the reverse-aiding mode is vseful for cell
planning and increasing frequency-reuse, As cellular communication systems mature,
they serve more subscribers, which leads fo either adding more radio channels in a
cell or adding new cells to a cellular system. The reverse-aiding mode allows
- additional frequency reuse or code reuse within a cell, since the wireless

communications system may utilize smart antennas (such as antennas utilizing phased
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wi rel ess network, because the position calculation is done inside of the
wreless network at the basestation, instead of in the ALCD 302. [0781
Further, the GPS-network ai ded approach, as described with respect ALCS
300 allows for switching between the GPS-standal one node, GPS-aut ononous
node, or other nodes, once the initial acquisition has been nmade. The
GPS-network aided node and architecture of the ALCS 300 allows for the
tracking, e.g., continuous update of user position to be done in

GPS- aut ononous amgdiechmplo@hSe deandzbooehampdiorm esbapei nntemskirsisgisalbn beam
environments. The GPS-network assisted architecture of Krasner typically
continues to ddpendenaedipeon padhwirckesacahnrhmietibesudesibe subsequent position. 27
[079] The GPS-network aided node is typically only utilized for acquisition

or me GPS si gn@dd4] i FIGne Hksisiigndiasaamuon 0Bl wiBhcecdlie? WPk ahapklofias
acquired, the UPS receiver of the ALCD 302 is capable of trading the UPS

satel lite 304 wikiieubmuslicatfoh atbRas0aetMah celibive cbitbmniebiwar dysd@sémay @d node
of Krasner requires the networ to assist the GPS receiver in a nobile

devi ce for tragkhi@wBUiReSRer &t \WBbwn)as thObased@ivyi 600t thElBally NERORKRBASED
MODE [ 080] A ng%%g?k-based nngg)nay glso be utilizediygr gituations'mhere

the UPS recei vggradnRls RE &k Ve afite GBIP 682.0Mbsse AchSMER. cHahil A, #e302 s
conpl etely dependent on the w reless comuni cations network to obtain any

pos! tv ont ngy 't Efeaesrvﬁﬁggi AL AN 1R%eP Ualbmitks ustBHLEGHAL:s 2 WRRAN bR iRhoHEAt | On

- resnlting limited number of radio chamnels keeps the serving capacity of the cellular
colxﬁnﬁnication systen-1 604 low and therefore the customer demand for the few
available channels high.
[085] To increase the numbér of radio channels where the frequency spectrum
allocation is limited, cellular providers typically reuse the transmitted freguencies,
Ti:_m reuse of these frequencies is possible because the radio channel signal strength
decreases éxpoﬁeﬁtially with distance and subsctibers who are far enough apart can
typically wilize the same radio channel frequency without interference. Therefore, to
minimize interference in this way,”cel.lular system planners fypically positioned thé
cell sites that use the same radio channel frequency far away from each other,
[086] However, in order to add more radio channels, celiular systems typically use
several teclmiques in addition 1o strategically locating cell sites that utilize the same
frequencies, Directional antennas and underlay/overlay transmit patterns usuélly
improve signal quality within cells by focusing radio signals into one area of the cell

and reducing the interference in other areas, The reduced interference allows more

frequency reuse and therefore directional antennas may be utilized to sector a cell in
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comuni cati ons network. Typically, network-based nodes conpute position

W thout using GPS or other satellite information. Position of the AT, CD
302 is derived from network resources, e.g., cellular transmtter towers
and TDOA techni ques. Therefore, the network-based node is useful when the
ALCD 302 is in an area where it cannot receive GPS or other positioning
systeminformation to determ ne ALCD 302 position. REVERSE- Al DI NG MODE

] n to detern 2. ‘ AIDING NODE
ALCD 302, agarmrizeioVes oavsiopny s Sl ik G0 dBeRe W RERLIFE 47 1

phemeris or

al manac data, or when an_exact position is,not, reguired. o miar 40 the
UPS- aut ononmousingisawlicaghgnnehgs 39‘2?1&}&}5]’ Héc%asel}l{cf P Be“dfl}hé@g gg%?g?ﬁcfed node
the position-determ nation section does not receive any aiding and

t her ef ore operathegret.ndependently from any available external networks or
external aiding devices, In the reverse-aiding ositio

: npde,, th
det ennni xr at | d8T eBIG. Shshee Loy esmpiopisan Epplppentaliog i & f’&]z}ﬂkg WEF 2%05 t hose

GPS signals to determine the |location of the ALCD 302. ]
posi ti on- det erutfiiniag dioseticisd euticwmns @aywal%@nlﬂ%@a%eﬁéu@ﬁiﬁ‘g%‘ﬁ FhE B s for

tracking, and, if desired, navigation functions, However,, i r@?ead of using
the det er ni neceelogDE inoh TORtEheanaifhey twe besrstatiprery 023amd 74 wikize x5 188! ai di ng
mode, the ALCD 302 transmits various types of neasured information at the
GPS recei ver tfeqaemcimifyi;cal ifan Cix F96omdotosaraiivided 38 e vede ARd/ g an
external network such as a wirel ess comunications network for use within

714, 716, 718 and 720 respectively where sector 710 has frequency [, 712 has

frequency F, 714 has frequency F3, 716 has ﬁ'eciucncy Fi, 718 has'ﬁequency Fj, and

720 has frequency F3.

- [088] The allocation of the frequencies in the sectors may be chosen ofilizing the

standard channel spacing procedures. Typically, channel spacing refers to the actual

bandwidth space that is ellocated for every cellular channel out of the amount of

celtular spectrum.  Usually, each cell basestation is assigried a particular number of

ceflular channels, This group of channels is known as a channel set. A frequency-

reuse plan (such as a “N4” or “N7” plan) utilizes a number of channel sets in the plan.

As an example, in an N=7 freciuenqu'-eusa plan (i.e., N7 plan), there are 21 channels

sets, with an average of 15 to 20 paired channels assigned per set. There are 21

channel sets becanse channel sets are assigned ‘alphanmneﬂcally in groups of three,

using the N=7 reuse format,

[089] FIG. 8 shows a typically N7 frequency-reuse plan 800 having 7 chamnels

assigned as A, B, C, D, E, F and G to numerous cells, Because of comvention,

channel sets are typically assigned on an alphanumeric basis. The numerous cells are

31



the wirel ess communi cati ons network. [082] The reverse-aiding node nmay be
utilized to supply location information, precise tine, velocity, heading
and a reference GPS cl ock because | ocation, velocity and heading are very
useful for cell planning and power managenent. REVERSE- Al DI NG FOR CELL
PLANNI NG AND FREQUENCY- REUSE [ 083] In cellular conmunicati on systens, the
reverse-aiding node is useful for cell planning aid increasing
frequency-reuse. As cellular comrunication systens mature, they serve nore
subscri bers, wairaiged Bags dwiees thheefls &0k amig8 (Horcetered diraundhanoe balsi86andcel | or
adding new cells to a cellular system The reverse-aiding node all ows

addi tional frefdgnsyeciielise or code reuse within a cell, since the wireless
comuni cations systemmay utilize smart antennas (such as antennas
utilizing phased 29 array technology) to beam steer or bea -fonn a shaped
antenna transm ssion beam that is centered upon each wreless _
conmmuni cati ons devi ce. RO8Ain kinGic rihtuskivatresod@Eneasasiatryon 600 | ocat ed
within a cell 602 in an exanple of a cellular comunication system 604. In

the cellular coumnyngisdini16Mesiish@ipe GO eqendyirBlie, BV BvetsbARSIE hb& is GRSt
shown) at the basestation 600 typically serves a | arge geographic area

such as the entgng fGahdresfid '%heaﬁéa%ife?;ﬂ%gﬂg}& ng;waﬂaw%ﬁ? céﬁﬁuﬁi&ﬁﬁaﬂf E?'et ted

by the high-power transm tier usual a certain bandw dt

resul ting |im Leea)uriaghe Qévaﬁtad?i“éimﬁ{&?”dﬁfénﬁas‘%ﬁ&% ﬁiég%%%@%ﬂ nofPBGH].Y Of

the cellular comunication system 604 | ow and t et cust oner
demand for the g%y antennas, cellular communication systems may include antennas that are

capable of being directed to a mobile handset while steering the antenna beam in a
fashion that maintains a communication link between the mobile handset and the
basestation while the mobile handset is moving,
[091] The reverse-aiding mode allows a GPS receiver in the ALCD 302 to determine
position information about its location, velocity and heading and pass that information
to the communication section of the ALCD 302, The commumnication section of the
'ALCD 302 may then transmit this information to the basestation via a communication
channel such as a reversé access control channel.
[092] Knowing the position information of the AL.CD 302, the basestation may.then
utilize a smart antenna to traﬁsmit to the ALCD 302 utilizing an antenna beam that
has a nanoﬁ beamwidth directed towards the ATCD 302. This antenna beam may
them be steered by the basestation based on the received velocity and heading
information of the ALCD 302 in order to maintain signal communication with the

moving ALCD 302, It is appreciated by those skilled in the art that the antenna beam

3z



avai |l abl e channel s high. [085] To increase the nunber of radi o channels
where the frequency spectrum allocation is limted, cellular providers
typically reuse the transmtted frequencies. The reuse of these
frequencies is possible because the radi o channel signal strength
decreases exponentially wth distance and subscri bers who are far enough
apart can typically utilize the sanme radi o channel frequency w thout

interference. ef or m z Ler ' i Gl I ul ar
system pl anneﬂl‘:?y ﬁ’ie?: P'§}§ Sg%eéﬁ?qélﬁ@é%%gl %{%ﬁﬁ%@gg&t%a %ulse The 2ame

radi o channel frequency fa away from each other, [086] However, in order to
add nore radi oot el s, cel lul ar systens typi cal ly use several techniques

ddi ti |1y | || ' &i
T equenci o, HRbCEoRAPHHFLHTSETRNG’ GhimpIPay TP L Al 0 1IBRRE T

|1 I it thi f s int
one arba of 1 ECEBTRRO e HE | %ﬁt@ﬁ%ﬁfﬂgﬁ 9@%2%1%?%4&%@%; "o

reduced interference allows nore requ %/ reu?a? her ef ectl onal

ant ennas may beodgtiithitwe gelis§03 apd B4 139"’(’:15 epiptions o EEPE a nly a.
portion of the cell (e.g

, 1/3, or 1zu aegrees rur, a_ single
radi o channel ba&a@hons%[lﬁt@ﬂ]’ g it sizapl sPrEEreleD | H‘h ‘gﬂéﬁtbewv{]”?ﬁmi‘:ﬂ% ot her

cells in the area. [087] FIG 7 shows an exanpl e of i tation of a
cel lul ar syst emamO2 ausﬂthasqsﬁltlwg%ﬁ$&¥%h@ﬂm%¥@ﬁ%¥l%ﬁ@mggen@ﬁ via

basestations 702 and 704 within two cells 706 and 708 where the two
basest ati ons 7&fnaaban®46utili ze three total

[094] InFIG. 9, a first pesition-determination section located within the first AL.CD .
910 determines the position of the first ALCD 910, The first communication section
of the first ALCD 910 then obtains the position information from the first posiﬁon—
determination section and passes it to the first basestation 906, Similarly, a second
first position-determination section located within the second ALCD 914 determines
the position of the second ALCD 914, The second communication section of the
second ALCD 914 then obtains the position information ﬁom_ the second position-
determination section and passes it to- the second basesfaﬁon 908. The first
basestation 906, utilizing the position information of first ALCD 910, then adjusts the
first antenna beam 912 to directively aim at the ALCD 910. As the ALCD 910 moves
within the cell 902, the first basestation 906, utiliziﬁg the position information of the
first ALCD 910 including the heading and velocity of the fitst ALCD 910 movement,
stecrs the first antenna beam 912 fo maintain signal commﬂcaiion with the first

ALCD 910.
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frequencies F1, F2 and F3. Cells 706 and 708 are divided up into sectors
710, 712, 714, 716, 718 and 720 respectively where sector 710 has
frequency Fj, 712 has frequency F2, 714 has frequency F3, 716 has
frequency F1, 718 has frequency F2, and 720 has frequency F3. [088] The
al l ocation of the frequencies in the sectors may be chosen utilizing the
st andard channel spacing procedures. Typically, channel spacing refers to
the actual bandw dth space that is allocated for every cellul ar channel

out of the angpsy) @fmils@§] fhelsdions NREkELLEA 908 uallibig teapdsitel hfhmsest afi on is
assigned a particular nunber of cellular channels. This group of channels

i's known as a gHARNGICISEY, théh AGRBUBORYoNd LSS BadiD16 30 diPecaiBel AN ther " N7
plan) utilizes a nunber of channel sets in the plan. As an exanple, in an

N=7 frequency- ,Jf@ﬂta@xmﬁ@lét( | AShe séﬁznd%@@ﬁ) 014 heres #iin e ehaonahesecsrES, Wi th

an average of o0 20 paired channels assigned per set. There are 21

channel sets heca ‘éﬁﬁn %@‘;ﬁﬂ% g Soshlof ir ﬁ?ﬁdaﬁ@ﬁ df Ak BEBRYAECDOAU! iNclhding T oups

of three, using reu forrrat FIG 8 shows atypically N7

frequency-reusg, pl, %8% Bﬁ?&é&tg%ﬂm hABREIAT CTR93L PREnES, HearBihCreddndE, F

and Gto nurrerous c ause o convention, channel sets are typically

assigned on an I Q& ]Hﬁ% HSie Bl ksoofd 1Pl ranged in
two clusters o?n Fﬁbaﬁ%{gth gg%{ﬁ%lglntere arounﬁ center cells 806 and
808, respectively. REVJIRSE-Al DI NG FoR | NCREASI NG FREQUENCY CAPACI TY"

REVERSE-AIDING FOR INCREASING FRBOUENCY CAPACITY THROUGH SPACE' DOMAIN

'MULTIPLEXING
[096]._ The reverse-aiding mode also may increase the frequency capacity within a
cell throngh spacé—domain multiplexing (“SDM™). The reverse-aiding mode allows a
basestation to divide up a cell by transmitting multiple antenna beams from the
basestation to mulfiple ALCDs located within the cell. These_ multiple a.nfenna beams
| ﬁay 55 varied in transmissipn range and steered 1o follow the movements of the
ALCDs. In this way, the revers&aiding mode allows the basestation to utilize the
| space—dom-ﬁin within the cell as a way of isolating the multiple transmissions to the
multiple ALCDs in the cell. Similar to time, frequency, and code-domain |
multiplexing, SDM allows for an increase in capacity of frequencies being iransmitted
within the cell. |
[097] FIG, 10 iltustrates an example of an implementation of the ALCS 1000
ytilizing the reverse-aiding mode to .increase the frequency capacity within a cell 1002
through SDM. As an example, the ALCS 1000 is shown having the cell 1002 and a

basestation 1004, The basestation 1004 may be in communication with two ALCDs
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[090] Simlar to the advantage for frequency-reuse, the reverse-aiding node
is also wuseful for increasing the frequency capacity utilized within a
cellular communication system Wth the advent of "smarter" antennas such
as phase-array and general beam steering antennas, cellular comrunication
systens may include antennas that are capable of being directed to a
nobi | e handset while steering the antenna beamin a fashion that naintains
a conmuni cation |ink between the nobile handset and the basestation while

the nobile hangd®gtand $00T0%h BeenthARihs TOE aRVETISLe-Ad e M OMRd®H04] dodVIO0R GFS
receiver in the ALCD 302 to determne position information about its

| ocation, vel oghte/niafadndeadions tRNsseRasEn 1 DEE willies ad Adpit (Hedrdaheission
conmuni cati on section of the ALCD 302. The communi cati on section of the

ALCD 302 TRy t ey id@ReTie hithis babRI 10188 102 INBUBRIRSHBIdRMNERLS
conmmuni cation “channel such as a reverse access control channel. [092]

Know ng t he posk 4 jsnh@igmt i on of the ALCD 302, the basestation may then
utilize a snar?‘tgﬁgg%dr?ghto transmt to the ALCD 302 utilizing an antenna

beam t hat ham@sf‘aﬂl&? heak 'S%Jé)h%i HEEhR bR YREERelthtn liht A0es filnos
y y

=

antenna beam “them be steere  he basestation based on the received
S anal  Communi SRy s del R Rbe At RepE Bt QpRIERITEP. BN T e
ERARIGF I R N R R
basestation 1104, The basestation 1104 may be in communication with ALCDs 1106,
1108 and 1110 via antenna beams 1112, 1114 and 1116, respectively, The basestation
.1104 may be located at a higher elevation than the three ALCDs 1106, 1108 and
1110, In an example of operation, as the ALCDs 1106, 1108 and 1110 move along
the cell 1102, the basestation 1104 steers and adjusts the transmissi_on power levels of
~ the antenna beams 1112, 1114 and 1116 to follow the movements of the ALCDs
1106, 1108 and 1110, |
[099] As mentioned earlier, based on the distance of the ALCDs 1106, 1108 and
1110 ﬁdm fhe basestation 1164, the basestation 1104 may vary the amount of powet
that it utilizes in transmitting to the ALCDs 1106, 1108 and 1110. The reverse-
aiding mode also may be utilized fo help determine when fo switch to another

basestation (not shown) by using the location of the ALCDs 1106, 1108 and 1110.

(i.e., GPS-aided basestation hand-over).

REVERSE-AIDING FOR POWER MANAGEMENT
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10931 FIG 9 illustrates an exanple of an inplenentation of the ALCS 900
utilizing a reverse-aiding node, As an exanple, the ALCS 900 may utili ze
the reverse-aiding node with two cells 902 and 904 havi ng basestati ons 906
and 908, respectfully. The basestation 906 may be in signal conmmrunication
with an ALCD 910 via antenna beam 912 and basestation 908 is in signal
communi cation with second ALCD 914 via antei mabeam 916. [0941 In FIG 9, a
first position-determ nation section |located within the first ALCD 910

det erm nes t he[()@@(ﬂi’lthie%\/s%—aﬂiﬂ% rhadeSih {-S0C8 10uschhelsh ifispovie mabapeaditon
section of the first ALCD 910 then obtains the position information from
the first posi Bécﬁ’\ﬁshb SRRl ASEGH: @ Do RRERAB SAE the trhknlifeor bavedr .
basestation 906. Simlarly, a second first position-determ nation section

| ocated withi nyipge ogq'ﬁé) Rdud GPaR1ALEe! ek ReRrsclaiBnd @RH4 128w ol hevgecond

ALCD 914. The second communi cati on section of the "second ALCD 914 then

obtains the poﬁ'ﬁslnﬁ)cﬁ{ L%&?ﬂ?%@g% %Bﬁk@sﬁtﬁ)ﬁc{ﬁﬁmﬁﬂ&{ b WL adiStRF Povigt | on

section and passes | sestatiou -908. The first asestation

906, wutilizi th b 100 ] At} oo d justs th

B Lo 0 RS Akl APETAR B B AR SRS
it hi h mw i rst_ba . et 7]

o1 t1 o i nf or BB Eely ey BERLR 1R st bIBHEMR,

velocity of th

fi CD.910 e - i : 912
to maintain si S‘F}B% ﬁ%‘?ﬁ%ﬁ?ﬁ ﬂlggcl‘"ﬁ T'%Y\?\nj%? Or’]]'% ﬁ%nkfﬁsin%reﬁ%a% bc%ﬁéonggé *paeReam 91

communications system basestations, which, in CDMA networks is very useful, since

=

the capacity of CDMA nefworks typically are limited by fhe noise floor, which
increases as more users are placed on the network, not by the code efficiency,
[01.01] Retuming to FIG. 9, the basestations 906 and 908 may vary the fransmission
poﬁer of the antenna beams 912 and 916 as the ALCDs 910 and 914 move aloné the
cells 902 and 904, As the ALCDs 910 and 914 move closer to ﬁe basestations 506
and 908, the baéestéﬁdns 906 aﬁd 908 may reduce the ‘tréﬁ:s_i:mfssibh poWer of the
antenna beams 912 and 916, As the ALCDs 910 and 914 move farther from the
basestations 9G6 and 908, the -basestaﬁéns 906 and 908 may increase the transmission

power of the antenna beams 912 and 916.

REVERSE-ATDING FOR ACCELERATING ACQUISITION

[0102] The reverse-aiding mode may also be utilized in the ALCS for accelerating the
aoquisition and code synchronization onto an external network such as a wireless
| network by providing very aconrate absolute time and frequency references. Once the

GPS receiver in é ALCD is locked on to the GPS signals from the GPS constellation
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[0951 Simlarly, the second basestation 908, utilizing the position

i nforanation of second. ALCD 914, then adjusts the second antenna beam 916
to directively aimat the second ALCD 914, As the second ALCD 914 noves
within the cell 904, the second basestation 908, utilizing the position
information of the second ALCD 914 including the heading and velocity of

t he second ALCD 914 novenent, steers the second antenna beam 916 to

mai ntai n signal comruni cation with the second ALCD 914. REVERSI Al DI NG FOR
| NCREASI NG FREGUEMCY:1GARAGE TP STEREUGHh SBACE:cefoeMATIN eMdicyT bR EX NG aljeB 96 1.
The reverse-aiding node al so may increase the frequency capacity within a
cel | through spagguRadRedsasl 6.0 PloexdMOpAis-PeMllion igomi’§V dh $enifist itgCRode
allows a basestation to divide up a cell by transmtting nultiple antenna

beams from t he ,hages g@ichl%lltﬁoééééiﬁé RcBof\Cle helsgRtRiow (filth st eelhgdr| .

These nultiple antenna beans " nay be varied in transm ssion range and

e L oy TIOR3 gy S, el

reverse-ai di ng seéstation to 1ize the space-domai n

within the cel ‘bas@sﬁatﬁzé\‘}@glis%sigﬁ?né {hnlicis Y Pk RIcRK heaRas) R8-ANS 14 gigt he

mul tiple ALCDs Tnt ar to tine, frequency, dnd code-donain

| tiplexing, |4l A : DagGi f ¥l bei
ransh tted wibn ' PR b ol R o P A L A e
ol . £ othe Al S T
Iy onen e oSk E B IR (i 454 A AR R0 i

increasethefl;reaﬁe capaci ina’tc As an

exampl e, the ALCS 1000, |5 SPOILAHI WhS £5hng WOR@ Waflition timeo T

the position-determination section of the ALCD.

REVERSE-AIDING FOR MOBILE-TO-MOBILE ATDING

[0103] FIG. 12 illustrates ahother example of an implementation of the ALCS 1200
ytilizing the reverse-aiding mode mobile to mobile éﬁding. As an example, the ALCS o

| 1200 wouid aildw avﬁrst-Ai;C'D 1'202‘ to aid & second ALCD 1204, using the network

| 1206 only as a communication medivm (via signal-paths 1208 and 1210), Wﬁerc the

first ALC]j 1202 receives absolute-time information, measures the difference between

~ network time and GPS-time (via GPS-signal 1212) from the GPS constellation 1213,

and sends the information to the network 1206 via signal-path 1208. The second

ALCD 1204 requesting GPS aiding information will receive the GPS-time-versus-

network-time difference from the first ALCD 1202 (via éignal—paths 1208 and 1210

and the network 1206), and will correct the network time of ﬂﬁs i_J__u_fqnnationlto obtain

GPS-time to help in its own GPS acquisition proéess.
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basestation 1004. The basestation 1004 nmay be in conmunication with two
ALCDs 34 1006 and 1008 via antenna beans 1010 and 1012. As the ALCDs 1006
and 1008 nove along the cell 1002 the basestation 1004 will steer and.

adj ust the transm ssion |levels of the antenna beans 1010 and 1012 to foll ow
t he novenents of the power ALCDs 1006 and 1008. [098] FIG 11 illustrates
anot her exanple of an inplenentation of the ALCS 1100 wutilizing the
reverse-ai ding node to increase the frequency capacity within a cell 1102
t hrough SDM Af164] Tox gevpitse-pididgendle @Sy 210 O ndlizeh dwibe IAACTSUROD drotrhibe diedt] 1102
and a basestation 1104. The basestation 1104 maybe in conmmunication with
ALCDs 1106, 1A08Dpand lhe sviodd G nz0dbfenfrequiddyXrahifed véred: thi Tguency
respectively. The basestation .1104 nmay be | ocated at a higher elevation
than the threeef:GlasudciWBiwebd Q8wandieqbdnk and OPSufreqensphdiraiAlafena0d on, as
the ALCDs 1106, 1108 and 1110 nove along the cell 1102, the basestation

1104 steers angnagh iiShdtwbiRe 206,208 W8 % ©Rcw Bile (i8Y HeSseaind ATHED dnbpnpa beans
1112, 1114 and 1116 to follow the novenments of the ALCDs 1106, 1108 and

1110. [099] Asprepf iheneskifRE hilfimatb@as adisQflodeiomsll B¢ anslemaited Rea Abklies 1106,
1108 and 1110 fromthe basestation 1104, the basestation 1104 may vary the

and 1110, The. PRya e D 2 o el p deter m ne
when to switch @5k, the reverse-aiding mode allows for direct GPS aiding from fhe
first ALCD 1202 to the second ALCD 1204 in the ALCS 1200 without utilizing a
server (at the network 1206), Direct GPB aiding may be utitized without intervention
of a server (af the network 1206) momentarily storing assistance information before
 retransmitting to the next user at another ALCD that requests aiding, As an example,
the first ALCD 1202 having acquired a position, valid ephemeris and possibly
network-time and ﬁ‘equcncy—error—versus~GPS, may transfer this information to any
otﬁer ALCD in the‘ séme vicinﬁy \}ia the basestation of the network 1206 ot a region

viathe MSC 1214,

REVERSE-AIDING FOR ASSISTING THE NETWORK.

[0106] The reverse-aiding mode in the ALCS may also be utilized for wireless
nétwork monitoring, where the position information, alongside with the wireless
signal strength, or any position related information, may be collected from every
ALCD requesting assistance, at a central place in the nefwork, to continuously
monitor the cell coverage area, the amount of traffic within a single cell, where the

traffic is concentrated, what are the areas of bad wircless reception, to help in the
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basestation (not shown) by using the |ocation of the ALCDs 1106, 1108 and
1110. (i.e., GPS-aided basestation hand-over). REVERSE-AI DI NG FOR PO/AER
MANAGEMENT 35 [0100) The reverse-aiding node in the ALCS is useful also
for power nmanagenment because the reverse-aiding node allows a basestation
to vary the transm ssion power based on the notion of the ALCD. The
reverse-aiding node allows for lower transmtter power to be utilized by
the basestation transmtter, as well as |lower power fromthe ALCD, because
the forned or dedeprse! alfinemey heasiatiopiot edldogtingibemopThe gerlity oftseraive army

omi directional beam pattern. Therefore, the reverse-aiding node feature
hel ps to opti nmibzenonheedtionenltime by v fe ALk stilined in theaease the. capacity of
W rel ess conmuni cati ons system basestati-ons, which, in:CDVA networks is
very useful, si[ptdd] Thheveapadngymode 1D AbCHmidosaliopnsi thal dejerat eetwrark,t ed by
the noise floor, which increases as nore users are placed on the network,
not by the codeeeivrigabdndant thind aldr Retieien refgreb@ iffoffnatdn fohesehasieALEDI ons
906 and 908 may vary the transm ssion power of the antenna beans 912 and

916 as the ALCDs t/21amanca FdAdiffevst wimnd fihe 1o asddeb{12Qdivaikl 110 fsdisaidhe
ALCDs 910 and 914 nove closer to the basestations 906 and 908, the

basest ati ons 9Qfqadidy BEE andredicdisoalie Retht RARSITIESWaY] AROWSTorR fnaly Eﬁ)vi(ﬁ?m enna
beans 912 and 916. As the ALCDs 910 and 914 nove farther fromthe

~basestations 9Qfnian dsP@Bee tiTErESLSH ot MBRSADOD, avch 388 FBYerbCKRAS Ead he
transm ssion power of the antenna beans 912 and 916. :
information is received from any ALCD, _
[0108} The reverse-aiding mode ‘in the ALCS may also be wutilized to correct
multipath problems af the client in the ALCD, becanse the terrestrial based wireless
communications netwgrk may assist in the modeling of the multipath and/or provide
modeling tools to help correct the multipath reception problems at the client given the
initial position of the ALCD. o
‘ t0109]'l Furthermoi:e, the fevérsé-aidiug mode in the ALCS allows the ufilization of
velocity infoﬁnation from a GPS receiver in the ALCD to assist the wireless
commuynication system in aligning the Phase Locked Loop (“PLL”) fo' address
problems associated with ALCD motion, In particular, the reverse-aiding mode may |
increase the effectivé wireless cell radins by gu1d111g the wireless tracking loops using

the absolute ALCD velocity information from position-determination section, and

thus allowing wireless operation at lower radio signal strengths,
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REVERSE- Al DI NG FOR ACCELERATI NG ACQUI SI TION [ 0102] The reverse-ai di ng node
may al so be utilized in the ALCS for accelerating the acquisition and code
synchroni zati on onto an external network such as a wireless network by
provi ding very accurate absolute tinme -and frequency references. Once the
GPS receiver in a ALCDis locked on to the '"UPS signals fromthe GP S
constellation 36 of UPS satellites, the GPS clock in the UPS receiver wll
be very stable with values approxinmately equal to 0.01 to 0.001

parts-per-million ("ppn'). |nasgentiastAutonemess Mobeck in a typical call
processing section in the nobile device (such as a cellular tel ephone)

will at best bRt Sliwo®. it GnRREto \Whlieh thesrdiylityakeqfiod, oty
basestati on cng%@lwﬁé%g%resul t(,) by allow ng the UPS cl ock frequency

reference to ; - ftid, N8RS MO WICRCaEY 0 @It tnicdas of othe  ALCD,
the ALCS util ﬁ%’ﬁ%ﬁtﬁ eg%if%%/vgr%sé-gg?agi ng. node allows the CP clock in the ALCD

to be much nore_stahl, C ! . oM f epeistadadrd mede, whi ch
resulting in fsa?gltcgsr(g] ?fm%fh(am%?o é‘aﬁﬁﬁﬁﬁh& ?gglaﬂfoﬁélﬂdﬂé Si | | nat

'élcqw srtion-times t he position-determ nation
section of the ALCD. .REVERSE- VOBL A 5ok Mo, LETAL Diiiee@803] FI G
12 illustrat esa“ar?B?lﬁtéoﬁlgl\e/%O%l @tﬂ% I@ﬁ%: émentation of the ALCS 1200

utilizing the reverse-aidin D L&t BTN glietb NeF. BRSuRE exanpl e,
the ALCS 12005‘%19%“%@%5\/ﬂg&ﬁgﬁﬁg‘%cﬂq%%ﬁ to{ﬂéiqg a second ALCD 1204,

R e R T v T
' nformation, ngﬁ?lgég gl?chtag ep?reqsisufrf];,earcge?e%gmé)cgrts,\'\@re@ros to provide the ALCD with aids
outside of the neiwork being utilized for communications. = For example the
angmented-autonomous mode may utilize Blnetooth fcransmitters in every floor of a
high-rise buﬂdmg sending the Bluctooﬂ_l transmitter’s location and floor information
to the ALCD and this ‘augmented information’ will be sent in case GPS signals
cannot be acquired by the ALCD inside the building to deliver positioning data.
| Furtﬁermore, the aﬁginente.d-aufonoindusl mode allows for the ALCD to switch from
GPS-standalone mode to another mode, e.g., a.i;ied mode, GPS-network centric mode,
etc., when a predeteﬁnined event occurs. ‘This predetermined event mey include the
| lapse of a predetermined amount of time without acquisition of & GPS satellite signal,
a predetermined mimber of seconds or mhlﬁtes, etc,, wﬁere the ALCD is unable to
receive any GPS signals, power cycling of the devic;, efc,
[0111] FIG. 13 shows an example of an implementation of ALCS 1300 within a room
1302 within a building. The ALCS 1300 1ﬁay include an ALCD 1304 and a Jocation-

module. The location-module may include a wireless and/or wired re-radiator of GP8

signals or other location-information signals. As an example, the location-module
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network time and GPS-tinme (via UPS-signal 1212) fromthe GPS constell ation
1213, and sends the information to the network 1206 via signal-path 1208.
The second ALCD 1204 requesting GPS aiding information will receive the
GPS-tinme-versus- network-tinme difference fromthe first ALCD 1202 (via
signal -paths 1208 and 1210 and the network 1206), and will correct the
network time of this information to obtain GPS-tinme to help inits own GPS
acqui sition process. 37 [01041 The reverse-aiding node may al so be utilized
in the ALCS 12QQy fchae & figed ieradintorAbilEh 42 0BXTTD ddrel 396 oo mebtini Eiduilee Giked or
frequency transfer, where the frequency error nmeasured. between

net wor k- f r equepgiocaNibvieb 3368 eALRNE Yoo 1807 ot HAGEY w2 4 buildemt Apavhe
network 1206, and sent to a new nobile (i.e., the second ALCD 1204) as

part of the asgj .Epﬁc’ﬂ?%pérﬂfoﬁ!iﬁ@ﬂL@D-lBU@in&y BHIOE essvewifcls aidind deomit Roinas a
control comman at Is broadcast by the basestation of the network 1206.

[01051 Addi ti ofaldy, , (RY 8% SBnAl €3 MOAHAOe 2 HohPS HXIT stlinr 06 (EASkedi di ng
fromthe fi rsmﬂt%ﬁlﬁl@%ﬁ]tﬁo thi:gnsecond ALCD 1204 in the ALCS 1200 wi t hout

utilizing a Syl §@te! B gL 0&1y}?c966vired(3£g§ﬁ?tsiﬁaﬁ 14 fignihy B

utilized witho Intervention ‘of a’'Server he network 1206)

moment ari |y st QLing, ASRL SAANelRh HBIsOR RO AR tmbtEARRI LA & the

next user at a that reque i'ng, As an exanple, the first

ALCD 1202 havi ngmgg@éi{aj{ 8fs BRIkl Fho a?(@d&gﬁs&gﬁagggﬁffaisé PRARAIDRESEDS Yypo

network-tine af ency-erfor-versus- ransfer this informtion

Lo any ot her LD 6 B, PRl lehlod Pk Db BaRRA 60 2o hihiget o k

device 1308, This information may include the address. of the building, the ﬂo_or of

the building, the room 1302 mumber or hallway, and the position of the fixed position
device 1308 within the room 1302,
10112] Similarly, F.IG.- 14 shows an example implemeniation of a location modulg
within an ALCS 1400 located at an intersection 1402 of four city blocks 1404 havil__lg
ﬁumeroﬁs buﬂdhlgﬁ 1406. The Jocation modulc 1408 may include a witeless and/or
wired re-radiator of GPS signals or oﬂiar location information signals. As m
cxample, the location module 1408 :uiay include a ﬁxgd re-radiator 1408 within a light
post, street sign; or pther sﬁnilar fixed position devices, As an example of operation,
an ALCD (not shown) may either receive wireless aiding signals 1410 from location
module 1408, The aiding signals 1410 may provide time-reference, ephemeris, or
| other similar GPS aiding data. The aiding signals inay also provide non-GPS type '
location data such as information relating to the ﬁxéd position of the location module
1408, This informetion may include the address of the intersection 1402, fhe cor_l1er-

on the intersection 1402, or other similar information,
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via the MSC 1214. REVERSE- Al DI NG FOR ASSI STI NG THE NETwoRI Z [ 0106J The
reverse-aiding node in the ALCS may al so be utilized for wireless network
nonitoring, where the position information, alongside with the wireless
signal strength, or any position related information, nay be collected from
every ALCD requesting assistance, at a central place in the network, to
continuously nonitor the cell coverage area, the amount of traffic within
a single cell,-where the traffic is concentrated, what are the areas of

bad wireless reception, to help in the 38 decisions of addi ng new base
stations, or relocating them The quality of service may be nonitored in

real -tine by all the ALCD utilized igpidR@i@ssea, [0107] The reverse-aiding
node in the ALCS al so al I ows the extéfnal network, receiving redundant

time and/or fr MGRCE ! OF FBORfIOM I8 QUA-stAldadne, GPShe sane
area for diffeﬁgﬂﬁqg%l g i fﬁtrlre&ﬂto rmo?e the network tinme offset and

frequency drift, and u bhddl Uk8d ng way, rdcbige net wor k
may provide P%?I}?E‘ g’gs‘?ﬁ gér?g!élrkl n @‘!rlng%t |1{(5E}1&c{}% %éénew eECDS eve% after a
period where ng . infor t| on, r G nt@dA8is WeR ag

rever se- ai di ng 1}’?%‘&“% A@@eﬁ%@ﬁg}( E)%Qg%@ﬂ?{nzlﬁédﬁ Fo correct  multi pat h

bl h I .rel
commun cat i ons oHE 'efﬁlnﬁ';#a%%ﬁ'& BByl el dopag e oo

t he node |hgo e milti path and/ or

P Lgvi:?ieentm) glei/:éigt% L oS secfon of the Suo.b Fiihy %thlvgﬂllférbgﬁﬁﬂ]ﬁ&ﬁﬁ?@@’@@a@ﬁ%l ens at

and a Bluetooth network and/or an IEER 802,11 Wi-Fi network, while utilizing the

cellular wireless communication metwork to tramsmit voice or data. The GPS

acquisition, tracking, and navigation functions may be enhanced with inputs from the

Bluetooth network and/or ITREE 802.11 network without utilizing the cellnlar netwoﬂ-c.

[0114] Fuﬁhermoxc, the ex-ample architectures of the ALCS may be extended to
wued networks such as the telephone networlc or data networks without deperting
from the scope of the present mventmn For example, if GPS capab1hnes are present
in a laptop or PDA and the device is connected to a wired or wireless Internet hnk, the
GPs calculaﬁons may bé aided via the Internet fo calculate a position inside a
building, The position may be'displayed locally or sent to a server. Such an example
of an implementation of the ALCD may be utilized for security or other telephone or

hardwired system applications.

. COMPARISON OF THE OPERATION MODES

{0115] The operation modes of the préscnt invention allow further flexibility within

the GPS receiver framework. When the GPS recejver is not constrained by short
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initial position of the ALCD. [0109] Furthernore, the reverse-aiding node
in the ALCS allows the utilization of velocity information froma GPS
receiver in the ALCD to assist the wireless comrunication systemin

al i gning the Phase Locked Loop ( TLL") to address problens associated with
ALCD notion. In particular, the reverse-aiding node may increase the
effective wireless cell radius by guiding the wireless tracking | oops using
t he absolute ALCD velocity information from pgsition-detern nation section,
and thus all dwm-eqummwwrdvyéwmquéhm&ﬁwc}ﬂbv%gﬁwgm HEY JRRFOG FEndtths. 39
AUGNN?NTLD- AUTONOMOUS MODE [0110] If the external network is unable to

del i ver the rejeba bf thy preseptiinveniionoran R STogIEMRS 10 HPEBIHMY St BVE ng
capabilities, the ALCS may use other nodes or other sources of information
to augment t headgRSitianmode Fousrompld RBentbe neiwpdi e firia boavy i iightaislaest? onal
nmode cal | ed augnent ed- aut ononous node. The augnment ed- aut ononpus node

be utilized w b&mBl beidebtihavailnisitifytintee wirclBscompmeiericn detviore dbe Bt

Engi neers ("I EEE") 802.11 (generally known as and/or other sensors such as
pressure, accekREAmE Ll holsepanmniicaly ovindeatly sclent thp awopemaisdeededit si de

of the network being utilized for communi cati ons. For exanple the

augment ed- aut OB PGS WY idtidt depeadddt aethe witklessrcamemminicpidans netwask By f | oor
of a high-rise building sending the Bluetooth transmtter's |ocation and

f1oor i nformat iyg s i Bmishen. Ak @k @M walj whendhegreelotaion iserverl8 phagnis idary, be
sent in case GPS signals _,
and the aiding information latency time is incompafible with the requirements, the
user can select, either automatically or manualty, the autonomonus or standalone mode.
However, if additional bandwidth in the wireless network is available, or if the user
needs o short TTEE for an B911 call, the present invention allows for manual or
antomatic override of the autonomous or standalone mode of operation into either
autonomous or standalone (if ephemeris is current and there is implicit aiding
| _igfbnﬁéﬁon), the network-based or network sided modds.
[0116] The multimode architecture of the ALCS allows for an autoplatic seamless
and réiiable response, by taking advantage of the network assists if and when
* gvailable, and allows the ALCD to operaie independently if the assistance is not
available or not available in a timely manner. The network aided operational mode
OVercomes the- start-up limitations of the GPS-autonomous or GPS-standalone modes
and allows the same 1evei of peﬁ01ﬁm1ce as the 1}ethor1c—based mode, but does not
require continuous network connectivity after start-up. If the aiding data (epbemeris,
approximate location, approximate time, eic.) has been received by the ALCD over

some communication medium, the communication link may be off when the GPS
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cannot be acquired by the ALCD inside the building to deliver positioning
data. Furthernore, the augnented-autononous node allows for the ALCD to
switch from GPS-standal one node to another node, e.g., aided node,
GPS-network centric node, etc., when a predeterm ned event occurs. This
predeterm ned event may include the |apse of a predeterm ned anount of
time without acquisition of a GPS satellite signal, a predeterm ned nunber
of seconds or minutes, etc" where the ALCD is unable to receive any GPS
signal's, powerfueMdhiof@dLoD i bertetvTiteis the stord @ Fawar methed okhyiRg afibxanpl e
of an inplenentation of ALCS 1300 within a room 1302 within a buil ding.
The ALCS 1300 gy idpedivamouaid MG 230D, afitle sesmdesamhiore- ansolritglityefgthe

| ocation-nodul e may include a wireless and/or wired re-radi ator of GPS

signal s or ot hay choedtticane Exbie Faiico proevidralosimertie A tomppd, theipgeeds
| ocation-nmodule 40 may include a fixed re-radiator within an "EXIT" sign

1306 or anot heBasE%E’ﬂﬂh@EapBﬂiKtﬁﬁ of SR Sbiwokendeld tppe df308ices dasired.a. room 1302 or
hal lway within a building, As an exanple of operation, the ALCD 1304 nmay

erther recel ve hyeheifmBiciideishiifal hefopomiodibmatd oy depeud oo sz ofs
signals 1310 a 1 romthe EXIT sign 1306 or fixed position device

1308, respecti vgl¥) oOfe Widhfily fod iROSIIINA Soqldited of damudaé foix e ALGHS t i on
device 1308. The arding signals may provide tinme-reference, epheneris, or

other simlar gD & Hon0ead gRatEs rayival BothprAlVGRienayon- GPS
type |locati ongggte%&n lijeé%’ tgghlﬁﬁfp?raﬁsatl on relating to the fixed position of

the 11 xed. POS! LR SBY bE SubaPth thdd BLOGTRoRe MY sickrhusdas besiaridr ess
i;lformaﬁon in the timelest manner possible. - That mode may be network-based, but,
if the network is not capable of supplying a complete GPS information set such fhat
the GPS recejver of the ALCD may d&ennine position calculation information, the
poéiﬁon—detemﬁnaﬁon section in the ALCD may switeh to the network aided mode,
such that the processing capa;bi]ities of the network and the position-determination.
séCtioﬁ aré uﬁ]iéed in pa:r'cﬂlel As anoﬁlef example, if a uger requests directions to a
specific location, the ALCD may autématically _select the GPS-autonomous or GPS-
standaloné mode that will provide information in & ﬁmely manner, but not place such
demands on the power supply and processing c_:apabilities of the ALCD, Furthermore,
the ALCS allows the user to override the éutomatic choice of operational mode. The
. ALCD may also switch between modes once 2 predeteﬁﬁined svent (g.g., the first
position calculation of the pésition—deténﬁhmﬁon section) is obtained. For example,
if an E911 call is placed, t]ﬁe ALCD may select the network aided mode to obtain the

position information to the ALCD as quickly as possible; Once that information is

delivered, and the first position is caleulated, the ALCD may then switch to a different
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t he building, the room 1302 nunber or hallway, and the position of the
fixed position device 1308 within the room 1302. [0112] Simlarly, FIG 14
shows an exanple inplenentation of a location nodule wthin an ALCS 1400

| ocated at an intersection 1402 of four city blocks 1404 having numnerous
bui | di ngs 1406. The | ocation nmodul e 1408 may include a wrel ess and/or
wired re-radiator of GPS signals or other |ocation information signals, As
an exanple, the location nodule 1408 nmay include a fixed re-radiator 1408

RO 4T ol ol B P Sty et e o

not shown) may either receive
wi reless aiding signals, 1410 fro cal:] : - othBensrgli gy Si gnal s
1410 may pr ovila%g"t’ ‘ﬁ‘elilrtg? g?lglﬁ%ge?or&enlﬁﬁﬁ&hb&nneug@g ng?%a%feoﬁ,_ Oﬂﬁfi ! i

eneri's, er simlar GPS aiding

d . Th i di i | ] i d . ar. . )
as. [ nf or mat | orPNERLRIHEEY D HE ERBd e PSP G e R PP es bl TR ™ 100

ron of the | ocat’ion nodule 1408,
This information may include the address of [ r y ik he
corner on t heinfapaiosest P‘@Wﬁis4tg‘§1,mb he f’%%er acg!%p%]ﬁg E{ra{ ﬁlﬁ gg{rlr%ﬂa%%él@ﬁolthﬁr HER
MODESMODES 101131 The ALCS may, i n_Qthet des .siq .- t.he.,.
GPS- st andal oneneh@mb. oralRcse B 1l 2 P\‘@Wﬁ?ﬁ& itgélgg; b, i Gacl ey wants 1o

‘ or’ ‘network-based nodes,
al so may receive information fron‘boutsi de the cellular wreless

conmuni cat i ons mastatohklogaioper he ALCDHGFEr de of the GPS satellite system For

exanpl e, in other nodes,-the position- _ determination secti 0 ALCD
may receive i nfuASiEcr G FAHERSBISS the SFHopkaceess 15 charged Bhsck B o

per use basis, the architecture of ALCS also allows the user the choice of preventing
the network connection for assistance, even when the ALCD has determined it is
necessary to reach the network in order to meet the user's. requirements, In this

-example, the pbsitiomdetermination section will atterpt to provide a position in GPS-
standalone mode ﬁotentially without fulfilling the original performance requirements
of the user. .

| [6i’19] “The ALCS allowé fcn the bandw1dthof fhe wireless commuications ‘nfétinrorlf;
'to ‘l.)-ﬁ managéd such that the bandwidth may be wufilized more efficiently.
ﬁurthermore, the ALCS aﬁows for -dynq:i:ic allocation of the network resoua:c'és,
inchuding the processing available on the ALCD, fo process as much in:fomlation in

| parallel as possible. This allows for dwamic loading of the GPS client and network
server processors to more efficiently calculate position for multiple ALCDs. This
approach ‘allows for an increased mumber of ALCD users without significantly

affecting the infrasiructure of the wireless communications system.

45



and a Bluetooth network and/or an | EEE 802,11 W-Fi network, while
utilizing the cellular wireless communication network to transmt voice or
data. The GPS acquisition, tracking, and navigation functions may be
enhanced with inputs fromthe Bluetooth network and/or | EEE 802.11 network
w thout utilizing the cellular network. [0114] Furthernore, the exanple
architectures of the ALCS may be extended to wred networks such as the

t el ephone network or data networks W|thout deartl ng fromthe scope of the
present invention. For exanplMULI-{ORPEALLAH THEE ar e present in a

| aptop or PDA and the device is connect ed to a r W r er net
link, the UPS0128) Gulesdst thqsm@ﬁymblp&.%éa\?}%n%}h‘é@ Wiﬁtz%‘f‘ﬁé’{“ﬂ%‘ﬁ F‘%‘kﬁ}at e a
position inside a building. The position nay be di

sp, ed | o ly or sent
to a server. Syighe sibrex@RRF.e mof aanrdnpesdiagn PhE NURC %Pglaﬁgé‘esﬂﬁ&ﬁ‘r?{&é’

utilized for security or other tel ephone or hardw r%nd rs1qv35tem aé)g at| ons.
COVPAR! SON' OP inefSRERATCBPVEDES00% 06 GP Firtsndpiencanp&n®o B 8EWEHs t¥& pr esent

invention allow farther flexibility within the GPS receiver franmework Wen
the UPS recei v@pdd & nB®ioriclnstmadened by short 42 TTFF requirenents, or by
net wor k bandwi dth, or by other signal -demanos, ne vn receiver of the
present invention can be prograw ned to automati cally select a given

acqui sition node. For exanple, when the network traffic is heavy, which
translates to a small bmmgmj@amrlcamm } ess

conmmuni cations network, the present inventi on allows the user to

automatically ‘Bf1ziﬂ91§‘§43ahbﬁhn§%@@3t fesivutio rthenpositiomdeeroination section (also

known as the client) of the ALCD and the communications section (also known as the
server) of the ALCD to distribute the workload of acquisition, tracking, and
navigation tasks in an intefligent manner, the ALCS allows for faster acquisition,
faster TTFF times, and allows paris of the p_qsition’-determina,tion section to be
powered down or selectively powered to reduce power consumpﬁon ef the GPS
portlon ofthe ALCD.
[06122] The architecture of ALCS also allows for advance qua]iﬁcatiqn of ephemeris
data (e.g., validation of stored ephemeris data qua_ility) by using the network aided
" mode to verify that the stored ephemeris data at the GPS receiver in the position-
detennﬁnhtion section is still valid. Similarly, the network aided mode allows the
ALCD fo derive coarse location data fhat may be utilized for a coarse location
acquisition scenatio, where a time-tag approximate position based on known
ephemeris or almanacs and post processing of the data is utilized for actnal location

defermination. Additionally, coarse location data may also be utilized at a remote
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st andal one node, which is not dependent on the w rel ess conmunications
network for aiding information, In the sane way, when the geol ocation
server 108 usage is heavy, and the aiding information latency tine is
inconpatible with the requirenents, the wuser can select, either
automatically or manual |y, the autononous or standal one node. However, if
addi tional bandwidth in the wireless network is available, or if the user
needs a short TTFF for an E911 call, the present invention allows for
manual or  aut Qi kéth@Mednt emeds ddie aadtsoiimitus) P atsnidi S16GAS2 Aridecdt
operation into either autononmpus or standalone (if epheneris i's current
and there is i pibdrict alaitlich$ indonfovatedliyi eftfenct heeinétiliomielyased or net wor k
ai ded nodes. [01161 The nmulti node architecture of the ALCS allows for an

automatic sean{@gsg Tlérb@mf ﬁbdlo@bﬂu@h LeBeaaentebynoakhoy nade)apaiie wdbor tiee
network assists 1f and when available, and allows the ALCD to operate

i ndependent |y ifyithgn @ﬁﬁé&ﬁé’ﬂ@&)ﬁ Bingobirel @Y @ich@id gy, mich moBlueivath| whdidthen a
ti mely manner. e network ai ded operational nbde overcones the start-up

1 mtations of bl CRE-ANLERAERIS 9kedehidy SERdakane willpsuimnibwabbous 1 he
sanme | evel of E) ormance as the netvvork based node, but does not require

continuous net whp k.G gﬁ%‘é iViokihoRiel 86 aRt Bletpodifion-ibtednbigatioh demndaia an
(epheneris, approxi ocatlon,” approxinate tine, etc.) has been

recei ved by th;ea @ %\{&Ia some communi cation nedium the comunication
i nk may be of PRhen 43 function of ALCD is started, This is the

store and for f i [ tﬂlyAmg}{r-g on the
AL The Lot TR BB LRI ok gt st b ey

‘wireless communpications network, by switching between the GPS-autonomous or

GPsfstandaloné and network aided modes, or by renﬁai:cﬁng in the network aided
mode, for slow changing errors to obtain preéise local position (e.g., Jono correction
factors, new sub-almanac information, etc,). The ALCS also allows for data "fusion"
fﬁ:om various sources (e. g ., accelerometer, pressure SeNSOIs, tllt meters, ete,) also
| mcluded on the ALCD to add fo the accuracy of the' position determination, as Well as
providing the ALCD with approximate locationy time, and frequency 1nfo11na,t10n to
nssist the ALCD in defermination of a more presise position determination and/or

improve the TTFF time for each client.

TIME AND FREQUENCY AIDING
[0125] Wireless network systeros tﬁpicaﬂy have high quality reference clocks, and
some wireless network systems, sﬁch as CDMA, are synch_ronizad on absolute GPS-
time. The ALCS allows for the wireless netwc;rlc frequency reference to be fransferred

fo the position-determination seetion of the ALCD to estimate the GPS-clock
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ALCS architecture enables service providers to tune the ALCS to neet their
needs based on the capabilities of the network and the type of services
desired, [0117] Furthernore, the selection of the operational node nay
depend on the type of service or the accuracy that the ALCD has requested
or demanded fromthe ALCS, For exanple, if the user places an E911 call,
the GPS receiver in the ALCD nay autonatically be placed in the node that
will provide the nbst accurate position information in the_tiéﬁétest
manner possi bl @equhet offreidasd m?va;aifgénﬂvelt@d\meI&h%“§F§@mmYbﬂﬁ°?fta“i‘W- e FHertitrk s
not capabl e of supplying a conplete GPS informati on set such that Ehe GPS
recei ver of thesféGD nmmybedandemidrte fhopisidonricteaniaaion seefion tAflr FACTHRK t he
position-determ nation section in the ALCD may switch to the network aided
node, such t hainet Mae pridgeg®ing thapaid Fdgnenss tersfetie toredues e weartqinies
position-determ nation section are utilized in parallel. As another

exanpl e, if a wsgLCDaMdREMS st frepticynmdtimsdo ingpevs the TTFH CBis e tapsderal CD
may automatically sel ect the GPS-autononous or GPS- standal one node t hat
wi |1 provide i nfgneib@bridto dufroveihy somsitinigy,, but not place such demands on
t he power supply and processing capabilities of the ALCD. Furthernore, the
ALCS allows the user to override the automatic choi ce of operational node.
The ALCD may al so switch between nodes once a predeterm ned event (e.gq,,
the first position calculation of tiremmaitimRN-determ nation section) is
obt ai ned. For exanple, if an E911 call is -placed, the ALCD may sel ect the

e ok 2,0, O M B kg i anof o s mpldttin A
position is calgulateds.bile vl iR¥niuh®Rn WK A0CE a500.dIf fiey exdmple, the
ALCS 1500 is synchronized on absolute GPS time, such as Wireless network ptilizing
CDMA or GSM with Location Measurement Units (“LMU”). Typically, the GPS-
time refereﬁce 1502 is transferred to the GPS section of the ALCD (not shown) to
synchronize GPS-clock time with GPS-time. Inﬂns example in the ALCS, the time
transfer meay be accomplished”i-n‘-th‘reg steps -
[0127] In the first stép, the basesfation (“BS™) clock 1504 may be synchroniie& to the
GPS4ime reference 1502, The time accuracy at the BS-clock 1504 depends on the
system configuration and may be in the range of 100 to 300 nanoseconds. This is
typically a built-in feature of certain types of networks.
* [0128] In the second step, the CP-clock 1506 is synchronized onto the BS~clock 1504
by timing the reception of one specific event in the master frame transmitted from the
BS-clock 1504 to the CP-clock 1506, The BS-clock 1504 transmits the master frame '
| fvith {he transmission tim'é of the first bit predictable in absolute GPS-time with an

accuracy of 300 nanoseconds. The synchronization ertor between the BS-clock 1504
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44 nmode (such as GPS-aut ononous node or GPS-standal one node) to nake
additional bandwidth in the wireless conmmuni cations network available to
ot her users. For privacy purposes, the architecture of the ALCS al so
allows for reception of aiding information and provides the user the

choi ce accepting that the position be sent to the network, or "locked" in
the ALCD, available only to the user, if the user wants to mintain the

| ocation of the ALCD secret. [0118] For exanple, situations where the

net wor k accesSpidsthe iPrgedt 1506 tshemssichy tha RE roferencg oin ass ithe, BRock 18Rt ect ure
of ALCS also allows the user the choice of preventing the network

connecti on for gassishpieRy naueBSwiek 1 5o siptCDatragssipattiordusdel therdigtance
necessary to reach the network in order to nmeet the user's. requirenents.

In this exanphgweddBe POSI indrihe bisestatonathic grompetldydn thd CP seetivanprd the
provide a position in GPS- standal one node potentially without fulfilling

the original pefleramesueequi renents of the user. [0119] The ALCS al |l ows
for the bandwi dth of the wirel ess conmuni cations network to be managed

such that the &ﬁ&%&iﬁdﬁg%xﬂwbmgbi frdc® thertarestagibd,i the €Mt deytion FUHEHSELEDr e, the
ALCS allows for dynam c allocation of the network resources, ' including the

processing avai GPE-Ghe dh@ i RaBa (RS assaiidled sdcomonbf the GRS-
paral |l el as poé%?’g% @?%BFI’?IHS&IBGJ ows for g%am’ c loading of the GPS client and

il 11 pl'e. ALODs B B R Sunber of ALCD user s
wi thout " signif irgﬁ%:aley If the ALCD loses track of the basestation or the BS_—clook 1504, the CP-
clock 1506 a,ocurécy wili degrade. The CP-clock 1506 perfonnance degradation may
be predicted based on the CP-clock 1506 frequency stability, which is normally
1‘cprcéented by the Allan variance, and the age of the Jast fracking.
[0130] The AT.CS is desi.glled 1o be air-interface independent. As the mobile handset
(i.e., the ALCD) manufacturer has the knowledge of tracking coﬁditions, the CP—olocic
| -1564' .fréqﬁéncy;'-'sfaﬁiiit&,' and the aﬁ?iﬁtérfécé' performance, the  mobile handsst
" manufacturer may determine the preferred or best method to provide models and/or
interfaces to the GPS8-clock 1508 to transfer the absolute CTPS-tim¢ and the associated
accuracy including all uucertaillfy effects.
[0131} In the third step, the GPS-clock 1508 asks the CP-clock 1506 for a fime
.tr‘ausfer message via the communications link between the position-determination
section of fhe ALCD and the communication section of ALCD, Typically, this time
transfer request message containg no parameter. |
[0132] The commumication section of the ALCD may react to such a message in

several different ways. The communication section may generate a precise timing
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affecting the infrashucture of the wireless conmuni cations system 45
MULTI - CORRELATOR ARCHI TECTURE [ 0120] To assist the ALCS, nultiple

conelators may be utilized to provide the ALCD with a shorter TTFF, a nore

accurate position, or a nore reliable result with fewer

transfers fromthe

UPS- aut ononobus or UPS- st andal one node to the network aided node or

net wor k- based node. DI STRI BUTED SMART CLI ENT/ SBRVER ARCHI TECTURE [ 0121] By
allowing the GPS receiver in the position-determnation section (also

known as the chiesindn) refurnt fEmALGDTarEsOPRe TeesMiElni OGRS SSBE 15 BRCMA 8o known
as the server) of the ALCD to distribute the workload of acquisition,
tracking, and singvi@ahipda pdsskwith nitlen airisingl ddpg aeiive i Arbng cdegaciyedbal | ows

for faster acquisition, faster TTFF tines, and all ows

parts of the

posi ti on- det er gind &bhuka rSpaisk onsshge ypcallycneinind tedime drihsinvecved iy CB8wer ed
to reduce power consunption of the GPS portion of the ALCD. [0122] The
archi tecture ofyedd GBodsSntoahd wudk, frdrtinacimmentanty wakdchidsatiydimiog thepliveingr i s
data (e.g., validation of stored epheneris data quality) by using the

net wor k ai ded eﬁeﬂﬂﬁsiﬁg)ﬂlyﬁiPEf@YockhBQS,ﬂfwﬁlﬂ—dbﬂcdlﬁﬁhmmphrslﬁd@t enia Ptk GPS

receiver in the position- determ nation section is still

valid, Simlarly,

the network ai qF@gméje allows the ALCD to. derive coarse |ocation data
[

that may be uti

ized for a coarse location acquisition scenario, where a

time-tag approxjysaf ehd OshihBehtiBRAseHoR Iyl send 2 "delia" message back 1o the

position-determination section, For example, the communication section or position-
determination section may monitor the CP-clock 1506 and GPS-clock 1508, When a
time fransfer request is made, fhe communication section, or the position-
determination section, whichever section is monitoring the clocks, receives a GPS-
time 1502, a difference caleulation is made between the GPS-clock 1508 and the

GPS-time 1502, This delta may then be utilized for GPS calcylations and position

© determinations until a new time transfer is requested.

[0134] The timing information is typically required when the position-determination

section begins a new search on a new GPS satellite. The timing synchronizaﬁo11 may

be made periodically at the request of the position-determination section. The
effective time accuracy available for the search may be degraded over time since the
last reference time and/or fiequency was sent due to the quality of the GPS-clock
1508; however, the approach described with respect to the ALCS reduces or
eliminates the need for locking the GPS-clock 1508 to the CP-clock 1506, as well as
having the CP-clock 1506 locked to the GPS-time reference 1502 via the BS-clock

1504, 'The frequency stability of the GPS-clock 1508 (represented by its Allan
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epheneris or al manacs and post processing of the data is utilized for

actual location determnation. Additionally, coarse |ocation data nay al so
be utilized at a renote 46 server with current epheneris data, as
described in U S. Patent No. 6,671,620, issued, to Garin et at, which is
incorporated by reference herein inits entirety. [0123] The ot her nodes,
(such as the augnent ed- aut ononmous node) also allow for the wutilization of

| ow power short range wrel ess technol ogy, such as Bluetooth, to aid the
posi ti on- det er {rjaads 0 vel @cthi Goqicncyrstadiility onpr TenRRrabirelasqy hegrtiliesd to agedipti ng | ow
power short range wireless technology to aid the position-determ nation
section with ape yaRPieXiNBY 6 thebainnhiy of{0d BIP sElvBitoMign! adasah. alleodbCS
correction information to be sent to the ALCS via the wreless

conmuni cat i ons gt WEAL.CTH @dmmghwa@cmt fhe eime frpra@mBnaaficototoodwogsr the
GPS- st andal one and networ k ai ded nodes, or by remaining in the network

ai ded rode, f Qf,c$4,0%GRABHLRY ol foGfnplehlnioht ainte tpmefel ‘ecel the edniob f then
(e.g., Jono correction factors, new sub-al manac information, etc.). The

ALCS al so al | owpgf e8P eholcd 2h@Fhen the ARt w10l Sn 0 iy aslsr the control of the
accel eroneter, pressure sensors, tilt nmeters, etc.) also included on the

ALCD to add to t% accuracy of the position determ nation, as well as
provi di ng the ,&EJ "with approximate locations tinme, and frequency
information to assist the ALCD in determination of a nore precise position
determ nation and/or inprove the TTFF tinme for each client. TIME AND
FREQUENCY Al DI NG PREQUENCY TRANSFER :

[0135] FIG. 16 illustrates an example of an implementation of freqnency-iransfer
architecture as wfilized in conjunction with the ALCS 1600. In this example, the
ALCS 1600 operates in conjunction w1th cellular telephone system such as the
CDMA ‘s;ystem utilized in the United States where each Basestation (“B8”) has ahigh
quality reference clock. System ALCS 1600 shows that the B;S-clock 1602, with an
' Jisociated BS-clogk 1602 frequency, may be transferred fo fhe CP-clock 1604 and
theﬁ toﬂ ’;hé GPS;cloclc 1606 as follows, to estimate fhe GPS-clock 1606 frequency
offsef és necessary, _ '
[0136] Typically, the communication section of the ALCD (not shown) tracks the
wireless network signals and measures the CP-clock 1604 frequency offiset relative to
the BS-clock 1602. The CP-clock 1604 frequency uncertainty after this measurement
is typically caused by BS-clock 1602 frequency offset, which is specified by the
network standards, ALCD tracking loop perfonnanpc, CP-cioclc 1604 frequency

stability, and ALCD motion,
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[0125] Wreless network systens typically have high quality reference
clocks, and sone wireless network systens, such as CDMVA, are synchronized
on absolute GPS- tine, The ALCS allows for the wirel ess network frequency
reference to be transferred to the position-determ nation section of the
ALCD to estimate the GPS-clock 47 frequency offset and significantly
reduce the frequency uncertainty. The GPS-tinme reference may be )
transferred to the position-determ nation section to the GPS-clock tine,
The main pur poge 37 Theicommanidation aoptien diyentpesdindedly assmily & Bepverey tekerence
uncertainties of ALCD clock tine and frequency, and thus to_inprove the
TTFF. Thi s ti mpetsh@naiiay positay-dajcsninaint sceibut wberothemprage bikwelly crsiisyi ty.
TIME "TRANSFER [0126] FIG 15 illustrates a bl ock di agram of an exanpl e

i npl enent at i on g@f eridy tih FRqudnGabavesn thechmioslm] 604 kick Bd Bhelodnjladbt ilhe wit h
ALCS 1500. In this exanple, the ALCS 1500 is synchronized on absol ute UPS
time, such as WehRh8ssfcRbyREnssis schzatngper@DiMermineGBiIlei ALCTD oapebilidies,
Measurenent Units ("LMJ'). Typically, the GPS- tune reference 1502 is

transferred to .k hey GRS, A8Bki®Br Bk upiesHatd bt GESold 1506 andipn Chrdovikz e
UPS-clock.-tinme wwth GPS-tine. In this exanple in the ALCS, the tine

transfer maybe . B8 d PhiexhR PR Eif BleCPIER-cIbEIR0b ahdCP ek i1 664 arsteth, t he
basestation (° é@ﬁfﬁ@@%&g’% 1504 r}r;ayﬁbe synchroni zed to the GPS-tine

reference 1502y il URGARCH Aidiceshide niFhe bos losd0A tibarted CRIIb e
atlion an

system confi gur

may be in the range of 100 to 300 nanoseconds.
This is

1606 and the CP clock 1604 are both low guality crystals, or in some cases only once.
However, the periodicity -of the frequency error update is selectable by the ALCD
manufacturer. Becanse the GPS clock 1506 is compared to the CP-clock 1604 at its
own tate as deseribed below, any CP-clock 1604 versus BS-clock 1602 drift between
frequency reference messages will be added to the uncertainty of the GPS-clock 1606.
Another method for sett%ng the CP-clock 1604 is to steer the CP-clock 1604 ‘onto the
: récéivetf éignals and synchromzed onto BS-clock 1602,
[0138] Other approaches, such ﬁs U.8. Pat, Nol. 5,841,396, issued to K-ras_ner, which is
incorporated by refefencs herein, describe a phase-locked loop approach to locking
ihe GPS-clock 1606 to the CP-clock 1604. The ALCS 1600 avoids the additional
cirouitty and signal fransfer between the CP section and the GPS section that is
described by the Krasner appr;)ach. ;This resulis in the ALCS 1600 being easier and
less ;axpensive to jmplement in an existing eellular, witeless, or wired telephoﬁe
syston . | N
- {0139] FIG. 17 illustrates a block diagram of an example of an implementation of the

frequency-transfer architecture utilized in conjunction with the ALCS 1700, The
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typically a built-in feature of certain types of networks. [0128] In the
second step, the CP-clock 1506 is synchronized onto the BS-clock 1504 by
timng the reception of one specific event in the master frame transmtted
fromthe BS-clock 1504 to the CP-clock 1506. The BS-cl ock 1504 transmts
the master frame wth the transmssion tinme of the first bit predictable
in absolute GPS-tinme with an accuracy of 300 nanoseconds. The

synchroni zation error between the BS-clock 1504 48 and the CP-cl ock 1506
i s caused by t h&CBTI0Ehey ewbesipdhamoverall fimweBS-corbBkhinsuts g bY Seoup
delay in the BS-clock 1504, signal transm ssion tine due to the distance
bet ween the ALGRandudnbe chasesipet without {dviing ribu FP8elasly 172 thehecPPedaski on,
and the ALCD architecture. [0129] As.long as the ALCD tracks the _
basest ati on, thepd P Tsectricon 1061 bive ALIGH: ak@RSwedtion 1766 ovithie typgositiv: and
may predict the associated accuracy of the GPS- tine at the ALCD, neasured
and adj ust ed dygiecRgndilos sortios ¢edt showySomAtCRo pecfibm$ @8 withinithe corpmbnicitive. | f
the ALCD | oses track of the basestation or the BS-clock 1504, the CP- clock

1506 accuracy Wkl dRI4BHE) aldibewi@hihe Gpsklckh 0 80eii(-cadkci Ode gl &dal Tn may
be predicted based on the CP-cl ock 1506 .frequency stability, which is

normally repr gga%ﬁf%ﬁﬁre%)éxégmsiﬁwsﬁ&iﬁ%duﬁdw@ﬁ thendssapepadicdy depmdigsin
ne

tracking. [.01 I's designed to be air-interface independent. As

theanobi | e hanqﬁ?fesid&%l hige ted B SRdTRR Afstiigohe freguehfeadd/mtimacgenef

tracking conditions, clock ™ 1504 frequency' stability, and the
air-interface pgrieLaR0LEssadefnd RN Rril@RAfahoteristios of the CP-clock 1704, The

trailsmitted information is the relative ﬁ'eciuency error, not the absolute error (in Hertz
“Hz"), becavse the GPS section 1706 does not know the absolute frequency of the
CP;clock 1704. The message fhat the GPS seotidn 1706 needs is independent from
the nominal CP-clock 1704 ﬁ'cquéncy.

[0140] The GPS section 1706, and the GES-clock 1702, wfilize the uncertainty

“information of the CP-clock 1704 frequency i optimize signal acqidsition

performance. Bverything in thé error budget, other than the ATLCD 1701 motion,
depends on the wireless infrastructyre and the CP section 1708 archifecture. The CP
section 1708 sends the GPS section 1706 messages periodically, which messages
contain CP-clock 1704 nominai frequency in Heriz _(e.g_., the frequency of the divided
CP—Clook 1704 is sent to the counter 1710 by the CP section 1708 for measurement to
conveit absolute frequency error into a relative frequency error) CP-clock 1704
relative frequency offset versus BS clock (not shown) ﬁ'equ.ency, and CP-clock 1704

frequency offset uncertainty.
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manuf acturer may detenuine the preferred or best nethod to provide nodels
and/or interfaces to the GPS-clock 1508 to transfer the absolute GPS-tine
and the associated accuracy including all uncertainty effects. 10131] In
the third step, the UPS-clock 1508 asks the CP-clock 1506 for a tine
transfer nessage via the communi cations | nk between the

position-determ nation section of the ALCD and the communi cati on section
of ALCD. Typically, this tinme transfer request nmessage contains no

paramet er. 1013@M411Fie CPENwsithda06 then mecties theatlativedioqna@ey helrepefstGR% such a
nmessage in several different ways. The conmunication section may generate
a precise tin pEek #D2eme Me @doslel Tvrtiizing meotmanidier Thesffortive widdsefge. The
timng event is typically a single rectangular pulse, with either a rising

edge active or tﬁ@dohﬁt&%aﬁﬂgﬁglﬁpisid\éﬁnnﬂﬁfby touming o adiemineé spohereoh@RBage
typically contains the time of the timng event in UPS week, seconds into

t he week, and t.} {sb@l THeubeSEaTMasck B4 tpuliesdpring ehis igatinpgsigred ént
usi ng the GPS- ccrdggﬁw%gﬁg t he UPS-cl ock 1508 is synchroni zed onto CP-cl ock

1506 time. [ 0133}, Fhe s ommm ol e S8aid eRoRyyah 5o GRSdock 1702l did heressage
back to the position-determnation section, For exanple, the conmmunication

section or posidtd ermnation section nmay nonitor the CP-clock 1506
and GPS-clock 1 0@8&\)&%6&'

_ ( _ en a tine transfer request is nmade, the _
commn oL TP (R 500 S e, e
information depends on the Allan variance of the GPS-clock 1702 and its stability
over temperature. The perlodicity of sending of the frequency reference information
may be adjusted depending on maximum frequency error allocated to the GPS-clock
1702, and quality of the GPS-clock 1702, In an alternate implementation, or for
convenience of implementation, a frequency divider may be inserted between CP-
.clock 1704"‘aud counter 1710, thus reducing the abs;olutc frequency to be measured by
the couﬁter'll"ﬁﬂ-. This 151"00653 is described in United States Patent 6,684,158, issued -
on January 27, 2004 to Garin e;‘, al. and t_itled “Method for aiding a global positionj‘ﬁgr
system,” which is her.é'm incorporated by réfen_mc; in its entirety.
[0343] Tn FIG. 18, a flowchart 1800 is shown illustrating the steps utilized to practice
an example process performed by the ALCS. The process begins 1802, and block
1804 illustrates receiving at least one .signal from at least one GPS satellite at the
ALCD, wherein the ALCD may be selectively switched between a GPS-~standalone

mode and at least one other mode, Block 1806 illustrates periodically transmitting a

frequency reference message to the ALCD, Block 1808 illustrates determining the
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time 1502, a difference calculation is nmade between the GPS-cl ock 1508 and
the GPS-tine 1502. This delta may then be utilized for UPS cal cul ati ons
and position determnations until a newtine transfer is requested. [0134]
The timng information is typically required when the

position-determ nation section begins a new search on a new UPS satellite.
The timng synchronization may be nade periodically at the request of the
position-determ nation section. The effective tinme accuracy available for
the search nmayg@besiegoatedidVR rtiizinesbhs bHcet oresignbad thef ey eiFFHse and/ or
frequency was sent due to the quality of the GPS-clock 1508; however, the
approach descr irhggeeWThépoespihen cide it Hep MWITS reduces or el imnates the need
for locking the GPS-clock 1508 to the CP-clock 1506, as well as having the
CP-cl ock 1506 fpakerhetppodelieinGRS: 18 may hefrerfaned bySeaiwaaot sdtveee.c ok 1504,
The frequency stability of the GPS-clock 1508 (represented by its Allan 50

variance as Wegfocé§ i etofddienawat) tbisbitire megneddenpeofware ejemay (b
utilized to prédict ‘the tine uncertainty at the beginning of the GPS

satellite si gnghmﬁﬁ%{ ok Aflbe AleSofimigas sbibeardERoryn nmgringhadd sn prdedidct i ng
the tine degradation effects, to choose the tinme transfer.periodicity, and

to inplement thg.ti 0s iR EmHoRs Br ihsle@aiting Wgidal fubbibns GRSCagK’ (h&08
choi ce' and vvher?&t1 eﬁﬁ}ééf{tlﬁsearch is nagglgi s under the control of the ALCS.

FREQUENCY  TRANSEE el i3 dnt el i ottt 5uah @ digial eicautay or shorcarvode or i

i npl ement ati on 035 fre uency-trans
analog form such as analog circuitry or an analog source such an analog electrical,

sound or video signal), may selectively be embodied in any computer-readable (or
signal-bearing) mediurn for use by or in connection. with an insjl"uction exeoution
system, apparatus, or device, such as a computer-based system, processor-containing
system, or other system that may selectively fetch the instructions from the instruction
gxecution system, apparatus, or dévice and execute the instructions. In the contexf of
' ﬂﬁs docmlneﬁt,;a ;;computef;rééid'able medium” and/or “signal-bearing medium® is any:"
means that 1ﬁa,y contain, store, communicate, propagate, or transport the program for
use by or in connection with the instruction execution system, apparatus, or device.
"I‘he computer readable medinm may selectively be, for example but not limited to, an
electionic, magnetic, optical, eleciromagnetic, infrared, or semiconductor system,
~ apparatus, devioe, or propagation medium., More specific examples “a non-
exhaustive list” of the computer-readable medium would include the following: an.
electrical comnection “electronic” having one or more wires, a portable computer
diékettc (magnetic), a RAM (electronic), a read-only memory “ROM?” (electronic), an

“orasable programmable read-oply memory (EPROM or Flash memory) (electronic),
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architecture as utilized in conjunction with the ALCS 1600. In this
exanple, the ALCS 1600 operates in conjunction with cellular tel ephone
system such as the CDVA systemutilized in the United States where each
basestation ("BS") has a high quality reference clock. System ALCS 1600
shows that the BS-clock 1602, with an associated BS-clock 1602 frequency,
may be transferred to the CP-clock 1604 and then to the GPS-cl ock 1606 as
follows, to estimate the GPS-cl ock 1606 frequency offset as necessary,
[01361 Typi cal lay pptidakefileo foptirdl; atd & poriblet doowatsidiseheadambomeney "SAREY "t r acks
the wreless network signals and neasures the CP-clock 1604 frequency

of fset rel ati veopitioal).t heteBSaiche chma2eadale nehivel ook c1@0le PISH GE Apgiher
uncertainty after this neasurenent is typically caused by BS-clock 1602
frequency of f setibhi@hivins uspe ehichetlie byogrive isnpinmed; kessthai pragesy cm dp
tracki ng | oop performance, CP-clock 1604 frequency stability, and ALCD
notion, sr [ 013fhidhe@lls amplriic aial o ineoice aptitd emapény ofllwapiper taraetheri ts a -
frequency reference nessage to the position-determ nation section where
the message typhéiahl hGOhnileg intbipeoiddr sraithdrnisé pageeatin oetiwblEnmedrer @P- cl ock
1604 and the BS-cl ock 1602. The requency reference nessage is sent at a

period det er m ngghshyy bAehAL GReCaRARIpIfI Remoryas Wel | as the necessity of
t he updat es based on" 't he GPS-clock 1506 and/or CP clock 1604 requirenents.

For exanpl e, iL[Oid%?’V@@'ﬁi’i%‘%m%@@iﬁmﬁt@%f%iﬁ{f@_ﬁkn h6Rbeai dedosibdil, ithwighbaual i ty

crystals, the update nessage may be sent |less often than if the GPS-cl ock
apparent o those of ordinary skill in the art that many more ersbodiments and
implementations are possible within the scope of this invention. Accordingly, the

invention is not to be restricted except in light of the attached claims and their

equivalents.
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1606 and the CP clock 1604 are both low quality crystals, or in sone cases
only once. However, the periodicity of the frequency error update is

sel ectable by the ALCD manufacturer. Because the GPS cl ock 1506 is
conpared to the CP-clock 1604 at its own rate as described bel ow, any
CP-cl ock 1604 versus BS-clock 1602 drift between frequency reference
nmessages W ll be added to the uncertainty of the GPS-clock 1606. Anot her
met hod for setting the CP-clock 1604 i& gggfteer the CP-clock 1604 onto the
recei ved signals and synchroni.zed onto BEE ock 1602. [0138] Ot her
approaches, such-as U.S. _Pat. No. 5,841,396, issued to Krasner, which is

i ncor por at ed byWhafedmed ™ her oi n, describe a phase-| ocked | oop approach to

| ocking the GPS-clock 1606,.tq the CP-clock .16 Th dRYkngyoi ds the
additional circuitbty add *As‘fiﬁﬁa‘lm?‘?”a WW%%%\%@%% E%L%%és%‘(:ti on@almd t he

GPS section that is described b he Krasner approach. This results in the
ALCS 1600 bei ng easﬂé@lﬂ&ﬁﬂmsf‘l@% pensive to inplenent in an existing

27Dl ock i agram of | AnAERHPRESEO BRSO EHPR Aok o] Ppps 1 [T ustrates
The 52 ALCD 1701 mayomaRRepheeHen BUGHa orprBupEmoy tape o etfeeee, £ 00
i nposed by the total frequency error budget w thout |ocking the GPS-cl ock
1.702 to the'CPm@lock 1704. The ALCD 1701 may include a UPS section 1706
D o ey ot 550 S s, A Bo i 1700

determination section i capablé of selectively switching between B

| a first posiﬁon—dateﬁnaﬁon m.ode for determining & _gaolo‘catiqﬁ of the -
ALCDmd |
a second posiﬁdnndetenﬁmﬁon mode for determining the geolocation of the

ALCD,

2; Tﬁa ALCS of ¢laim 1 Whereig the selective switching occuts

| s@stanﬁally simﬁitanequs_ly with the determination of the geolocation of the ALCD.

T3, The ALCS of ¢laim 1 wherein the geolocétioﬁ server receives at 1eas_t‘ |

onie GPS-signal from at Jeast one G?S satellite.

4 The ALCS of clsim 1 wherein fhe commuication sectiop! is capeble of -

| éelecﬁvely:'sending:ﬂie 'deténhhwd"geolocatiojl of the ALCD to ;the‘"geétqcaﬁon‘"sewel;;
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section (not shown) along with the GPS-clock 1702 and CP-cl ock 1704, ALCD
1701 nmanufacturers may design specific bounds of the nessage periodicity
depending on the residual budgeted frequency error after adjusting the
frequency and/or tinme using the reference nessage, and Allan variance
characteristics of the CP-clock 1704. The transmtted information is the
relative frequency error, not the absolute error (in Fbrtz "FE") because
the GPS. section 170.6 does not know the abso| ute freq CP-cl ock
1704. The nessage tihat TheeMGBigkin | gherpirdhe HERQePs® Pﬁﬂ% gﬁﬁ%”?”fron1 t he
nom nal CP-clock 1704 frequency. 101401 The GPS section 1706, and the
GPS- ¢l ock 1702 mot is kélavked fiiow e eendHiey % i nf or mati on of the CP-clock 1704
frequency to optimze signal acquisition performance. Everything in the
error budget, otherGehamdsiwe wideD 1701 notion, depends on the wirel ess.
infrastructure and the CP section 1708 archltecture; The CP section 1708
sends the GPS sect i paPl#ifihomesnges periodical ly, which nessages contain
CP-cl ock 1704 nomi nal. frequency in -Hertz (e.g" the frequency of the divided
CP-cl ock 1704 is sepizps-petivbit acledmpds, 1710 by the CP section 1708 for
measurenent to convert .absolute frequency error into a relative frequency
error) - CP-cl ock 1704 Gpe-attatikeentfisegleency of f set versus BS cl ock (not shown)
frequency, and CP-clock 1704 freguency offset uncertainty. 53'[0141] The
GPS section 1706 t hggwhkasitd esddéihe rel.ative frequency between the GPS-
clock 1702 and the CP~cloelc 1704 utilizing a counter 1710. The effective
w dt h of ' areversa-mdmgmode Bﬂd C

| an aug:nented~autonomous mode.

6. The ALCS of claJm 5 -whereﬁ the second ppsiﬁ_on*defefminaﬁon mode
: is selected fiom a group consisting of:.
: GP-S;standaloﬁe mode;

| ' GPS=anonomons-aode;

: a‘GPS-neﬁork aided mode' .

a GP S—netWork cen‘mc mode; ..

network—based mpde;

amv;arse—mdmg mode and

an aug_mented—autonomous mode.

7'. : The ALCS of claim 6 ﬁvliereinthq selective switohjng' pceurs

a ‘sﬁB‘s"tﬁntiaﬂy gimultansously witir fhe determinationof ﬂle"geoidoaﬁon:'of'ﬂl_c ALCD 3

58



the counter gating signal is determ ned by counting a predeterm ned nunber
of GPS clock 1702 pul ses. The nunber of CP-clock 1704 pul ses during this
gating signal is utilized to determne the relative frequency error

bet ween the GPS-clock 1702 and the CP-clock 1704. [0142] The frequency
drift between transm ssions of the frequency reference information depends
on the Allan variance of the GPS-clock 1702 and its stability over
tenperature. The periodicity of sending of the frequency reference
information nay be, adjThshaasdépeimlf rciei ThrsePIHCP! %’cfﬁé??@;}s &8 Al | ocat ed
to the GPS-clock 1702, and quality of the GPS-clock 1,}702,1 | n an aell_t ernate
i mpl ement at i on g @fvelyendinpaimviziipineé gefodaiy) & R inihe geqloctlioR A%V di vi der
may be inserted between CP- clock 1704 and counter 1710, thus reducing the
absol ute frequency to be neasured by the counter 1710. This process is
described in United States Patent 6,684,158, issued on January 27, 2004 to
Garin et al. and tig/| edrhMatdsost cfetm 8@@%&0@%%&?&*1%%41?’6%@%@5asystem "
which is herein incorporated by reference in its entirety. [0143] In PIG
18, a flowchar tyk80Qedsgershown il.lustrating the steps utilized to practice
an exanpl e process perforned by the ALCS. The process begins 1802, and

bl ock 1804 illustrates receiving at |l.east one signal fromat |east one GPS
satellite at the  ALCD, wherein the ALCD may be selectively swtched
between a GPS- st andg) ongype ARGE ofdlgined whereis thearectiye BRitchiRERECB| ock 1806
illustrates periodically transmtting a frequency reference nessage to the
ALCD. Bl ock 180&1])&43!&5@%&@111@@0% wlifiheideagmiiheion 52the geolocation of the ALCD :

\

11,  The ALCS of claim 10 wherein the sefective switching of the position-

defermination section {5 performed antomatically by the ALCD.

12.°  The ALCS of claim 11 .wher_eis; the selective switching of the position-

. detemnination secionis pesformed avtctmaticalty by the communieation sectiors, ...

13 The ALCS of claim 10 wherein the selective switching of the position-

detéfminﬁﬁoﬁ, éecﬁon is performed jmanua’lly by the ALCD.,

14, The ALCS of claim 13 wherein the selective switching of the position-

detern?inaﬁon seétion is performed manmally. at the oomenigaﬁon section. -

. 7157 “The ALCS of clain 9 wlhiereini the selectively sendi_ng'nfﬂxe'

déteﬁnined geolé ¢ation of tﬁé ALCD is performed avfomatically by the ALCD.
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geol ocation of the ALCD utilizing the at |east one signal and the frequency
reference nessage, The process then ends in step 1.810, [01441 The process
in FIG 18 may be performed by hardware or software. If the process is
performed by software, the software may reside in software menory (not
shown) in the ALCS. The software in software nenory may include an ordered
listing of executable instructions for inplenenting |ogical functions
(i.e., "logic" that may be inplenent either in digital formsuch as
digital circuitry or source code or in . analog form such as anal og
circuitry or an anal og source such an analog electricagl, _sound or video
signal ), may sel ectjgyvelShebd.Csndfollize 8 wharchnihe wlsath Ye%“?‘@&ﬂ%@ﬁe (or
si gnal - bearing) mediumfor use by or in connection with an instruction
execution sysh@ghmﬁ@@ﬁkﬂﬁhﬁﬂfﬂmPdéﬂ)h@@ﬁsm@%mﬁ@n%wﬁbﬁﬁ@%br-based system
processor-containing system or other systemthat nmay selectively fetch
the instructi oRsyhf@mishectionst ructi on execution system -apparatus, or
device and execute the instructions. In the context of i ." this docunent,
a "conput er-readabl e nedi um and/ or " "si gnal -beari ng nednxn i s any. neans
that may contain, store, conmunicate, propagate, or transport the program
for use by or in cmneq‘hémg%iﬂmwhmdnﬂme@lbctﬁmdﬁﬁwmﬂQfﬁh%yst em
apparatus, or device. The conputer readable medium nmay sel ectively be, for
exanpl e but notyclhistolbArioRét hehRCD fsopeiformaiagmetliydy oo
el ectromagneti c, |nPr red,. or sem conductor* system - apparatus, device, or
propagati on nmedi um More specific exanples "a non- exhaustive list" of the
conput er -readabl e nedi um woul d i nclude the follow ng: an

18, The ALCS of claim 17 whetein the selectively sending of the

detérmined geolocation of the AT.CD is performed man_ua]ly af the commpnication

section,

19, - The ALCS of claim 9 wherein fhe selective switching of the position-

- semminion seokonis porforneatsmBeally By e ABCD.

a0 Tﬁe ALCS of claim 19 wherein fhe selective switching of fhe pdgiriom |

‘.detem:dn-aﬁon section is performed automatically by the communication section,

91. - The ALCS of claim 9 wherein the selective switching of the position-

" . determination section is perfqnﬁed-ma&mally by Flie ALCD.

|9 THE ALCS 6f olaind "21"ﬁhéféiﬁ'th'e““sél’e‘"ctive-'switchiﬂg“df':thg positions

defermination section is performed manually at the commumication section:
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el ectrical connection "electronic" having one or nore wires, a. portable
conputer diskette (magnetic), a RAM (electronic), a read-only nenory "ROM
(el ectronic), an erasable programmabl e read-only nenory (EPROM or Fl ash
menory) (electronic), 55 an optical fiber (optical), and a, portable
conpact disc read-only nenory "ODROM' (optical). Note that the
conput er -r eadabl e nedi um nay even be paper or another suitable nmedi um upon
which the programis printed, as the programcan be electronically
captured, via for instance optical scanning of the paper or other nedi um

then conpiled, interpreted or otherw se processed in i table nor i f
necessary, and themsst oTlRdALGE of ciaiwmdurr &5 Whekeo by FEPRTS = ‘P}n@“%?? bus
enbodi ments of the invention have been described, it.will be apparent to

those of ordi nagiyjzes khdthork restrines safetied fram argsvp opREo8Mbodi nent s and

i npl enentations are possible within the scope of this invention.
Accordingly, the ipugptieomeeknot to be restricted except in light of t he
attached clainms and their equivalents. 56 CLAIMS Wat is clainmed is: 1,
An Ai ded Location C@gammgfeaﬁumwﬁyktaam ("ALCS'), commprising: a

geol ocat i on server; and an Aided Locatl on Communi cation Device (" ALCD')

i ncl udi ng awireless nefwork.

4. The ALCS of claim 23 wherein the wireless network is a Blaetooth

wireless network.

95, The ALCS of claim 23 wherein the wireless network is an IHEE

‘802,11 wireless network.

96 TheAECEof claim S or 6, whtrein the: augmemtedvautonomous mode -
utitizes an external device that is capable of ﬁa_nsmitt_mg augmented—aldmg

information.

'27.. "The ALCS of claim 26 wherem the external devwe utlhzes a wneless

transmlsmon to transmlt the augmentﬁd-aldmg mformatlon

728. - The ALCS of claim 27 whetein thé Wixeléss transmission includes a

" Bluetooth transmission,
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a. eonmuui eation section in signal comrunication with the geol ocation
server, and a position-determ nation section having a CPS-receiver,
wherein the position- determ nation section is capable of selectively
switching between a first position-determ nation node for determ ning a
geol ocation of the ALCD and a second position-determ nation node for
determ ning the geol ocation of the ALCD. 2. The ALCS of claim 1 wherein
the selective switching occurs substantially sinultaneousl, iLth the
det ermi nati on of t e, gePhatBbEs ofvlam 27 mdersindhy wireess HRRFHAISEE %‘I”]‘%‘Tsﬁlm 1
wherei n the geol ocation server receives at |east one GPS-signal fromat .
| east one GPS gEl@(2iit @anshissibhe ALCS of claim | wherein the comunication
section is capable of selectively sending the determ ned geol ocati on of
the ALCD to the geol ocation server. 57 5. The ALCS of claiml| wherein the
first node posrtton-aerexXinl ~~xv" node is selected froma gr ng '
consi sting of; GPSst@ndaiheAbCEweeainel /GRBain haorens! depigeincidesOhet wor k
ai ded Mbde; a GPS network centric Mode; -

wireless re-radiator. :

'y

‘31, - The ALCS of claim 26 wherein the external device utilizes a non-

wireless {ransmission to transmit the mugmented-piding information.

32.‘ The ALCS of claiﬁ 31 wherein the non-wireless transmission inclndes

- g serial connection.

33, The ALCS of claim 31 wherein the non-wireless transmission includes -

g Bfherneteopmestion.

34: " The ALCS of claim 31 wherein the non-wireless transmission inclndes )

an glectrical connection.

35, The ALCS of claim 34 wherein the external device includes ab,attery Ny

charger for the. ALCD. .

‘;'56; o 'Tlié‘AI;CS"df 01a1m26 W]iéréii_i'ﬂiéE'}i’téﬁlﬁl‘ﬂéﬁ'{ié‘inclﬁd‘éﬁ” o

. stationary object, |
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net wor k- based node; a reverse-aiding node; and an augnent ed- aut ononous
node. 6. The ALCS of claim5 wherein the second position-determ nation node
is selected froma group consisting of: . GPS-standal one node; . a UPS

; aut onomous7node .. Et GPS-network ai ded node; a GPS-network centric node;
net wor k- based node; areverse-aiding node; and an augnent ed- aut ononous
node. 7. The ALCS of claim6 Werein the selective switching occurs
substgitially simultaneously with- the determ nati on of the geol ocation of
the ALCD. . ss The ALCS of claim 6 wherein the cornnuaai cati on section as

eapacac ux soleotively sending the determ ned geol ocati. f ~ALCD t o
t he geol ocation ser¥fer, The AR ofglaig 3(9be€¥'3§}‘£‘?§ %’f&'ﬁy@?’ mltlﬁéu@%?r?é%nﬁcati on

section includes a wreless receiver, 10, The ALCS of claim9 wherein the
sel ective sw tadpang occurs substantially sinmultaneously with the '
determ nation of the geol ocation of the ALCD.

38, The ALCE of claim 36 wherein the stationary objeet includes a fraffie .

sign,

39,  The ALCS of claim 36 whérein the stationary objeet inclndes a light

post.

40.  The ALCS of claim 26 wherin the angmented-aiding information

includes the Tocation information for the external device.

. "Ehe%@&éf—élaiméﬁ‘wll@rqi-n;the-augmant@d*aidiqg-—infamaﬁm o
includes epherheris data for the GPS satellifes.
42, Tﬁe ALCS of claam 6 wherein the ALCD qpera{ing in the network-
| based méde utilizes transmitters within an external 'oomr'hunidaﬁon system 10

) deté@hie the geoloca’c_ioﬁ of the ALCD.

L 4 ThoALCS of claim 42 wherein the ALCD utilizes a Time Difference

of Artival ("TDOA™) techmque“to etermine "thE"g'eolr)cati(‘m'-of*the- ALCD. __
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11. The ALCS of claim 10 wherein the selective switching of the position
determ nation section is perfornmed automatically by the ALCD. 12. The ALCS
of claim 11l wherein the selective switching of the position- deternnnataon
sectionns perforned-automatically- by-the comuni cationseetiolr 13. The
ALCS of claim 10 wherein the selective swtching of the position-

determ nation section is perfornmed manually by the ALCD. 14, The AILS of
claim 13 wherein the selective switching of the position- determ nation
section is perfornegd mapuahles af i3 cdwrriribe et cOBERPGHIONFERTRIR ALCS of
claian 9 wherein the selectively sending of .410 determ ned geol ocation of
the ALCD is per,fonmdoatiaambi saleby by the ALOD. 59 16, The ALCS of claim
9 wherein the selectively sending of the determ ned geol ocation of the
ALCD is performed automatically at the comunication section, 17. The ALCS
of claim9 wherein the selectively sending of the determ ned gooiocation
of the ALCD is perfginedﬂﬁg&gghﬂymﬁyﬁWh&ﬁAMMDMJﬂQSPWMH@HA@@SﬁGﬁmcIain117
wherein the selectively sending of the determ ned geolocation of the ALCD
is perfornmed map HeQuuegni cati on section. 19.- The ALCS of claim?9
wherein the sg?%c %%@éﬁﬁnﬁgﬁFﬁg of the position- detetm “ufltibn
sactYoit=is perforned autciri ttoally by t1'te ALCD.

46, The ALCS of claim 45 wherein the ALCD operaiing in the teverse-

aiding mode monttors the ALCS for utilization in power management of the ALCS.

4. The ALCS of élaim 46 where the power management includes vatying
the characteristics of an antenna beam transmitied from a basestation to the ALCD,

wherein the basestation is within fhe ALCS.

48, 'Tﬂéﬂ%—lﬁes--e':f-éélﬁimrllé"-'-Wb;eréin%th@f;-;,a—.:@D:@p@sﬁtig;g;mﬁ'ﬁlaf@:?revevlﬁe—

' siding mode monitors fhe ALCS for uiilization in cell planning of fhe ALCS.

49,  The ALCS of claim 45 .v&.rherein the 'AL_C‘D sends the geologation
server {he determined geolocation of the ALCD along with Wirgléss network

ndonitoﬁng infonné,ﬁpn. .

50, .The ALCS of claim 49 wherein the wireless network monitofing
' jiifsdtion Hetudes wireloss Signal‘stfangﬂxofﬂp'wiréless-ue}wqu at-the.

g_eolocat:lon‘of the ALCD .
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20. The ALCS of claim 19 wherein the, selective switcbing of the position-
.determ nation section is perfornmed automatically by,the comuni cation
section. 21. The ALCS of claim9 wherein the selective switching of the
position- dotene ation section is performed manually by the ALCD. 22 The
ALCS ofclcurl ZI wherein the selective swtching of.the position

determ nation section is perfornmed manually at the conmunication section:
60 23, The ALCS of claim5 or 6, wherein the augnent ed-aut onornous node
utilizes a. network resource selected froma group consisting of. a

conput er network; a conmuni cation network; and % ng{ | ess neﬁtwor k, 24, The
ALCS of claim 23 whek ei Bht AECRDF dbimed WheralibPr ALED KIS R BB r el ess
network. 25. The ALCS of claim 23 wherein the wreless network is an | EEE"
802. 11 wi r el esseRetinoreklocsBen, velokity el .11@13&01’@}%11%‘“@ %,WWWWWPF e
augnent ed- aut ononbusnode. .. _  utilizes an external device that is capable
of transnmitting augnented-aiding information. 27, The ALCS of claim 26
wherein the external device utilizes a wireless transm ssion to transmt
t he augnent ed- ai di n@2.i nfihe BRCSe claim 45 whcraipﬂm ALCD, opcratmgm-ﬂlqreversew ,

aiding mode, provides fhe geolocation server with red}mdant time and frequency |

reference information maasur-ed at the ALCD,

53,  The ALCS of claim 52 wherein the ALCB models the wireless network
fime offset and frequency drift from the redundant time and frequency reference

information measured af the ATCD,

54.  The ALCS of claim 45 wherein the ALCD sends the geolocation

| serverthomultipaiiiinformatioiieasired-ot heALCD;

55, The ALCS of claim 54 wherein the ALCS models the wireless network

salfipath characteristics from the measured multipath information from the ALCD.

- .56. The ALCS of claim 45 wherein the ALCS aligns the phase locked loop

| (“PLL”) of the ALCD wireless ﬁaé]dng loops.
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28, The ALCS of claim 27 wherein the wireless transm ssion includes a

Bl uetooth transmssion. . ei . 29, The ALCS of claim 27 wherein the

wirel ess transm ssion includes an |EEE 802,11 transm ssion. 30. The ALCS
of claim 27 wherein the external device includes a GPS w reless
re-radiator. 31, The ALCS of claim 26 wherein the external device utilizes
a non- wireless transmssion to transmt the augnented-aiding information.
32. The ALCS of claim 31 wherein the non-wrel ess transm ssion includes a
serial connection. d;’yB Thea At dfimd whiomiBthe WhEDiparati RBioBHINPEE ess
transm ssion includes 'an ENrerneteonneetion: 34, ' The ALCS of claim 31
wherein the no%{dﬁ‘ig&qﬁldﬁﬁﬁizbsr BREITTESiding frowlasdesd ALQEMV@%@@M connect i on:
35. The ALCS of clfaim 34 wherein the external device includes a battery

charger for the,..ALGH.36he febTocdMobSer®ér, Cl ai m 26 whereiix the ei tetual
devi ce i ncl udegw%’%stat?gg%a%y object, 62 37, The ALAS of claim 36 wherein

the stationary abject includes an EXIT
58, Thé ALCS of claim 6 wherein fie ALCD pperating in the reverse-
aiding mode utilizes space-domein multiplexing (“SDM”) to inerense the frequency

cppoity within & ccll of fhe ALCS.

50, 'The ALCS of claim 6 wherein the position-defermination section
switches between fhe first position-determination mode and the second position-

determination mode when a predetermined event ocents,

‘6_0. . The AT.CS of claim 59 wherein the predetermined svent is marally

-selecled by-a tiser.

61 Tﬂe ALCS of alaiﬁ 59 wherein the pfeéetermined event is initial

aéquisitibﬁ of at least one GPS satellite signal, '

62.  'The ALCS c;f claim 61 wherejn the first posiﬁgn—defcermina_ﬁog:mode
.» isa GPS—standalone:mode _and The‘ éecdnd, positioﬁ-detcﬁninaﬁon wiode is selected
ffém :i gtoﬁp,oonsisﬁng of | '
o G?s-miéﬁmﬁmsﬁoaa;

» GPS-network aided modé;
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sign 38. The ALCS of elaitn 36 wherein the stationary object includes a
traffic sign 39. The ALCS of claim 36 wherein the stationary object

i ncludes alight post. 40. The ALCS of claim 26 wherein the
augnented-ai ding information includes the location information for the
external device. -41. TheA-LGS of-el ai n2 6-Wharev~-t he-augnent ed, ardi 7?g
ufozmation includes epheneris data for the GPS satellites. 42, The ALCS of
claim6 wherein the ALCD operating in the network- based node utilizes
transmtters withinggps-aattvatraltticondmini cati on systemto deternine the

geol ocation of the ALGA. 43. The ALCS of claim42 wherein the ALCD utilizes
a Tinme Dfference @ftwdk-bbsedinode; TDOA") techni que- o-determ ne ,
t hegeol ocatiou ofthe ALCM 63 44, The ALCS of claim43 wherein the external .
eoaxi i nui ai aati on sy gdver-@ding modehddil ar cami zi uni cati aza system 45, The
ALCS of claim6 wherein the ALCD operating in the reverse- aiding node
monitors the ALCS. 4§mohbge@@Hosbuchadem 45 wherein the ALCD operating in
the reverse- aiding node nonitors-the ALCS for utilization in power
managenent of the ALCS. :

63, The ALCS of claim 62 wheriém the selective switching of the position-
determination section switches the position-determination seetion from the second

position-defermination mode fo the (PR-standalone mode.

64, The ALCS of claim 62 wherein the second position-determination

mbde is the GP8-network ajded mode.‘

65, The ALCS of' claim 62 Wherf;iﬁ the second positien-determination |

mpdeis thereverseaidingtods.

66, The ALCS of claim 65 whorein the ALCD is capable of receiving
infoﬁnatiéﬁ from a second source.

6-7_‘. '-I‘hé ALCS of claim 66 wherein thé_ second source is selected from a '
group consisting of:
" aBluetooth network; - -
a specializet mobile fadio (“SMR™Y neiwork:' :

aperéonal.communicaﬁon system (“PCS") network;
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.41, The ALCS of,claim46 where the power managenent includes varying the
characteristics of an antennabeamtransmtted froma basestation to the
ALCD, wherein the b asestation is within the ALCS. 48: |he: AZ-C S of
claim43 Wiezeiiithe: | GD opera#~g ??i the reverse- aiding node nonitors
the ALCS for utilization in cell planitg of the ALCS. 49. The ALCS of claim
45 wherein the ALCD sends the geol ocation server the determ ned

geol ocation of the ALCD along with wireless network nonitoring

i nformation. 50. . Bhen-&i@Ssddcaldredneiwpdiowher ein the wirel ess network
nonitoring i nformatl on includes wireless signal strength of the wireless
network at-the geqviehtilor! okandiwol CD. 64 51, The ALCS of claim 45
wherein the ALGA sends the geol ocation server the geol ocation, velocity and
headi ng of the ALCRQnwffaRidmetsivgiwi rel ess network, 52.- The ALCS of claim45
wherein the ALCD, operating in~the reverse- ai di ng node, provides the.

geol ocation server yhiohehegidant time and frequency reference information
measured at the AL 53.. The. ALCS of claim52 wherein the ARCS nodel s the
wirel ess network - thfmmyfpaghgmﬂoﬂqmduency drift fromthe redundant tine
and frequency reference information neasured at the ALCD. 54. The ALCS of
cl ai m 45 wherein th%m@@a@@msmﬂe geol ocati on

68,  The ALCS of claim 67 wherein the wireless local area nefwork is an

IBEE 802.11 wireless network.

69, The ALCS of cla;lm 67 wherein the geolocatlon of the ALCD is

detennmad atilizing GPS-Slgnals ﬁ'um at least one GPS satellite and the information

from the second souree.

70,  The' ALCS .of claim 59 .Wherein the predeterminéd event is alapse of a

predetermined amonnt of time without acquiting at least one GPS satellite signal.

7M. The ALCS of claun 70 Wherem the precletennmed event ocours S within

a ﬂm'ty second time Wmdow uentered ona time of determination of the geoloca,hon of

ihe ALCD.

72 The ALCS of claim 1 whe1 ein the-selective switching of the pasﬂmn-—-

detcmmnatmn sectmn is perfmmed automahcally by the ALCD,
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-server-the-nu tipath=i nformati on-neasured attheALGD 55. The ALCS of claim
54 wherein the ALCS nodels the wireless network nultipath characteristics
fromthe nmeasured nmultipath information fromthe ALCD. 56, The ALCSof
claim 45 wherein the ALCS aligns'the phase | ocked | oop ("PLL") of the ALCD
wireless tracking loops. G . 57, The ALCS of claim®6 wheroin the ALCl)
operating in the reverse- aidizng node utilizes direct OPS aiding froma
second ALGA wit-hin the ALCS wthout utilizing the geol ocation server, 58.
The ALCS of claim6 wherein the A LCP operating in the reverse- aiding node
utilizes space-domain nultiplSng ("SI ?M') to increase the frequency
capacity within a cejl ofyehnesAERn Bvheldreihadtivt swiichiog of theresiEpir t he
position-determ nation section swtches between the first :

posi ti on- det er n.pahir Ay FRASH R PReiirRed SEe0daBAS the ammuhtdaomiaetitd. on nmode
when a predet e[Hr%{é%%%“ event ocgur s, 60. The ALCS of claimb59 whereiii the
predeterm ned event is manually selecte'd:by.auser. 61. The ALCS of claim
59 wherein the predeternmined event is initial acquisition of at |east

one. GPS satellite signalyy 63 gTe) M Oyhis kinislepive shighnofthepdsiiont
posi ti on-det erm nat.i on rmc?e ‘1's a GPS-standal one: node and -t he

second, posi ti ona el 6 FANBkHAT Jifiehel af@US Y b ALCD.

75, The ALCS of claim 74 wherein the selective switching of the position-

" determination section is performed manually at the communieation section.

76.  The ALCS of claim 71 wherein the selectively sending of fhe

determined geolocation of the'ALCD is'perfomed' aufomaticaglly by the ALCD.

77, “The AG:ESOF olainr 76 wherein the selectively sendingof the -
defermined geolocation of the ALCD is perfofmed aultcn:l;,tatica.ll',s_;r at the

communigation section,

78,  The ALCS-o_f clairn 71 wherein the selectively sending of the

d'etermined geolocation of fhe ALCD is perfonne@vmanba;ﬂy by the ALCD.
79, . The ALCS éf claim 7 8 wherein the s_éiébtively sending of the -

deténﬁiiﬁdﬁeolooaﬁpn of the ALCD is performed manually at the commumication

“gection,
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froma group consisting of, a GPS-autonornous inode; a GP8-network aided
node; 66 a GPS-networlc cenirie node; network based node; a reverse-aiding
node; and an augnent ed- aut ononobus node. 63. The ALCS of claim 62 wherein
the selective switching of the position- determ nation section switches the
position-determ nation section fromthe second position-determ nation node
to the GPS-standal one node. 64, The ALCS of claim 62 wherein the second
position-determ nation node is the GPS-network aided node. 65, The ALCS of
claim62 wherein the second position-det erm nation anodei s#heseuerse

ai dangi nade. 66, The ALCS of claim65 wherein the ALCD is capabl e of :
receiving infornmats®on ThoAl85obdemd Werigiee. . 67. The. ALCS of claim 66
wherein the second source is selected froma group. cons stl n of: a

Bl uet oot h net wor k; ﬁmesqnmnumctatlme@rzmm eapalieen welectivgige P@ﬁ nod

geolpcation of the ALCD to the geolocahon Server,
the communication section includes a wireless receiver, and
the communication section periodicelly transmits a frequeney reference

message to the position-determination section,

81,  The ALCS of claim 80 wherein the frequency reference message steers
a call processing clock onfo a basestation clocl, where the call processing clock is
part of the communieation section and the b_asestatiqn clock is in signal

communication with the geolocation server.

82. ' ThﬂﬂCS-Of—C].aim"S O W]lereinthe"j&gqugncyrefe;gngg*me 0 Sage-
: mcludes an error between a call processmg clock and abasestaﬂon clook where the
smll pxo sessing clock is part of the cammumcanon section and the basestation clock i is

in signal communication with the geolocahon Berver.
83,  The ALCS of claim 82 Whemm 2 GPS clockin the pos1t1on—

detcnmnatmn section is penodlcally compared to the call prooessing clock to

deterrine a frequency offset of the GPS clock.
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a personal comunication system ("PCS') network; 67 a non-wreless |ocal
area network; a wireless |local area network; an infrared network; a
pagi ng network; a two-way pagi ng network; and an PM'bra adoat network.
68, The ALCS of claim 67 wherein the wireless |ocal area network is an
| EEE 802.11 wirel ess network. .69. The ALCS of claim 67 wherein the
geol ocation of the ALCD is determned utilizing GPS-signals fromat | east
one GPS satellite and the information fromthe second source. 70, TheALCS
of claimb59 wherei rg4f he The AUBE ef diimdd véewshhe reripdicApaeinion2 M edet er i ned
anount of time without acquiring at |east one GPS satelljte signal, 71. The
ALCS of cl ai m HRqwhenefcmntdiacsppe el thy prrindd carppamonyefdhr G RleeK 1R therellh rty
second time wi ndow centered on a tine of determ nation of the geol ocation
of the ALCD, éﬁoceﬁﬂgaleblcmc% savheaieriod. 1 wherein the sel ecti veswi t chi ngof
the position- deteivrination section'is performed. automatically by the
ALCD. 68 ‘ - : .
85, The ALCE of claim 84 wherein the position-determination section
. switches between the first position-determination mode snd the seeond posifion-

dei@ﬁnination mode when a predetermined event opcurs.

86. The ALCS of claim 85 wherein the predetermined event is initjal

acquisition of at least one GPS satellite signal, |

- 87.  The ALCS of claim 86 wherein the selective switching of the posiﬁgn.
determination section swifches the ﬁosi_tion-«detcrmihatipﬂ section from fhe first

- postiinedsieminaion iods 1 v GPS-standalonemode:
g8, . ’Ihe‘ ALCS of claim 87 wherein the selgctive switching of the position-
determination section switches the position-determination section from GPS-

- standalone .ﬁode fo fhe second position-determination mode,

89. The ALCS of claim 59 wherein the ALCD selectively disp_lays the -

| . detprminad geolocation of the ALCD.
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73, The ALCS of claim 72 wherein the selective switching of the position-
deternination section is perfornmed automatically by the comuni cation
section, 74. The ALCS of claim 71 wherein the selective switching of the
position- determnation section is perfornmed nmanually by the ALCD. 75, The
ALCS of claim 74 wherein the selective swtching of the position-

determ nation section is performed manually at the conmunication section.
76. The ALCS of-claim 71 wherein the selectively sending of the determ ned
geol ocation of the ALCD A melef foptdsmshising thergedlaatidnofsy Alded Lapdon  °77. The,
ALCS of "n 76 wherein Ylie" selectivel sending-of the determ ned

geol ocation of EhanMGR Sevite (TAIITEY vailinonsatiladldeyicatConhamicgtemiyaat i on
section. . 78. The ALCS- of claim71 wherein the selectively sending of the

determ ned geol ﬁ%&:m hOhethfoofpEing:s perfornmed manual |y by the ALCD.  79.
The ALCS of clalm 78 erein the selectively sending of the determ ned

geol ocation of the ALCD.LS: BRI 6&@!@%\%@%@&1 et otehEPS @RTeuthadlCOn,
section, 69 80. The ALCS of claim®6 erein the conmuni cation section is

capabl e of sel e%&r&!ﬁﬁkﬁéz\i@%ﬁ% 51087 iRlcgFd Rashingbaieaat i on of the ALGA to
e t he

t he geol ocation Server, conmmuni cation section includes a wreless

receiver, and. . ' a first positionmdetermination mode and -
at least one other position-determination mode for dotermining a
geoloeation of the ALCD, and

* defermining fhe geolocation of the ALCD.-

01, | The method of claim 90 wherein the Iﬂrst po.siﬁdmde_terminaﬁon. mode
is selected from a gﬁ_oqp consisting oft
. a GP8-standalone J;iode; .
7fa-'GI}S:autmﬁbméusfméﬂe';' -
a GPS-network z;ided inods;
a él’S—.iiatwh:k centric mode;
petwork-based mode; A
‘g reverse-aiding mode; and | ' | |

~ an sugmented-antonomons mode. "
A92. ' The method of clatm 91 wherein the at 1east one other position-

 determination mode is selected from a group consisfing oft

o a GPS-standalohe mode;
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t he communi cation section periodically transmts a frequency reference
Message to the position-determ nation section. 81. The ALCS of claim 80
wherein the frequency refersnee nmessage steers a call processing clock
onto a basestation clock, where the call processing clock is part of the
communi cation section and thebasestation clock is in signal comunication
with the geol ocation server. :82. ThgALCS of =cl ai m 80 wherem t he requeney
r-ef ereuee nessage includes an error between a call processing clock and
abasest ati on cl ock; p @P®agoidaens matld; processing clock is part of the

conmmuni cation. section and the basestation clock is in signal :

comruni cation w th §hesgeebiodddiomds,erver. 83. The ALCS of claim 82 wherein
a GPS clock in the position- determination section is periodically conpared
to the call process}ogsekeekk deatricailer mi ne a frequency of fset of the GPS
clock. 70 84, The ALCS of claim 83 wherein the periodic transm ssion of the
frequency referenceymagaagdandet he periodic conparison of the GPS clock to
the call- processbig clock have the same period, 85. The ALCS of claim 8A
wherein the positiopsdekerfiBatddemaection swtches between the first
positi on-determ nation node and the second position- determ nation node
when a predeterninegng&ﬁﬂhm@@ggﬂﬁmm§ﬁmmahe ALCSS of claim85 wherein the
predeterm ned event Isnitia :

93. The method of claim 92 wherein the geolocation of ALCD s
determined utﬂlzmg the seiccted at least one other position-determination mode at
ﬂbﬁ&ﬁhﬂyﬁmsmmcﬁﬂwasswﬁdmngﬁmoﬂmsdbmﬁdaﬂﬁmﬁoneoﬂmmpoﬁﬁoné

determmination mode,

04,  The ﬁeﬂmd of claim 92 further inchuding selectively sending the

‘ﬂeteﬁmﬁeﬂfgeol'obaﬁomoﬂhei&EﬁB&bm&gbﬁI@.éﬁﬁﬁMe;r-szeﬁ e

05, Thc ,nﬁethod of claim 94 wherein the detennini.ng.ﬂle geolocation is
performed by thie ALCD.
96,  The method f claim 95 wherein fhe selective sending of the

N | dete;rmined gcolocatiofl of the ALCD is performed by the ALCD, and the geolocation

is senf from the ALCD 1o the geolocation server, . .

™



acquisition of at |east one UPS satellite signal, 87. The ALCS of cl aim 86
wherein the selective swtching of the position- determ nation section
switches the position-determ nation section fromthe first po
itionwdeterm vWon nods to the GPS-standal one nmerle: 88, The Al CS of claim
87 wherein the. selective switching of the position; determnation section
switches the position-determ nation section from GPS- standal one node to

t he second position-determination node, 89. The ALCS of claim59 wherein

t he. ALCD sel ecti vel y7.di smicamﬂmﬂhéclamsm@memegm@ﬂmtdma nsivdehe ALCD. . 71
" 90, A nethod for deteixriining the geolocatioi of an Ai ded Location

Coi mi t ui ti cat i ogydaabame sdEofikPDiyitaMagMLCTan Al ded. Location Communi cation
System ("ALCS"), the nmethod oonpriaing: receiving at |east one GPS signal
fromat |east one GPS satellite at the ALCD, wherein the ALCD is capable
of selectively switching between a first position-determnation node and at

| east one ot her posiggi onyKiah&kdE dTalaine9s Woden kdsctidegy ewidhing ingudea -
geol ocation of the ALCD, and determ ning the geol ocation of the ALCD. 91.

The net hod . of Chﬁhﬁﬁl?%le\ﬁ@@dlﬂv\mchﬂgmmt posi tion- det erm natl on rmde i's
sel ect ed from a gr oup consisting o '

99,  Themethod of cléi:m -92 wﬁerein the augmcnﬁd-autonbmous mode is
selected ﬂlrﬂler‘including feoeiving angmented-mode Information ﬁ:onﬁ a network
resource selected from a éroup 'éonsisﬁng of: |

a compyter nefwork;’ |

a commupication network; and

a wireless network,

100, - Themethod-of laiin99 whrein the wiscless network s Blustooth -

 wireless network.

101.  The ‘method of claim 99 wherem the wireless network is'an TEER

802,11 wualess network

102. The method of ¢laim 92 wherein selectmg the augmcnted-autonomous
o mode further mcludmg recewmg augmentednaldmg mfmma‘clon transmiited ﬁom an -

external device,
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a GPS-standal one node; -aGPS-autononous node; a GPS-network ai ded node; a

GPS-network .centric anode; network-based node; a reverse-aiding node; and
an augnent ed- aut ononous node, 92. The nethod of claim91 wherein the at

| east one other position- determ nation node is selected froma group

consi sting of: a GPS-standal one node; 72 a GPS-aut ononobus node; a

GPS-network ai ded node; a GPS-network centrio node; network-based node; a

reverse- Sai di ng anode; and an augnent ed- aut ononous node, 93. The net hod of

clai m 92 wher ei n t hg,gea}0gahbPsF i ADRhizsin denpneitwlediiog NrEphey Fhe

sel ected at | east one other position-determ nation node at substantially

the same tinme %%} S 455 Pl Dfeds MaRnlifipnsel ected at | east one other position-
det ermination nbde. . . ,

- 104, The method of claim 103 wherein the angmented-aiding infonpatiox} 1s

received via a Bluetooth fransmission.

105. The method of claim 103 wherein the pugmented-piding mfolmation is

- received via an TEEE 802.11 transmission,

106, Themethod of claim 102 wherein receiving sugmented-aiding
iﬁformaﬁén transmitted from an external device inclndes receiving the angmented-

aiding information transmitted from a stationary object.

107. Themethod ofclaim 106 whersinreosiving fhe-augmientef-aiding
information transmitted from a stationéry object inclndes receiving"’r];e angmented-

aldmg mformatlon transmitted from an EXIT Si.gﬂ- '
108. The method of claum 106 wherein recﬁiVin_g the aug_meﬁted—aidmg'

hﬁofmaﬁo:i ﬁanslnitfed from & stationary object includes receiving the angmented-

Vaiding irﬁoﬁnatioﬁ transmitted from a traffic sign.

(



94. The nmethod of claim92 further including selectively sending the
det ei m ned geol ocationroftho, AT CAD to a: geol ocatioai servez. 95. The

nmet hod of claim 94 wherein the determ ning the geolocation is perfornmed by
the ALCD. 96. The nmethod of claim95 wherein the selective sending of the
determ ned geol ocation of the ALCD is perfornmed by the ALCD, and the

geol ocation is sent fromthe ALCD.to the geol ocation server, . 73 97. The
met hod of claim95 wherein selectively switching includes automatically
sel ectively switchifng, Ark&RehOBof ol 1dfetbrodn wheiting 0B RS BT REsel ecti vel y
swi tching includes manually selectively switching ALGA. 99. The, nmet hod of

cl ai m 92 wher ei,py © heoAuaRRREESom b keomubjmtadndes reesiging ee TP atter
i ncl udi ng recei'ving augnent ed-node i nformation froma network resource

sel ected from g, group.{ARSiakhnied abin sdighiomplut er network; a communi cation
network; and a wteless rietwoxk, 100. Thenet hoil of cl aun9- 9wher ei n-t he-w

Bl ess- net wor ki sa- B3uetooth wreless network. 101: The nmet hod of claim 99
wherein the wirel ess network is an | EEE ' :

110, The method of claim 102 wherein the angmented-antonomous mode
includes eeeiving the angmented-aiding informetion transmitied from an external -

device that indiudes GPS re-radiated aiding information,

111, Themethod of olaim 102 wherein the augmentﬁd-gidmg information is

received via a non-wireless transmission.

| 112, The mefhod of claim 111 wherein the angmented-aiding information is

~ a received via a serial connection.

113. Themethod of claim 111 wherein the angmented-autonomous mode

inclndes receiving the augmented-piding information via an Bthernet connegtion.

114, | The mefhod of ¢laim 111 wherein the angmented-autonomous mode

inclndes récci\{ing the angmented-aiding information via an electrical connection,

115, The mefhod of claim 114 wherein the sugmented-sutonomous mode
Inctudes receiving the augmeritedse‘j;iﬁhig fisformation frony a battery charger within

the external deviee.
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802,11 wirel ess network, 102. The nethod of claim 92 wherein selectiug.the
augnent ed- aut ononous node further including receiving augnent ed-ai di ng
iufornaation transmtted froman external device, 74 103, The net hod of
claim 102 wherein the augnented-aiding infonuation is received via a

W rel ess transm ssion, 104, The nethod of claim 103 wherein the
augnented-aidurg information is received via a Bluetooth transm ssion.
105, The nethod of claim 103 wherein the augnented aiding information is
received via an | EEE 802. 11 transm ssion. 106, The nethod of claim 102
wherein receiving augnented-aiding information transmtted from an
external device inciydeTheapgiol bhduitlde védegirent ed ai di ng i nformation
transmtted froma stationary object. 107. The method of clajm

1' 06-azheroin eaeivgﬁﬁhﬁﬁm@ﬂgﬁﬁﬁMﬁﬂﬁamdéhgﬁﬁﬂﬂh@ﬂhﬁﬁ%@ﬁﬂﬁﬁﬁﬁ§ﬁﬁited froma
stationary object includes receiving the augnented- aiding information
transmtted from Qnt@-%&ﬁs%iﬁﬂnaﬁ%@ﬁomﬁhﬁt%t teamdrasfscletied Bom A" RAer ei n

recei ving the auéﬁént -aiding information transmtted froma. stationary
obj ect includesgﬁa&gk;gng t he augnented- aiding information transmtted
froma traffic sSigr :

s computer networlk;

a communieation nefworl; and

a wireless network, and |

wherein recéi\dng fhe angmented-aiding information includes receiving

ephemeris data for fhe GPS satellites,

117. 'The method of claim 116 wherein selecting the sugmented-
aﬁtonbmoﬁs mode further inelnding recetving the augmentéd-aidjng information

' 'ﬁénsmiﬁedﬂﬂoiﬁ"anfextefnai“é'lwi-ae;

118, Themefthod of claim 117 wherein receiving the augﬁientgdéaiding |
* . information transmitted from an external device includes _xecciﬁng the location

information for the external device.

119. The method of claim 52 whereit the ALCD selectively switches
between the GP Svstandalone'moder'anﬂ the af Jeast OnPf et'harl mode when & '

piedererniined event oCeurs.
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109, The Method of claim106 wherein receiving the aug nearted-aactng
inforuation transmtted froma stationary object includes receiving the
augnent ed- aiding infonn.ation transwitted froma |ight' post, 110, The

Met hod of cl aim 102 wherein the augnent ed-aut ononous node i ncl udes
xeceivi?.rg the augnented aidiarg information transmtted from an external
devi cethat inaludes UPS re-radiated aiding information. 111. The net hod of

cl ai m.102 wherei n' t heo.augmeied-ibei i RLLAR.LS. received via a
non-wirel ess transm ssion. 112. @fhlg%tgr%{cf%lm% %@#I%ffd%%ngIWWﬂ

augnent ed- ai. di ngeldef @y ki, on IS a received via a serial connection. 113,
The nmet hod of claim 111 wherein the augnent ed- aut ononous node i ncl.udes
recei ving the augnented-aiding information via an Ethernet connection.

114. The nethod of claim 111 wherein the augnent ed-aut ononous node i ncl udes

receiving the augnenbed-gHeddithdiPEQL B | ' lectrical. connection,
115. The nethod of claim 114 Wneor{:al n t?}gﬂ{aéﬂﬁ‘éin@% e%ﬁ%%%% S hifee

i ncl udes recoi Vidghigtibd @ ab@PBRIL ' 'EQ%E fornuation fromahattery charger
within the ext erqnal devi ce. 7%2&1%% \réf'ét hod of claim92 wherein the

augment ed- aut onomous Mode is selected further including receiving
augua. ent ed-node i nformation froma network resource selected froma group

122, The method of claim 121 further including selectively switching from

the at least one other position-determination mode to the GPS-standalone mode,

123, The meﬂ;od of claim 122 wherein the ALCD receives information

from a second source,

124. - The mefhod of ‘claim 123 wherein the second source is selected from a

" group ‘consisting ofs- |
| a Bluetooth network; |

a specialized mobile radio (“SMR™) natwbrk;

a pe_rsonal communication system (“PCS”) network; .

a non-wireless local érea nemork; ) |

a wireless local aren network;

an-rinfrar.e(‘i network; |

a'-paging network;

a WOrWay paging 'nel\iréflt; and”

an FM broac‘icast network,
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consisting of, a conputer network; a conmunication network; and a wreless
networ k, and wherein receiving the augnented-aiding information includes
receiving epheneris data for the GPS satellites. 117. The method of claim
116 wherein selecting the augnented- autononous node further including
receiving the augnented-aiding information trap. smtted- rom-an external
device: 118. The nethod of claim 111 wherein receiving the augnent ed-ai di ng
information transmitted froman external device includes receiving the

| ocation information for the external device, . 119. The nmethod of claim
92 wherein the ALCD selectively swt h eon@wafdaimone node
and the at | east ongsot ﬂmmﬁwéfmigﬁ%ﬁ@ggﬁﬁﬁaﬁﬂgg@em occurs. 77 120,
The method of claim1.19 wherein the predeterm ned event is manually

sel ected by a qggﬁsomlv,iremﬂewﬁml’hod of claim 121 wherein the predeterm ned
event is initial acquisition of at |east one GPS satellite signal. 122.
The met hod of claim 121 further including selectively switching from

126. Thé method of claim 125 wherein the geolocation of the ALCD is

| determined uulimg (P S-signels from at least one GPB satellite gnd thfs infonmt@n

from the seeond souree.

127, The method of claim 119 further imlﬁding selectively .displayin'g the

détenﬁjhed_geolo cation of the ALCD on the ALCD. -

125, An Alded Losation Commpnication Device (“ALC"), the ALCD
comprising: | |
' 'a;eemﬁiﬂﬁiéaﬁbnfS.entiﬂn—f@lf—ﬁ@uﬂi@@ﬁ:@gﬂiﬁthﬁ@l@SS;@@mmqm%t}ﬁm-
network; and _ | - | |
a ;iosiﬁt;nndeterminaﬁbﬁ section baving 2 GPB-veceiver, wherein flie pp.smqn-,
detérmination section is capable of selectively switching between
a first mode position-defermination mo de and |
E;lt ']Léast‘one o’thér posiﬁon—deterﬁiﬁaﬁon mode for determining a geolo catlmn

of the ALCD.,
129 ThBALCD 'of'ﬁlajm‘"1'28'Wlierein'ﬂle'ﬁist"mo'deposii*iomdetemiimﬁop—»- :

modé is selected from a grovp consisting of:
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the at | east one other position-detetrnivation node to the GPS-standal one
node. 123. The method of claim 122 wherein the ALCD receives information
froma second source, 124. The nethod of claim 123 wherein the second
source is selected froma group-consisting. of: a Bluetooth network; a
specialized nobile radio ("S.W) network; a personal comunication system
("PPCS") network; . a non-wireless |local area network; ' a wreless |ocal
area network; an infrared network; . a paging network; a two-way pagi ng
networl ; and an RWMSbtodtwasiodfet work, 78 125, Tlae ametlaod of china 124
wherein the.wrelcss |ocal area network is an |1BD)3 802,11 wreless
network, 124, The nElifesiopfmelsapiféii25 wherein the geol ocati on of the ALCT)
is deterttaiued utilizing OPS*sigaals fromat |east one C'S satellite and

the inforination fjoresdverkadehodburce. 127, The nethod of claim 119
further including selectively displaying the
' g GPB-network centne mode;
 nefwork-based mode;
" p reverse-aiding mode; and

an angmented-anfonomous mode,

130 The ALCD of claim 129 wherein fhe at least ope othc_ar.positi_\on—
determination mode is seiecteci from & group eonsisting of:
| GPS-standalone mode; '

a GPS-autonomous mode;
8 GPS-nﬂtWork‘aidﬁd mode;

2GPS-networlcentrie modes
network-based mode; |
a; reverse;ait_img mode; and

an angmented-zutonomous mode.

13l1 * The ALCD of cléjm 1‘30 wherein the selwtivg switching occurs

suibstentially sin'mltaiieously with the dt;{enninalﬁon of a geolocation of the ALCP.

11132, ‘ﬂie'ﬁCD of claim 130 Wherein"the"communi'oation--section-is-capgble»

of selectivély sending a aetennmed geolocation of the ALCD to & ggolooahon server,

8O



det erm ned geol ocation of the ALCD on the ALCD. 128, An glided Location
Commum cattonDevtco ("ALCD'), the ALCD conprising: aeonmun cation-seetion
for co unicatng with a.'wn el ess-eo un cSons network; and a
position-determ nation section having a GPS-eoeiver, wherein the position
determ nation section is capable of selectively switching between a first
node position-determ nation node and at | east one ot her

position-determ nati on node for detaining a geolocation of the ALCD.
.129. Th e AL CDof clap 128 wherein the first node posXthbO

detenni acation node is selected froma oup. ¢ udes &

GPs- st aaadal one nodes, aTiERLCReHHEHDGS @,L{&aco%@lﬁég?@\gﬁeﬁﬁ 15% node; a
GPSnetwor | ¢ centric node; net wod based node; a reverse=ai di ng Mbde; and
an augment ed a%@l&@ﬁ‘ﬁﬂﬁmﬁode. 130. The ALCD of claim 129 wherein the at

| east one ot her position- o ‘

134 ~ The ALCD of claun 133 Wharam the selective switohing of the-

position-determination section is performed automaucally by fhe ALCD

135, The ALCD of ¢laim 134 wherein the selective switching of the ‘

posiﬁon—&étmmination section is performed agtomatically T?y 1:1.1_3 communication

section.

136 The ALCD of cla;m 133 wherein the selective sw1tchmg of thc:a .

positiomdetenmmtmn section is performed manually by the ALCD

137 The ALCD of clann 133 Wherem the selectwe swﬂ:clmng ofthe

posiﬁdnédétcﬂmnatlon section is perfonned mannally at the commumoaﬁon section,

' 13é The ALCD of claim 129 or 130, wherein the augmented—autonomous'_
mode itilizes a network resoures selected from a group consisting of:
& computer network;

o commumication network; and

a witeléss networks
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‘determnation node is selected froma group consisting of. GPS-standal one
node; a GPS aut ononbus node; a GPS-network ai ded node; a GF. -network
Gantric node; network based node; a reverse-aiding node; and an

augnent ed- aut ononous u 040 131. The ALCDof claim 130 wherein the selective
switching occurs substantially sinultaneously with the determ nation of a
geol ocation of the ALCD. :132 The"A CD of claim 130 wherein-tlre

conmuni cation section is capable  of selectjvely se

geol ocati on of thel?s,&LC@l?@éUED@@%lP’Sb%ﬁgl e %’P&‘essé’%wfg%sg‘}ﬂ&&%} of cl ahn
132 wherein tare comuni cation section includes a wreless receiver, 134,
The ALCD of clvaictessiB8vaiaer ei n t he sel ective switching of the

position-determ nation section i.s perforned automatically by the ALCD 135.
The ALCD of claim 134 wherein the selective switching of the position

determ nation section is perfornmed automatically, by the co cation
section. 136, The mmmaqﬁeml%@eé%&@%%@ﬁgﬁﬁw \Ftchi ng of the

802.11 wireless network,

141, The ALCD of claim 129 or 130, wherein the angmented-autonomous

mode utilizes an external device fhat is capable of transmitting augmented-aiding

information.

142, The ALCD of claim 141 wherein the external device utilizes a wireless

transprission to transmit the augmented-aiding information.

143, '-I%hc-A:Eela:of-alaim—;lA»zﬂwherainTtha-Wimlgss&tr;msmi,ssigmmglgdes‘-a

Rinetooth tran_smisé‘_.ion,- .

144.  The ALCD of claim 142 wherein fhe wireless fransmission includes an -

IBEE 802,11 fransmission.

145, 'The ALCD of claim 142 'wherein the external devics inchndes a GPS

wireless re-radiator.
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posi tion-determ nation section is performed manually by the ALCD. 137, The
ALCD of claim 133, wherein the selective swtching of the

position-determ nation sect'i-fon_':- is perfornmed manual |y at _the conmmunication
section. 138, The ALCD of claim 129 or 130, wherein the :

augnent ed- aut ononous. nodentilizes a network resource selected froma
group consisting-of: a conputer network; a eomntuuxxication network; and a
wirel ess network, 61 9 4?’ . The ALCD of claim 138 wherein the wrel ess
network is a 13l uet oot A 'W'I?‘hél"\é@@Qfela%ﬁ)ﬂkl.wﬂ;ﬁgnﬂl'ggﬁﬂAég of Claim138
wherein the wirel gss,network is an |EEE 802. 11 wirer Vipeliseka ndtl, The
ALCD of .cl ai m 129 6r EEWSIW@HMSMM@@%@@Eﬁ% 1onmoys node utilizes
an external device that is capable of transmtting g@@}?@?&"ed-ai'di ng
information. 142. The ALCD of claim 141 Werein the .external device
utilizes a wreless t&gnsg’@s&iﬁgon to transmt the augnented-aiding

i nformation. 143. The "AfL- SECTR bedlatmlids rein-%a- wirel ess:
transm ssion incluy .a , Bluetooth transﬁlm\'s%sal&ot%m?l'%%ﬁss ik
142 wherein t he w@fEaseel eonpaniimsi on i ncl udes an

of claim

148, 'The i - ‘
‘The A;L,CD of claim 1_46 wherein the non-wireless fransmission
includes an Rthernet connection, )

1 -
4 1

includes an electrical connection,

150, The 4 : _
o € ALCD of claim 149 wherein the external device inelndes & b
charger forthe ALED - . aftery

The ALCD of claim lfll wherein the external devies includes g4

gtaﬁonary object,

152, m 151 ‘ '
The ALCD of olaim 151 wherein the stationary object includes ;
7 ary ob cludes an,

EXIT sipn.

153. " Thg AT,CD of claitn 151 wWhereinhe statjo,

. ary-objectinchydes .-
traffic sign, ! Cl?ldes e
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| EEE 802, 11 transm ssion. 145. The ALCD of claim 142" wherein the external
device includes a GPS wreless re-radiator. $2 146, The ALCD of claim 141
wherein the external device utilizes a non. wreless transm ssion to
transmt the augnented-aiding information, 147. The ALCD of cl aim 146
wherein the non-wireless transm ssion includes a serial connection. 148,
The ALOD of claim 146 wherein the non-wirel ess-transni ssion includes an

Et her net connection, 149. The ALCD of claim 146 wherein the non-w rel ess
transm ssion |jncludes an électrical connection. 150. The ALCD of claim 149
wherein the external device includes attery . g X 43, Wpht - ea;

151. The ALCD of cl #é4m Tag AHED RS At ) Eir s Tl pro e Jefert S8eInde 1A
stationary object, 152. The ALCD of claim 151 wherein the stationary object
includes an EXlo#, sign. 133:Tlie e ALCD of claim151 wher ei nt he stationary
object includes a traffic sign,

155, The ALCD of claim 141 wherein ihe angmented-aiding information

incIndes the location information for the extarnal deviee,

156, The ALCD of claim 141 wherein the augmeited-aiding information

inchudes ephemeris data for the GPS satellites,

157, - The-ALCD of claim 129 or 130, wherein the position-determination.

section switéﬁes between fhe GPS-standalone mode and the af least one Oﬂ:.t‘er mode

when a predetermined event OCCATS.
158 The ALCD of lgim .157 whotein the predetermined event is manually
selected by a péer,

159, The ALCD of claim 157 wherein the prafetermined event is initiel

-wquisiti-on. of 5t least one GPS satellite signal.

| 160 | The ALCD of claim 150 wherein the selective switching of the GPS
“réeeiver §witehes 'ﬂié'“ﬁb‘é"ﬁi‘éﬁé‘iiete‘xm'inaﬁonf'seqtion"fromthagt Jeast one pthe_r"

Iiositiomdetsmnbmﬁou mode to the GPS-standalone mode,
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83 154, The ALCD of claim 151 wherein the stationary object includes a

| ight post. 155. The ALCD of claim 141 wherein the a g rented aiding infor
nation includes the location information for the external device, 156. The
ALCD of claim 141 wherein the augnented-aiding information includes
epheneris data for the GPS satellites, 157. The ALCD of claim 129 or 130,
wherein the position-determ nation section switches between the

GPS- st andal one node and the at | east one ot her nobde when a predeterm ned
event occurs. 158. The ALCD of claim 157 wherein the predeterm ned event is

manual |y sel ectedby user, 159. The ALCD of clai m 157 wWhetehfid;
predet ernmi ned eventigis The ALED ofd@ﬁhﬁ@i@ﬁ%ﬁ“ﬁ‘?%ﬁb%‘?@t "onig:' Ulgéﬁ'%at ellite

signal. 160. The ALCA of claim 159 wherein the selective switching of the

UPS recezvez sylghibefort heopdsoeicon- det ei ni nanon: ' section: f cont he-at | east
one, other position-deterxninat9on made to the GPS-standal one node. 84
161, The Al CD of alaixn 160 wherein the ALCl~ is capabl e of.reaeiving

i nfonuati on from-a second source, 162. The ALCD of,claim gfrﬁ% L n the
second source is selggt eﬁemcﬂiqlajmlm Wh@rﬁinihesacondsoux.elss]éﬁs%t@ ol o

group gc')ns;i_sting oft
" a Bluetooth network; |

a speciatized mobile radio (‘l‘SMZR”) network;

a .]'gcrsonal communication system (P C8”) network;
a non-wireless local area network,

8 Wﬁeless local axeai network;
an infrared network;

" apaging nétwork;
' :aﬁwamaﬁf-=pag%ﬂgﬂetwbﬂgma-

an FM broadcast network,

163 ;I‘he ALCD of claim 162 wherein the wireless Jocal area network is an

TEEE 802,11 wireless network.

164, The ALCD of claim 162 wherein the geolocation cif.the ALCDis
detennin.ed utilizing GPS-signals from o Jenst one GPS satellite .and the information

Frot fhe second Sowrce.
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("SW) network; a personal communication system CTCS') network; a

non-w rel ess | ocal area net\ﬂork; a wireless local area fietwork; an
infrared network; a paging network; a-two-way.pa g in 9 net vorle aiid an
FM br oadcast network. 163. The ALCD of c¢taim 162 wherein the wireless |ocal
area network is an | EEE 802.11 wirel ess network. 164. The ALCD of claim

162 wherein the geol oca]tsﬁigon gf the ALCAis determned utilizing
OPS-signals fromat | eadt one® P ehelaim 130avhsrsin thnALCRY ssleetivelyiteplafys thau t he
second source: 85 165 .Tge ALCD of claim 130 wherein the ALCD sel ectively
di splays the det edRFHEN! gelpgionaf s AClhe ALCD. 165, The ALCD of claim
130 wherein the ALCD is a signal integrated circuit, 166, The ALCD of

cl aim 130 wherein the position-determ nation sectionis -

165, The ALCD of claim 130 wherein the ALCD is a signal infegrated

cirewit,

166, ’Ihe ALCD of claim 130 wherein the position-determination section is

a signal integrated ciroutt, |

167.  The ALCD of olaim 130 further including a second communication

section.

168.  An Aided Location Communication Device (“AL‘OD”), the ALCD
--cﬁnﬁpﬁsingf' - | - |

means :for commuﬁicaﬁng Wlfh a wil_*eléss corﬁﬁ%i_uniéationé netw;ork; and

a posiﬁt':_;il—.dete:.n.ninaﬁ'dn 'sp;:ﬁ.dn having a GPS—IeCeiwfbf; ‘Wherein the I_-if)lSiﬁDnu
defermination section is.capable of s;alecﬁvely switching between |

a ﬁrst'mode posiﬁoﬁ—dete@inéﬁon mode and

at Ieést one pﬁer posi_tiop~determ_inaﬁon mode for determining a lgeoloc':ation

of the ALCD,
169.""The ATCD of claim 168 ‘wherein the first tmode position-determination - - - |

mode is selected from a group consisting'.of:
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a signal integrated circuit. 167. The ALCD of claim 130 further including a
second comuni cation section. 168. An Aided Location Conmunication Device
("ALCD'), the ALCD Conprising: nmeans for communicating with a wirel ess
conmuni cations network; and a position-determ nation section having a
GPS-receiver, wherein the position- determnation section is capabl e of

sel ectively switching between a first nodeposition-determ nati on node and
at | east one other position-determ nation node for determ ning a

geol ocafi om of theCR#WIIPEG e ALCD of clai m 168 whereinthe-first

nmodeposi tion-determ nation-. node 'es' selected froma group consisting of. 86
GPs st nndal ononoae; » EP>-apoRiFERa%hous made; a GPs-network ai ded anode; . a

GPs netwoal c centdo npde; get&/\/ﬁrk-dgased mode; a reverssefai di ng node; and
an augment ed- aut onoAEEERARAE, BOeH Mot

a GPS-network cenfric mode;
network-based mode;
a reverse-aiding mode; and

an angmented-antpnomous mode,

170. ﬁs ALCD of claim 169 viherein the at least one other position-
' deteﬁniﬁaﬁon mode 1s selecied frof & group consising of:
CPS-standalone mode;
a GPSQautqnomous_ mode;
| a GPS-network aided méda;
| --a;GP-angtwgrkﬁg@ntﬂ&m@da% S | o
nehvork—baséd ﬁodﬁ; -
a :tevérsé-}'ﬁding mode; and

an apgmented-autonomous mode.

171. An Aided Location Communication Device (“ALCD™), ﬂlle ALCD

© comprising: | -
means for wmmuﬁcatmg'wiﬂl a wircless communic_:ations network; and

-~means for -detaimhﬁﬁg-tlleposiﬁenuaf-theALGD,--whercm .thg..detemnhﬁllg.. e

. means is capable of selectively gwitching between
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|

170. The ALCD of claim 169 wherein the at 1e04 one other position-
determination node is selécted frot a a group consi sting of: GPs-standal one
mode; a GPS- aut ononobus. npde; a OPS-network ai ded node; aGFS~natwark '
centric-node; - network-based node; a reverse-aiding node; said an

augnent ed- aut ononous node. 17.1.. An Aided Location Conmmunication Device
("ALCD'"), the ALCD conprising: neans for communicating with a wireless
comuni cati ons net worikdrstanede porsigrrdeipgprfioniodttiing t1 xe posit on of

t he- ALCD, W | er ei nt bedet ennnung neans is capable of selectively sw tobvng
between 87 r a fi rstﬂtM@’WﬁPQS&W@@"@B&‘HW@W"Q’E?%ﬁeiﬁﬁﬁ’é‘“%ﬁac Realiihst one
ot her position-determ nation node for determ ning a geolocation of the
ALGA. 172. The AkthedlCBl ai m 171 wherein the first node

position-determ nation node is selected froma group consisting of,

172,  The ALCD of ¢laim 171 wherein the first mode position-determination
mode is selected from a group consisting of;

GP$-standalone mode;

a GPS-anfonomons mode; '

a GPS—nctonk _ai_ded mode;

a GPS-network ceniric mode;

 network-based mode;
a reverse-aiding mode; and

an augmented-artonomous mode,

| 173. The ALCD of claim 172 wherein the at_‘lga_tst_ one ofher position-
determination mode is selected from a group consist;in_g of
GPS;standaloné mode;
a GPS-Aautonombﬁs mode;
. a GPé-network aided mode;
a GPS-network cenfric mode;
neﬁvork—bas,eﬂ mode;
a reVesse-aiding modey and:

an augmented-auionomous mode. .
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UPS- st andal one node; a GPS-aut ononous node; a GPS-network ai ded node; a
GPS-network centric node; network based node; a reverse-aiding node; and
an augnent ed- aut ononous node. 173. The ALCD of claim 172 wherein the at

| east one other position- determ nation node is selected froma group
consi sting of: GPS-standal one node; a GPS-aut ononous node; a GPS-network
ai ded node; a GPS-network centric node; network based node; a
reverse-aidi ng node; and an augnent ed-aut ononous node. 86 174 Tho.|l CA of
elaim173 mA~eTezu deteTm a~va~ nmean h th.des a GP$- ZeeelvOl. 89 r

174, ﬂmﬁALCDofdmmJ73m&mmmdﬂmmnmngumwwlmﬂuﬁﬁaCWSu

Teceiver,
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ABSTRACT An Aided Location Conmuni cation System ("ALCS") is described.
that nmay include a geolocation server and a wirel ess conmuni cati on devi ce
having a OPS section where the~GPS receiver section is capable of being
selectively switched between a standal one node and at | east one other nopde
for determning a geolocation of the wireless communi cations device. An
Ai ded’ Location Communi cation Device ("ALGA") is also described. The ALGA
i ncludes a position-determ nation section having a GPS receiver and a
comuni cation section where the position determ nation section is

sel ectively sw tchable between a GPQgirai@al one node and at | east one
ot her node for determ ning a geol ocation of the ALCD,

[0146] An Aided Location Communication Bystem (“ALCE™) is described that mey
inclnde a geslocation server and s wirdless communication device having & GPS
séaﬁbn wﬁera ihe GIPB receiver section i capable of being selectively switched
 hetwieen 8 standalone mode and at least one ofber mode for detesmining a geolocation
of the wireless eammumcauons device, An Alded Location Conmmnication Devies
(“ALCD™) is also deseribed. The ALCD ‘incindes a posmomdetemnauon section
'having a GPS IﬁQﬂiVﬁl‘ and a communication seetion where the posmon«d:atermmatmn
section-is selectively switehable between a GPS-standalone mgdg and at legst one

other mode for d&tefminﬁlg a geolo cation of the ALCD.,
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