WO 01/ 08344 PCT/ USO0n9673 1 METHOD AND APPARATUS FOR SEQUENTI ALLY
SYNCHRONI ZED NETWORK 5 BACKGROUND OF THE I NVENTION |I. FIELD OF THE

| NVENTI ON Hheoipgagent invention is directed generally.to gcmescbasszand
apparatus for timng and frequency generation and, nore particularly, to a
met hod and 10 apparatus for sequential ly synchronized timng and frequency
generation in a comunication network. 11. DESCRI PTI ON OF THE BACKGROUND
In a wirel ess access system the synchronization of time and frequency of
15 transm ssions are of IMEDNHOD AND APRARATUSFORI ons that are
synchroni zed and share a known tine and frequency reference provide

i mproved syst em acqSEQUENTIALLY SYNCHRONIZERNETWEORIi ng, inproved
handoff reliability, inproved handset standby tine, and facilitated

| ocation and position searching. 20 The majority of 1S-95 and Code

Di vi si on ltiple Accesg 0 r S (d obal |
Posi ti oni% System ti @A%%ﬁ%%ﬁaﬁe reference for
synchroni zation, and in order to gain the benefits which follow from

synchroni zatj on. However. an increasing nunber of network operators find
dependence dh t h&TERR QR JE% INVENTL the need to 25 nmake a GPS

&4 N
nmeasurenment at e lﬁ%ﬁﬁ .ON . | ?gﬁgp” ﬂ‘ﬁl’agalﬂiq&gj Lonal time
consunption to tﬁ@é re ggﬁ%@m%@é% or €, tolz&'-nee exil tarérél or a
wirel ess confontiming and freqtiewoylgenbaitionandy indes pasticalarly) to aietiiod and known
time reffdrence, whi L e providing a a,ItSr,naLtive time reference to GPS tine.
A furthell npagatns for segy rsmggemge doning And reQANGRERSTRIGTN 2 by ovi des

sinplified SyHRCRLARLEGH § all base stations in the network to a known
frequency reference. % g?log%'BM PCT/ USOQO' 19673 2 BRI EF SUMVARY OF THE

| NVENTI ON

II. DESCRIPTION OF THE BACKGROUND
In a wireless access system, the synchronization of time and frequency of

15  transmissions are of paramount importance. Transmissions that are

synchronized and share a known time and frequency reference provide

improved system acquisition, simplified mobile station searching, improved

handoff reliability, improved handset standby time, and facilitated location and

position searching. |
20 The majority of IS95 and Code Division Multiple Access (CDMA)

deployments operate on GPS (Global Positioning System) time in order to gain

a universal time reference for synchronization, and in order to gain the benefits

which follow from synchronization. However, an increasing number of

network operators find dependence on the GPS undesirable, and the need to

25 make a GPS measurement at each base station adds increased cost and |
' additional time consumption to the wireless network.

Therefore, the need exists for a wireless communication network that
provides synchronization to a known time reference, while providing an
alternative time reference to GPS time. A further need exists for a wireless

30 communication network that provides simplified synchronization of all base

stations in the network to a known frequency reference.



The pr.esent invention is directed to a synchronized timng and frequency
generator for a communi cation network. The synchronized timng and
frequency J¥OBVWBMr i ncl udes a parent station which mai nt BERUSWI8¢8m tine 5
and frequency values, a first tine/frequency transfer unit which receives
the systemtinme value fromthe first pa?ent (master) station and generates

Ctation to whi %ﬁmt LL@ﬁﬁ%ﬁ%ﬁﬁﬁM&?ﬁ?Mﬁ&ﬁbﬁﬂ ect '(? e
' sl . Vs . Thi
i o1 ar chy of par ol BIACTORVERHE b ARCER 0 A arRATInigR SmiRg B, on par ent

station may Beqh@Rgaletsratéy fors coMMISERAGrREwask. 2 Re d fimfhgd! Ven
wirel ess network. The corrected systemtinme val ue nmaybe generated using an

adj ust or whi @nd frequenygeneraten inclicles a patent station which mmajntains|systemdtima chi | d
station. kn ferr odi.ment he present .Jnvention is.directed to a
first 15 Yi n%???@&ﬁ%‘h@&' a?‘?%h%hg{i%mﬁ}ﬁeﬂggﬁ‘fye. %%WPW!‘E&UW‘F‘W €e station
In a sequent spdtemtiri@valieg fioh® HETAEY pAERCHiR0T StatioR afl teS@6rrbled !
time/frequency transfer unit includes a receiver whicl acquires a pilot

signal set, &ysiemdime andfreqrensy valiesand afirst childsire)etation o which theNC
channel si gngl...f t base. .station determynes the unif system
time fromt h@%W%@%@%&% %t%ﬁ&c i Cﬂ#ﬁ@%%%#ﬁﬁé’%y a
pr edet er ni netinfyaidfreqienty valvesl Tiis hieraich§ of parep@satibRiinlehaysf@akeen t he

parent station and the first time/frequency “transfer unit in order to
obt ai n abol stotier-paranistatipranay besrepeated for asomany stationsassArer uni t "t hen

uses the abs ' t9 a periqdic pul.se rain yith well
def i ned edgeghﬂggﬁéﬁ)érg?&hw%l%ﬁgr{%%tgﬁ%gtﬁﬁcﬁg‘%ﬁa%%ﬁ' é‘@gﬁi“%ﬁ&%m t he
first child gemdrated.using # adjadter whitheidvadidtiitiretatdea R4l foék winnire pul se
train is an int eger?}gﬂti ple of 1 second, and the SYNC nessage and SYNC

channel cor r S8F6AR HaMWYNC nessage and SYNC channel defined in the IS

95A standard. Th gheq%ga.;,ég Sfhnftint | : %ﬁ% r fer unit
to generate thqu)ler odi Cc peul#ge tral’tgﬂﬁgiésléé\%f‘g e é\fs%@?ﬁ?gﬁh

neasur es1® 3timey/ frequéricydransfer unittooapleditoa first ¢hild ledse stativn én 2 vediengial ocal
clock at the,.first, child base stat]jon and the absql ute systemtinpe

det erni ned bifMefDdirequency sygiem- st /?‘Sﬂ‘éﬁf!fé’tf@éfeéut put of

the free runghshdhdesla Reeifer Which URGIBRIQMN Fifot WardT 483 4émbadiabb? APkt 6 73
demodulates a SYNC message of a SYNC channel signal from the parent base
station, determines the unit system time from the SYNC message, then

C

20  advances the unit system time by a predetermined amount corresponding to
the propagation delay between the parent station and the first time/frequency
transfer unit in order to obtain absolute system time. The first time/ frequency
transfer unit then uses the absolute system time to generate a periodic pulse
train with well defined edges used for controlling the timing of signals sent

25  from the first child station. In a preferred embodiment, the period of the pulse
train is an integer multiple of 1 second, and the SYNC message and SYNC
channel correspond to the SYNC message and SYNC channel defined in the IS-
95A standard. The generator used at the first time/frequency transfer unit to
generate the periodic pulse train may include an adjustor which measures a

30  time difference between the output of a free running local clock at the first child
base station and the absolute system time determined by the first time/transfer
unit, and then retards the output of the free running clock so as to synchronize



3 the output of the free running clock with the absolute systemtine
determned by the first tinme transfer unit. Once the timn f the first
child basWo@l n has been synchroni zed as describéd 3 B first
child base station uses the absol ute s¥stem5 determ ned by the first
time/frequency transfer unit to control the tine synchroni zation of

st anal's_ S e SUB bfthelde g ot i hehbeng eor@Aitin: Mrerhifieq |1 o1

child base stat ins tranSmtting its ovvn nessage on | s SYNC
channel mbycthe)ﬁrkhmmndﬁertmut absolute systemtine (as determ ned by the

first tinmel/frequen transf%hlt@ég’a&%ﬁg&g child base, staqt§|on
t hereby causing ﬁ(?é“f‘t"rgs‘f f:?%b?f&,séiﬁ‘g?‘é’ er
(second) Paksiibe %svéttﬁé W&J@Pasﬁt%&?&éggﬁ?_éﬁfm '['Oe'[%ﬁ%ﬁl is then repeated

by a second tine/frequency trans unit co e second child base
stati onSi ndetedmnnedb)sﬂwdhsumméﬁeqlmencybmisfetmaytstcemrblﬂmﬁmed by the

d chi Id t, that of th d { st .
The_ pr ocesSTREoTZAon of slpalf gent i o fieh il baseiatiy Bdgionh:t  ons | n
a conmuni Cﬁiét‘&ﬁ:l&l&%&@éfhu&:@ﬁé%ﬁ%uﬁﬁﬁﬁtﬁh &sbmm@tﬁ@ssagéesn #S6¥NE@ns being

synchroni zed to a conmon ab te syste time. In ferred enbodi nent,
the ti rre/fc@u‘ehnyaqcoedvstemﬂrﬂmab&dutdm&mbmd{asdeﬁermnmbhyﬂt%ﬁmbns are

?Lzossgtegnme/g%uent | a??‘%‘ﬁ%"s“ﬂajl | sMeqae@% S n.chrﬁ_@l zl?at | onmt hr oughout

ti me/ f 1@quenchirst ElatBbade stition to'betditlea fﬁrmepw Pl baSSRthfiGE, TheP! | Ot
signal fromthe parent base station. The pilot si gnal Is transmtted from

the first Ppeaessessribed above is then repeated by setord frequemcyf fransfer

time/frequ d he f|r d Il on receives
the pil ot gﬁ%)régfl{’%a%%ﬁé%l go#ldfﬁ’?&%%‘% r%‘gorg’tna rdgﬁ Cia'ér{g‘?%@g a corrected
syst em f r egbsvlate systettetiig used by thd sedond hHll&Etaﬁeﬂtvﬁth thiat @8 GcfirsPénd he
received pilot signal to a predeternined reference center frequency (e.g.,

10 MHz). TPREORd pagentstations: PF@&%ﬁMBﬁi@aPWoﬁ?Pﬁmdth%uﬁu quency

Synchr S 7eiGStRdra 2RO ERAGH oyefiot elet Shafiihe h B B0 (e 1 °

par ent ststtahonsbﬁtgsymﬂ'e'omzeqwacqnuﬁondlhsolutesystemltiniebase station has
been synchroni z 0] descr.i bed apave,. t first e st t|on
begi ns” transmi tﬁ}d%‘ﬁﬂ"% (F?l %‘8"8&"?6’?‘32?‘&1‘&@?&“% & Bﬂeldd base
station, thefRithiladase SatibRearelalsdiuselit dedidlially establish frequency
synchronization throughout the system of base stations. As mentioned above,

20 the first time/frequency transfer unit includes a receiver which acquires a pilot
signal from the parent base station. The pilot signal is transmitted from the first
parent station at a first center frequency. The first time/frequency transfer unit
coupled to the first child station receives the pilot signal from said first parent
station and generates a corrected system frequency value by translating the

25 center frequency of the received pilot signal to a predetermined reference center
frequency (e.g., 10 MHz). The corrected system freqﬁ_enc‘y value from the first
frequency transfer unit is then communicated to the first child station and used
to synchronize the frequency of the first child station with that of the parent
station. Once the frequency of the first child base station has been synchronized

30 as described above, the first child base station begins transmitting the translated
pilot signalto a further child base station, thereby causing the first child base
station to become a further (second) parent base station. The process described



.statipon to becone a further (second) parent base station. The process
descri bed WO 01108364 PCT/[J500/ 19673 4 above is then repeated by a second
tinme/ frequemoyissansfer unit coupled to the second chil dPCEESN049EEI on i n
order to synchronize the fréquency used by the .second child station with
that of the first and second parent stat4ons. The process is then

preferably repeated for all further base stations in_.a 5, ,co I cajion
system ther @83QV&1@ repgated gﬁseg@atﬁhgggg’egg%miu%tc % ¥ zed in
frequency. | r rb%g-éj S castelal %)H’Ehﬂi : lf&a hﬁcya‘;%; id.ot channel s
used for thi ge%ggé:gl?ao tﬁe |n§{eé1§t%‘:a%%° orres%%ln éto f e’pl gtwtgllegnal s and
channel s def isecandichiltiiséatiof-wilki\tist of the fikst dikksqeond patent statiohs. cThel so

i ncl udes a net hod of, sync rogfyzi ng t‘%“. ;% 1 eneratjon_in a conmunication
network. The PRRERRIS thertp dERFafe gr SHOPS MR from a parent

station ab achinfiRuliEAH stettthereBF RBUAIGNA o sulRbASHAbrYSLEM 1 e val ue

at the tinme transter uni errrrng the correcte value to a
child st ati osynchrenizedninfrequericp.g Ima prefesrd émbodimerd; thepilat Sigaalsandni ng

| ocal clock at, said child,statjon to e generated 15 corrected system
e val v, it Shameiused M this 28ect oh e v PRAon CETesPRA o R PIoE | o
station in a f@gg Q:h}%{; SR | sent invention sol ves
probl ens expg | en%g W t Q?EQ& £ 19195 SHRRIGE

ce e prior art because the present invention
provi des synchr onThepresenttioverdionmalsd inchudes d médthed| ofsynchrafizing tinsing Wi t hout

dependen on GPS.timng as a.reference . at_each, 2Q.base station. These and
ot her aadint Beteration i fmridHoRmengorc dHE ke ERaResfERIVIBE 2o

appar ent f rogﬁ&ﬁ tiifé @Uu@@rdﬁ?%%f&&%ﬂﬁoﬁfatﬁl?ﬁléﬁm&ﬁt, ﬁéﬁéﬁﬁﬁg‘i' ow. BRI EF
DESCRI PTI ON THE SEVERAL VI O THE 25 DRAWNGS For the present

i nvention t ocowecte@ aystemdimevalue atithertime transferunit, andi tragwferring the esent

I nvention wll b scribed in,conuncti.qn with the.foll ow figures,
wherein: Fl Gcgrry@ezggmeo uﬁpa@?ﬁﬁéﬁ%tﬁﬁ@%mm%mﬂagﬂe net wor k t hat
30 includes gompaHAg hiffte rithflingdbél @lbeR BEdAIE YT Sta b 85 fHRgehit&N | N

accor dance
. 15  corrected system time value, and adjusting the free running local clock at the

child station in accordance with the comparing.

The present invention solves problems experienced with the prior art
because the present invention provides synchronization to common time and
frequency references, without dependence on GPS timing as a reference at each

20 base station. These and other advantages and benefits of the present invention
will become apparent from the detailed description of the invention

hereinbelow.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE

25 DRAWINGS
For the present invention to be clearly understood and readily practiced,
the present invention will be described in conjunction with the following
figures, wherein:
FIG. 1 is a block diagram illustrating a communication network that
30 includes a sequential timing/frequency synchronization system in accordance
with the present invention;



with the present invention; WO 01/08344 PCT1US00/19673 5 FIG 2 is a-bl ock-
diagramillustrating conponents in an exenplary tinme/frequency transfer
unit for womethsseni zi ng the absolute systemtine and 'fr auxrassoyiesfs a child
base station to that of a parent base station, in accordance wth the
present invention; 5 FIG i s a bl ock3di agram showing in nore detail

conponents ‘in a e tinelf ugncy transfer unit for synchronizing
the frequency 0?1%%6% Hf'ts Atipg compongnts in an exemplai¥e station, in
accor dancetm,éd;#gﬁ@n 64 nE“% |

illustrating a ho@I of s rnuch?fcéﬁl ghng tim ﬂeedfg"g‘éér@%f‘ﬂéﬁ‘q‘?%{%

conmuni cat fuqumwmﬂdduldbaaesbahdam&aMdfhpal‘mtﬂuassaahon,lmwewrdme and FI G

5is a flow., ﬂlﬁ%tamlll.ust .ating a nethod of synchronizing frequency in a
communi cat i RESPSRE MYENHORYG, - dance with the present invention. 15

DETAI LES DESCR! Rk, G biokifah i obinktin nfork icb] pSOraiOfh &2t ¢ he

figures and descriptions of the presen I nvent 1 on en sinplified to
i | lustrat eemmpbnybmd{&teqaemyrwamfammtfmsyndtmmmgmmmyogaof t he

present i nv v@r | nat| n 0Ses , _many ot her
el ement s f séa ﬁ‘gﬂé‘? Eﬁ'if‘)’g‘y d%l'i'ﬁ% fPrﬁﬁe&Fnary
skill .in thﬁ,egﬁbnw Il recognize that ot her el enents are desirable and/or
required in order to i r&l enent the present i nventi on. However, because

such el ements aFK.Adsh gtam illustrating aamethiodoafisynchrnizing timing

facilitgte unders. in f the pres nt |n.e I on di scussi on of
such tlﬁ ngﬁl%gﬁég% v"d‘éagmﬁl gva Tk é%g Ylgﬂg%qegg& di agram

i [l ustrati pgentionyandi cat ion network 10 that i ncI udes a sequential timng
and frequency s%/_lnchr oni zati on system in accordance with the present

i nvention. The iaymethed of synehoanizirg udes a first
parent sta and a first,
child stat Fﬂgﬁﬂﬁm%héoﬂtﬁm%r oni ze Wﬁ%@%@%ﬁ %Pr%%ﬂt

invention.

15 - DETAILED DESCRIPTION OF THE INVENTION
It is to be understood that the figures and descriptions of the present

invention have been simplified to illustrate elements that are relevant for a clear
understanding of the present invention, while eliminating, for purposes of
clarity, many other elements found in a timing synchronization system. Those

20 of ordinary skill in the art will recognize that other elements are desirable
and/or required in order to implement the present invention. However,
because such elements are well known in the art, and because they do not
facilitate a better understanding of the present invention, a discussion of such
elements is not provided herein.

25 'FIG. 1 is a block diagram illustrating a communication network 10 that
includes a sequential timing and frequency synchronization system in
accordance with the present invention. The timing/frequency synchronization
system includes a first parent station 12, a first time/frequency transfer unit
13a, and a first child station 16a. The synchronized timing generator for a

30 communication network may also include at least one secondary time transfer
unit 13b and at least one secondary child station 16b. Parent station 12 and

- child stations 16a, 16b may, for example, represent base stations in a wireless



.30 conmuni cation network may al so include at | east one secondary tine
transfer wunit 13b and at | east one secondary child station 16b. Parent
station 12woeinsshi | d-stations 16a, 16b may, for exanpl e POTASO&EITX base
stations in a wirel ess WO 01108344 PCT/ US00/ 19673 6 access system such as
a CDVA wirel ess access system operating6in accordance with the | SASA

st andard, incor oratedugﬁrei reference. Each tine/frequency transfer

unit 13a, 13%CespS¥SIEMFUCh A8 Witgiess, acogss Y SIS PPRIAtng mpasco €pi | ot
signal and ayikhe 15295 gﬁgagm I{%‘ﬂ%ﬁ ' 5 processing
circuitry for rggeel Vi rfg oméon\(/)gé)‘%r?%g an é’?rmgui ati %g&tl he received
si gnal s. Eactimef frequeney tramsfer tnitri8a d5byifictprefesably cariteinsahantemmadhats a  ti ne
synchroni zat%%%\xgg/stﬁm 14 (sh Mmre té)tai | in Fi %gée Z%I.Pr A%S descri bed
more fully b LS 2R ﬂt§18‘?'?éa§a megsags iram aparent baseslationandsy st em t i e
transferrgd ﬁ:g@f o > (g%g,gﬂﬁ% ngggﬂg and a
predetern?negﬁ)gll?%p gat%egy?fglrg%% et ween t ea%parent ase gl%ation
transm t t i ngreceivedsigfialse Badytimer freqiencyitransfer anitalsoypreferably eontainssy t he
SYNC message,, to &r}erate an absgl% e systemtine thﬁ%ﬁef t[@n used as the
time referent®® grization system d4 ingere detail iy Bgédéncy transfer
unit. In adgéd-+BEY nfRRE ' r Eﬁim% ' contains a
frequency 15 sy%rom?&ﬂﬁ%&%’?&m Zsy?‘s own |€H%¥££f§%§‘§e€@i@/n Figure 3).
As descri bedsystam tinfe transféreddto, the anit witletheafonemrentiohed SYNGE inessagg st em 32
ini T to' 1D pr et BreTReined pilitaReon pelay BRI P eEh HE PR gRReratEna of gna
that is thenghsask M@%@gﬁ:ﬁé ftRé BRfeS 1 @,gﬁ@@ﬁ%‘:& ' coupled to
nc;@t%,ansfer 20 nia{xﬁtﬁé e viig

the tinme/freque The first parent station 12 maintains

reasonably a8 Can&sagmogqmbraﬁem@bedugemtmﬁmeﬁhetisthmmd asthejuency
val ues maintained. at the.first rent .statjon. arg the ti nd f.requency
Val lies to. wriHER FeREn i e it pRRO ShplFk © 18 Hrit frialnbt FanfBtant T
system ti ne HoddiBtoR YaletfR feqt Qiantsfé?ufﬁt;piéfe?{blﬁééﬁahs%tfﬁéq\ﬁﬂc}ll or
may be received at the first parent station froma Tenpte source 22. The

remot e sBur ceynghronizaion sy wn inymopsdetailin Figure 8). ofs descsibedhdar d ti e

source.

~ more fully below, each frequency synchronization system 32 downconverts the
center frequency of the pilot signal transmitted to the unit to a predetermined
reference frequency in order to generate a signal that is then used as the
frequency reference in the base station coupled to the time/frequency transfer
20  unit.

The first parent station 12 maintains reasonably accurate time and
frequency values. The time and frequency values maintained at the first parent
station are the time and frequency values to which the communication network
is to be synchronized. The system time value may be generated at the first

25 parent station 12, or may be received at the first parent station from a remote
source 22. The remote source 22 may be, for example, a GPS time source or a
standard time source.

The first time/frequency transfer unit 13a receives a pilot signal 24 and a
SYNC channel message 26 from the first parent station 12 and generates

30  corrected system time and frequency values using these received signals. Each
time/frequency transfer unit 13a, 13b, 13c may be formed from a mobile station
in a wireless system (e.g., a CDMA mobile station operating in accordance with



The first time/frequency transfer unit 13a receives a pilot signal 24.and a-
SYNC channel nessage 26 fromthe first parent station 12 and generates 30
correct edVOPWPBM t i ne and frequency val ues -usi ng these riETEHIV6} gnal s.
Each tinme/frequency transfer unit 13a,13b, 13c may be forned froma npbile
station in a wireless system(e.g., a"CDVA nobile station operating in

accor dance g idodOs A AIASAMBICH LRG0 andn W 1BeiSeilideth BRERRT) . .

wherein ea station 1s TIxe Ive to and co- | oc
r espect i ve lomatedifprespectiyecoriesponidihg child tatiohd6a, 16bc16camid issadagdgal ed to

Syst em . THOORDSEeISfGraraes Sk BB AP L6 SEHOBA T e BRPIER AR ¢ he f1 1 st
Coaxi al - catilE FHE! Il statortieafls ERPRRAIP corifbchifh e frshmd Ranesef L, |2 0,
unit 138 ad8abyasonhectér 3Gsuchaschut notiimiteshto] & cogxialamblepa fibér opiic pi | ot
155 al so r SePveRAnATseRe. HENE st S rASie it R A RES TP HRAERS o mat | on
(e.g., thesidtisﬁ1\244;;&?%?&%@5@??gg:xsm&éﬁﬁémm&@g&ﬁ%%%@m@) from

the first parent s NC nessage 26 | sent from
t he par ent figstdithetransfeonunit 13 alSo seceivesia SYNGanessagasignali2picohtaiming

ified in the |S-95A st d._Referring.now.to FIG 2 there i bl ock
A agr am i | HRPEIROTEABERIG Ae e e Yalie haiRined I therfrmt patkuk sl 1 anct or -
unit 13g fqm&a&%&%@&&ﬂd@@a&ﬁz&%s&n&n&&g@i Oﬁi&%réféﬁhﬁlj}'ﬁéi&ency of a

child base station to that of a parent base sta I n accordance with

t he presentronntheparent stationl2on s SYNC channel in gccopdarice withoforoadl f or
receiving the.pilot.,si l, 24 and denodul ating the SYNC nessage 26 from
t he parent %?%@?%W?‘E@ﬁé%%ﬂ%ﬁ& of RF processing circuitry is
downconverted (Rgf mwmaz&ﬁhaadm&wuiﬁgfamﬂrus&aaﬁ?&s ofgntsF 20
processing _circuitr 9. A SYNC channel message (preferably of the form

speci fi ed imanexemplary timey/ freqyengytramsier; ypip L3ppfos syactpenizing the 1 ef erence) i s
P . A . COmR o)
-t he Sy REPAR byl BN R lendy of  BRIA bibe Wt i RarffplieRP 707, © 3T

t he par ent basd stafiom ift Accoddincetwith 83 presentdpventivm RF pracessing ¢cinmitg$YS_TI VE)
associ ated 28, vi b 1] Fel LLanst 8, Uhlyd3 oh Ind ol iaEg i Ayl | S 95
message 26 from the parent station 12. The output of RF processing circuitry is

downconverted (by downconverter 27) and then further processed by IF

20 processing circuitry 29. A SYNC channel message (preferably of the form
specified in section 6.6.1.3 of IS-95A incorporated herein by reference) is then
provided to timing adjustor 33. The timing of the SYNC message signal in the
SYNC channel preferably is representative of the time maintained in the parent
station 12. Adjustor 33 then determines a unit time (SYS_TIME,) associated

25 with time/transfer unit 13a in accordance with the IS-95A standard. In
particular, the unit time (SYS_TIME)) is determined to be equal to the system
time corresponding to 320 ms past the end of the last 80 ms superframe of the
received SYNC channel message 26 minus the pilot PN sequence offset
associated with pilot signal 24. The adjustor 33 then calculates an absolute

30 system time by correcting the unit time (SYS_TIME,) by a predetermined
propagation delay value corresponding to the propagation delay for a signal
travelling between parent station 12 and time/frequency transfer unit 13a.



particular, the unit tine (SYS TWIEG) is determned to be equal to the
system tine corresponding to 320 nms past the end of the |ast 80 s
super frame WPOMBE44 r ecei ved SYNC channel message 26 mi nusPEHESOIIG: PN
sequence of fset associated with pilot siggnal 24. The adjustor 33 then
cal cul ates an absolute 30 systemtine Dy correcting the unit tinme

(SYS_TIME) bxg g to the
propagat i on )(,jl‘e ay ?g?ﬁgr[ s|%ﬁ%aﬁ$§€%€*ﬁwlﬂgﬁgﬁ%§§ﬁ%§% éé%z and
time/ frequenaignedavith the determifiéd absol®sPstediAd. B particalatypréferfedAd) ust or

33 then out put ulse stream (with a period of 80 nms) having pul ses
al i gned withe ”E‘ﬁl‘(l,‘ij1 reﬂ‘FlhBHIsﬁHS elﬁpén%pglsemw alsg\preferably; aligngd | y
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t hen provid Eﬁ‘elﬁﬂ‘mrﬁv’cﬁ?flﬁﬁla

i nteger) pulg8uls ed

absol ute sysltﬁemtélSu Foﬁ%ﬁgy ?Tga! %@F%C?ﬁ% “'}) u?ﬁ ﬁ‘gmtl me

val ue, adj uswith thedatermined absalu tersystenntimgi f f er ence bet ween the cl ock pul se
of a free runnin | ock 3 in c estatlon 16a and_that of the

det er ni ned absol ?ﬁ"@O @2‘?‘%‘?‘1‘@‘9&#‘8@&0‘3 tedysiem tme valye, b@Pé‘Pﬁésof the free
runni ng g oGy &%ﬁmm&f&% ‘i‘-ﬁnq_)gg

adj ustor 33 ag{wsts t he cl ock g%b?ﬁﬁg&ﬁltﬁétabgﬂ?ﬁlgebg?gegon by a vanC| ng

or retardi ngnt dba&astamlﬁagpﬂdwhatofdhedletemmd ahiselute ssmtem&méwﬁde,st ation
16a to match_t traln by deci r 34 corresponding to the
det er ni ned H‘el%?eaf‘%?‘ &3@0%%6@% €t he present

i nvention, rcﬁﬂ”&e‘n&é omaaerwafdgsm Mﬁg%ﬁﬁ&&i‘&@ﬁ&'ﬁfs‘tﬂﬁﬂd nterval

for the flrst tine transfer unit 13a and first child station 16a
cor r esponderftation6 ey adveacingrar setardipg sheifree amning loeal dodk30atithe fitsts been

determ teanster.unit 1 ngd r clock,30 at the
first cﬁd%‘t‘l Q?a()dr]&ﬁ%gtéuhﬁ%‘e X{Iﬁe 8 SURy g’gc% 0 ?'Fg’ég%\f?rﬁesﬂo é%sol ute
syst em t i ne,totthedéterrinedhbsslutd thé ¢alukba becones a second parent station

16a (for purposes of synchronizing tinme through network 10) because
In a preferred embodiment of the present invention, repetition of

adjustment occurs at an assigned time interval for the first time transfer unit
13a and first child station 16a correspondence. After the correct absolute

20 system time value has been determined by the first time transfer unit 13a, and,
after clock 30 at the first child station 16a has been adjusted in accordance with
the absolute system time, the first child station 16a becomes a second parent
station 16a (for purposes of synchronizing time through network 10) because
the station 16a is now synchronized to the same absolute system time as parent

25 station12. As described below, after station 16a is synchronized with the
absolute system time maintained in parent station 12, second parent station 16a
may begin transmitting a SYNC message signal representative of the absolute
system time to a second time/frequency transfer unit 13b coupled to a further
child station 16b.

30 The synchronized timing generator for a communication network 10
optionally includes a second time/ frequency transfer unit 13b.
Time/frequency transfer unit 13b functions substantially in accordance with



the station 16a is now synchronized to the sane absolute systemtinme as
parent 25 n 12. As described below, after station 16a is s nchroni zed
with the g’tﬂ@ﬁfe systemtime naintained i'n parent st at YOUUSIYI96L o
parent station 16a may begin transmtiing a SYNC nessage signal
representative of the absolute systemtinme to a second tine/frequency

transfer unirhe dRsfePisit 39k, leRodpt it 138is cilplbdliebaskisBliochCitb a3 The

synchroni zed tim generator for a comuni cation network 10 optionally
h ot
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station_16a as opposed to parent station I2. Thus, unit 13b includes RF

pr ocessPng Stﬁﬂoéldi r The sutput of Ritproeessing:cirguitry isslayndonverted by SYNC nessage

46 fromth 16a. ut of RE roc si,ng
cirouttry COERRLSRA and bRl pefirarelthy WO e ina e BieEY e
processed lsercE frfessige(prefetiabl oﬂﬁef&mm@mpe&oﬁ@sawm
(preferably of theformspgg?fled |yyn section 6.6.1.3 of IS~ 95A) is then

provi ded t 8540 is thgnmwéeéﬁosgumadwstorﬁamumtésbq he §ming ofitheSYNC nessage

Syotom 11 mS Y MR MR iR SNSC chad PRREERE b dhitGe BB ey %' 1 ©

det er nml0es absolutd systeife tifr®thathtAfed i t@thtitinl 16al | ABjubfor33ftRén uni t 13b
accordgnce with the | S-95A standar I n part icular, the unit tine
(SYS TI | vI geterminespunit Hmed§YS, TIME withdiseytransferpmitlabtiam t i me

Caceived S H%‘%ﬁ‘&hﬁe%ﬁ%%‘éﬁﬂ?bﬁ’n’%?"%ﬁﬁﬂ Ao GYBTINEYT O 11

associ at ed isvetarmpinedibysungh3b #be eqﬁabtmﬂijelsysmm e lcorrespdn td 32

E?l gulp;ategz anﬁ%%{%ﬁ%ﬁﬁﬁ%l ne by Coéreﬁﬁg'rrggegmﬁﬁw t| e (SYS TI I\/ES)

pr opagasi ow&a&%’w ﬁh@tﬁé?ﬂ@imrs@iﬁéﬂde%%mdﬁﬁﬂ?gﬁoﬁééﬁdl% 16a and,
ti rre/frequency ansfer uni't 13b djustor 33 in unit 20 13b“then outputs ‘a

pul se stre Mwmmmmmmmwswtmmw with the
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value corresponding to the propagation delay for a signal travelling between
parent station 16a and time/frequency transfer unit 13b. Adjustor 33 in unit

20  13b then outputs a pulse stream (with a period of 80 ms) having pulses aligned
with the determined absolute system time. Ina particularly preferred
embodiment, each pulse in the 80 ms pulse stream is also preferably aligned
with a pilot rollover point on the SYNC channel (as such channel is defined in
the IS-95A standard) transmitted from the base station. The 80 ms pulse stream

25  aligned with the absolute system time is then provided to a decimator 34 in unit
13b which in turn outputs a one (or any integer) pulse per second pulse stream
aligned with the determined absolute system time.

Following calculation of the absolute system time value, adjustor 33 in

unit 13b measures the time difference between the clock pulse of a free running

30 clock 30 in child base station 16b and that of the determined absolute system
time value, and adjusts the pulsing of the free running clock 30 to remove the
time difference. In other words, the adjustor 33 in unit 13b adjusts the clock of




enbodi.nrent, each pulse in the 80 ns pulse streamis also preferably aligned
with a pilot rollover point on the SYNC channel (as such channel is defined
in the | S-Y8AMBYndard) transnitted fromthe base stati oFCTYIYE s pul se
stream 25 aligned with the absolute systgmtine is then provided to a
decimator 34 in unit 13b which in turn Outputs a one (or any integer)
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time. Followi ng calculatio te systethtinme val ue ustor 33
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and second fthieisecbrek chilidmtaticttl 6bdvas beerwadjesied in Afdordandeavitio thembsolakes ol ut e

135, “and, " ar DereR gt hepeond il e 10t gcphes A O e SHEGMIBBHORG) ust ed
in accorgpne bk&df%?n&ﬁ%ﬁizﬁiﬁﬁn&%ﬁi&%h%e%mﬁﬂﬁb@@&ﬁ@%&ﬁ&%%i on 16D

becones a third parent station 16b (for 10 purposes of synchronizing tinme
t hr ough net vieeW syghronized tethersametabsolute syéten timersipasentshations 12dndo t he

sane absol utg. system ti S parent statiaqns 12 and ,16a..As, descri bed

bel ow, aft e_rﬁs?t ﬁ%ﬁ%@o‘g ﬂrsg?ﬂof@(fb\k? ﬁ%ﬁ%mﬁ%ﬁ a@?‘i‘ft@m time

mai nt ai ned i dysimi fite haintdiAed Oareht HtitibrP Rt HirdparehPitatGP 16Bhay begi n
transmtting a SYNC nessage signal representative of the absol uYe 15 system

tine to a thpegi treRaInitinga signghteprasgotativesif the absoluté ur t her
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16c to transdhld statiom Bdesol ute systemtine to station 16¢c, and so on, until

all base stati onsrhi n_the
: e above process may then optionally be repeated using a third

time/frequency transfer unit 13c and a third child base station 16c¢ to transfer
the absolute system time to station 16¢, and so on, until all base stations in the

20 communication system 10 are synchronized to the same common absolute
system time.

Referring now to FIG. 3, there is a block diagram illustrating the
components of a frequency synthesizer circuit 32 included in time/frequency
transfer unit 13a for synchronizing the frequency of a child base station, in

25  accordance with the present invention. The pilot signal 26 sent from the parent
station 12 is preferably a pilot signal defined in accordance with the IS-95A
standard. Frequency synthesizer circuit 32 downconverts the center frequency
of the pilot signal 26 sent from parent station 12 to a common reference center
frequency (£,,..)- In a preferred embodiment of the present invention,

30  repetition of adjustment of the center frequency of the received pilot signal
occurs at an assigned time interval for the first time transfer unit 13a and first
child station 16a correspondence. After the center frequency of the pilot signal



20 communi cation system 10 are synchroni zed to the sane conmon absol ute
systemtine. Referring nowto FIG 3, there is a block diagramillustrating
the conwoemss4sf a frequency synthesizer circuit 32 i RCTHSAITI
time/frequency transfer unit 13a for synchroni zing the frequency of a
child base station, in 25 accordance Wlth the present invention. The pil ot
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frequency stationd6a mayttiegirf fransmidting al pilot sighald4lewinga center frequerwyd par ent
station 16a.(f rposes of nchronizing fre ncy throu net wor k 10)
because th%“é‘f‘%wﬁ‘ﬁ %ﬁeefl%nfﬁ)é&%%mrt%ﬁisﬁ dttﬂlmgyﬁ'ﬁ‘é W&a@ggé"@é%ter
frequency MQfdﬂmt@@%ermgg%hhgﬁ bel ow, after 5 station 16a is
synchroni zed wi th the reference center frequency, .second parent station

1|6a may begin thm@?ﬁmuthor thsomnguécaft@nmléé@enc%/
ni ¢ 18b SRtonly RERERE Berphf WP e dibnly BRAIEE TR0 R RBR o " ¢
frequency fleqesmiy@ynitReizer cieriitBl. CHiried freGRbNG/ traridfer urilt 18K fupieibhy i ncl udes

a second tine/frequency transfer unit 13b with a further  frequency
synt hesi zesukstantially in accordangerwitly ime-fyanster1nit 13, gx¢ept ypitildhds i ons

bst ant | ! . g ] ; it 13D |
coupl od 1 o MRt (FEERSEARE el setdlfes MRl A chom et G A, T 00
stati on 16as oppose(ito perkrit stafiends Thigtirdt13bZincllides RFprotessidg cirvaittydes RF

' | itry 15, f | Vi i | ot si |, 42 SYNC
eesagls 402t Fehihe 2ol weal s UG mBssege RS tht secPbfial 26 sent
fromthe pﬁé&ﬁisﬁﬁéﬁh@&ﬁ%ﬂiﬁts@?ﬁ{jﬁ%&&oﬁ\ﬂ{dﬁmﬁﬂmn teki ned in

accordance with the |S-95A stan
preferably a pilot signal defined in accordance with the IS-95A standard.

Frequency synthesizer circuit 32 in unit 13b downconverts the center frequency

of the pilot signal 44 sent from parent station 16a to the common reference

20  center frequency (£,,..). Ina preferred embodiment of the present invention,
repetition of adjustment of the center frequency of the received pilot signal
occurs at an assigned time interval for the second time transfer unit 13b and
second child station 16b correspondence. After the center frequency of the pilot
signal has been translated to the correct system frequency reference, the second

25  child station 16b becomes a third parent station 16b (for purposes of
synchronizing frequency through network 10) because the station 16b is now
synchronized to the reference center frequency described above. After station
16b is synchronized with the reference center frequency, third parent station
16b may begin transmitting a pilot signal 44 having a center frequency aligned

30 with the reference frequency to a third time/frequency transfer unit 13c

~coupled to a further child station 16c.

Ay



frequency synthesizer circuit 32 in unit 13b downconverts the center
frequency of the pilot signal 44 sent fromparent station 16a to the
common r ef ewonresygd center frequency In a preferred enbodporuscondsmshe
present invention, repetition of adjustnent of the center frequency of the
recei ved pil ot signal occurs at an assilgned tine interval for the second

time transfer uni 13leﬂ b and second child station 16b corres ndence After
the center freque etH?Q‘-"ﬁPFQﬁY then gptipnallycbaxepeated nsimgathirdi o t he
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above proces t hen optio IIy be repeated using a third tine/frequency
transfer uni ?3‘:113% s&ﬁbe%atotsﬁ?ﬁcg erd sRecificniquesaquanceq twe ormererpilot ¢ he

frequency T ehighfiBGsdcfiedd Aithifh chiespdifing Baftht stlfibh ! AbBRiaIR eathONa! S
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time/frequency transfer unit 13a y operatesS in a non 10
conti nuous nb@&%@nemdtaamferemiemﬂr&aqyenayam;&ehﬂdrbasteshaﬂomdndalhé:y 'wakes-
up' at pred nterya 0.acqujre the rel evant signa omits
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timelf re%ﬁrerR?memﬁ%‘Y@quﬂtﬂigSGIQWﬁlsmwrmabmmbamnm avdint signal s
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Although in the preferred embodiment, units 13a, 13b and 13c operate to
synchronize both time and frequency throughout network 10, it will be
understood by those skilled in the art that units 13a, 13b and 13¢ may be used to

20  synchronize only time or only frequency (rather than both parameters)
throughout network 10.

FIG. 4 is a flow diagram illustrating a method of synchronizing timing
generation in a communication network. The method of synchronizing timing
generation in a communication network includes the steps of receiving a

25  system time value, generating a corrected system time value, and
communicating the corrected time value.

At step 300, a system time value from a parent station is received at a
time transfer unit. In a preferred embodiment of the present invention, the
parent station is a mobile telephone base station. The system time value may be

30  generated at the parent station. In an alternate embodiment of the present
invention, the system time value may be generated at a remote time generator,
and transmitted to the parent station. Step 300 may include receiving the



Al 't hough in the preferred enbodi ment, units 13a, 13b and 13c operate to
synchroni ze both tine and frequency throughout network 10, it wll be

under st oowo byosd4d0ose skilled in the art that units 13a, PESBUSMAYEC may be
used to 20 synchronize only tine or onjléy frequency (rather than both
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transfer unit to the child station via a direct electrical connection. This direct

-

electrical connection communication may be performed using transmission
devices such as, but no'_t.li_mited to, a coaxial cable, a fiber optic cable, and an
antenna. |

20 At step 310, steps 300, 304, and 308 are repeated at an assigned time
interval.

At optional step 312, steps 300, 304, 308, and 310 are repeated for a
plurality of secondary time transfer units, each in sequence. The corrected
system time value is sequentially received at the plurality of time transfer units.

25  Each of the plurality of time transfer units generates a recorrected time using a
known propagation delay between a previous parent station in the sequence
and a current child stati()n in the sequence. The propagation delay may be
determined by measuring the round-trip delay between the two stations (using,
for example, the method disclosed in co-pending USS. Patent Appl. No.

30 09/040,501 entitled "System and Method for Determining the Position of a
Wireless CDMA Transceiver,” filed on March 17, 1998, assigned to the assignee

of the present invention and incorporated herein by reference), and then



15 synchroni zation. The corrected tine maybe comuni cated fromthe tine
transfer unit to the child station via a direct electrical connection. This
di rect el ecmo®as34¢onnecti on conmuni cati on may be per f or MPETAIS00119673

transm ssion devices such as, but not Ingited to, a coaxial cable, a fiber
optic cable, and an antenna. 20 At step 310, steps 300, 304, and 308 are
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of secondary fromethteesdiobilpositi Eﬁfé’baﬁﬁﬁ@gdﬁé’u&adﬂﬁésﬂéh'r@ﬂhnﬁ@ﬁﬂuehé‘ turn,
serves as the transmtter "'of the newl% corrected time value to a new

secondary ti nieticaprdingte giminateg the meed foria sigral fromia feurth sdtellitpsi t i oni ng of
each Secondaréﬁé@%@g&é&?é&ﬁﬁ unlr may be cal cul ated using three spati al
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spatial coordi nat est opuortﬁl stap 816, a caibrakion iepaforatbd dtQgivén AmeGhRbAl to
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predetermined propagation delay.

FIG. 5 is a flow diagram illustrating a method of synchronizing
frequency generation in a communication network. The method of

20  synchronizing frequency generation in a communication network includes the
steps of receiving a pilot signal having a center frequency value, translating the
center frequency of the received pilot signal to a reference frequency, and
communicating the translated pilot signal with the corrected center .frequency
to a child station.

25 At step 400, a pilot signal having a center frequency value is transmitted
from a parent station and received at a frequency transfer unit. In a preferred
embodiment of the present invention, the parent station is a mobile telephone
base station. At step 404, a corrected pilot signal is generated at the frequency
transfer unit as described above by translating the center frequency of the

30  received pilot signal to a reference frequency. At step 408, the corrected pilot
signal with the reference center frequency is communicated to a child station.

Upon communication of the corrected pilot signal, the child station becomes a

SUBSTITUTE SHEET (RULE 26)



At optional step 316, a calibration is performed at a given tine inter.val
to 15 account for variations in conditions pertaining to the

pr edet er "WOSH83M opagati on del ay which have occurred si recT/useendsm ti al
measur enent of the predeterm ned propigation delay. PIG 5 is a flow

di agramil | ust rati ng a method of synchroni zing frequency generation in a

8. commuteeatteitntor pRfpdRR B Hedberky sPURERRRBonodee GoReom BIPE: < gnal

having a candgbe édmmwwewﬁbuemetﬁmh@}ﬁa&féh&uts&ﬂk%uaf%&{‘ﬁ a0f the
received piJot signal to a reference frequency, and conmunicati ng the

t ransl at ed givectelecirigal:gonppetion. This He@@ﬂm@énomecnpnqonmucaunm child

station. | Sl haV|n uency value is
transm tte%‘ﬁ?% a %gé)de"%ng a#'%%sg’ ¢ glba%?’“ﬁ {]é?ﬁfﬁaé?'atransfer
unit. 16 ammammamﬁﬁuﬂwe,%dtmxwent invention, the parent
station is a nobile tel ephone  base station. At step 404, a corrected pil ot

signal is gener &tstepAl %ﬁépﬁ4%é%eyd408mea@dla¢aaassigmthd above by
transl atingydhgcenter frequency of the 30 received pilot signal to a
reference frequency. At step 408, the corrected pilot signal with the

ref erence cent eAtfopuqndmepMiz S1Rp5Y00, 404,2108] sh P4 T lirk § | fpa Upon
comuni cat i E@% co ct ed pilot signal, the child station becones a
SUBSTI TUTE frrguenghBansferayits jeady ingequences Tha cerrectedat i on

for purpos I aatelal T d _pilot . may be
commn:igatz’g ?%%@Eg&?fég&gencyf??%%g%melpgfcg&?’hﬁﬁ&ﬁ 1 eéi? tion via a
direct el eplusality oﬁwqmtydansﬁhumtshMof&heplﬁraH@lof(fﬁ{q&@ﬁéj frinsfer

comuni cati 0 be perfor c? H transm ssi on devi ces such as, but not
linted tomlﬁsgeg%agasgrem%e BU¢ ferenge feequeney agdessribedia. At step

410, st eps aB6¢b. 4iHb retdhe Eis m %ﬂ.@ hﬁﬁi{f}d terval . At
opti onal sta 412, stepgé% 204aaﬂgf 8, ar?ga}l ig repea geg&?or
plurali ty Gl‘“? e@bnuanysequemee plumiﬁjrefmnndxychdidhtaﬂbrsemmee The
corr echgd  odfnddld Ol bbbl SEHGHERGS nSRRb it AL SAS Bl FekSme

sequentlalfy rece
a plurality of secondary parent stations. Each secondary parent station then, in

turn, serves as the transmitter of the newly corrected pilot frequency value to a
new secondary time transfer unit.
Those of ordinary skill in the art will recognize that many modifications
20 and variations of the present invention may be implemented. For example, the
present invention may be applied to transfer time and frequency throughout
any communication system, and it will therefore be understood by those skilled
in the art that application of the present invention is not limited to
communication systems such as those described above that use CDMA
25 modulation in accordance with the IS-95A standard. The foregoing description
and the following claims are intended to cover all such modifications and

variations.



plurality of frequency transfer units. Each of the plurality of frequency
transfer units generates a recorrected pilot using the reference frequency
as descri be¥o; d’%&é‘ The recorrected pilot is adopted at eBEHUBIOIPER
plurality of secondary child stations . sequence. lurality of
secondary child stations that are 15 cor}rqect ed to the pluralit

frequency transfer units thus sequent ecome a {iizuE m“i/ﬂ m dary
parent stations. Each secondary parer#ﬁéllyson t hen, i 'c' lﬂﬁ

the transmtter of the newy corrected pil ot frequency val'ue‘to"a ®
secondary tinme transfer unit. Those of ordinary skill in the art w II
recogni ze thdt maAysymobiiohized:timing geflratorfor acommurieativh rietwork, esent

i nvention nay be j npl emrented. For exanple, the present invention may be
applied t & i ne and frequency throughout any communication
system and |t Wi ed inthe art
that application g?%ﬁ%%%é%r??‘?ﬁ%%ﬁﬁﬁ%ﬁ Bfl m tec]'l‘J conmuni cati on
systens sdéch as t'hcﬁs&ttﬂmhanﬂfachmbwhklﬁ:b&weﬂheé}w&nzﬁmmdubﬂdmmidn

accordance with the | tandard The foyegoi ng description, and the
fol I owi ng cl &FHPazsem ari,-{o engrates Agorcte iﬁYg ervalug VSing a fisst

variationg ?@&&éﬁ)ﬁﬁé Pp%y@gpa;ﬁfzéldla ff ~~))~11th } CLAIMS If IUI!

11(11 1. A S hroni zed*tI'm°ng genetator for a communication network, 2
conprising: a fi raﬁrqtahﬂdstaﬁbattondudtnam&lﬁmmmmeamusdnmﬂyl me value; 4 a

first-ti t ransf er, whi ch receives th sys [ val from sai d
first paré@nt g@gf%ﬁq%t&eggﬁgﬁ:tggggstgnm?g éﬁ}? ﬁ?r}‘a 8 ng a
first 6 predeb@inidlesbebhdpaat stafionle! ay; and a first child station to which
said first tinme transfer unit directly 8 conmuni cates the corrected system

tinme val ue whereby said first child station becomes a second parent
station. 2. he S zed ni ng at or for communi cat net wor k
of 2 clai m 1 wh ?f@ %’}Cﬁ [é'" $F%@7§P é’ Eﬂ’é?’ﬁ?te‘?:}”é‘?twé’ #8Pfl r st
parent kSt];Qt | elaim 1PwhéRén ﬂié’@bte&ﬂhﬂ@dtalﬂe% gﬁnéiﬁ&araafsﬁﬁ Hr@fpa%eﬁﬂ«i%ﬁﬁ cation
network o

3. The synchronized timing generator for a communication network of
2 claim 1, wherein the system time value is received from a remote source at said

first parent station.

4, The synchronized timing generator for a communication network of
2 claim 3, wherein the remote source is a global position system time

measurement.

5. The synchronized timing generator for a communication network of

2 claim 1, wherein said first parent station is a mobile telephone base station.

6. The synchronized timing generator for a communication network of
2 claim 1, wherein said first child station is a mobile telephone base station.

7. The synchronized timing generator for a communication network of

2  claim’l, whérein said first time transfer unit includes a pilot signal receiver



2 claim1, wherein the syste I ' eceived froma renote source
at said first parent stati o:m ,“n"m mmnmm zed tim n% enerator for a
communi cWQ B8 wor k of 2 cl*aif 3t wherseim the renoteP BUIIB 3 gl obal

position systemtine measurenent. 5. I}he' synchroni zed tim ng generator for
a conmuni cation network of 2 claim1,“wherein said first parent station is

a nobile t ﬁir@é’% : | &-?nﬁaﬁ.eﬁ A | 1A tor for
a comuni C‘g%‘%r?%ﬁetmr d%‘?ﬁ?agé}gis% , eréelliaggggpgaféligé%l %ﬁﬁﬁ%ﬁéﬁ%ﬁ onis a
nmobi | e 4 el ppbntstatiase station. 7. The synchronized timng generator for a
comuni cation network of 2 claiml, wherein said first time transfer unit

I ncl udes a pilot signal receiver Ol 11111 WO 01100" C L PC r/US00/ 19673
17 which .cquimyﬁ%’fb ) dsﬁ-mgg ' o%m{:ﬁfcﬁ" l¢l ot signal
fromsaid 8fii rst 4°par erll.{m{statl g&%;&%zﬁgdr?;bnc roni zg tnlein‘q‘%é(méener ator for
a comm#i oclaimoh, whernein said first2imé tansfér unih éinchidessadembdulatortvwhieh t r ansf er

unit includes a denodul at or I ch .receives the systemtjne yal ue by
denodul at i §GENeY (W?tﬁﬁbﬁg‘e% d%‘?‘@ﬁ‘&lahﬂgﬂéé'BF%/‘é’H°P? %@ﬁ&mlr st parent
stati ol SrecdiP€d BOME B0 Hr bhtEisbrgenerator for a comuni cati on networKk

of 2 claim8, wherein the nchronous channel signal conprises a uniform
series of electrical pulses. 10. The synchronized timng generator for a

conmuni catg on t wor k. of . claim9, efein the electrical pulses occur
cvery 80 rd-1i RS nized R Berierali g toMHHGI G AP PSR, o
COWWUDIZCatdlﬂ&\s,%H&"ehﬂfesyﬁd%ﬁbﬁ%&ar&@?ﬁ?ﬁ&lcb 266 nifofdn sBkbSEF OCCur at
a variable rate. 12. The Synchroni zed tining generator for a comrunication
net wor k ofelectriealptulsesg, wherein the corrected systemtime value is a
sumat i on of the predeterm ned propagation delay and the denodul at ed
synchronous channel 4 signal. 13. The synchronized timng generator for a
conmmuni catigon khfnized tihiriggeherdtof f02Q cottifithication néfwaiitiofst or  coupl ed

to said first chi]Jd station.
2 claim 9, wherein the electrical pulses occur every 80 milliseconds.

11.  The synchronized timing generator for a communication network of

2  claim 9, wherein the electrical pulses occur at a variable rate.

12. The synchronized timing generator for a communication network of
2  claim 8, wherein the corrected system time value is a summation of the

predetermined propagation delay and the demodulated synchronous channel
4 signal.

13.  The synchronized timing generator for a communication network of
2  claim 1, further comprising an adjustor coupled to said first child station.

14.  The synchronized timing generator for a communication network of
2 claim 13, wherein said adjustor advances or retards a free running local clock at
said first child station.

15.  The synchronized timing generator for a communication network of

2 - claim 13, wherein said adjustor includes an adjustor circuit which measures a



14. The synchroni zed ti m ng gene ni cati on network of 2
claim 13, wherein said adjustor Hmﬂﬂﬁmmmam{ds a free running | ocal
clock at savaio1o834t child stati on. L Tme synchroni zed tROTYUSgO/DEME! at or
for a conmunication network of 2 claim 13, wherein said adjustor includes
an adjustor circuit which measures a 111381111111111111111111111111 s34a
PCT/ USOOn9673,. 18,.1.i me difference between a free running clock at said
first child shXEdifersnee betweena FBE%@SCM@&W@iﬂ#@%ﬁ@&hmd/ﬂherei n
sai d adj us or dikrécteH | A (pXal] : t tinme
differ ence% 1%& The ?fﬁ%ﬁ %ﬁ%ﬁéta%?ngﬁber%%%gir%g&?%&%%c%ﬁ%%?Eeaégel‘%on

net wor k of 2 winaiimg dlbck tohremwive thatitheadifferehos. perf or s adj ust ment of the
free running clock at a pre-assigned tine interval. 17. The synchroni zed
timng generator for a comunication network of 2 claim1, wherein the
systemtinme vgdue oﬁfzeﬂr&ia'ﬁ? | : L4 1 oning
measur enment . %8 ‘I.'Ig% ynchroni ze I%ﬂ%fga@%rgﬁiégg %#W@B%%Bﬁ?%%tion
network of2 2claimuifhwheréinrsaidcadjustoppéerfomas adjtistirens of the éreeeanniggicocki e
transfer unit,, which sequentially receives the 4 corrected systemtine

val ue froma ?f@r%rﬁfasglgﬁéﬁlmeéﬁ?ré@nerat es a recorrected time using a known
propagation delay; and 6 at | east one secondary child station, wherein each
secondary child station is correspondent to one of said secondary tine
transfer unit¥: wihesyncuenired tininggeneatorfor 4 eomaysaiiaatiohineewul ofe from

sai d corresponden condary tinme. transfer uynit, wherehy said secondary
child statqon ?}&%ﬁi@efsmrqﬁ?ﬁﬁ%?mﬁa’?%ﬁ%uew geiadtme i@rgm&e@mcs%@% zed
timng generap&[ﬁgﬁgﬁlegmﬁhgation network of 2 claim 18, wherein each
secondary child station is a nobile tel ephone base station. 20. The

synchroni zed timng generator for a conmunication network of 2 claim 18,

wherei n each re st at,i on. i ,mobi |l e t el ephone base statjon
; 122" Che synchronize tx'?nmg generanr £5Fa commumication network of

2 claim 1, further comprising:
at least one secondary time transfer unit, which sequentially receives the

4  corrected system time value from a parent station and generates a recorrected
time using a known propagation delay; and

6 at least one secondary child station, wherein each secondary child station
is correspondent to one of said secondary time transfer units, which receives

8  the recorrected system time value from said cotrespondent secondary time
transfer unit, whereby said secondary child station becomes a further parent

10  station.

19.  The synchronized timing generator for a communication network of
2 claim 18, wherein each secondary child station is a mobile telephone base

station.

20.  The synchronized timing generator for a communication network of
2 claim 18, wherein each parent station is a mobile telephone base station.

21.  The synchronized timing generator for a communication network of

2 claim 18, wherein said at least one secondary time transfer unit includes a pilot



21. The synchronized timng ge”mmmi"ml ni cati on network of 2 ‘
claim 18, wherein said at |eas m,ﬁm transfer unit includes a
pi ot 111woD1es3ad1111 11111 11111 1 4121 wo 61/ 08344 MPETRISUINNT0119673

19 signal receiver which acquires said second parent station by receipt of
a pilot 4 signal fromsaid second pare}ﬁ station. 22. The synchroni zed

timng genetat - f nmuni, cat i.qn net .f 2 aim18, wherein said
at | east offtPERlHH vgfflv}P&h%CWﬁgﬁl r SEGRT PP at?é’gng’yr&eﬂﬁtmﬁaat’ t whi ch

recei veq t REna®oatsAd sébnldRrbhtBRaticl, ue by denodul ating 4 a synchronous
channel signal received fromsaid first secondary parent station. .23. The
synchroni zed tim ng generator for a comruni cation network of 2 claim 22,

br cdlet or m 1221 pABF BYACOREAA Ay AR ok B COmE S RIRBREREf channel 4

si gnal . 224. daTﬁﬂﬁM@Péxﬁ@leédsﬂbﬁkﬂs&Sﬂ&éz?&ﬁheh@hsﬁrﬁﬂﬁMﬁ&@éd on networ k

of 2 claim18 erein said at | east one Secondary tinme transfer unit
i ncl udes a demask ﬂa@ryﬂmhm@@ew&mmmd@mweaabmbpdmdmarent

stationyby I ot uni sai d, correspondent parent
station? §S?’?‘§M§‘°ﬁ%ﬁ$%me?§§“ﬂ ﬁfer’ %gﬂg}%@fmﬁ S@HOR: net wor k
of 2 claim18, further conpri si ng at | east one adj ustor coupl ed to each of

said secondary child stations. 26. The Z%/Jnchronl zed timng generator for a
communi cat.i%8n ngbﬁéml‘é‘ﬂmzﬁd ggeneratgrdora gommunicatianastwookiof adj ust or

advances or r 1 d . sec ary child
statlon§ flﬁ%‘h% g’;‘ﬁc roni zéé&?&edsg%generét ﬁ%%sm%%ggfl on networ k
of 2 cl ai mp@édetedmined propaghtion d d)ﬂedk@hdmﬂﬂlredlsyﬁbl%ﬁéuﬁﬂwaﬂkvs'f or
circuit which neasures a tinme difference between a free running clock at
sai d SEéOﬂ&WChI ld 4 station and the recorrected systemtine value, and
wherein said adjustor circuit adjusts the free running clock to renove the
time difference. 1111111211211121121211211212111111 WD 01/08344 CL MS *

PCT/ US00/ 12673 The synchronized timing generator for a communication network of

2 claim 18, wherein said at least one secondary time transfer unit includes a pilot

signal receiver which acquires a correspondent parent station by receipt of a

4 pilotsignal unique to said correspondent parent station.

25.  The synchronized timing generator for a communication network of
2 claim 18, further comprising at least one adjustor coupled to each of said
secondary child stations.

26.  The synchronized timing generator for a communication network of
2 claim 25, wherein said at least one adjustor advances or retards a local free

running clock at said secondary child station.

27.  The synchronized timing generator for a communication network of
2 claim 25, wherein said at least one adjustor includes an adjustor circuit which
measures a time difference between a free running clock at said secondary child
4 station and the recorrected system time value, and wherein said adjustor circuit

adjusts the free running clock to remove the time difference.



20 28. The synchroni zed [{}JIE for a conmunication network of 2
claim 27, wherein said aJ,"mmﬂ"mHmrﬂ'ﬂ',adj ustment of the free running
clock at awpwogemssi gned t'imé i htetval . *29. The synchr oni getusdiondery
generator for a conmunication network of 2 claim?25, wherein said at |east

one secondary child station beconmes a fuW&her parent station after receipt
| east one adjustor. 30. The synchroni zed

of an adj ust ngnt t@gms id at ) 0. .
tim ng gener a®or f syésmﬂmsmmﬁwmomﬁmwwmi n the

correct ed 2SYSiLH 37 fr | C [ i .

sequent i alzlsy rece?’ﬁg%legﬁlg%fig%@aeg@%§%%%€a&?€%%ér@ggﬂgfgfkunit 4
from at | eastatarpre-dssigmdd thnelintertabnna. 31. The synchroni zed timng
generator for a comuni cation network of 2 claim 18, wherein the corrected
systemtime value fromsaid second parent station is sequentially received
at said at | egst &4 rampsiy Ssion
devi ce sel ecga f?gﬁq e %ﬁ%ﬁk{&ggé’ﬁﬁa‘ﬁ%frg‘;‘r éz;&%’éré‘%*&g}égﬁf“é@a fiber
optic cabRe, ciaiin25cwhereiibaitlrat ieasi driesvecoredudy ehiid batibh becoméfartieer .  32.
The synchroni zed tin ng_generator for a conmunication network of 2 claim
18, wherein eamta@%aé%afemgf ap adjustment drom saidiat deast ene aljustps
electrically connected to each of said correspondent secondary tine
transfer units. 33. The synchronized timng generator for a comunication
networ k of 238! ai Th8gyncbinemized timding gereratwir forsecommtanicatin heétwdrkidfons i s
electrically gconnected .tq each of said correspondent secondary tine
transfer @ni %n&%ﬁr%ﬁﬁéPﬂeﬁ'ﬁ?dsXs%%\Fé’&f%g?mﬁﬁﬂﬁF PRERL| sting of
a coaxi al calif | i ' : 2hr oni zed
timng gener lgtaglron?%% c%ﬁ#‘éﬁt@?%ﬁmﬁg? ﬂ%ﬁ?{’} 05\? C afym%,ﬂ\?\ﬁgéé@%pt he
recorrectéd 4$xom ehleastromeditegtonal antemgaas a time coordinate for a gl obal
posi tioni ng neasurenent. WO 01/08344 PCT/ US00/ 19673 21 35. Atime transfer
unit for connection to a base station in a sequential tine 2

synchroni zat Bon. FHe bpthreaaed i gerferatdf Briontitihita @G HEMTKREP! | Ot

si gnal set; . .
' 2 claim 18, wherein the corrected system time value from said second parent

station is sequentially received at said at least one secondary time transfer unit
4 from a transmission device selected from the group consisting of a coaxial

cable, a fiber optic cable, a laser light transmitter, and a satellite transmitter.

32.  The synchronized timing generator for a communication network of
2 claim 18, wherein each of said at least one secondary child stations is electricaily

connected to each of said correspondent secondary time transfer units.

33.  The synchronized timing generator for a communication network of
2 claim 32, wherein each of said secondary child stations is electrically connected
to each of said correspondent secondary time transfer units using a connection
4  selected from the group consisting of a coaxial cable, a fiber optic cable, and an

antenna.

34.  The synchronized timing generator for a communication network of
2  claim 18, wherein the recorrected system time value is used as a time coordinate

for a global positioning measurement.



4 a denodul at or whi ch denodul ates a synchronous channel signal froma-
primary base station assigned fromthe pilot signal set and extracts timng
6 i nf or maWOIMBMEr ef rom and an adj ustor whi ch adds a prRckUssondaI®d
propagation delay to the timng 8 infé)r mati on and generates an accurate

cl ock pul se, which is directly conmun tated to a connected base station.

36. The ti tr I bt fqr. connect.ion to a hase station i.n a sequenti al
2 tinme sync 'ron%ziaé LF%*EG&PSWB’F“E“&F%%E?a&ﬁ@rsg%i'f’ftwea?ﬁq“sp YR8l set
i ncl ude@ tsymd:ﬁ'bnﬁaﬁen_pyém&lﬁpﬂiﬁg; 37. The tine transfer unit for

connection to a base station in a sequential 2 tine synchronization system
of clai m36, whareseiveryehigh pequirgsqpilotsignahsel; a sequence, and wherein the

receivey includ ' ' Lver whi.,ch 4 acguires, t i | ot signal
set acc%r di ng tg%@ﬁ%ﬁ%ﬁ%@a@ﬁgﬁg&iaﬂw&%%ﬂqs’%&% ction to
a base st aprimmaryrbase station assigred Roinl the pHoPSBhA et ahd BXtraots igihe! ! ai m 35,

wherein_the predeterm ned propagation'delay is atinme delay for a

transni &si %ﬁ@&?@ﬁ%@%ﬁ%n the 4 primary base station and the tine

transfer unit. . ' L t. for _connecti t.0 ase station
In a sequenti al 2 %Ilgrrg’rts“;’/nc ?%ﬁ%%ﬁ%#@&@ma%ﬁgpﬁ%g{wﬁs t he
accurat @ clnfolmptibrs and generates aaradairati'clock pilse ghohicte a local free
runni ng cl ock at .the,connected . 4 base station. 40. The tifme transfer unit
for connecfPBmYrycated toa connacted basg statioBquential 2 tine synchronization
system of claim 35, further conprising a transm ssion _
1112111211211221221221222 111 f i.: WO 01/08344 PCT/ USQQ 19673 22 device
whi ch dire86J y Thertimei traxtséer unlitefoa conmertiontd abas@sthtion iwa bfuenianect ed 4

base statign. 41.. The tjnme transfer, upit for connection to a base station
in a se%ueﬁ'ﬂeaﬁync?wowm ci%!f‘}g?tvgl}%’? g pilet signalpet ingludesi n ¢ he
transm ssi ﬁﬁo@?)‘ﬁd}épiilﬁtsi en fromthe group consisting of a coaxi al .
cable, a fiber opticC cable, and an

37.  The time transfer unit for connection to a base station in a sequential
2 time synchronization system of claim 36, wherein the pilot signal set has a
sequence, and wherein the receiver includes a pilot signal receiver which

4 acquires the pilot signal set according to the sequence.

38.  The time transfer unit for connection to a base station in a sequential
2 time synchronization system of claim 35, wherein the predetermined

propagation delay is a time delay for a transmission travelling between the
4 primary base station and the time transfer unit.

39.  The time transfer unit for connection to a base station in a sequential
2 time synchronization system of claim 35, wherein the accurate clock pulse is a
retardation or an advancement of a local free running clock at the connected

4 Dbase station.

40.  The time transfer unit for connection to a base station in a sequential

2 time synchronization system of claim 35, further comprising a transmission

A



4 antenna. 42. The time transfer unit for connection to a base station in a
sequential 2 tinme synchronization systemof claim35, wherein the

synchr onousvepesdd signal conprises a uniform signal of PG/SOPAISTY|

pul ses. 43. The tine transfer unit for .connection to a base station in a
sequential 2 tinme synchronization systg of claim 42, wherein the

el ectrical pylses occur. every 80 .l jseconds. 4@(. The time transfer unit
for connecti ﬁwf%wg'"g}:é%e‘gl?é PigRuRiGates g&ﬁf‘é‘ﬁﬁa?ea‘flo_ PR RN SRR %t i on
syst em of 4cl phg@stadionerein the electrical pulses occur at a variable

rate. 45. The tinme transfer unit for connection to a base station in a
sequential 2 time synchronization systemof claim35, wherein said

adj ust or neagire A Ffference hetween the accurate dock | se and a
free runni ngir'ocz?ﬁecf'%?{?a’%&e&ugftﬁgr %oéﬁﬁg%?%@’ %}é%sg sgq%g ilﬁﬁ.seﬂ%e.nﬂ%xe time
transfer 2ni tinfedynclivneftivABystemafleis® 40 whiftin tik Rarbadsion devieeist | me
synchroni zation System of claimA45, wherein said adjustor adjusts the free
runni ng | ocarhefen fram thegroupcansisting ofacoaxiak cable) afibes optia cable and aret ar di ng
the 4 frge ¢ {iufgg | ocal clock at the connected base station. It!l1lilj
1111111117111 11111 L 14 S WO 01/08344 PCr/USO0/ 19673 23 47. The tine

transfer. unit for connection to a base station in a sequential 2 tinme
synchroni zati on system of claim 46, wherein said adjustor retards or

advances t he4d.r eelhefimefransfer pnitforconnectionstobase stationjin asequgntiakg.  The
time trangf ey ' . | . L atd on i yal 2 time
synchr onirgat %%%hz%ﬁggFﬁ%%ﬁgﬁﬁeﬁg%ee%ﬁgﬁoﬁgwg froma

transm ssi onsigaal comprises a tinéformsigrial ef elédricalipulsebor connection to a base
station in a sequential 2 time synchronization system of claim48, wherein
the transm ssion device is chosen fromthe group consisting of a
directional gatenf@, 4/, be?éfe?hnﬁqm Sonretich fo Phlse FAHA i %Suemﬂia!l aser |ight
transmtter, andasatgl |tetransmtter.o © oh i#13

2 time synchronization system of claim 42, wherein the electrical pulses occur

every 80 milliseconds.

44.  The time transfer unit for connection to a base station in a sequential
2  time synchronization system of claim 42, wherein the electrical pulses occur at a

variable rate.

45.  The time transfer unit for connection to a base station in a sequential
2  time synchronization system of claim 35, wherein said adjustor measures a
time difference between the accurate clock pulse and a free running local clock

4  at the connected base station.

46.  The time transfer unit for connection to a base station in a sequential
2  time synchronization system of claim 45, wherein said adjustor adjusts the free
running local clock at the connected base station by advancing or retarding the
4  free running local ciock at the connected base station.

AR



50. The tinme transfer unit for connection to a base station in a sequential -
2 time synchronization systemof claim35, wherein the receiver operates
cont i nuou¥P\P183M py t ake neasurements only at assigned q‘ﬁ‘t"éﬁ"m‘?? 51. The
time transfer unit for connection to ase station in a sequential 2 tinme
synchroni zati on system of claim 35, wherein the receiver operates at
assigned {47e | The i@l tanshe unf 58 L6ibcbn B AERECRAALAth 4 MiAggener at fon i n
a conmuni cation 2 network, conprising: receiving a systemtine value from
a paren? stimesynchronizatiomsystesmef daim 46, whercingaitbadjustogretardsrorect ed syst em
time value_at said tinme transf.er, unit usin . a predeferm ned propagation
del ay and ?‘ﬁ‘éanscﬁ% ?ﬁﬂﬁ‘%ﬁ‘%%@{%ﬁfﬂﬁg’sﬁ\%@%ﬁﬁ% ent station; and 8
conmmuni cating the corrected tinme value to a child station, whereby said
child station becones a parent station. ill" 1 1 1 1 111 111 11 - 1- 11 11
111L M4.- ih togeier uniforgomiettion o a bascgatidinin astquedtialf

g uye,
synchr ogi zj. L.H.nd. ration dn.a ni.cgfion .2 network of claim52,
Tt ner? colim YRR SR sPheR! of ey & iReTeidhe Reteiyen peceliee dram pcn(
station. S#anghigsichidesitepf synchronizing timng generation in a

comruni cation 2 network of claim52, further conprising: generating the
systemtine value at a tine generator; and 4 receiving the systemtine

val ue at sgdd kLon. .55. The pet hod, of chroni zi ng,.ty m ng

gener at i on@l'n ﬁ%ﬁnﬁmm%%ﬁqwt%rﬁm ?akﬁﬁ-%g 110} 4, 2 npri si ng
repeating tmieGyhcuoniiation systent Gfdldith 48, WHer&iaTHY Hafidhissbnldevi@ ip! ural ity of
secondary tinme transfer units, whereby 4 said plurality of secondary child
stations sefsenfiom the groupcensisting efa Hirpctigmal antepnaa spaxial cahle.st at i ons. 56.

The metodgpl: sHHA DR HsBPsh I nRREE 28k aWhtdiltedr&QTHEE Cat | ON

50.  The time transfer unit for connection to a base station in a sequential
2  time synchronization system of claim 35, wherein the receiver operates

continuously, or may take measurements only at assigned intervals.

51.  The time transfer unit for connection to a base station in a sequential
2  time synchronization system of claim 35, wherein the receiver operates at

assigned time intervals.

52. A method of synchronizing timing generation in a communication
2  network, comprising: _
receiving a system time value from a parent station at a time transfer
4 unit;
generating a corrected system time value at said time transfer unit using
6 apredetermined propagation delay and the system time value received from
said parent station; and
8 communicating the corrected time value to a child station, whereby said
child station becomes a parent station.
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2 network of claim52, further conprising: receiving sequentially at a
plurality of time transfer units the corrected 4 systemtine val ue;
generating MOUABM40f the plurality of tine transfer unit PCIUSHEFBect ed 6
time using a known propagati on del ay betyeen a previous parent station in
the sequence and a current child stati I n the sequence; and 8 adopting
the recorrect ti ' .S Chi. e) wherein
each secondar%chiﬁ@%ﬁ.@%%ﬁ%@gﬁ ﬁ'&'g%%ﬁ%?éﬂéﬁg@@lgugﬁﬁw‘al ity 10
of second@y mdtwerk ofclaibes?, fidther, co gérRratirfrbeRstemn kb villuetatt | Ons
become secondary parent stations. 57. e nmet hod of " synchroni zing timng
generation i rsaid pareptstatieni on 2 network of claim 52, further conprising
calculating at said parent station a global positioning of said parent
station using three spatial coordinates and the 4 systemtinme val ue.

11T H 1111111154 11 Thelméthod\6f $ichfistiding @hiikigenda6idn in 2 coddnunication met hod of

synchroni zing timn eneration in a comunication 2 network of claim57,.
wher ei n tiz?e %ngfg%gmzaﬁ@efép@mived fromat |east one global

positioning satellj : T falel Ve | zl.0g. Ll ng generation in
a conmuni cation geﬁgﬁa\f\igggleo Ee?ig.l m %??&?A%ea%%%gga%%’e%{ec{ner m ned
propagati dn del ay receiving thesystetetime vialuie 4t saidgperbnd statiel.| i ng bet ween said

parent station. and said tine transfer 4 unit. 60. The nethod of
synchroni zing timng generation in a comruni cation 2 network of claim52,

wherein said ne ' | Rf B HnD Yind igggig_,tT . _ ]

pr opagati on d%?angl%g. t?%ogf)é{cem il rrgﬁ\j/lgag ) ng‘ﬁggﬁgr?‘gg‘gﬁ%%g
synchroni 2i ngnetworlnof drinei2; furthericomprisingnepeating said réteiviig)pekerating) ai m 52,
wherein said cognmuni cating js a.digect_electrical connection

conmuni cat i ng?.".%‘@f.‘m‘fﬁ‘éaﬁ‘&#%&ﬂ; rai‘ﬂh%ﬁﬁefﬁ?ﬁ‘ &me rpniergEity whesbyi n a
communi cayl ORaid plurality of secondary child stations sequentially become a plurality of

(@) =

secondary parent stations.

56.  The method of synchronizing timing generation in a communication
2  network of claim 52, further comprising;
receiving sequentially at a plurality of time transfer units the corrected
4  system time value;
generating at each of the plurality of time transfer units a recorrected
6 time using a known propagation delay between a previous parent station in the
sequence and a current child station in the sequence; and
8 adopting the recorrected time at a plurality of secondary child stations,
wherein each secondary child station is correspondent to one of said plurality
10  of secondary time transfer units, whereby said secondary child stations become

secondary parent stations.

57.  The method of synchronizing timing generation in a communication
2 network of claim 52, further comprising calculating at said parent station a
global positioning of said parent station using three spatial coordinates and the
4 system time value,
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2 network of claim®6l, wherein said direct electrical connection is
selected _from _the group consisting of a coaxial cable, _a fiber optic

cabl e, antP¥P83M enna. 63. The method of synchroni zi ng Fm"ﬁ@”‘a@ﬁeration in
a communi cation 2 network of claimS5%g wherein said receiving includes
denodul ating a synchronous channel signal fromsaid parent station after
recei vi ng 58.pi | The métlodsTByntlioniAng dnitag Botertion P4 cofithuniéftioret hod of
synchroni zing tim ng_ generation in a conmini cation 2 network of claimb52,

wher ei n? s anetwosk®f 67 nhevein thespatialgeordinates are reseivedfromgt leastal ¢l ock
at said chj L QFL: sai.dn..4 generating of the corrected systemtine
val ue; andb%%%%isjﬁg%ﬂﬁ]@né%tgmﬁnni ng | ocal clock at said child station in
accordance 6 with said conparing. 111111112112121 1 | | | 2112122 1 1 | | I |

* CL MW 01/08344 PCF/ 1 JSOQ 19673 26 65. The nethod of synchronizing
timng genehat i Bhe methed of srnehrenizing, timing gengrationin & cemmunicationer

conprisyn k0. S & | M L.d. generating, ;and. sai.d

comun |Szc atg:;’ll.l éntg\%g?%ggﬂlg ??gvﬁégﬁﬁ ﬁ&gﬂ%ﬁ@%@%.}:}eﬁ%p}a %o%)eq%m&ah% nchroni zi ng

timng gendelay fmra signal teavelling sariveen said paietitistation diidoiald Hhe thatsiéier

conprisjng calibrating at a given tine interval to recalibrate the

pr edet m ek propagati on delay. 67. A synchronized frequency generator for

a communi cation network, 2 conprising: a first parent station which

transmts a pilot signal at a first center 4 frequency; a first frequency

transfer u6O.t \Miezheﬁmdaif\synchrbnizmgﬁhﬁﬁg'?mdratﬁémméedtﬂmﬁdédﬁo&t par ent
cojrected, systemtrequ y value by translating

tati d t

tshg Icg 2?@@2’%@ 619“(35532{‘?{ e?ﬁb@@&ﬁ“‘ﬁ?%ﬂ%%ﬁ%‘qd@ka‘i@ﬂgﬁhﬁce center 8

frequency;gﬁagte@nﬁ-ﬁ'g r(ﬁggggoﬁaaﬁggﬂdme%gﬁg%%ﬂ I st frequency transfer
|

unit directly 10 co ates t corre systen1%requency val ue,
whereby said first child

61. The method of synchronizing timing generation in a communication
2  network of claim 52, wherein said communicating is a direct electrical

connection communicating..

62.  The method of synchronizing timing generation in a communication
2 network of claim 61, wherein said direct electrical connection is selected from
the group consisting of a coaxial cable, a fiber optic cable, and an antenna.

63.  The method of synchronizing timing generation in a communication
2  network of claim 52, wherein said receiving includes demodulating a

synchronous channel signal from said parent station after receiving a pilot
4 signal from said parent station.

64. The method of synchronizing timing generation in a communication
2 network of claim 52, wherein said communicating includes:
comparing a free running local clock at said child station to said
4 generating of the corrected system time value; and |
adjusting the free running local clock at said child station in accordance

6 with said comparing.
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station becones a second parent station. 68. The synchroni zed frequency
gener at or for a_communi cati on network of 2 claim67, further conprising: a
second freqU@P®¢ ansfer unit, which receives the t r ans| BEEUSWIPET8 4
signal from said second parent station generates a further corrected
system frequency val ue by transl ati ng a center frequency of the pil ot

signal from tgge 6'1§gﬁg_§ﬂodpgf lﬁnﬁlﬂﬁ ESgRaY: and a
second child station whic ce ves t e Cco ?@cﬁ(te system Irequzir‘tgty 8 val ue
from sai d 2sedgheork arme&s omprisireg repyatireg thid eeveiving; baidd st at i on
beconmes a thiy re Lon. 69. .The synchronjzed, frequency generator
for a commnrg?g?ﬁgﬂghm%‘i CEpmuscating at g asﬁmryem ggference frequency
is 10 MHz. jijiliiitii WO 01/08344 PGI/US00119673 27 70. A nethod for

synchroni zin fre ency generation in a conmunication 2 network,
conprising t g'belrta’cho oésyzudummzngganpnggenemgonin&cmrmrﬁaaueh par ent

station at, a_f ter requenc recei vj ng, vmthafrrst frequency
transfer gnr tne{vmrgcoge 5&5“}}} B‘Pfé af‘g Yen-Hme infervalh toyn g

generating aréalibffé ab PrédbRiin ggg/aﬁgﬁl transl ating the center
frequency of the received pil ot srgn toar erence center 8 frequency;

and comruni cating the corrected system frequency value fromsaid first 10

frequency trapsfen unit to first child station, whereby said first child
station becg?res MW%&?‘FE" °7€° %‘P Iﬁroni zi ng

frequency29eaempmmgr n a comunication 2 network conprising : neans for
transmtting a pilot signal froma first parent station at a first 4
center frequency; aﬂﬁiﬁfmﬁﬁtaﬁ@o@vhmhganmtha@dbtslgnalfatarjusmeytetrransfer
unit, thegpi éu&*(&n 6 fromsaid first parent station and generating a
corrected Syst équency

. a first frequency transfer unit which receives the pilot signal from said

6  first parent station and generates a corrected system frequency value by
translating the center frequency of the received pilot signal to a reference center
8 frequency; and '
a first child station to which said first frequency transfer unit directly
10 communicates the corrected system frequency value, whereby said first child

station becomes a second parent station.

68.  The synchronized frequency generator for a communication network of
2 claim 67, further comprising: '
a second frequency transfer unit, which receives the translated pilot
4  signal from said second parent station and generates a further corrected system
frequency value by translating a center frequency of the pilot signal from the
6 second parent station to the reference frequency; and
a second child station which receives the corrected system frequency
8 value from said second time transfer unit, whereby said second child station

becomes a third parent station,

69.  The synchronized frequency generator for a communication network of
2 claim 68, wherein the reference frequency is 10 MHz.
I
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value by translating the center frequency of the received pilot signal- to a°
8 reference center frequency; and neans for communi cating the corrected
system f rWOPME4 val ue from 10 said first frequency tr B(EVES0AMTII to a
first child station, whereby said fi rs,i7 child station becones a second
parent station. 1111111111111 ~~ 111111 1ff CL

70. A method for synchronizing frequency generation in a communication
2  network, comprising the steps of:
transmitting a pilot signal from a first parent station at a first center
4 frequency;
receiving, with a first frequency transfer unit, the pilot signal from said
6  first parent station and generating a corrected system frequency value by
translating the center frequency of the received pilot signal to a reference center
8 frequency; and
communicating the corrected system frequency value from said first
10  frequency transfer unit to a first child station, whereby said first child station

becomes a second parent station.

71. A system for synchronizing frequency generation in a communication
2 network, comprising : '
means for transmitting a pilot signal from a first parent station at a first
4  center frequency;
means for receiving, with a first frequency transfer unit, the pilot signal
6 from said first parent station and generating a corrected system frequency
value by translating the center frequency of the received pilot signal to a
8 reference center frequency; and
means for communicating the corrected system frequency value from
10  said first frequency transfer unit to a first child station, whereby said first child

station becomes a second parent station.
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