SYNCHRONI ZI NG A RADI O NETWORK W TH END USER RADI O TERM NALS BACKGROUNDOF
THE | NVENTI ON [001] 1. Related Applications. [002] This Application clains
priority wo 20bw2est1 St at es Non- Provi si onal Pat ent Appl i cacirars2@ensabks No.

11/ 205,510 filed on August 16, 2005 titled "SYNCHRON ZI NG A RADI O NETWORK
W TH END USER RADI O TERM NALS", by JimBrown et al, which is a
continuation-in-part of United States Patent Application 10/154,138 filed
on May 21, 2002 titled "METHOD FOR SYNCHRONI ZI NG A RADI O NETWORK USI NG END
USER RADI O TERM NALS", by Gegory B. Turetzky et al, which a claimto
priority is made and is incorporated by reference herein and further clains

priority to SNNCHRONIZENGPAWAPIONETRAORK WATH ES® USERRADIHL 292, 11A
filed on May 21, 2001 titled " NEHWLSQ(NCHRO\H ZI'NG A RADI' O NETWORK

USI NG END USER RADI O TERM NALS", by egory B. Turetzky et al, all of which
are incorporated into thi | % ﬂ\g{E e in their entirety.
[003] 2. Field of the Invzl?l‘gl?'g(lr;]f.{S Q?fﬁ%e Eé‘g(ﬁ\f invention relates in
general to G obal Satellite System (GSS) receivers, and in particular to a

nmet hod for synchronizing. a radi o network usi ng end user
[%01] y 1. Relatgd Applications. J

[002] This Application claims priority to United States Non-Provisional Patent
Application Serial No. 11/205,510 filed on August 16, 2005 titled “SYNCHRONIZING
A RADIO NETWORK WITH END USER RADIO TERMINALS”, by Jim Brown et al,
which is a continuation-in-part of United States Patent Application 10/154,138 filed on
May 21, 2002 titled “METHOD FOR SYNCHRONIZING A RADIO NETWORK
USING END USER RADIO TERMINALS”, by Gregory B. Turetzky et al, which a
claim to priority is made and is incorporated by reference herein and further claims
priority to United States Provisional Patent Application No. 60/292,774 filed on May 21,
2001 titled “METHOD FOR SYNCHRONIZING A RADIO NETWORK USING END
USER RADIO TERMINALS”, by Gregory B. Turetzky et al, all of which are

incorporated into this application by reference in their entirety.

[003] 2. Field of the Invention.
[004] The present invention relates in general to Global Satellite System (GSS)

receivers, and in particular to a method for synchronizing a radio network using end user

radio terminals.



radio termnals.[005] 3. Related Art. [006] Cellular telephony, including
Per sonal Communi cation System (PCS) devices, has becone commonpl ace. The
use of suwb20emi2zesss to provide voice, data, and ot her secTiuse®s/03216$h as

I nternet access, provides nmany conveni ences to cellular systens users.
Further, other wireless comunications systens, such as two-way paging
trunked radi o, Specialized Mbile Radio (SVMR) used by first responders:
such as police, fire, and paranedic departnents, have al so beconme essenti al
for nobile communications. [007] The Federal Conmmunication Comm ssion (FCC)
has inpl enented a requirenent that Mobile Stations (MS), such as cellular

Eel e'p')hog@g be |pcatpghganwidhin 50 feet once an energency call, such as a
911 (also referred to as "Enhanced 911" or "E911") is placed by a

given Cfldey’ 2" &l a{%h?agqhoﬁgghnagﬁin% P A2 @tdhatisatR | SRtenpFEBi Cs,

and oth orcene serV|ce personnel as well as other

agenci es Lhal iy necd ot nare.! gﬂg'uf,e OIS Aol SaL e Hhe 68kl dber

S stens are

i ncorporating G obal Positionin ste GPS) tech I
recelvepﬁwrﬁmwéﬁﬂuméba%@ﬁ@@ﬁbﬁégﬂépﬁﬁ’ é%%ld%W¥g%W£%§I gﬁhﬂgéﬁégpsvgfg to

meet the FCC | ocation requirement. [009] Such data can be of use faqr other

t han E9 ﬁécr&thﬁhermhewmmldssmenmnycaeri‘r spistefnss sughras FEeIvayagHK rjaksds , such
as cellular and PCS subscribers. For exanple, GPS data

radio, Specialized Mobile Radio (SMR) used by first responders, such as police, fire, and
paramedic departments, have also become essential for mobile communications.

[007] The Federal Communication Commission (FCC) has implemented a
requirement that Mobile Stations (MS), such as cellular telephones be locatable within
50 feet once an emergency call, such as a “911” call (also referred to as “Enhanced 9117
or “E911”) is placed by a given cellular telephone. Such position data assists police,
paramedics, and other law enforcement and public service personnel, as well as other
agencies that may need or have legal rights to determine the cellular telephone’s position.
[008] Currently, cellular and PCS systems are incorporating Global Positioning
Systems (GPS) technology that uses GPS receivers in cellular telephone devices and
other wireless transceivers to meet the FCC location requirement.

[009] Such data can be of use for other than E911 calls, and would be very useful
for wireless network users, such as cellular and PCS subscribers. For example, GPS data
may be used by the MS user to locate other mobile stations, determine the relative
location of the mobile station user to other landmarks, obtain directions for the cellular

user via internet maps or other GPS mapping techniques, etc.



may be used by the MS user to | ocate other nobile stations, determ ne the
relative | ocation of the nobile station user to other |andmarks, obtain

di rect i ons0of2007/i2k3s1cel | ul ar user via internet maps or OPOENUSBRG/BHEPPI NY
techni ques, etc.[010] One significant problemw th GPS receivers in a M5 is
that the GPS receiver may not always have an unobstructed view of the sky
causing the received signals to be very weak. Oten, the receiver is unable
to denodul ate the Al manac or Epheneris data, naking it inpossible to
determ ne the user's location or accurate GPS tine. This problem may be
addressed by transmtting Epheneris and/or Al manac data and GPS tinme to the

recei veropojer aozeRipafficaat probleRewhIGRS Aceivamtn aMatuthat thie GRBmaskivent i on
networks is a large and variable transm ssion delay, naking it difficult to

transm ty, ACCAT A Sy (Ve %%ﬁ%ﬂsttbﬁc{eﬁsxﬁe\{/ Ramhelskyl dabding eRndieilédBendiOd de The

concept of locating a nobile unit by triangulating a set of ranges from

either g set %’1@ b'ﬁtérg,ghggg%% fs G e‘}? d%lenlohﬁ'l ftht rA%ﬁHact 5r9’5ﬁ‘)enf%fis ile

I
transmtierdtsuc satel Tl le AVe 4 CORMDN requirenment that the
time of transnmission_ is known. . This inplies that the ti all .
Lr ansni (RURRE HHIPPRSING FRAFITEING e HPice [EAEeL %%Wa!‘ﬁ"ﬁiﬁﬂ% ytE s
today, this information is not inmmediately avail able_since_the systens are
f ocused ropblaar may rhenasidressedoby rtepnpraitting Frhemaery Arl/ormAdmanas, data pp¢ @GPy s a

need in the art to overcone the problemof transm ssion delay in both
synchr ortimme dtcante ursygivehr over zed comtwoidetion network. A common feature of

communication networks is a large and variable transmission delay, making it difficult to
transmit accurate (uncertainty less than 1 millisecond) time.

[011] The concept of locating a mobile unit by triangulating a set of ranges from
either a set of fixed points (such as cellular transmitters) or mobile transmitters (such as
GPS satellites) have a common requirement that the time of transmission is known. This
implies that the time at all transmitters must be common, or the differences known. In
many systems today, this information is not immediately available since the systems are
focused on data transmission rather than ranging. Therefore, there is a need in the art to
overcome the problem of transmission delay in both synchronized and unsynchronized
networks.

[012] Code Division Multiple Access (CDMA)(TIA/IS-95B) networks use a GPS
time reference standard at every base station, and all transmission frames are absolutely
synchronized onto GPS time. Therefore, a Mobile Station, by observing particular
transitions on frame, master frame or hyper frame, may predict absolute GPS time within
tens of microseconds, including radio transmission delay and group delays inside the

mobile station or wireless handset.



[012] Code Division Multiple Access (CDMA) (TIA I S-95B) networks use a GPS
time reference standard at every base station, and all transm ssion franes
are absolwbebyr/eyisehr oni zed onto GPS tine. Therefore, apibhisc@e8srss on, by
observing particular transitions on frame, master frame or hyper frame, my
predi ct absolute GPS tine within tens of m croseconds, including radio
transm ssion delay and group delays inside the nobile station or wrel ess
handset.[013] O her classes of wireless networks, e.g., Tinme D vision

Mul tiple Access (TDMA)5 GSM Anal og Mobil e Phone Systens (AWPS, TAGS), DIV,
etc., are not synchronized onto G°S tine. Still, the accuracy, precision
and staljoid]ty oDthdtecla®ied of wikdleds nswdrkal etdieThas Disisiain dhdtiple Aediesd y
stable, and slowy varies relative to GPS tinme. Hence, both the tinme offset

and freqyenex) desM, &fiz@o Niobikt PRIe SRR eAMPS, GRACS) MRV a8d,, Gad nbe

(rjmmto;ed at relatlve y Targe intervals. However, any tlmng i nf or mati on
erive sy t rentl
no vy tsiﬁ%}%g%ﬁ&é% SN Rl AT okt ﬁ%ﬁ%@}*%‘%e DO el L og
een proposed i.s t ocat e. st at Lonar o} entit

(Local I\g%é% ttﬁ%hf‘stﬁss)tatm%ﬁll% ly éya}’ﬂ:o %)“5-‘?§ FBS felt‘aslv’(?fto?gfgg\e base
stations (BS) in %I ven area, The LMJ consists of a wireless _section and a
GPS ti mfﬁglcﬁeb@h\ﬁb? 1mgt off 55 é@d/&?%uen%éiylﬂn%rﬁé"ﬁ%s"?l? Feopprsdi o L Hgquency

drift of every base station in the area, relative to G°S tinme. As one LMJ
can covemdocanyba nfomivofdsa relatively large intervals. However, any timing information

derived solely from such a system has limited value, as there is currently no way to
derive absolute GPS time from it.

[014] One solution that has been proposed is to locate stationary monitoring
entities, called LMU (Local Measurement Units), which are in radio visibility of several
base stations (BS) in a given area. The LMU consists of a wireless section and a GPS
timing receiver. At intervals, they measure time offset and frequency drift of every base
station in the area, relative to GPS time. As one LMU can cover only a few Base
Stations, the overlay monitoring network can become quite large and expensive. It
necessitates communication links between the LMU’s and a central network entity,
which logs this information per BS, merges information from different sources (if several
LMU’s monitor the same Base Station), and delivers this information to a geolocation
server if time assistance has to be delivered to a particular MS in the BS’s visibility area.
This requires several pieces of additional network infrastructure, as well as additional
software and maintenance costs for the network operator to enable such a feature. Thus,

there is a need in the art to eliminate the need for LMU’s and the associated costs.



Stations, the overlay nonitoring network can becone quite | arge and
expensive. |t necessitates conmmunication |inks between the LMJ s and a
central mnwOwooko2esstii ty, which logs this infornmation per PBSUSE6(EESS
information fromdifferent sources (if several LMJ s nonitor the sane Base
Station), and delivers this information to a geol ocation server if tine
assi stance has to be delivered to a particular MSin the BS s visibility
area. This requires several pieces of additional network infrastructure, as
wel | as additional software and mai ntenance costs for the network operator
to enable such a feature. Thus, there is a need in the art to elimnate the

need fofoisylU s Rieh bbeceasthes) tastateredsh ae¢dihGhe hit faadeliverise€RS datacn,a t hat
there is a need in the art for delivering GPS data in a wireless
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efficient nanner. can be seen that there is a need in the art for
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is a nee n e ar (0] al receiver to speed

acquisiti,o S|t|on det er tlon | t ca also be.seen . t there
is a ne@ﬂr?qwsﬁ‘ﬁ%‘gsgﬁ pI?Sa‘b%ls%lB? e H1%{[| erers a@sed Phibgiafdp Beg abge S %g% hor e
preci se position determnation. It can al so be seen t hat {? eis need in
the art GRS reseiver igepees aoquisitionasd don Rasiiondsterminatighg figan & BE’F

information to cellular users for a nunber of appllcatlons |nclud|ng E911
Wi t hout thére is equdedemeht adftodmoala piiash ey GBB oxtaivdreloprawids traare qrecissSUMVARY

position determination. It can also be seen that there is a need in the art for a large
cellular system that can use and/or supply GPS information to cellular users for a number
of applications, including E911 without the requirement of geographically proximate
base stations.
SUMMARY

[016] Approaches consistent with the present invention provide synchronization of
a radio network through the use of end user radio terminals. An end user radio terminal,
such as Mobile Stations (MS) having a GPS receiver is able to determine the relationship
between the Base Station signal timing events and GPS time, and to determine its clock
frequency offset. This data may then be transferred to the Base Station (i.e. the network)
for synchronization of the network. Other systems, methods, features and advantages of
the invention will be or will become apparent to one with skill in the art upon
examination of the following figures and detailed description. It is intended that all such
additional systems, methods, features and advantages be included within this description,

be within the scope of the invention, and be protected by the accompanying claims.



[ 016] Approaches consistent with the present invention provide

synchroni zati on of a radi o network through the use of end user radio

t er m nal swoanozmeBeuser radi o term nal, such as Mobil e Sratiuse@e(B48Fs havi ng
a GPS receiver is able to determne the relationship between the Base
Station signal timng events and GPS tine, and to determne its clock
frequency offset. This data may then be transferred to the Base Station
(i.e. the network) for synchronization of the network. O her systens,

nmet hods, features and advantages of the invention will be or will becone
apparent to one with skill in the art upon exam nation of the foll ow ng
figures and detail ed des@ript Descriptrionsor nireFdeukishat al | such addi ti onal
systens, methods, features and advantages be included within this

descr i pgbf’q berid E&hB%)ﬁeH% iﬁ%@ﬁgﬁxfesta@n&trﬁe@ébtsm to 3B&le RenfHaGf aadteMd by t he
acconpanyi ng cl ai ns. BRI EF DESCRI PTI ON OF THE FI GURES [017] The conponents

in the figures are not...n A2 C | S #,n i 1 pl aced
upon il Ibﬁg’tgr gfaf:%dg’] UPR 116?8%%?:1?%?{@&3 %’r“t“ﬁ‘%‘% %\%enﬁggﬁ@'n I!tnhtg}ltefl ur%sltﬁ&i i ke

ref erence_nuneral s designate correspondin arts thr hqout the different
Vi ews. [fefféf]mitrl@neff?ﬁ f%%&?@&?@%spana‘gﬁipéﬁf 8’65?@%%? Fgﬁ"?ﬁﬁ&e"f%lg] FIG 2
illustrates an iﬁl ement ati on of siénchroni zing a radio network with end
user radPB8lt er nFHa lsilluptoper a typical GPP griteetifr am of the tine taggi ng of GSM

transm ssions. [021] FIG 4 is a diagramof GSMfranes carrying GPS TOWN
[019] FIG. 2 illustrates an implementation of synchronizing a radio network with

end user radio terminals.

[020] FIG. 3 is a diagram of the time tagging of GSM transmissions.

[021] FIG. 4 is a diagram of GSM frames carrying GPS TOW.

[022] FIG. 5 is a flow diagram of offset determination.

[023] FIG. 6 is a flow diagram of a wireless handset using the offset determined in

FIG. 5.



[022] FIG 5 is a flow diagramof offset determnation. [023] FIG 6 is a
fl ow diagramof a wireless handset using the offset determned in FIG

5. DETAI LBRORRBGERISTI ON [ 024] In FIG 1 a typical GPS ar eqairtusetndns21ss shown.
System 100 conprises GPS satellite 102, which is illustrative of the
constellation of GPS satellites that are in orbit, a M5 (i.e. wreless
handset 104) which may include a GPS receiver, a base station 106, a

geol ocation (server) service center 108, a geolocation end application 110,
and a Public Safety Answering Point (PSAP) 112. The Mbile Station (M)
104, such as a wirel ess handset, Personal Digital Assistant (PDA), or
simlar nobile device may have | ocation technol ogy of the present invention
and may use GPS technol ogy in support of various MS device inplenentations
of E911 and geo-location services. The PSAP 112 and the geol ocati on end

application 110 are included R phDeSEe®TON Y- [025] The GPS satellite
102 transmts spread spectrumsignals 114 that are received at the wirel ess

handset _104 and t eol ocat i ser.ve fanl : ipe

par poselBil ho. Jrrp GEhGIRL IR, SEhlRlrd syl SAREm D0 o HFREPORES
satellites also are transmtting_ signals. tha e cei ved by the, wirel ess
andset saghieHe. et anEERI VoA S Datelzen of CHS e Pl e¥fmiited 10a
recei ves strong enough spread spectrum signals 114, the GPS r,ec%ger (not
shown) MS itee wireless dgndsenhevhiclomaydycluds ® (D moigseiyer, a base station 106, a

geolocation (server) service center 108, a geolocation end application 110, and a Public
Safety Answering Point (PSAP) 112. The Mobile Station (MS) 104, such as a wireless
handset, Personal Digital Assistant (PDA), or similar mobile device may have location
technology of the present invention and may use GPS technology in support of various
MS device implementations of E911 and geo-location services. The PSAP 112 and the
geolocation end application 110 are included for reference only.

[025] The GPS satellite 102 transmits spread spectrum signals 114 that are received
at the wireless handset 104 and the geolocation server 108. For ease of illustrative
purposes, the other GPS satellites are not shown, however, other GPS satellites also are
transmitting signals that are received by the wireless handset 104 and the geolocation
server 108. If the wireless handset 104 receives strong enough spread spectrum signals
114, the GPS receiver (not shown) in the wireless handset 104 may autonomously
compute the position of the wireless handset 114 as is typically done in the GPS system.
However, unless they are in open sky environments wireless handsets 104 are typically
not able to receive strong enough spread spectrum signals 114 to autonomously compute

the position of the wireless handset 104, but can still communicate with base station 106.



conpute the position of the wireless handset 114 as is typically done in
the GPS system However, unless they are in open sky environnments wrel ess
handset s wO4oewme236ypi cal |y not able to receive strong emrQuAis2&pe/08H68
spectrum signals 114 to autononously conpute the position of the wirel ess
handset 104, but can still communicate wth base station 106. Thus, base
station 106 may communi cate information via signals 116 to wi rel ess handset
104 to allow wirel ess handset 104 to conpute the location, or may transmt
information fromw rel ess handset 104 to the geol ocation server 108 to
enabl e the geol ocation server 108 to conpute the position of the wreless
handset Thds, bhde stiteonbEemst ednmmnnitéid inferrhataomstie sighalg 1il 6 towirakesOlmntigett he

wi rel ess handset 104 to allow the w rel ess handset 104 to conpute position,

it is cahbee alvw liiss dbstRer BAS0 BmpubdhBas&sion, dasEaensMiehiémetdase

station 106 transfers information fromthe wi rel ess handset 104 to the

geol ocat 5»8?1 Y{%ﬁéﬁé% hat{dSet 194 6 g-geeéb%RJc%(ﬂ{ LOPerSIDBY %géﬂ%ﬁe%?&égﬂéﬁﬁse}%

Positio_no he w reless hand: 104, it 1s calle -centric GPS" or
oo 2o T R P BRI CReF AR BTG PRSI SR
Lo TR Saar S At P e s el e
| andl i ne network, such as PSTN, Ethernet, or other such wired networks, to
name but cempeie popitien] itlis calted; ‘gvireless|aidedaP e pe pMGnBasefl 5rwhsteaspien thise
w rel ess handset 104 nmay incl ude
base station 106 transfers information from the wireless handset 104 to the geolocation
server 108 for the geolocation server 108 to compute the position of the wireless handset
104, it is called “network-centric GPS” or “MS Assisted.”
[026] Geolocation server 108 may also communicates with geolocation application
110 via signals 118 and with PSAP 112 via signals 120. These signals 118 and 120 may
either be via wireless links, such as cellular, WiFi, Blue Tooth, to name but a few, or
may be through the landline network, such as PSTN, Ethernet, or other such wired
networks, to name but a few.
[027] If it is a cellular telephone, for example, the wireless handset 104 may include
a typical wireless handset section that performs the call processing (CP) function, and a
GPS section for position computation, pseudorange measurement, and other GPS
functions. A serial communication link, or other communication link, performs the
communications between the CP section and the GPS section. A collection of hardware

lines may be utilized to transmit signals between the CP and GPS section. In yet another

implementation, both the CP and GPS sections may share circuitry.



a typical wireless handset section that perfornms the call processing (CP)
function, and a GPS section for position conputation, pseudorange

nmeasur enewo20emd2ther GPS functions. A serial communi caCirars2e060B2159r ot her
comuni cation link, performs the comunications between the CP section and
the GPS section. A collection of hardware |ines may be utilized to transmt
signal s between the CP and GPS section. In yet another inplenentation, both
the CP and GPS sections may share circuitry.[028] If the M5 104 has the
ability to compute GPS position, it gets GPS tinme fromthe GPS signal, and
is able to calculate the offset between GPS tine and the cell site clock.

This is [028F whef therMBroAdhs tHeabERPtPeshhRs GHs fRRiMDit Lok G enéeRhm
assi stance data fromthe geol ocation service center 108. |n unsynchronized

net wor ksthe &3 sip8hil, afill i€ aﬁl'e?&lé‘: ilate ﬁl@vcﬁfds@t BLilileSh ¥Bs ﬁx%lfefaﬁlh th %g‘l %%S time,

a
necessitating the pairing of cell site 1dentrfiers w e measu

: W el handset [ .t ency error, of the base
Stat i on %E%%E%“Zéﬁg%%hgr gﬁ%@%ﬁ?@ﬁ?@'}p@%@f e Bﬁﬁ(g Tﬁ?ﬁ P o
h .n_the, phone, and/or transm .
;nia )g; ngl gn?‘fg)tﬁ‘?t g“‘:"?‘%‘ialé‘gaé%wicﬁ °antalalc0§b§%%n8ﬂ361§§m@?<§/n%ﬁf1@i prsh cehh sithelock

geol ocation service center 108). Each tine a wreless handset goes through
that cel Vill page gf fdiféareninaffest risemn@lS bémapaacessitating the paringtofpadisié e t o
make a direct neasurenent of base station frequency error, then nultiple
cl ock- of Mewifiare adinr theemeasuradyofiiet. Unednicowielees hamidetldésigns] #eefequency

error of the base station clock may also be computed.

[029] The offset and frequency error may then be stored in the phone, and/or

transmitted to the network (via signals 116) for storage in a database (possibly contained

in the geolocation service center 108). Each time a wireless handset goes through that

cell, the offset and error may be updated. If it is not possible to make a direct

measurement of base station frequency error, then multiple clock-offset measurements

may be used to determine drift rates.

[030] Non-network related storage that is capable of being accessed via a data link

such as SMS or GPRS may also be used such that independent service providers could

store and forward time assistance information to other wireless handset units independent

of the network.

[031] This concept may also be used in conjunction with other localized networks

like Nextel, SMS, FRS, etc. where a group of wireless handsets or mobile

communication devices may help each other to determine location. For example, where

a wireless handset gets a fix, that wireless handset can transmit offset information, or

transmit other information via a non-cellular network, such as SMS, CB bands, WiFi,



[030] Non-network related storage that is capable of being accessed via a
data link such as SM5 or GPRS may al so be used such that independent
servi ce pvoubeenssstoul d store and forward tine assistaneeTiustawmsiison t o
other wireless handset units independent of the network. [031] This concept
may al so be used in conjunction with other |ocalized networks |ike Nextel,
SM5, FRS, etc. where a group of wireless handsets or nobile comrunication
devices may hel p each other to deternmine location. For exanple, where a

Wi rel ess handset gets a fix, that wireless handset can transmt offset
information, or transmt other information via a non-cellular network, such

as SM5, BBelaots or WhaievB, teothaok el hati ft @B useltRatHehfdrk Wi agé géﬁ Oﬁgnds ets
that use that network, or are part of a group of devices use y the sane

conpany.gbgga}d&ﬁughﬁe&@§ﬁg4m5@g§§8&gﬁ ability to conpute GPS position, it
[ s fr

may capture sinmultaneous event m'the GPS signals and the Base Station

conpt o B8 posit st 1DR A e 3oy b eofnil EBpetitont Sebeebiver wil|
i i i time, and conpute the offset (and drift)
pot veen UPUIEIRR SRt RETLEBADT fiebs cades e ioton Rngs mceRathon may

then be transmtted via signals 116 to other M5 104 devices to assist their
acqui si tVIBAIEBAISAPS taipghmics, Whipleistable torcomgte HBS eoMBod of ileliShidde Atffee
ability to conpute their own GPS position.
such computation, the server will be able to determine precise GPS time, and compute
the offset (and drift) between GPS time and the clock in the Base Station. This
information may then be transmitted via signals 116 to other MS 104 devices to assist
their acquisition of GPS signals, whether or not those MS devices have the ability to
compute their own GPS position.
[033] Turning to FIG. 2, an implementation of synchronizing a radio network using
end user radio terminals is shown. System 100 has a set of GPS satellites (illustrated by
102), a base station 106, a geolocation service center 108 and two wireless handsets 104
and 105.
[034] As described earlier, wireless handset 104 receives signals from satellites 102
and either computes a GPS position locally, or transmits via signals 116 sufficient
information to allow a server, such as the geolocation service center 108, to compute the
position. Concomitant with computing the GPS position, a controller (not shown) in the
wireless handset 104 or the geolocation service center 108 or some other device (not

shown), determines the time offset and/or drift between GSP time and the clock in the

base station 106,

10



[033] Turning to FIG 2, an inplenentation of synchronizing a radi o network
using end user radio termnals is shown. System 100 has a set of GPS

satel | it e®O(2nddmag3en at ed by 102), a base station 106, a @ewluse@wiosz1sser vi ce
center 108 and two wirel ess handsets 104 and 105. [034] As descri bed
earlier, wireless handset 104 receives signals fromsatellites 102 and

ei ther conputes a GPS position locally, or transmts via signals 116
sufficient information to allow a server, such as the geol ocation service
center 108, to conpute the position. Conconmitant with conputing the GPS
position, a controller (not shown) in the wireless handset 104 or the

geol 0031[035;]‘ serwifefess dah@et 108 ioillnankvebherwideviscdevideotontdining)a GRSt er m nes
the ti fset and/or drift between GSP tine and the clock in the base

station, JQg.f @ghr gﬁ 1Fés%6WgQ 3the otk o?fée{ Méﬁcﬁ{ﬂ Mﬁh@fba@e Mol Bps devi ce

contalnlng a el ver reqU|res know edge of the clock offset

d/ t of b i
102 si Er‘i{ﬁ %%ﬁade%ﬁwﬁ%%@% Rt .%#v?éﬁmh%gﬁéﬁ%? s R
net t I h
' om vl BB PR AR B BO: o 1SSt oI Brgney 105 S e b b aea St o6

via signals 204, or fromthe geol ocation service center via signals 116 and
204 in dwquwircksss Duidset 94 lincely vie signals 203f @?Wé’caﬁ%ﬁa%yl(?%@%%glﬁ@ﬁ 4net wor k
devi ces (not shown) that nmay be |nplenented by independent service

provi deros.from the geolocation service center via signals 116 and 204 in sequence. Other

sources of this information may include non-network devices (not shown) that may be
implemented by independent service providers.

[036] In another implementation, wireless handset 105 and wireless handset 104
may be the same wireless handset, used at different times. Wireless handset 104 may
compute the clock offset and drift at one time, then be turned off and forget the
previously computed data. Upon being re-powered, wireless handset 104 may require
this data and may retrieve it (or a more recently computed value) from the base station
106, the geolocation service center 108 or some other source.

[037] Alternatively, wireless handset 104 may compute the clock offset and/or drift
of the clock in base station 106, then be turned off, but store the previously computed
data. Upon being re-powered, the wireless handset may recall the data from its own
memory without making use of any external data store. In some cases, this may eliminate
the need for timekeeping in the MS when the MS is powered off which may increase
battery time between charging.

[038] The wireless handset may also build up a database of offsets computed for

several different base stations, and since the base station clocks are stable for long
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[036] In another inplenentation, wreless handset 105 and w rel ess handset
104 may be the sane w rel ess handset, used at different tinmes. Wreless
handset 1W0 2ney2essmput e t he cl ock offset and drift at omeTiiSews/o8iiesn be
turned off and forget the previously conputed data. Upon bei ng re-powered,
wi rel ess handset 104 may require this data and may retrieve it (or a nore
recently conputed value) fromthe base station 106, the geol ocation service
center 108 or sone other source. [037] Alternatively, wreless handset 104
may conpute the clock offset and/or drift of the clock in base station 106,
then be turned off, but store the previously conputed data. Upon being

r e- powenReods, heatuhfoehatich 1 asefabvhemihereieélbds Hahdsed adtarn tothat basecwationemor y
wi t hout maki ng use of any external data store. In some cases, this my

el i m natg,khanegere ffr%ﬂte'@ﬁ(?&ﬁiv@g i e IBE S LAaHMIBEREE Of f
whi ch may 1 ncrease battery tlne bet ween charging. [038] The wirel ess

e P O St L S s Lo iy

differen I ONs, I nce re stable for

Lo that BEELOLER O °eil”‘w€f§“c %gﬁ&ﬁ@é | Palesd THRE SR RS FbRl e ™

handset or simlar enabled device returns to a known cell site at a |later
time, tHePHISEIVEr.GPS receiver already knows the of fset between the cell
site clock and GPS tine, naking a TTFF shorter for that nobile GPS

recei ver[039] In FIG. 3, the time tagging of GSM transmissions is shown. A GSM network

has been chosen for illustration. Other networks will have a similar implementation. This
time-tagging is essential to the process of measuring the offset between GPS time and
“network” time.

[040] The CP section of the wireless handset 104 that has a valid GPS solution,
generates a time mark 110 that may be implemented as a hardware pulse that the GPS
receiver in the wireless handset tags with its own clock that has a known relation with
the GPS system time that includes a “Time of Week” (TOW) portion. The CP section
may also send a message to the GPS receiver identifying the GSM frame and bit number
associated with the time mark, and the base station being used, as shown in Table 1. In
the current implementation, a GPS time tag for the received GSM bit may be used for
time tagging of the GSM transmission. By subtracting the time lag for transmission
between the base station location and the wireless handset location, the wireless handset
knows the GPS time when the GSM bit left the transmitting antenna. The subtraction
may be done in the wireless handset or the geolocation services center (i.e. a relocation

- server), but the server is used in the current embodiment.
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[039] In FIG 3, the tinme tagging of GSMtransm ssions is shown. A GSM
networ k has been chosen for illustration. G her networks will have a
simlar iwplemenewmti on. This time-tagging is essential tPoTiUseo0pNENI6SS Of
measuring the offset between GPS tine and "network™ tine. [040] The CP
section of the wireless handset 104 that has a valid GPS sol ution,
generates a tine mark 110 that nay be inplenented as a hardware pul se that
the GPS receiver in the wirel ess handset tags with its own clock that has a
known relation with the GPS systemtine that includes a "Tinme of Wek"
(TON portion. The CP section may al so send a nessage to the GPS receiver
i denti fyoqug ther drfottige implbnikntativnlriiey waskes handsdt W4 mdyhmessuee thear k, and
t he base station being used, as shown in Table 1. In the current
i npl ene 'Heahé&g diffefehe bdtieed 8 GI9Y cloBl ah@ BRI 48 GhrESNbiRE tlodRYproeides &b f or
time tagging of the GSMtransm ssion. By subtracting the tinme lag for
transm s e t I kil : set
| ocat i oz,jsé%)Elé)ggmgn\rl\%fgglsélt&ﬁgﬁgée?gﬂ%oa\%\gﬁ?ﬁgg%fg-}gg{a }oﬁgﬁ\/\zgﬁdtpﬁer% M t#l??ﬁtld eft the
transmtt nt enna,  The subtractign be done in the wrel.gss handset
or the Q’%‘B‘%%égtapgw 28‘;" P ed RN 8Ye %l?e. ‘g’?ﬁq P PGEYLE; tﬁﬁ ﬁ‘seg'rl%?')d,lﬁ%rﬁflcet he
server is used in the current enbodi nent.[041] In yet another .
i npl enerheiveanits chskvindethesGPRasYSsE Tregueneyystrdard, Stpparlyy gﬁu@ﬁ&’k‘?ss
di fference between the GPS clock and the call processing clock (provided
t he GPS lzhdsk nsydalsmblready dees fienapilitydokseasnie the freghencs alvergheschetwedthe GPS
receiver in the

its call processing clock and the frequency received from the Radio Network transmitter

located at a base station. Thus, all the components may be incorporated into a wireless
handset to measure the frequency difference between the GPS system frequency standard
and the wireless network transmitter frequency and may be located in the CP section of
the wireless handset or the GPS receiver section depending on the design and
implementation of the wireless handset.

[042] Table 1 contains the information supplied by the CP section to accompany the

time mark:

Name Description

Base Station Unique ID for current base station

CP_GSM_Frame GSM Frame Number

CP_GSM BIT GSM Bit Number

Time mark uncertainty | Probable error between time mark and

received bit edge (1 sigma)
TABLE 1

[043] The geolocation server 108 may receive a number of parameters 112 from the

wireless handset 104 including, but not limited to a GSM bit identifier, the associated
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wi rel ess handset 104 may al ready have the ability to neasure the frequency
difference between its clock and the GPS system frequency standard.

Si m | ar | ywoth@/ozeieel ess handset may al so al ready have t IreTAalSROOGI0F215®
nmeasure the frequency difference between its call processing clock and the
frequency received fromthe Radio Network transmtter |ocated at a base
station. Thus, all the conponents nmay be incorporated into a wreless
handset to neasure the frequency difference between the GPS system
frequency standard and the wireless network transmtter frequency and nay
be located in the CP section of the wirel ess handset or the GPS receiver

secti on depa@Wn@mddasd fistideld, positiod dutapheBejuaheyosiraf Qdve thé cletlesKsdnandset .
[042] Table 1 contains the information supplied by the CP section to

acconpanyd ﬁ‘ﬁqﬂ h&E iR dice F Rh&Emindd4 X alhBE FARP L SﬁaTef SnSRIU Bhet AQBmARY
receive a nunoer ‘of paranmeters 112°fromthe wirel ess handset 104 incl uding,

but not ﬂréD{i@e‘ii‘%S' n{o%eﬁth e?ésts nb AR &aﬁémt&ep‘éloéﬁs%]&ﬁ&%ﬁlgfép%%é{ %?dthgase

station Ion frequency error ce fset and
frequen dlffer eis a Kalman Filter _or estimation
ret hod RN o At P e SR i B
ot her inplenentations, the transmtter clock may be adjusted to nmnimze
the er r ofranssfie cloglo Wresagreyoand figne eaas neoebles hefter l@eﬁf@@@ﬁ@éﬁ@f BRdSPP e

error, enables better performnce of the GPS
receiver’s TTFF, energy usage and position accuracy.

[044] At a later time, the geolocation service center may propagate the stored time-
tagged GSM frame/bit information to an approximate current time. This propagated time
may then be transmitted to an acquiring wireless handset that does not currently have a
GPS solution as described below.

[045] Turning to FIG. 4, a diagram of GSM frames carrying GPS TOW. This
functionality provides for accurate GPS time to a wireless handset 104 that does not yet
have a GPS position. It also illustrates the method by which the present invention
compensates for network delays.

[046] When the wireless handset 104 requests aiding from the geolocation service
center 108, a message from the server to the wireless handset is sent. The message
identifies the GPS time with a specific GSM frame/bit, identified as “GSM Bit Y” in the
figure. The server creates this message from earlier measurements made by this, or
other, wireless handsets as described above. When the message is received at the
wireless handset 104, the CP section of the wireless handset 104 generates a time mark
aligned with a current GSM frame/bit, identified as “GSM Bit X” in the figure. The CP

section may also send a message to the GPS receiver identifying the GSM frame and bit
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receiver's TTFF, energy usage and position accuracy. [044] At a later tine,
t he geol ocation service center nmay propagate the stored tinmetagged GSM

f rame/ bi twonbevaredeion to an approxi mate current tine. TRCI/Uscapagased ti ne
may then be transmitted to an acquiring wrel ess handset that does not
currently have a GPS solution as described below. [045] Turning to FIG 4,
a diagramof GSM franes carrying GPS TOWN This functionality provides for
accurate GPS tinme to a wirel ess handset 104 that does not yet have a GPS
position. It also illustrates the nmethod by which the present invention
conpensates for network delays. [046] Wen the wirel ess handset 104

request syuadtidt REsolcla@sl Witk the @it afatlQ andethi ibase satide beih@Sysed, aesisageif rom t he
server to the wireless handset is sent. The nmessage identifies the GPS tine
with a spgel {1 anCRMd FREREPKAN tﬂeﬂeﬁ%}:)z_fgafedth@%l’"%%&m ¥Yie bif iddRgfibd gure. The

server creates this nmessage fromearlier neasurenents made by this, or

ther, wi I hand - . ] i ved
ouher . Whe SERGDRLOS 98 RS HBAAL RN el s U, TRBRRRui, (G v
O o o Tk SRl B T S TRl fy gL e, 2

GPS receiver identifying the GSMfranme and bitnunber associated wth the

time mardelayamal gedogsition servigs eitesel O8gtime eatimaldons BBORS- Pecapsp(tee wirelese Gps

receiver will then propagate the GPS tinme fromthe bit identified in
handset 104 location is unknown, there is an unknown transmission delay from the base

station 106 to the wireless handset 104. This delay presents an unavoidable error in the
received GPS time, but is limited by the typically small sizes of cellular radio sites.
[047] In Table 2, an example of one possible message sent from the geolocation

server 108 to the GPS receiver in an acquiring wireless handset 104 is the following:

NAME Description | Units | Notes
gps_time tag VLMU GPS_ | GPS  Week | Weeks These are
Week Number shown as
VLMU GPS_T | GPS Time of | Usec GPS TOW in
oW Week FIG. 4.
freq VLMU Freq E | Base Station | Nsec/sec | This is ‘freq’
rror ! Freq. Error in FIG. 4.
List of meas uncertainties | VLMU_Time | Uncertainty Usec
Accuracy of GPS time
VLMU Freq E | Uncertainty Nsec/sec
r_Acc of Clock
Error
network_reference_time VLMU _GSM_ | GSM Frame | None This is bit Y
B Frame Number in FIG. 4
VLMU_GSM_ | BSM Bit | None
Bit Number
TABLE 2

The items in Table 2 may be repeated once for each base station identified in a data

structure such as a neighbor list that identifies base stations near the current base station
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the nessage (Y) to the bit that is aligned to the tinme mark (X), using
nom nal, (or corrected, if clock drifts are available) franme rates, thus
conpensatwogodmn2ishe net wor k del ay and geol ocati on ser viPCE/USe0mB21398 ti e
estimation errors. Because the w reless handset 104 |ocation is unknown,
there is an unknown transm ssion delay fromthe base station 106 to the

W rel ess handset 104. This delay presents an unavoi dable error in the
received GPStinme, but is limted by the typically small sizes of cellular
radio sites. [047] In Table 2, an exanple of one possible nessage sent from
t he geol ocation server 108 to the GPS receiver in an acquiring wreless
handset idQ#e iveirdiéie dedkbiwi Mg somABinkplémditatiortse e OF Jewbibe of thaywivelessepeat ed
once for each base station identified in a data structure such as a

nei ghbormahist 1648ky Eiqjt‘éxriﬂefﬁs?§f RS Btafibad k@ enl P @RIvidd @uts i ienderviag Baset at i oni n

the wireless network. In some inplenentations, the CP section of the
wrel essstf{g%gdset 104 may filter the list of base stations and only provide
data for the servi ng base station. [048] Using the data itens in Table 1

and Tabl , the al gorithng use on t] me-t R o
preci se | ti @S@ﬁgﬁ%%taq%ﬁlstlﬁgr%ﬁﬁ f@ﬂg%{ahlﬁl%ﬁ%?gﬁﬁgﬁ%s ar e:tggg}?\%n{ s =
CP_GSM Franme * 1250 + CP GSM Bit VLMJ Bits = VLMJ GSM Frane * 12?0 +
VLM CSNimms-tagged GSM frames to precise GPS tiffie employed in the curtent implementations

are:
CP_Bits = CP_GSM_Frame * 1250 + CP GSM_Bit
VLMU Bits = VLMU_GSM_Frame * 1250 + VLMU_GSM_Bit
DeltaGSM = CP_Bits-VLMU_Bits
IF deltaGSM < -2710000 * 1250
deltaGSM += 2715648 * 1250
ELSEIF deltaGSM > 2710000 * 1250
DeltaGSM ~= 2715648 * 1250
ENDIF
DeltaTime = deltaGSM * SecPerGSMBit/(1+VLMU_Freq_error*1 ¢?)
GPS_TOW = VLMU_GPS_TOW + deltaTime * 1¢°
GPS_Week = VLMU_GPS_Week
IF (GPS_TOW >= 604800 * 1¢°)
{GPS_TOW -= 604800 * 1¢°
GPS_Week++
}
ELSEIF (GPS_TOW <0

{GPS_TOW -+= 604800 * 1¢°
GPS_Week--

}

time uncertainty = VLMU_Time_Accuracy + time_mark_uncertainty.
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DeltaGSM = CP_Bits-VLMJ Bits I F deltaGSM < -2710000 * 1250 deltaGSM +=
2715648 1250 ELSEIF deltaGSM > 2710000 * 1250 DeltaGSM - 2715648 * 1250
ENDI F Delwatner2z3edel t aGSM SecPer GSMVBI t/ (1 +VLMJ_Fr eq_er POT/USe008)3GRE TOW =
VLMJ _GPS_ TOW + deltaTine * | e6 GPS Week = VLMJ_GPS Week IF (GPS_TOW >
604800 | e6) {GPS_TOW-= 604800 * | e6 GPS Wek++ } ELSEIF (GPSITON< O
{GPS_TOW += 604800 * | e6 GPS Week~ } tinme_uncertainty = VLMJ Ti me_Accuracy
+ time_mark_uncertainty.[049] In FIG 5, a flow diagram 500 of offset
determnation is shown. A wreless

[049] In FIG. 5, a flow diagram 500 of offset determination is shown. A wireless
handset 104 receives a GPS signal 114 at a GPS receiver in step 500. The wireless
handset 104 also receives a communication signal 116 from the wireless network in step
504 that contains timing information. The controller then determines the time offset
and/or drift between the clock at base station 106 sent in the received communication
signal 116 and the GPS time sent in GPS signal 114 in step 506. The offset may then be
sent back to the current base station 508.

[050] Turning to FIG. 6, a flow diagram 600 of a wireless handset using offset
determined in FIG. 5 is illustrated. A wireless handset 104 requests aiding from the
geolocation server 108 in step 602, a message from the geolocation server 108 to the
wireless handset is sent, step 604. The message identifies the GPS time with a specific
GSM frame/bit, identified as “GSM Bit Y” in FIG. 4. The geolocation server 108
creates this message from earlier measurements made by this, or other, wireless handsets.
When the message is received at the wireless handset 104, the CP section of the wireless
handset 104 generates a time mark aligned with a (possibly) different GSM frame/bit,
identified as “GSM Bit X in FIG. 4, see step 606. In step 608, the CP section may also
send a message to the GPS receiver identifying the GSM frame and bit number
associated with the time mark, and the base station being used, as shown in Table 1. The
GPS section of the wireless handset 104 propagates the GPS time from the bit identified
in the message to the bit associated with the time mark, thus compensating for network
delays and time errors caused by the geolocation service center server 108 in step 610.

Because the wireless handset 104 location is unknown, there is an unknown transmission
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handset 104 receives a GPS signal 114 at a GPS receiver in step 500. The
W rel ess handset 104 al so receives a conmunication signal 116 fromthe

wi r el ess wetzamwvde2iém step 504 that contains timng informariuse06/HbHss
controller then determnes the tinme offset and/or drift between the clock
at base station 106 sent in the received communication signal 116 and the
GPS time sent in GPS signal 114 in step 506. The offset may then be sent
back to the current base station 508. [050] Turning to FIG 6, a flow

di agram 600 of a wireless handset using offset determned in FIG 5 is
illustrated. A wireless handset 104 requests aiding fromthe geol ocation
server 168ay rreeh ¢ipe 6682, statioed8ade the orireldse hgeddeod 8t Thissdiaepreiéifls b t he
wi rel ess handset is sent, step 604. The nessage identifies the GPS tine

wWith a speioldable@pdriih ME/ebéived GUSMohd bBEisatnitddIN Blettypically sl Gizd-of The

geol ocation server 108 creates this nessage fromearlier measurenents nade
by this, .9fy trg(%,-%gf rel ess handsets. When the nessage is received at the
wi r el ess handset js.g , the CP section of the wireless handset 104 generates

atine aligped,with a (possibly) different Mframe/bit, identified
e o WA o | PR PR R S T Bt D ATt S st PR
al so send a ssage to _the GPS receiver identifying the GSM frane and bit
nunber aggwg\gti@&rﬁ qoptypation; ofgofiyane and hardvrage. phesaftware smydeinigsenisdd, as
shown in Table 1. The GPS section of the wirel ess handset 104 propagates
the GPS pine {igmanbtiringrimedigmntliaf i epgitains machine-readable instructions such as

magnetic tape, compact disc, paper punch cards, smart cards, or other optical, magnetic,
or electrical digital storage device. A controller may execute the software presented on
the signal-bearing medium. Examples of a controller may include a microprocessor,
digital signal processor, digital circuits configured to function as a state machine, analog
circuits configures to function as a state machine, a combination of any of the above
configured to execute the programmed instructions, such as presented on the signal-
bearing medium.

[052] The foregoing description of an implementation has been presented for
purposes of illustration and description. It is not exhaustive and does not limit the
claimed inventions to the precise form disclosed. Modifications and variations are
possible in light of the above description or may be acquired from practicing the
invention. For example, the described implementation includes software but the
invention may be implemented as a combination of hardware and software or in
hardware alone. Note also that the implementation may vary between systems. The

claims and their equivalents define the scope of the invention.

18



in the nessage to the bit associated with the time mark, thus conpensating
for network delays and tinme errors caused by the geol ocation service center
server 1080i200732e31610. Because the wi rel ess handset 102Clrasatticos215s
unknown, there is an unknown transm ssiondelay fromthe base station 106 to
the wirel ess handset 104. This delay presents an unavoi dable error in the
received GPS tine, but is limted by the typically small sizes of cellular
radio sites. [051] The flow diagrans in figure 5 and figure 6 may be

i npl emented in software or hardware or a conbi nation of software and

har dware. The software nmay be presented on a signal -bearing nmedi umthat
cont ai ns machi ne-readabl e i nstruct ggRgysuch as nmagneti c tape, conpact disc,
paper p calgiscagl damart cards, or other optical, nagnetic, or electrical
di gital 'st'orage device. A controller may execute the software presented on
t he signal -bearing nmedium Exanples of a controller may include a

m croprocessor, digital signal processor.,.digital circuits configured to
functioh as A& Eireles ceEEMEAtion J5Yi5y CMPESIEs configures to function as a
state machine, a conbination of any of the above configured to execute the
programred i asemuamicatien resgiver indhgvslesy @Hn@ﬁn’icﬂé’nscreﬂffgt bearing medi um
[052] The foregoing description of an inplenentati on has been presented for
purposes of uhhbselutatimersigmbredeiset atghé wireleps cansmppicationayiei ve and does not
limt the clainmed inventions to the precise formdisclosed. Mdifications
and vari ati og$ef¥dRk time signal received at the communication receiver of the

communication device; and

a memory that stores an offset of the absolute time signal from the network time

signal.

2. The wireless communication device of claim 1, where the absolute time signal is

a Global Positioning System (GPS) clock signal.

3. The wireless communication device of claim 1, comprising:

a GPS receiver in receipt of the absolute time signal that is a Global Positioning

System clock signal; and

a controller in signal communication with the GPS receiver, the communication

receiver and the memory, where the controller determines the offset.
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possible in light of the above description or may be acquired from
practicing the invention. For exanple, the described inplenentation

i ncl udes wofzbavaressbut the i nvention may be inpl enent ed asTaSe@wiodniat i on of
hardware and software or in hardware alone. Note also that the

i npl enentation may vary between systens. The clains and their equivalents
define the scope of the invention. CLAIMS What is clained is: 1. A wreless
comuni cati on device, conprising: a conmunication receiver in the wireless
comuni cati on device; an absolute tine signal received at the wireless
comuni cation device; a network tine signal received at the conmuni cation

recei vey of {hewsRMEMAEALLRASEYVER ofaEna, EBABAYnghat stores an of fset of
the absolute tinme signal fromthe network time signal. 2. The wirel ess

communi cati on Jdeyl Ak g Yi&irhé 5Bnsliigeabulagda G obal
Posi ti oni ng gf’éeﬁé%%?aggf%%?&@?ﬂaﬁgngﬁ@‘g The w rel éssﬁggmruni cation device
of cl ai g]}ﬁiﬁ corrpﬁi sing: a GPS receiver in receipt of the absolute tine

si gnal e qoatrglley opal  Posi ti oni ng System cl ock signal; and

5. The wireless communication device of claim 3, further comprising:
a drift rate determination made by the controller based on a plurality of offset

measurements.

6. The wireless communication device of claim 3, comprising:
a transmitter associated with the wireless communication device that transmits

the offset for receipt by another wireless communication device.

7. The wireless communication device of claim 6, where the offset is transmitted
over another communication network other than a communication network that provides

service to the communication receiver.

8. The wireless communication device of claim 3, where a transmitter transmits the

offset for receipt by a base station.
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a controller in signal conmunication with the GPS receiver, the

communi cation receiver and the nenory, where the controller determ nes the
of f set . 4. wOheoMi2e®Blless conmuni cati on devi ce of clai m 3, PCOMSRE0SI0B)SS a
frequency error of a clock associated with the network tinme signal is
calcul ated by the controller. 5. The wirel ess comruni cati on device of claim
3, further conprising: a drift rate determ nation nade by the controller
based on a plurality of offset neasurenents. 6. The wi rel ess comuni cation
device of claim3, conprising: a transmtter associated with the wirel ess
communi cation device that transmts the offset for receipt by another

Wi r el es9. comitriwisdlessrrof@wini@ition devibeofdlsial Bsongeigmghni cation device of
claim6, where the offset is transmtted over another communicati on network

other than a a%MWﬁb%Isb%tﬂfetd&ﬁ&Kllérh%s WHID¥ BRSACIYKC FhER hdre

communi cation receivér. 8. The wrel ess communi cation device of claim 3,
Wnerea t. b base, station. 9.
The wi re ess %%h?%% ea\;]?)ggn’g%tﬁ%e &?o?af Pa (pm%% gﬁs%em c]r??gfdwar e pul se

t hat the, coptroller t ags mnth an internal clock, mhere t he hardware pul se
has a kiBRft“rel ati onship with the G obal Positioning System cl ock signal .

10.  The wireless communication device of claim 9, comprising:
a frame and a bit number associated with the hardware pulse being sent to the

GPS receiver.

11. The wireless communication device of claim 10, wherein the frame is a GSM

frame.

12. A method for wireless communication, comprising:
receiving a network time signal over a first communication network at a
communication receiver in the wireless communication device;
receiving a absolute time signal at the wireless communication device; and
storing in a memory an offset of the absolute time signal from the network time

signal.

13.  The method for wireless communication of claim 12, where the absolute time

signal is a Global Positioning System (GPS) clock signal.
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10. The wireless communi cation device of claim9, conprising: a frane and a
bit nunber associated with the hardware pul se being sent to the GPS

recei ver .wbhoo7lizeseni r el ess communi cati on devi ce of cl ai rCTAIS2Wia@BHEBS t he
franme is a GSMframe. 12. A nethod for w rel ess conmunication, conprising:
receiving a network time signal over a first comrunication network at a
communi cation receiver in the wireless conmuni cation device; receiving a
absolute time signal at the wirel ess comruni cati on device; and storing in a
nmenory an of fset of the absolute tine signal fromthe network tinme signal.
13. The thog for wireless conmunication of claim12, where the absol ute
time si gﬂ% i %m@ﬂ@éafpr Piselpts oIS ionerhclaipdp, edmprising:gnal . 14. The

met hod for wrel ess conmuni cation of claim 12, conprising: receiving at a
GPS recei ver Ieiviigsd @RS Itecmersthgaiwoluthamelssgml tBaviv al GIBb4l iPositiohing Syst em
clock signal; and determining the offset at a controller that is in signal
conmuni c&ydtmowckhigﬁnbleaﬁs recei ver, the communication receiver and the
menory. 15. The nethod for wi rel ess comruni cati on of claim 14, conpri sing:

determining the offset at a controller that is in signal communication with the

GPS receiver, the communication receiver and the memory.

15.  The method for wireless communication of claim 14, comprising:

calculating a frequency error of a clock associated with the network time signal.

16.  The method for wireless communication of claim 14, further comprising:
determining a drift rate by the controller based upon multiple offset

measurements.

17. The method for wireless communication of claim 14, comprising:
transmitting at a transmitter associated with the wireless communication device

the offset for receipt by another wireless communication device.

18. The method for wireless communication of claim 17, where the offset is

transmitted over a second communication network.

19.  The method wireless communication of claim 14, comprising;

transmitting with a transmitter, the offset for receipt by a base station.
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calculating a frequency error of a clock associated with the network tinme
signal. 16. The nmethod for wireless conmunication of claim 14, further
conpri si YO 20etee3sini ng a drift rate by the controll er Ppasasuposissl tiple
of fset measurenents. 17. The method for w reless comunication of claim 14,
conprising: transmtting at a transmtter associated with the wreless
communi cation device the offset for receipt by another wrel ess

conmruni cation device. 18. The nethod for wireless comunication of claim
17, where the offset is transmtted over a second conmuni cati on networKk.

19. The nmethod w rel ess conmuni cation of claim 14, conprising: transmtting
wth a transmitter, the offset for receipt by a base station.20. The net hod
of wirel ess conmunication of claim 14, conprising: generating a hardware

pul se that thig wemhbd ofF kel ds@asmiuhitatich dflamniad, cehpaéingwher e the har dware
pul se has a known relationship with G obal Positioning System clock signal

21. The met h%&e&ftin%glg} egelgglélg& fRIcbRRoIRS: t47s Hifh APintERAIRIdck] WHereSeNdi Ny a

frame and a Bit nu assocl w th the hardware pulse to the GPS

recei Ve@ie é)érgd'wa'rb‘e Slhsqenk?als_aq(en%wnnrglati rqgh&'pmw\l’&l@oﬁﬁ?’ggiﬂgﬁﬁlg%gfgtlg&eclj)&st ructions

for wr

signal.

21.  The method of wireless communication of claim 20, comprising:
sending a frame and a bit number associated with the hardware pulse to the GPS

receiver.

22. A signal-bearing medium with machine-readable instructions for wireless
communication, comprising:

machine-readable instructions for receiving a network time signal at a
communication receiver in the wireless communication device;

machine-readable instructions for receiving an absolute time signal at the
wireless communication device; and

machine-readable instructions for storing in a memory an offset of the absolute

time signal from the network time signal.

'23.  The signal-bearing medium for wireless communication of claim 22, where the

absolute time signal is a Global Positioning System (GPS) clock signal.
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communi cati on, conprising: nmachi ne-readable instructions for receiving a
network time signal at a conmunication receiver in the wireless
comuni cawpanodeiste; machi ne-readabl e i nstructi ons for PCEAS2006/06218%
absolute time signal at the wirel ess comruni cati on device; and
machi ne-readabl e instructions for storing in a nenory an of fset of the
absolute tine signal fromthe network tinme signal. 23. The signal -bearing
medi um for wirel ess comunication of claim22, where the absolute tine
signal is a G obal Positioning System (GPS) clock signal.24. The
si gnal - bearing nmedi um for wreless comunication of claim 22, where the
net wor k24.i meTh¢ gigatl-hearing cwdiuwnh dor waklephomamtihicetiai ghelbim 23, whie the
si gnal - beari ng nmedi um for w reless comuni cation of claim22, conprising:
machi nenet@atladime sighaltis b etllaselefhoneaifié Mg, at a GPS receiver the absol ute
time signal that is a d obal Positioning Systemclock signal; and
machi ne-readabl e instructions for determning the offset at a controller
that ispy4n sipghg ﬁ_%lgg%gg . LS %1 > €] . 1 omruni cati on
recei ver and tgﬁegnmsrmr y. Iglgal iﬂé’iﬂﬁé”it‘%%eg i?%%rﬁflﬁg&%{eéf%% %cwmpgf%%’s
communi cation _af. clai.m.25, conprising:. machi ne-readabl e insiructions for
cal cul ati ng lgla&}lgaggﬂ&}e Istractions f%r rg?&agllgg at a%%s receiver the absofute time
signal that is a Global Positioning System clock signal; and
machine-readable instructions for determining the offset at a controller that is in
signal communication with the GPS receiver, the communication receiver and the

memory.

26.  The signal-bearing medium for wireless communication of claim 25, comprising:
machine-readable instructions for calculating a frequency error of a clock

associated with the network time signal.

27.  The signal-bearing medium for wireless communication device of claim 25,
further comprising:
machine-readable instructions for determining a drift rate by the controller based

upon multiple offset measurements.
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associated with the network time signal. 27. The signal -bearing nediumfor
W rel ess communi cation device of claim?25, further conprising:

machi ne- readale2iémst ructi ons for determning a drift r&Ce/Uusgoosios2158
controll er based upon nultiple offset nmeasurenents.28. The signal -bearing
medi um for wi rel ess conmuni cati on of claim 25, conprising: machi ne-readabl e
instructions for transmtting at a transmtter associated with the wireless
comuni cation device the offset for receipt by another wreless

comuni cati on device. 29. The signal-bearing nediumfor wreless

communi cation of claim 28, where the offset is transmtted over another

comuni gat i ophdaEMMbeaPid BbdibRAor FieRsthGahicaonEtaMim5, 3enpritisg:
si gnal - beari ng nmedi um for w rel ess comuni cation of claim25, conprising:

machi ne-r eadag&ﬁné-n%gags Irs@0SidnQ for £ ARk b0 trihchllndy dsERARE WiRine t he

of fset for receipt station. e signal bearing nediumfor

fset for recerpt | c stat ! “The si'gnal “bez i
st o e v Guaoniente Rt R0 By haP O NRS oPRRLo o o

i nternal clock, where the hardware pul se has a known relationship with the
G obal 4% i oni ng System O ock Signal .

29.  The signal-bearing medium for wireless communication of claim 28, where the
offset is transmitted over another communication network other than a communication

network.

30.  The signal-bearing medium for wireless communication of claim 25, comprising:
machine-readable instructions for transmitting with a transmitter, the offset for

receipt by a base station.

31.  The signal bearing medium for wireless communication of claim 25, comprising:
machine-readable instructions for generating a hardware pulse that the controller
tags an internal clock, where the hardware pulse has a known relationship with the

Global Positioning System Clock Signal.
32.  The signal-bearing medium for wireless communication of claim 31, comprising:

machine-readable instructions for sending a frame and a bit number associated with

the hardware pulse to the GPS receiver.
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32. The signal -bearing nediumfor wreless conmunication of claim 31,
conpri sing: machi ne-readabl e instructions for sending a frane and a bit
nunber aswocbeteeBoni th the hardware pul se to the GPS reeermsro08®32158

wi rel ess device, conprising: a receiver in the wireless device in receipt
of a nmessage that identifies absolute time with a current frane/bit nunber;
a call processing section coupled to the receiver that generates a tine
mark aligned with the current frane/bit nunber; and a GPS receiver in the
wirel ess device in receipt of a signal fromthe call processing section
that identifies the frame/bit nunber associated with the tinme mark that
enabl es 38Bhe @PFirclesadevie, dompgisipensat e for network delay while determn ning
a GPS posistion. 34. The wirel ess device of claim33, where the frame and

bit number ig r@ce@%MJl Rk d@\HE@)ﬁrrece’iﬁ of Iﬂﬁ‘ssé’é‘éé ﬁla?ﬁ%nﬂfe% LR tial m 33,

where the network delay further includes conpensation for time estimation

errors. \ﬁﬁl%&n@ﬁ{ﬁﬁge/{)?lﬁurﬁg%}cmom zing a wirel ess device, conprising:

receiving at a recerver he wirel ess device a nessage that identifies
absolute tine a current fr [bit nunbe enerati.ng in cal |
processi ng sé& 18?“???&’@ sedhionsg ggtot%e f%@“’?re*%‘%tl %&erf“te%la {qq%@mqqlﬁ?]kgned
with the current frame/bit number; and
a GPS receiver in the wireless device in receipt of a signal from the call processing

section that identifies the frame/bit number associated with the time mark that enables the

GPS receiver to compensate for network delay while determining a GPS posistion.

34, The wireless device of claim 33, where the frame and bit number is a GSM

frame/bit number.

35. The wireless device of claim 33, where the network delay further includes

compensation for time estimation errors.

36. A method for synchronizing a wireless device, comprising:

receiving at a receiver in the wireless device a message that identifies absolute time
with a current frame/bit number;

generating in a call processing section that is coupled to the receive,r a time mark

aligned with the current frame/bit number;
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aligned with the current frame/bit nunber;receiving at a GPS receiver in
the wireless device a signal fromthe call processing section that

i denti fi esotzher/2emme/ bit nunber associated with the ti meCwaSkoocasmss
conpensating for network delay in the GPS receiver using the frame/bit
nunber. 37. The nethod of claim 36, where the frane/bit nunber is a GSM
frame and bit nunber. 38. The nethod of claim36, where conpensating for
network delay further includes conpensating for tinme estination errors.

receiving at a GPS receiver in the wireless device a signal from the call processing
section that identifies the frame/bit number associated with the time mark; and

compensating for network delay in the GPS receiver using the frame/bit number.

37. The method of claim 36, where the frame/bit number is a GSM frame and bit

number.

38. The method of claim 36, where compensating for network delay further includes

compensating for time estimation errors.
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