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i nvention reloaesiit o a novel and inproved net hod and apparPcr/usyIREyps
synchroni zi ng base stations in a wirelgss conmuni cation system 11.
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facilitati ng conQOMMUNICATION SYSTEM SYNCHRONIZATIONuUsers are
present. Al though other techniques, such as tine division nultiple access

(TDWW), frequency divi m)dul ation schenes
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signific advant ages over these other nodul ati on techni ques. The use of

CDNVA t echni qugsid &¥ the THVEAd £ access comuni cation systemis disclosed in
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significant advantages over these other modulation techniques. The use of
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20 CDMA techniques in a multiple access communication system is disclosed
in U.S. Patent No. 4,901,307, entitled "SPREAD SPECTRUM MULTIPLE
ACCESS COMMUNICATION SYSTEM USING SATELLITE OR
TERRESTRIAL REPEATERS" and U.S. Patent No. 5,103,459, entitled
“SYSTEM AND METHOD FOR GENERATING SIGNAL WAVEFORMS IN

25 A CDMA CELLULAR TELEPHONE SYSTEM”, both of which are assigned to
the assignee of the present invention and are incorporated by reference. The
method for providing CDMA mobile communications was standardized in
the United States by the Telecommunications Industry Association in
TIA/EIA/IS-95-A entitled “Mobile Station-Base Station Compatibility

30 Standard for Dual-Mode Wideband Spread Spectrum Cellular System”,
referred to herein as IS-95.

In the just mentioned patents, a multiple access technique is disclosed
in which a large number of mobile station users, each having a transceiver,

communicate through satellite repeaters or terrestrial base stations (also



A nmethod for sinmultaneously denodul ating data that has travel ed al ong?3 JUN 7003
di fferent propagation paths from one base station and for sinultaneously
denodul ati ng data redundantly provided fromnore than 10 one base station
is disclosed in U S. Patent No. 5,109,390 (the '390 patent), entitled

"DI VERSI TY ®Rio@osaR | N A CDVA CELLULAR COVMUNI CATI ON SYSTNtyssvzgsdgned t o
the assignee of the present invention and incorporated by reference herein.
In the '390 patent, the separately denodul ated signals are_ conbined to
provi de an evowntecdf basstatons rarrehisiteeldusing £odadévisieasmligpler ageessi abi | ity
t han t he dat ar fr ny e i on.
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and t her eaf ttechrégtebtrassltein murbwhighemspecedliefficibnak thent bart e adbstviedat i on
base station, .ln ,tshoft I‘ﬁgxniioff thelE nmobi |l e station conpletes a comuni cation
link with t HEME8HeR Y ERIGACESS R8RS r i or to breaking its communication
link with the originmahodrfobairultiriously. défslulating dhta tiamdedsf tratblednobi | e
station 25 i redag?antl y in_communi Cﬁti ?n with both the ori ginglgt%on base
station and %S et i RRPRSAIONS t BRSO O OBRe 9385 i B1GUBR tA7fe. 190t ¢t

handof f s ar gihaltah&sisly idetlodultirt @RtaGRULAJAREN Pravided apsiafl inbre [thaaddi ti on,
when a ggﬁl l e station, tr,avelf near the coverage boundary of a base station,
it may maRe FEpEE SR RANE sHsC asEqdedyS- | Ratees sel®o*8 e A 30 in
the environrggitled Thi DIVERSIEY RECEVER t OIRS PANY-EONGA NY.CRISLIPLAR greatly
| essened by soft handoff. ary process for perform ng soft handoff

An exenpl
i s descri bedC@Ml\éHf\Hf:WﬁIQNJ.SQKSTﬁgE’én%ssmedstqahf; Fosignentoft they PIREENIOD AND

SYSTEM FOR RREMtA NG HIoloddadOb biirend® Rerbil ) #O8R 000U Sl khe3d
PCTNS99128705 COMVUNI CAT] I'N A CELLULAR TELEPHONE SYSTEK' assi gned

to the assi gapratsly daemogiiatetsignalsedre icombianerl ito poryide aneestisyate eXf dhence

No. 5. 265 26 eaied KR wRRE R ey R B R AR B A R o
CELLULAR COVRININEARLIONS fovsTayonekaghstadomssi gned to the assignee of the

Phe: 261 patent . PR 0P e RRRgaly o MBI ShEY o el By el T
strength of andidoft hagdeffal Int 2 dasditenddffbywherct hubde sstatiporieatesiant he

Sof ¢ andof o/ SARES OpyY ool oSG EIRMKRTIEN st SRlon AL SHAREE 1D, on
handof f @@ndtatmndsrealhits bamengtictioonlivka vt ahe orighmtive Haseistigtbri atd f our
sets. The TifShaf&! establishes a new communication link with the destination base
station. In soft handoff, the mobile station completes a communication link
with the destination base station prior to breaking its communication link
with the origination base station. Thus, in soft handoff, the mobile station
25 is redundantly in communication with both the origination base station and

the destination base station for some period of time.

Soft handoffs are far less likely to drop calls than hard handoffs. In
addition, when a mobile station travels near the coverage boundary of a base
station, it may make repeated handoff requests in response to small changes

30 in the environment. This problem, referred to as ping-ponging, is also
greatly lessened by soft handoff. An exemplary process for performing soft
handoff is described in detail in U.S. Patent No. 5,101,501, entitled

"METHOD AND SYSTEM FOR PROVIDING A SOFT HANDOFF IN
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referred to as the Active Set, conprises base stations, which are currgfg\t#ﬂ’;J 1003

i n 15 communication with the nobile station. The second set, referred to
as the Candi date Set, conprises base stations whose signals have been
determ ned to be of sufficient strength to be of use to the nobile station
but are not wagorssit |y bei ng used. Base stations are addede¢musshesmoandi dat e
set when their measured pilot energy exgeeds a predeterm ned threshold
TADD. The third 20 set is the set of base stations which are in the
vicinity of COMMIEVICATIQNS oiN (AndDMW cREALYLAGt THIHNIHENWE &YSREMLCt i ve
Set or the i dat ) t fourth set 1s.the 1,0l t ich
consists of a %“g? hg)r ﬁﬁ%saésléﬁg iogﬁtg? #{]estg_ S]g‘fénzmtgasaéﬁgggéfc?gﬁ%égﬁd? date is
char act er i zeckfévgnth bemimse of f set of the pseudonoi se (PN) sequence of its
pi |l ot channel. Wen the nobil 5 station searches to determne,the
strength of the grf oYk ISE%f c?h?f‘ao ahﬁ?‘&é&u@ bsascgsci‘?sﬁgi gh @ts g%?tfgﬂ?rrs a
correl a]'Ei 6n N]?e5,a$7,m, wheel nMD]HLEiS’MﬁTI@Zd\I rﬁSﬁBTED S@Bﬂ?ﬂAW@?F nal at edht o}
a set of PN e T ratys .for performng the
correl ation p(féﬁgh mmmlﬂgﬁﬁééif@g $ﬁ§’ﬁ‘3§ W%é&}bl‘ﬁ a%bg.‘?:e,dGﬁﬂ, 591,
entitled " MEHIGRSIANE: 30 HRAPPRBARUSY BRI ERORVb NG SARGHAGREShEIGN | N A
CDVA COVMUNI CATI SYSTEM', which is asz{ifogned to _the assignee of  .the

present i nvelft Fisnsystemiqfcihe pdelapatenbytheetatt Bardofharrersss is gyprgved (- 2003
WO 00/ 35117 B@I@dﬂﬁ@&%&}ﬁﬁﬁg} 3_1{2 i[HtOQ%?atlé fansialiin BeENREPaseh@athasst station

and the nobile station is own. S unknown del ay produces and
unknown gRi f thej mobile siatioro diese Pilot strangthi mgaptrenwents ate ehpsistanredat er ni ne
the unknown glidds handdte JrbbesOBs FaciltAide {ddhfificddtn TPRAdMe Hall isPlhicHD f1s 10
time the 5 output o?ncli_tsageaer cﬁgra%N cloge genenr:at ors. Tieerangéq o%‘ t he

sear ch shi f thandofbeandddateee sear ch wi ndow. The search window i s centered

about a PN shi ft fnaLheskSn A BARRs SLALE vibEATRNI b L | Re TG L stati on

a nmessage indicatingt sets o ase station EI ot's 1nits physical
proxi mty. Tiefernesbid & thiedidtive Set,| donumiseerbase stations, chhishratewuarentiydint he PN

of f set 1‘315hy&%&%ﬁﬁq%ﬁg?{h%i@p&%ox%tﬁ‘é Statioh® ﬁie E&%nges%@“rgfeweﬁd%"‘é dﬁfbﬁ”ds on
several factors including the prrority of the pilot, the speed o e
sear chi ng prGamdidatesSet,andytirises hadel tatpatsedhdsd asignslsriead lofent desermineddpat h

arrivals. Th st.andards (1S:9 efine three,search w,ndow parameters.
The searchi g B SpriBRes ibabinoin B el e, b5 fEeRE Nifthf PR s Y
gover ned by Geeertly béimglased. Base Matighbare fskiedptolthé saralid¢atesar efhed theer w ndow

N 2 TSR 05 Syt SO o WS ERACHL, MBI 70
SRCH_ W N2 Sie€iid WNeNeRWE bakevstalicrs WhRNhCiveria} thRGHCMItN of thRGhbbildNsttion
chi b%) 0486018DHBED F632b it i s se S95.86.389 S50y 8206
the fourth set is the Remaining Set which consists of all other base stations.
In IS-95, a base station candidate is characterized by the phase offset of
the pseudonoise (PN) sequence of its pilot channel. When the mobile
25 station searches to determine the strength of the pilot signal from a
candidate base station it performs a correlation operation wherein the
filtered received signal is correlated to a set of PN offset hypotheses. The
method and apparatus for performing the correlation operation is described
in detail in U.S. Patent No. 5,644,591, entitled “METHOD AND
30 APPARATUS FOR PERFORMING SEARCH ACQUISITION IN A CDMA
COMMUNICATION SYSTEM”, which is assigned to the assignee of the

present invention and incorporated by reference herein.
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trade-off between search speed and the probability of mssing a strong path
| yi ng outside the search wi ndow. The base station transmts to the nobile
station a nessage which specifies the PN hypotheses that the nobile station
shoul d searglygogéigdi ve to 5 its owmn PN offset. For exanpl ectrépe2ems gi nati ng
base station may instruct the nobile station to search for a pilot 128 PN
chi ps ahead of its own PN offset. The nobile station in response sets its
sear cher denodul dher propsgatidpsleldye hdtweent bee duseutatidi pared/che medileear ches
for the pil i chray Nt e e specjfi fset.
Once the rm%itteftgﬁll 129}025@ ?’S{:nt egmfgg% og\’%sgelglra g%rgg‘%%g ﬁbgoltlrﬁgisoﬁls’ﬂtsgl%égﬁer m ne

t he resour cabe ®MNacdddsl elHeoseapahvifig proceys atthmpdoitd detdrriine chetuckhowhat t he
PN of f set of,the stidnati,on se statipn pilot is.very.close.in tinme to
the direct ec?hgpf’ggﬁ? ﬂﬁéjogﬁseeggogo stélasr éﬁ? n‘gc’l?’ie c?itastlﬂlﬁ ts%(fél o} B¢ (thSce near
base st alt 5 ommggundfairt% @éhrflfia@albi god@g@y&aiﬂs.cml ﬁfh'gélgnrf]tth@ Jeefbsstftyissear ﬁ hes
can result in ped cal | s n CDVA systens in the United States, this
base stati or?agﬁf{]gﬁ’rw PiRdrw s ]Jé‘@h?eé%‘d“’yﬁ%AWdWWtﬁﬁde tt?ggg §P§ti on
with a G obalypBefkisi OM NehsSakfldn ttRnsHNB) té ahei ¥Bbile HOMBYAT a hldgsagear e
cases where a_base station nma be GPS signal is attenuated to a degree

a.| y .ot  GPS, : . L e
that prohi bi‘?@lcw& ﬁ‘@iI?N@éfé?ﬁPgﬂfb??%tﬁ@"%?ﬂéﬁrlaﬂfsza}f'i’%ﬁl(Pfrobléls‘éy-sfréﬁi ons or
mcro base shabileONRatidd) W0 dn@}, ifsNGERLRT Gifddw 0RAdurRDdaPN hatfset
di scour a?e dependence upon the GPS signal for operation of critical
servi ces.OTHé’Pﬁﬂ%%é‘nt i nvention describes a nethod and system for providing
timng synchroni #gii IRiak £ whe i he 25
netvork |- capabl B GP T B oy e e o e b vt ng
timng ther éneludingrtbie prigvity o thegpilaththerpsed of 4hé¢ eersching processarsabné of

receiving t At i i ] | . Thi | Jadd DSy A8 din
copendi ng R SENERNEREY! st EcP ARl ikt SRy SThE G Ty

appl i cat i on)IS-#tdefinedhtebBatdl SIAVOYaASSLETED The MeN@30g SYNGIHROM ZATI ON
IN'A COMRs OO CATLON SUSTEM: 0 L1 JR0, SRISIBET L s JORT yiploh 14 assi gned
to the assignee of e present 1nventlion and T nc rporated Dy refereéence
herein. | n addghbanSett hBotprasesearched @vedUwind®H03" N0 H01 RebdainR@ET/9¢899/ 28705
6 invention CLi . a _nethodoand tem. for providing. t.i.m :

synchr oni zatpﬁ%:rﬁs é%egsiln§8wbalgé Fg %tSF%\égerr ‘évllr;‘/‘?oovﬁ SR ENT Pg ‘l’“zigad r?’tgllor‘ﬁv rllﬁ si gnal .
I n the 888 Taplel I, edter®a chiphie 141.2288 Mékze station attains synchronization

with the reference base station through messages transnmtted fromand 5

recei ved by—g—@Wﬁ-u—eWﬁ —he—soft “'m'is‘f,f—N‘ —egtph ‘“ctwee-?—.-t—he
reference taslé Stati onAard ﬁréd% a%%ebésgr{g%‘tl 3n.-‘%i st"‘,m}dﬁév find| tri p

del ay bet wgeBRCHE WDNL_INe [st a{fN chipsl tIIJeSRé]‘}é_r‘ﬁli‘Iq‘,\b_Mase sPht ¢haps)i s reasur ed
by the refar ation. Next, tHe.slaye st ation searchep unti l
it acqui reg ?Egﬁmb@iglj{ﬁansmned by thgf{ﬁf}'@ﬁﬁ%ti on, referred to as
the reversd TTink D0 signal. Tn gesponsd to theg acquisjtion @& the reverse
l'ink si gnal%ba&m&h%&um_maﬂgwwumbi | e
station can acqui fe its _\}ignal)é_referr dtoad a forward |if¢ signal]. This

step may bgummecgsSary f the {rm g grTor Ty the Stjave tagggstattpn is
not severe.| Ohce the nobille station acquires t%e signal fromthe sl pve base

15 station,| it nmedsures and reptits the diffelknce beft ween i3k anoupt of
time it takeﬁﬁ—é—gﬁa—ki—kﬁveh%he—ﬁe#ﬁ—eﬁee—b]aeeﬁkg@—% it and
t he amount {of tirré it takes a s4gnal tq travet“fromtlhe sla base gtation
to it. The[last mgasuremgnt necgpsary 1|S a negsurenent by {hz sl ave| base

station of Whe_tine difference hetweenithe tine it received the revperse
i nk signal 6 28 14 320

7 40 15 452

20
TABLE 1



20 fromthe nobile station and the time it transmtted a signal to th&3 JUN 2003
nobi l e station. A series of conputations are perforned upon the neasured
time values to determne the tine difference between the slave base station
and an adjustnent of the slave base station timng is perfornmed in
accordance dmdossnmew th. It should be noted that all of therusagsmwenents
mentioned are perfornmed during the normal operation of an | S-95 CDVA
comuni cat i on system SUMMARY OF THE | NVENTI ON 30 The present invention is
a novel and W edzingtip ddtradetol gipaween sedreh spyed landnthei prptishBiy sxfat i ons
inawrele g@ﬂ t ention describes nethods
by which a v%nﬁlrsglﬂ Ss f%ﬁ?ég%%ooﬁﬁgggﬁem agéf)g&?étkg%]f synchroni zed w t hout
an external 0 3"112Lbaﬁemnmamﬁirﬁﬁlwtmmm%lsmmaﬁnessﬁgee'ﬂ]mle One

Covn, comn ERTH a8 YRRt e mgbtG s st AR ARl L

of rmobi | e§ iits dvam@dF bffseo. Hot examypie, tkiee)r@hainglbagelsmamg\ why jastrisctthebase
stati ons.

S usted o R AR Sy M B e ST bRe Bk 1 1S

present in tTe asibier Btafl@n rml fttspbﬂsesyéél@hn@rsemheprdenrbddlat@r N8N ekhipsot her
met hods nust  be. yse One approach invol vei@naarjé ect nmeasure nts of
the timng BOEHLAR heLitant chin Fyfie andntear etsiNg B ARATS

ways. The bagi@dBWycenfir€d bb@it the SpddiBabHist] Thve ARe axléb@e@tlagtsuét@a t8 short
i nterval dur| ng which_it recei ves forward |ink signals from ot her base

st at i ons 10 Ga/ &RR1ER R gB’gé‘Y@Pﬂi%lﬂf’ dPheetesadpe sthe | BEOwEeRt Avpikeble 198 errors

relative to cgs%l n%rkgeé HAAasFSitak ARSIt B PRM GHRE of Mhd BEABAHA! Hased base
station sen a short S|gna1 at high power in 15 the nobile transmt band.

The ti me- of Skationy gilobfs ¥ATYS cloisgrinl time ﬁ%ébﬁr‘é’de%‘;ﬁ tHBes urFrsusaredy Base
stations andef,dRin gaﬁeoprcﬁﬂEﬁ bR 8‘& epf'ﬁ'e S Hake Q?éﬁ)ns%%hhegﬁ?sa%%cﬁﬁgpm ed.

In sone cases, se station e |so ated sufficiently fromall other
base stati or@lﬁ}'ﬁ in ﬁ@mp&tmrthe s@msm@eamhe%@n esuli-inclroppees emdlssurenent i s
20 not pessi bIe 4 X dﬁm st n plagce

| ocati on ?n the %’E et weg%3 t (siolsg%egg’ cg\l%l Lé‘% gsnt%ftl er cel |

in the net mynchwn@atme@ @brﬂwdsb}aprcmdmgt bt pasefstation veidts ur Gielrl s of
base stati omppia QQteﬁgcg‘r‘@{lbg PcetE BARGeRRd HERALL ??stgg%\ﬁelrrrga[%as%

i nformation, or se ransm ssion at’a speci
measur ed by statienbawg =itabd ebls. toZEecBRIeEﬂweDQSF&lgﬁalO\lF@ ekRiBpRRANITNGS The

features, oligels, . ANt AUANAE0S Sl e RLOSSDY (| NVENHLOR WL Recome more

apparent from SCT i p B 58 en in
conj unct Bon theit ls¢ er dmavg ng:schrnmﬂatlmhl dleaee Btahenemenmi‘ralbasetsiatsoritsﬂent ify

71 ustrati ngt ehaey SRR ke ANy Shi s b e o BRI AR EThe o ase
station rec éiRSmgmdiefof opmndn lof nkiticd] gasdicesf
The present invention describes a method and system for providing
timing synchronization in these circumstances where a fraction of the
25 network is capable of receiving a centralized timing signal and achieving
timing therefrom and a portion of the base stations are not capable of
receiving the centralized timing signal. This situation is addressed in
copending U.S. Patent Application Serial No. 08/933,888 (the ‘888
application), entitled “MOBILE STATION  ASSISTED  TIMING
30 SYNCHRONIZATION IN A CDMA COMMUNICATION SYSTEM”, filed
Septemberl9, 1997, which is assigned to the assignee of the present

invention and incorporated by reference herein. In addition, the present



0 3 JI!"J ~~03 WO 00/35117 PCT/ US99/ 28705 8 a nei ghboring base stati qmg amgn;
adjusts its timng in accordance with the received signal; FIG 2 is a

bl ock diagramillustrating the nobile receive subsystem FIG 3 is a block
diagramillustrating the second enbodi mrent of the 5 present invention
wherein a bweeossiati on i s capable of transmtting a nmessaREI/ds99287185 r ever se
link to a neighboring base station which adjusts its timng in accordance
with the received signal; FIG 4 is a block diagramillustrating the fourth
enbodi nent RVEIHEOr sleasrtbes nenpidiednnandi Fystert x&F dpARIdEgat HEH Becei ves
the forward gl I / tati g gt & ki message
to one of tﬁ%hﬂﬁgé&gfig?%eze Flﬁgéggé}téﬁﬁlgﬂ? ﬁ%ﬁltcﬁ{mhggﬁtrr % atd i %ﬁgﬁ%%g?@t he two
base stations aslt eei8f8dpalicativn, the eldve lnang statianiadtainssy@chBonizasiopl ock

di agr am of fift dipen t e B\ LQE in_a.fixed
dumy stati éﬁﬁ% rtg;\s%f%g}?% %é%béetaﬁén tt\agmg@ségg%ag%a? @%‘%@%\%] éﬁgﬁsgﬁg he tine
of arrivab obceives lpy ebeohile sytivrhirothieseftt regidoff regermiadtwekn the refekéhce6 is a
bl ock di agram of. t.he sixth enbodi ment. wher.ein. a fix du st at |

Cecei ves s noReralig Pl SFRoruePoR vEneR LR o W bR, 1< (he
recei ved si ghalmobibe kstittort hadbalse referén@ndasod stdthin tiheyeaanedebPhesed to

provi de synchroni zati on;..and TAl L SCRI PT! ON OF, THE PREFERRED

ENBODI VENTS TPIer et B8 Bt el goye BRI IRBra<h ROt A BFBAteSdat a

f rom nobi | e thé signansrahsmheasddbyf the ilobilb astadd, reRsfedgions Bl revbidecliakat i ons
cannot b? used to xgerformthe synchr oni za{i on. This _iﬁ |, i keII¥ when there is
very |ittd e Sighats fit respongth &, theacqrgpition ot the zeverse: link sigraly the slavsnary. 1n
the first edagpbativneadast @ tinfhgt £ ttegRNIndbINERRIION, cat Ra@fBreSi@t i ON
receives the forward link transm Ssions 30 from a nei ghboring base station
or set of néiggRbdeiergduass astorwarshlink wignala ddis siep; BAY &2 uraetessyycdssar y

timng inf OrtH@Eihﬁﬂ%ﬁeE&miﬁiﬂﬁe b 08 Bhse’ R8EOY Rnbi QWeie other base station.
0 3 JU ~ 2003 WO 00/35117 PCTI 1JS99/ 28705 9 Because all base stations

transmit on the Safe theewgbie staiohacquieatthensigaat frophitbpt slpve basewar d
Link trapsmsgsiohn id MeLQ6d ahQ %ﬁériﬂ the’ GERPUARbMvebd S hARANE JrlteieOt her

T
base stations. Referri ng to FI i i i
t

] | base station 104 is configured to
recei ve t he if &akgaradsignak taitepval framnthisameferenge i base Statbm ita ibrand the

synchroni ze jif i 89 fide W Eﬁﬁg Iaastigr%fl t@%@e??% QFQ ]s@aﬁle biseR@sGors k& tit.on 104
has multiple sectors (not shown); then preferably all sectors will cease
forward | i nlherlagtsmeassirementi magkssare ius Imeasorernent bhthebsleke bbessstaetionn

antenna w || i v : . ]SS4 . ation
100° "Roce! v Bt WAl bEY Bl ritle 1f ARSSCHANR LIQTRAR N 2. OF e
station 30 f®mtthe maokdleasthbomand the ikme écbausmitsub s sgreitdFbetmobdeei ve t he
f orwar d Iinlétagjoglnal s from base station 100. Because base stations are

desi gned to cover a particular area, with sonme overlap of the coverage area

of the adjacent Aekdrigs off compnutionecasspenféynéd uponhgie andsagmedsttaheon can
receive sig Fr.o t her e _stations. .15 Ho er. in t. de yment s
i%%h €s tPO tgrmmg rtplgsnmg dlal_.f(tljferr% geaﬁ,%li\/\ée:en},ﬁ tsﬂqﬁve bas%? t1ogl QJ\S

this is unlikely e a oblem EX e base “stati onsS have
roughly cir eulaljugtorenhexfdborhivy basy statige dméms ivipehfoaedtint imosdareer adi us,

then t h62§j ! %ﬁ%@%?thpeft\gﬁggldb Be relotseEiaﬁqlap Al ofthe measurements mentioned are
performed during the normal operation of an IS-95 CDMA communication

system.

SUMMARY OF THE INVENTION

30 The present invention is a novel and improved method and
apparatus for synchronizing base stations in a wireless communication
system. The present invention describes methods by which a wireless

communication system keeps itself synchronized without an external



about double the coverage radius. In the COST-231 propagati on nodel t‘QgZUUH
path |l oss increases by about 10 or 11 dB with a doubling of di staane? v
assum ng base station antenna heights in the range of 20-60m This is a
relatively small increase in path loss that is easily offset by: 1. Longer
i nt egrati onwbioomsion t he pilot. Because both transmtter areIusIeeA”fer are
stationary in this case, a reasonably Izong PN integration is possible (if
necessary). 25 2. No penetration |osses, generally assunmed for in-car or

i ndoor oper &feisace.3. (ipegingthpd, Hlisdosedatin o AMOBIEAN§SATIONRAASSKITAD on
antenna hei gqayener e@?ﬁf Iﬁﬁ@ﬂll@&q{[@&e ' £ Rabhght s coamnredieadriopeal

clutter. 30 So, enou I's available in the vast majority of cases.

It may al soSE‘éTBMé'es&Iaplyca@QndP&fﬁB?oﬁ&S ﬁs)rtwvazsd thie ninessagingrios shobidesoin nmor e

t han one ba rd link
Measur ement ﬁg?_%(}’f?g( ggte?ﬁn e{%ﬁ\e%@ﬁﬁv& tlggang%fga 2.0 éibgséjgtra{ﬁﬁgn Fﬁg%{{s gﬁ%@
stations mamwsmwahrﬂmglerm‘rs,snthase Bfﬁ)oqsatlmlhgtmqustérértp taintlin ot her
nei ghboring base, st at are not visible. In this case, when one of the
pair 033 PSP/ Usoor 28708 10 b anke | st ransm aei on
it can recei ve owhent hesusfigioat thaffion is hrepéritein e enétwadrikoro ofmalmaipai r,
since that base stations, signal nmasks tgﬁ_eot hﬁgdne hbor basg stations'
weaker si gndYEhrepizationin ég’ﬁl P, Lt Bt et bes ¢5Etat iR of t he

pai r bl anksappoatlh anedlvesin@Ringlfligedt @fitdsuréifenitd df thbeirhig baseeh igkat i ons
are |sollaocgd and cannot determne their |mng rel gtlve to the rest of the
et wor k. LCoRABETS 0| N BrRcCHBPHEeE 191 ol frie Wawk. T © J1iFg IS ST f bot h

base stati ofis thingfiksstdri¥Ldr aneesstsyfor BghosiReSAl tdRIngPWAIE eadivas i Se Wi th
| ar ger coll gg_tl oni, of base stations that are effectively isolated fromthe

net wor k unl E¥¥aed inkisisnalolrm ethpabasersiations. Krixak kngwirdgestpheyder 10 To
avoi d the diddldtAbrAlRhYSHSS thhe LROrH BINGTK t6 RALARY bRR S8 %yt Be

determ ne the bl anking patterns a sinple approach of randomy bl anking at
a given fixderived eAlgraativel rbaspstation sendscreshortrsigaal af highi m‘é?'i/’eﬂs each
base st afy thedﬁl%bﬂ@&ahg’mﬁ Haﬂadofﬂerzrgﬁl L SELrRA] W RS g;ﬁ{l 1g'%eats?r K its
transm ssi ons. exenpl a iment, the pro Tty of ramdomy 15
det er mi ni ngtheos@rawkdmg bese sigtlw/@nqi rthe hiimenenpesr beftwaen pave of ke base
stations ingbREHSYR! &BGS %ioff every few mnutes. In this manner, each base
eventual ly gets to see its neighbors. Gven the known | ocations of
base stati ons, tlni\esomwageamb@ﬁe stetiay sndyebevseltdshediiciently dram aHyotber r emoved
o e, L Blealadid O IRl ATk e Bhaf Mkl Bade G ML GRARGRS 101 heen
cells determn I'mng errors may bé used to ust t ase station
timng, ) therpaessibig Ial thésntapela foed gumogsgationis Hﬂa@dwa lnvgamcm iméfhe/i dual
base statio esf;a t | rarchy.

Bl anki ng. ¢ niRE SEpEh b RREr A0 AIRES SRINM SRAHCRPE R A SR O

nmobi | e st at i[‘bensﬁxeﬁodninmmszaehdrhleﬁhempmcﬂormbembhankmngtst mfrdaashcsmmblbe short.
The active t nthec era a.of Iakdba station
increase th rtstorna%osnﬁ‘l l%%fea LﬁePfgﬁt%%ﬁn\ngll secoﬁ R gﬁ%e f orward
i nk signal adbusﬁpmanﬁsmdm‘attdm:&ifmdlﬂmg to Be mdaym’édﬂ@cthetblaemsﬂahem ecovery
time is out 6nsec, and nost nobile stations will only lose a 30 single
frame. IT the bl anking extends to nore than 10 nsec, then nore than 1 frane
will likely be |ost. BRIBVBESCRIPTION OGP THEDREWINGS every 2 ninutes
is only a frame error rate (FER) increase of 0.03% This is not significant
relative to a typical operating FER of 1% or greater.

The features, objects, and advantages of the present invention will

become more apparent from the detailed description set forth below when

30 taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:

FIG. 1 is a block diagram illustrating the first embodiment of the

present invention wherein a base station receives the forward link signal of



0 ;y ~u~~ zo~3 WD 00/35117 11 PCT/US99/ 28705 Forward |ink signals 03 JUN 7003
transmtted from base stations 100 and 104 are transmtted on a first
frequency. Reverse link signals transmtted from nobile stations (not

shown) to base stations 100 and 104 are transnmitted on a second frequency.

I n the exenploasogsienbodi ment, the forward |ink signals 5 ardriv$ms/28esyer se

link signals are code division nultipl@® access (CDVA) signals. An exenplary
enbodi ment for transmtting full duplex CDVA signals is described in detail

in US Pat émelworwggbaseﬁwo@mdt Adjgsts SHRIEATNEPECARCMARIEET MPHE tACCESS
COMMUNI CATI (NS g%{l,MSI NG SATELLI TE OR TERRESTRI AL REPEATERS", which is
assigned to the 10 assi ggee of the present invention and |ncorporat ed by

ref erence her ei nF14. 2 ipaddock diagomm 10stragingdhe yotile| receiviel stilbgyakert | i nk
traffic data ar I I npl ary
enbodi nent, for \I\eglria;{i%I F%ES%%%SF %E'%}? flbxéfr?tgn ogg gl&&[ds%%?\’m rpeﬁp%%é%cess
nodul at ord ayr@esb inpediom whewin a rbashestatiar execipablec of Ur&snﬁiattueglt a No.

5,103, 459. 15 co e divisi |t acce s signal i ed to
forward [i n%et%S eeFevaf %%‘ q%gh R ?)Sgoﬁ% 1 ‘sNh“f}P @E‘lrss g‘%d
anplifies tlmmlhgﬁmcdyrdhmde withrthé ré@iveﬂrsigmn ssion through antenna 110. In
addition, revers i,nk signals are r. I V. rou an na 116 d

provi ded to reve ﬁge‘lllfs ﬁkb]gglééf%?m( us%é‘i}' % A%U%EICSF{PQBHT?W Qé%ne
downconver t presbht ireeftiom dviedFpini 4 Fired Hhmmy@wti&drdcemg She |fb1IWar&I lgwial and

provi des_ t he recei ved signal to reverse |i1nk denodul at or exenpl ary
enbodi ne P’@F‘a]déjﬁ‘ﬁ'ﬂtﬂ“é& gihsﬁ FHAISAnfh Sragsindts 4 Lgssaeytq ﬁn‘U th ngaé?]t
5, 654, 979, entiohs addicklhg tﬁbW RQHI}TAEW%aEQ%tAI&BREé\D
SPECTRUM MULTI PLE ACCESS 2 | CATI ON SYSTEM', which is assigned to the
assi gnee of '§$KEeRrat Lot fixed FEFMB At i ncor por at ed by reference herein. In
addition to bei nH@@ﬁbb%IQJk Hﬁagg&m bt v @ WabbdihBKt ronR! prédedt
receiving reverse link signals ase station 104 is capable of receiving
forward Ii nkK\ENERE| ther%msmftxs@ditﬁymwagfétlgnattfmﬁmlisoe PTQ‘I’eb@SEW%tbé@‘? on 104,
pi | ot 3015Yygh6bas AHlcl Qfs@ﬁhg finBKof Eﬁ'Ndlcoldﬁ{ea ote RS QXh&%nfz@ fgipar d i nk
nodul ator 122. In the exenplary enbodi nent, vaard k nmodul ator 122 is
code divi si 8Herdl €losks access nodul ator as descrl bed in detail in the
af orenenti oned ghat 0 n&’d&ﬁm [ I e

" h~~ 203 WO 00/ ?LjFS%? I%a‘3 M%la 7%\ of acs:%g}g% S g thysﬂt‘%glﬂr g&%ed to
forward |i n%umgmlpﬂéﬁce(im tthQ)Wﬂrﬁdlwhﬁlghahpfmvmq basefﬁitdiln@‘rssalahd
anplifies t ouGhpsW t ch
128 for traﬁglﬁ%@gg\gﬁgtﬁdfﬁ%&ﬁél ﬂ%ér?%gpi éﬁykg%z?tég g%tgn{b&sébglre recei ved
t hr ough 2t esevhtolp@videlsyrobvordeati; tandr ever se | i nk recel ver (RL RCVR) 130.
Recei ver 130 downconverts, filters and anplifies the received reverse |ink
signal in accordance with the reverse |ink frequency band and provi des the
recei ved signal tdETAISED DESCRIPTIONFAAHE PREFERREI2 | ary
enbodi nent of the nethod and aph/[at us for denodul ati ng reverse |ink CDVA
signals is described in detail MENTES oned U. S. Patent No.
5,654,979. Forward link signals transm tted from base station 100 are al so
capabl e of Fecepﬁ459r$t#901bﬁge\k$natl on 104. \Wien base station 104 is prepared
to performthe timng synchronization operation, switch 128 toggles such
that inst%ead of Wbem@ﬁr@sdla@afffceﬁntt¢aém§qmsm@h11q staHPRD imdiaadpitn khe

transmttery e e 1%8, are
provided to %gr ME}HE% %E%r gggxp\é;@ﬁe sstjtlgsyst e?nﬁﬁ(gtg b\éFg?é\grtg F?ﬁgﬂ?eggﬁ ver (FL
RCVR) 134 deywrboenieaticsy Thistieliselymahemphérei @yet)héltﬂ%c!@fﬁm@rrvelm tee | i nk
signal in a I f 0 des t he
recei ved si g%g)pg%&? nwa%ehl&%&%&% § delho uf[ ?@é&?e?@éla gitbﬁgﬁggﬂetn% ary
enbodi nent tkiéOp:temtsngsmiom adasé wationh retaivks t;helfotwa;tydm:dk $ramsuussielmls to

facilit i Sif ded f h t f ot
el e el RTar g per Lo o e ot ite |
pi | ot si gnaktatién dﬁt‘q‘s@dts Regbssar E&dﬁﬁl& linfdinldton Rehehe BignabrdeéieB%tonentit| ed

"METHOD AND APPiA TUS FOR PERFORM NG SEARCH ACQUI SI TION I N A CDVA

he ot ase station.



25 COMMUNI CATI ON SYSTEM', which is assigned to the assignee of the prdseathi 2003
i nvention and incorporated by reference herein. The denodul ated pil ot

signal is provided fromforward |ink denmodul ator 136 to tim ng adjustnent

el ement 138. Timng adjustnent el enent 138 determines a timng correction
factor that weoomsnvi ded to 30 forward |ink nodul ator 122 POT/HSIN8TS tS

timng to provide synchronization between base stations 100 and 104. FIG 2

illustrates nobi I e receive subsystem 150 in greater detail. Mbbi]e receiver
subsyst em 150 i nBsgause salhihags stdiong: rangiel 8 Hie gAmenirequency, 21838003 WO

00135117 PCA#R0/@:k 0 mnkBit PRE UIRPAS Bink IRsnfIdeH akf hrl¥r RY E@ﬂﬁftat or 206
with the forward Iink signal received frombase station 100

exenpl ary erfseshtioanef thensigrale franp ptirgebage statinnes  Referning stpgfﬂ@té Page and PNQ
by neans of st 9ae ode
sgquences fc?lrtétgbgl?{eoa %Qﬁgg&- gngeécﬁg eadl nfgii&?]%’(‘f‘hﬁ 5 ﬁ?\&aﬁ %Q% tPHOﬁ

e pilot’sig

oper at i on50f108n aqrdemg) syynebrorord ztattlrmngbwut\heéwat Dhéammétsomsl@@i ﬂbb@espr ead
t he receive pi | ot
signal i nvofjs\tf[e%{songi Zl#aghqﬁ!ﬂﬁg’q? Sg‘n?rsn@l‘ °§$ if:l Hee e?%belggﬁf sreeg %g‘ﬁﬂs hi ft

regi ster w tdease ﬂangshhnhttmusﬂ%xonlﬁniﬁﬂﬁampue]adbeqaae& fhmb&kgﬁmb of anpr ovi ded

to forward |ink recel ver éE}IEe RCV?I})1 e34 Recei ver, 3%1 vert filters

b o £ AnkaSE HE DEtR Bl phEdpmison, ight Porattain A2 200.

ggffer 200 meayﬂvd@[t}teﬁerwegiemwe ﬁglgmbmsl?dse sdﬂ‘ﬁ)ﬁrmrd’tguﬁb&ﬂ%’l&tﬁtllaﬁg anﬂ
4. Despr.eadi ng .el enents n 4 nulti e recejve na t he

o cote Bmab e " POt it grah e outbepitem LY i racaito e SR b o

nat ur e of thg\kl%j}gmaﬁs)m b&e sestashurdo. of the PN code and the received signal

shoul d be essentially zero except at, the point of synchraonization, K Searcher
controller 218 p 8%“6% age sticaatars sstaned; © F%Vqﬁl\ﬁg}@ﬁ%?‘&%rar%é*’ltéear cher

control l er 2bfhedete P BethedcoVeriWrbHbf BRALGREG cfeﬂé lt hendOnb@iyaig |1 nk
pilot signal frombase station. 1n the exenpl ar i ment, each base

station is 4y dhek & Hﬁ??eétaltiﬂnoﬁrs&ecqll’%rﬁlgﬂglsné’Péththb%&s@aE}?%| ons. In
the exenpgs aﬂoﬁmd'lﬁeﬁbst Qﬁ?ﬁ)y%e?‘\tté QRis! G ttBE‘bepraegki A Ny PN

of fset between its forward il ot signal a rd link pilot

si gnal frome?fa@@kstlétheobaswtat(opmﬂzeumpv ly ¢ipcuderd(ar kexagpaale czser@gau on 104
knows the digtan68n QB&N\H‘E@ slaﬁéeraah%t ki ﬁ@d?s%c@%%%éér@%éé%té‘t%s(@) Thus,

in the exenplary enbodi nent, search er control centers Its E ot
search at a abRubdephin ke crrarage tdiugelreths ﬁé@ﬂ%ls}@@msﬁm\eﬂl@dﬁh thpe

equati on: 4 R 1 e s the PN
offaet of bacmat Mk gl dotiE S db fhith f MouPRRgPol Mifidfed ° 10

pi | ot sed? clssimidgnbase stdtion antgnhorheighds inhthepiange Qfl %@mv\oﬂlh@s ffeaf ound i f
base stati ONgla C%?%g%&%&llggge\ﬁ@é fn ﬁ%ﬂqggsqmitzﬁ%asﬁ}h8ffset%y3 UPS 2003 WO

00/ 35117 14 P

- Longer integration time on the pilot. Because both transmitter and
receiver are stationary in this case, a reasonably long PN integration is
possible (if necessary).
25 2. No penetration losses, generally assumed for in-car or indoor

operation,

3. High gain base station antennas.

4. Base station antenna heights greater than average mobile heights.

5

. Reduced local clutter.
30

So, enough signal is available in the vast majority of cases.

It may also be necessary to prohibit forward link transmissions on
more than one base station at the same time in order to perform the forward
link measurement. For example, there may be cases where a pair of base

35 stations has a clear line-of-sight (LOS) path between them, but all other

neighboring base stations are not visible. In this case, when one of the pair



deviation fromthe center of the search window is equal to the timng @&§roti 2003
bet ween base stations 100 and 104. In accordance with this spreading

format, the forward link pilot signal offset fromforward |ink nodul ator

122 is provided to searcher controller 5 218. Searcher controller 218
advances or weedoakds the PN generator to conpensate for thecpusses®snm ned
phase of fset between the spreadi ng codggof base station 100 and base

station 104. In addition, searcher controller 218 conpensates for the

propagat i on tankshigs $ragamiissian titr earereceivenpblys thessighplofromoghe etleiskasst at i on

104. The ti i Ff rfar : ank

| oadi ng the@?iggdg{ é# h{t%gh%éqf’iSﬁgggﬁgﬁpﬁec%%%ﬁgtggﬂ%%ﬁiﬁﬁ %% g@%&?’%ﬁ r 206 or by
maski ng t he base plations) weakei dignalss litfet stn@Nesidtjwecire wherbyhe otimbadeon of

t hese two ne ds is..k i.h.the art. Thi.s initial, phase . infprnation
for perfor mstrtI%R{rhgpg‘ga T b \£1’?<s t"ﬁetr%}sf’bltqm%?‘ l?gliee rgstuall{ 1% aig(geitév Oprg%s\?i ded
f rom sear ghestatixostarelidodate@® h8d tcanft daenigieahei? @ningrelativieite thx eeglafr y

enbodi nment, fhe receiv si gnal i, dul at by gquat er.nary phase, shift

oy g ( QPsithe TEbTERF oliaratilt st TBOvrRd welartelit an ity BooiRe

nodul at i on diipbasnstadior Blasle pididltmedasiye e dagie d0reofLproblth alahciriseonponent
to despreadi ni%N?I enent,s 202 ang 204. Des readigfgee,l eGEm]Saﬁqzﬁog and. 204

mul tiply t heVBILgEt epliastipys of basestatiansothal ate sldechiyaly ke Wb JhEnt and
provi de the fetRoAULRMEs ERRROBERIfiPpAHIAS Of bRinkaleaRim@egedul at ors 208 and
210. Coherent accunul ators 208 and_ 210 sum the product” over the | ength of

the proddt sequdRA¥oIdTHRedeiiiedanalysis af Hresnelprkthabraydecreqadgdiei ve to

signal s fromes@alifd ahe Bl‘aﬁki%glﬂﬁtren?s];% sfiﬂgler hER8f rdrifoplly MaiBdgSRL LI NG
the 25 summati on Eierlod. The 'suns of the products are provided f?om sunmer s

208 and 210 A&VeRfixed inferadnis amploysduatt Predeteaminet gimginteeleRashof the
suns and adggsd BEHSAUNRRs iRICHITomiZEE AMILAT whbfes WSS td D1AHIOYEded by
squaring neans 212 to noncoherent conbiner 224. Noncoherent conbiner 214
det er ni nes AmnspEssiONS30lry ieyexemplan erabediment, dhe prehabiliy ateandomiy.
noncoher et REGHIHIAL A blakd i8R B0b0 £0URLChARe! NBo6T BORISH Bl Basb! equency
di screpancy between e base station transmt clocks and the nobile station
recei ve cl oskationg imithissystent lace difteeryi o stinuiest | In fhis maradi neadbnivaseonnent .
Noncoher ent r o g WO 001 35117 15 PCT1US99128705 214
provi des thgqgﬁ%rggg%%f&gtﬁasfg?gOgétﬁﬁg}é}%g?&216. Conparator 216 conpares the
energy val ue to friegtettles khnwa tdeateimobofibasupiptipes] thy swpeghtion cektysol | er
218. The re . Of e L S0, gt ack t. r cher
controller %%?Lg Olféasrgggﬁullo g r%%dbgggﬁ%& Sés{egé?lc &r Bg{(}ﬁ%fr@%ﬁrﬁ’g? ef%tlg'l%g&?ncl ude
bot h t he2@nendythef titnlireg clifferehasi lortwaen delle dfemfiheét Thattimésylersdsi n t he
measur enent h I nt . i.pventiap,.. searcher ntroller 21 utputs the
PN phase. at " £h (ee® 46 38 ahY AN SRR RPELGSE e s st et
el ement 138 prdcessargraohousssingnin iedévidnal bad statige; eesdilllg babedodh sepreai t h 10

t he hypot hetical. .PN ,phasg. of fset generated in accordance with the timng

si gnal fromefc’t(??iﬁ%l}e'c}i‘ %Sﬁﬁ ‘WSBJ}I%F?B Y106, the known propagati on path del ay
and til e predet eBhinkérg phasieasefstatiiinsbeffeae rthé hforWhid dimkedoellofactiase

stations, 100 and 1D4. A tjimng.error.signal is provjded . fromtim
adj ust rre%% é’l“%? g?ntst%?‘ﬁgs‘t o+9 &\%thzel ithie &Bﬂiﬂtattshﬁr{’lﬁgl.ngl Hmeeg)b% egg5
forward |inkhemdutied attive daobilfeUsthBond & tthélicBgerag@naba bbra bhekeeneisat i on of

its forward |ink spreading signal.
station in?rease theit trangsmit power by about 1dB per millisecond when the

forward link signal disappears. If the blanking is only 5msec, then the
recovery time is about 6msec, and most mobile stations will only lose a
30 single frame. If the blanking extends to more than 10 msec, then more than
1 frame will likely be lost. However, loss of 2 consecutive frames every 2
minutes is only a frame error rate (FER) increase of 0.03%. This is not

significant relative to a typical operating FER of 1% or greater.



In an alternative enbodi nent, described in the proposed European 03 Jun0m
Tel ecomruni cations Standards Institute (hereafter WCDMA) UMIS Terrestri al

Radi o Access | TU-R RTT Candi date Subm ssion describes a 20 net hod of PN
spreadi ng wherein each base station uses a distinct PN sequence generator
(referred t ovasormm7ort hogonal Gold code generator}. |In oraer/use/Basilitate
initial acquisition and handoff, it is dgsirable to have the base station

PN sequences tinme aligned so that the nobile station can search a reduced
sear ch hypot hesi s Faiwarshlinkisignals transmittest ficcss hase)atasions d@0tande10%5amend

| essens the kLt dr.o |1 [ f r ce wth
t he proposedp{l}%%ﬁhé{:i)réérzli(c)ﬁT rf%ggtf@? nfé?'a ?%{%%Q%%%Q rgﬁi@gg\?\é&? dﬁj ?’?‘nk
nmodul at or 122mubild stabienpinov skiesin} b sasarstdiems 00 tnd 104 rr @nsiBitadc e a
controller 218 conpensates.this tim signal. i n agcopdance Wt h. t he known
propagat i on psgf?f‘cggrle%enfcy br%?rl}hgéexg?‘g?qqé;ner%wlmng'o agoéwgf‘gtllrg(n S’ﬁﬁ‘ﬂg Thi s
provi des aSDMfiletHifr@&[)eeﬂﬁeiln&th@ghﬁ by lcbaé ideisidre rﬁmtiﬂﬂ@emé@r ((ZD&#A)PN ]
generator 206 can be ban aded jn accordance with this timng et. The
key di ff er enci8et weth e%‘?ﬁ‘?fﬂ’%n‘?‘? ﬂ%"’%lergyg%reﬁ?’bs&g’éﬁn% #ﬁ‘?ldfjf‘ghﬁ"eﬁﬁhé%r eadi ng
functions anobigéi?@m daEbeNin0féaBtiA 105, PatnbNE 45901307 éiitledC'SPREAD~ 203
WO 00/ 351 t7 N

S99/ 28705_16 function is_that thoseh?y%terrswga@g I\OI(El
ditferent sprEfiTROMMPTIHLFotiFGERS (aOMMUNIGRHHION oRYPTEMpUSING
extracting a SATELINEECORNTERRESTRIAE REPHATHRSPHIRGhNG hivieddORotihat is a
time relative to a known phase of the two spreading functions. 5 I1I.

Tr ansni ssilBnsAspigses phthe RiesentdReeipm mcorp@atrdny eferencg hersinat i ve to

bl anki ng base st af @fsd E@Béﬁiﬁﬂ?ﬂ%t% thoded GRYT BRwRTd 1k AGHANERG Aig base
station transmssions is to periodically transmt a short 10 probe froma

base station Avided teofsirvard diaki medulatas 06, flnchaesreymplapr eattodimenia
bi | tati ] SS . - Si i , but
These short foneaRnEl SNSRI @ a8 kil Alufipf BletPhibddiliopaer. B
nei ghbori ng bréeseritedain defeil iRothet dioreremtiomederll:a) Patent MNp-whildhiihe Thase
station 't ﬁgnsc?dtesdi%@iotnhﬁuitgﬁg .ra%gesL 's%%\af Esglgxg)%ﬂ? afz)QWaI‘&?inket\fFﬁﬁﬁit;e‘rf link
e e enodu In

receiver int base station i s una ate reverse signal s
from nobi | e JFRITMER) 108 tviksick owproagertar éidters andhearyplifiess tia¢ iforwandnliaéidi ti on,

ot her near by £§%ﬁnf§’{1§tﬂ5 nﬁsig}lgcp;oub@% %ﬂ%gﬂag(ﬂ& affected by the reverse link

transm ssi on ase’ s I or, ranme erasures mght result. As
with the base st afm additicankienerse tlinks sigmalsd arec caceivedf thequght dntenso tleat t he

20 overal |l system perfornmance woul d be mi ni | % ~kaRact ed. .Schedul.j.ng of
Chese t ransmath h&fe® L ARE dik, e TRL Ky iihe RREHEE T *ti e
t o sear ch20orddvreconvantsigfifesband Anbpliféess tiad ireceived peetiseolinky sighabandat i on
woul d request_t hat asurenent of i.ts probe be. perfor L ghbpri ng
base stati onfroﬁ% S(rjrglea regRivedh: 8o Ot??é’efﬁsgm@ta%%(%ﬁ?%naﬁéS i“gnt hen
used wi th thexkm@hrydntioalivpentofol WeatbdidstngS COMA B Hals dealeetiipedirsBtS. of
timng error | yes...As w e preyjous od tim o) | ues
are then usec}y a?%‘ adjNRt %&% ngﬂgftle\?ari g@éﬂbaséﬁa at g@ﬁgoﬁﬁlht}maﬁetmrk.
Aﬁ vvithbt he LEREHITEOKURE PR ochSPRBAD i SREQDRIORL M?IFTHHIES MASEBS8 30 of
t he probe_frao station nust he s icient t ver cone
the addi t?%n@&@ﬁﬁ“ﬁé@ﬁ&ets&éﬁﬁgl%ﬁﬁ r ISAPSIEE ! Tl aé%&%jem?& 11 dB
increase in gabdenk @fentidntdoRcEXRREl8hy Allekehbehsife M tigating factors

di scussed above ﬁg‘b to this approach. 'If we assunme that the base gtatl on

uses a standard p!aééit@aﬁoi Reing samableapbitrnsraitting JoorAf ki signals an
receiving reverse link signals, base station 104 is capable of receiving

forward link signals transmitted by base station 100. In base station 104, pilot

30 symbols and forward link traffic data are provided to forward link

modulator 122. In the exemplary embodiment, forward link modulator 122

is code division multiple access modulator as described in detail in the

aforementioned U.S. Patent No. 5,103,459. The code division multiple
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station bl anki ng approach has a larger link margin given that the base
station pilots are generally transmtted at 10-20% of the base HPA, i.e.,

the pilot is transmtted at about 1-4W However, the factors discussed

above are nmwaoodsnger than the difference in power 5 anpl PETES9880E, so for
nost networks either technique would apply equally well. FIG 3 illustrates

t he second exenpl ary. enmhodi nent for synchronl zing the t g@ébet ween two
base stati oR&eshaigBakisathesnpryedesh o Boreard ik mnsmttev\éﬂd fRbddlearlier,

forvard i nk shgngkenais, hrt@i@s.mdt&lﬁghhéb e BrivhiBlink SRALARY aomeénd
reverse link signals are transmtted in a second frequency band. In the
exenpl ary erwsighehthrongleswiseind?® for firnsmnigsigh shepvght sndened 3t&e | i nk si gnal s
axe code divisio hphe SENVA d e base
station 300 knomgeﬁé%\ Ht?llg %g’g@g% (gr thg tﬂr&%{ gga@ﬁc@?{ﬂoﬁga‘?gg 04. One
met hod fof (o oevedsenlink meceivarf @LNBCVE) 188. tP@ctiaele 180 doivovwoB0erts, Sfilteys base
station 304 u S sia cont (not
shown) t hat a}\8 ?K%Bﬂﬁm‘rutﬁlgclget% ?El(‘)’ggwget %FSSO? Hfgb%l1 eglstltét itﬁéoc(r?f;l ghbgrsfee3 station
304. In res pemsse Link flequereryuesid arelpryddds thmrbaseeds sighabio ﬂa@'érset kirkbase

station con | I,e a, probe chedul e eSS nd| c the time
at whi ch thzﬁgr 85@0 gpaﬁ Elgit r%ﬁs‘?ﬁeﬁ ﬁrybﬁn}?ai’éiémﬁf}?gff bﬁgaﬁﬁdprow ded
t hi s nessagapparabasfor ﬁhﬁiddﬁllhtﬁ'%&eva'ﬂ&e liakfd BRMRO S nbEh!WEl@ﬁbrtH@ﬁ incdeaill ed tinme
for recejpt of . the robe ?It zﬁaltgo%l ggo and the tine at which base
station Ol’aﬁfﬁe‘?‘@ HpRed tes Tt ¢ pH<e station 304 is the time error
in base station B&Evasit fink hﬁgﬂa§wm4rﬁmteahaioxﬁ hBadel BilafignC OB kark Nalb@se

station 304 is . correct. 25 Base statlon %8 cI udes all of the %lrcwtry
necessary f&fPA%pP recerfingy by bass. statipnglild: (Wh %Sésséa al4ds PIepRTehdP udes t he

capability rfbfrﬂf’cﬁ@”'thi\in%gsy}ﬁﬁ?@fg,@a&uﬁﬂ opaﬁubavgwehlﬂzs leoéglsgmcmaband
whi |l e simul aneous y |ng bi'ting reception of reverse signals. In base

station 304543 9 piding dalg fPél*WH“ﬁka fromaf fqr&va&ét inlg teansmytteied t o
forward 13 nHo@R, smdhALE, sihdls ﬂeeeﬁ;@@ t@&@.@@}lﬁr Y1£RROSMFRIMG, td Rirwardl | i nk

nodul ator 322 is code division nulti access nodulator as described in
detail in tHakaresebisnsnkaysigmy, 180. paiamardplisk 2oereinsy. (FheREYHS d84i si on

multiple ac h d n t (FL
Tk 5507 SARBAA0L ekl RO o BN JrLAA HRTIRLES (T,

filters andagiepdanceasith Hae fogwmi dinki faequeingy dend @ndtpramdﬁsstbe deceiviedugh
antenna 3184 S;RSﬁRJ ﬁﬁvhiﬁ{‘ Blgkﬁg)ade%n@chﬁa{of ivﬁgthtemxg %ng?m’%%rgt and

provi ded thr SWtc reverse receiver
Recei ver 2@3@\%5]@0@%@&&@& inclidd pessumbolamppdyitiedstot ﬂaellnt@eeaoqe@mwn'er se

i nk | d
the recel ved' S BT RoS cbhdint T quifkafy | b tht! BIHETCHARL R DTy O°°
enbodi nent @*eraplﬁex terabeditheap poranoguifiog  thendanvardi higkCplilat shignall dsis
desor bed | QoaLRLSTEUANGH (HeSpoRAl 961, BRus HIOTALNLS, ifkrySD kigs, station

304 is read ansm roni zati on proob e réeverse k to
base stati OAIW(RA"EWBtE(BR:%E’ERE@@MIBKS §E@IRGHﬁaACQi§SEHﬂ)MfIl\er’O\EW1’g t he

br ovi ded®by COMPRAUCATRIS Py ElarCe S ¥ i for e ssiinh 55887 o°
ant enna 326pré|§hﬁt irwgghomgndfmeampbmecBB rpfeesredetlseréine 15 tim ng rressage

transmtted on t Ve uency. band from_.mbeing rec by the
reverse link rec %%ﬁa !)Or g E lshé’rngélﬁgl 9y n JRTYHY gd 1+dm base
station 304demotlh&tdjxews $® timink Adjosintkaivagemgnt 1S8r eTeningr abarsdmane i n base

station 304element 138 determines a timing correction factor that is provided to
30 forward link modulator 122 to adjust its timing to provide synchronization

between base stations 100 and 104.
FIG. 2 illustrates mobile receive subsystem 150 in greater detail.

Mobile receiver subsystem 150 in base station 104 attempts to align the



At a designated time (t,transmt}, timng elenent 350 outputs a trigggry A 1003

signal to nessage generator 337 and to switch 324. Switch 324 toggles in
response to the trigger signal fromtimng elenent 350. In response to the
trigger signal fromtimng el enent 350, message generator (MSG GEN) 337
gener at es aworoedsater m ned synbol sequence which is provi decrvsyesder se |ink
transmtter (RL TMIR) 352. Reverse linkzatransmtter 352 upconverts, 25
filters and anplifies the signal. The signal output by reverse |jnk
transmitter PS&qnoiser signalgenasntsd gty BN generaton 2‘@» witha thenifersyasd kiRkough
antenna 326; t At,l 0Q4+idu | I L&; a @ e

provi ded tosxfglgrg%/\/ap%gﬁlle?nﬁr&(rle%gén% tllJ atlg?' %g@a gIér?(et eaigﬁﬁglbglrrgéghbrggi ment ,
forward 30 Igen&ratmyd6agenerdes the RN digroils iR, oandnBNg by emeanse o6 lingdal at or as

cov i gnal B phitel B S WA BAGRhe 1V, cofR sl it HiEhARE g
whi ch 06 3 afdUlespreQlifg \WheO@ildb sighal® PTHRNSO3IhE 8dPératipnowtd eobbtajnifgl t er s
and anplifies the forward |link gignal for transm ssi,on throu nt enna 310.
Rever o6 |1 neyastifnShR e betnd, iy filas. hed 18 RERIGO e R ARlsRa 216
gnd provi dedigtnfm lraﬁdeﬁ&ePN' Bfreaingi sele éﬂkhé?ﬁ?d@ivé’d%ﬂd?eﬁg?yleﬁnﬁl&esl |

or ovi dos.t hdelesBun BBt G T BLGK Lrtrc redbes BIHERSS VIR CRE)
denodul at orgafl'é’ratoe\rzoexerrpl ary enbodi nent for denodul ating reverse |ink CDVA
signal s | escriped in aforenentioned U S. Patent No. 5, 654,979, At a
designat€d ti e, Jrgﬁ'm SPEsAcs BREGHYY| ignalois, Preyded ot (ﬁ‘é“‘f"ﬁg HRly erec8IVER | i nk
data throughFsROVH) 1345 ReReilBi EiEdoWhédriierisMiltel and hihglifRs ke BRiradl Y

enbodi nent, the designated tipe to toggle switch 325 (t,switch) wll be
deterni ned PRI aRIO¥IdRENENE GisnAl theopEqnak puffer 280t chuffqr 2dherevides the
trmdow-2i 2 rééi\)@aersﬁr_n?lésr 0 SHsprdadiid) @1HRENGNDEarld M4 O DEsHISAUihgt he
probe from base station 304, Ris the d

] I stance between base station 300 and
base stati oflestents 202 and 284 spdidplydhe rpegivechpignel By HyohN eode gangEriof ng

functionjpvey pm'ggﬁbtr%%%goé_t Bk 98 tROCantidrh A& file Taturk St AE F¢ cbaayn base

t
station 304. " 20 esi gnated sw tchi ng tine) the received signal is
&

provi ded t htluptodaigi othed N code ard Errereceived sigred shoyld bg espendially#98@i nent  of
switch 315, j i . vide the reverse link signal to
eﬁgjggtrtrgbt oﬁ??ﬁ%x?crr&?a&ﬂﬁ?.

reverse link dul at or rOV|din? the reverse link signal to
mat ched filter 33earcher controfendtd providesrmmpifseschygothests focPRngerenatogy t hat

the 1 ever se by NkseZinbs BRAGIE At WctBLARLUAL SndM 9 LRHiLANSIERS! O

switch 325 may for a perio provi sion o e reverse nk
si gnal t20 r domvagd liniknkiloesigoall favror ba3é Btativiat clmethef éXetrgrlay1@mbediteenigned t o

provi de the i i.gnal _t ise. ratj.o i.1.S . he
pr edet er m ng%&i‘?é@%@ﬁ? Kggdé g qrﬁg%ggr.gl@g\l\%fe\lalo?gzs% f‘%&lﬂs %Sf “‘%%E‘g‘#éﬁé ?cﬁs%er 317
are wel | knetations t e et exdwmplanet émobediofentedbdse i stgtiomt WHe dnbivst ¢he 317
i ncl ude use | Y4 a ched filter. and. rrel ator, pased
et ehaq 1 eladaBRKS BN BRsAeBEWERL SAE Sohlad®linR" Puds SRk pﬁdc’éh% gh
power si gnalformtzed lirtkepiprtestigtad from édsesstqtien A0 (BN gaRi)v dd.addition, base

25 station 104 knows the distance between base station 100 and base station 104

(R). Thus, in the exemplary embodiment, searcher controller 218 centers its

pilot search at a PN sequence (PN, determined in accordance with the

center

equation:

30 PN _ier = PNygs + PNy arvetR/C, (1)

center

Where PN, is the PN offset of base station 104 and c is the speed of light.
By centering the pilot search window at the location that the pilot signal

would be found if base stations 100 and 104 were synchronized, the
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317 is provided to energy detector 319. Energy detector 319 detects the
reception of the synchronization probe by identification of sufficiently

hi gh correlation energy frommatched filter 317. Upon detection of receipt

of the synckw®gizgati on probe, energy detector 319 5 sendsparespnatost o

timng adjustnment elenment 321. Timng adj ustnment el enent 321 conpares the
time of receipt of the probe frombase station 304 with the tinme at which

it antici pat@eviptéerefremhthe seatqsraidhe fseanehbainelose it ¢gl 30 4he figningsarobhed

previously the.dild beleGsdsSiob Afl ive of the timng error between base
station 300 an‘(ﬂ%asegest aﬁ gnoggﬁaqﬁ&'ti m ng adj ustnent signal is 10 provided

fromtimng adj udnmeenrdeneenwith tBi3 sprendiing Wennaht] thelkformand linlopilg0signah
response to I m j U nt ;si.gnal,. t he internal clock f e
station 300 %#?%t g%sr}? re‘ggljdl ﬁ%ﬁeTé%u%?o i h%(zeéls gfoei'tl%l%ilégtsggr Rgars g?%rgggli
station t 5anzk8i sSearher onfofien @8 mndGhUes om tdiatdsetiretiN dgerabaioe when

there is a base statipn . that nnot see any .ot her base statiqns. For

ot ance, "a SxGeris, 23 e Bredeiiheg Thare peSrORnees Bs SR pase

stations, budftake blatiahl@0taadirReekttion WaAlIE dddMidrihiches tahtrole 248 ch are

i n handoff with other baé':‘ae stations. ELf ecti Yel é‘ t.he signal n,eedipto go
d ¢ BAY %o the

around a verSPraRRISRted £0TE RrAPRgAtien ofdhesipa! § Jrigopaliase sfatiang

other, but aorBaBe bfatishabd 0Thé AnicNshiRiPOF PNDakdraidr 206 2bh DelpRrfciafidve
ations. To cover thése cases where there is no

signal s fro;g botrg(algag,e S . . 5 5 €S

base st atllorP3t Brricloadivgahe fpsnidhadienbhifhregister viithdry I meperstor 7% i s

i nstal | ed whicipydplabMags o | ltpRPage r;ﬂ%@ﬁ!ér QIR fRed0 PN OBZRRA e SH Q% t he
fixed dummy stations are 25 stationary and at known | ocations, estinmates of
tining errorcomhingitn ehhepnteo srethodmas isdsnopen imthe aib [Thirgindtiak nBage xed
dummy st at | ORfGMuBAIS Bellbinting {HeOLBaPAH 'P%xgﬁ%ggﬁ&%f B8% sA0Mn" fRPIS the

measurenent to one of the base Stations. T e station uses the

di stances FrRyevided fsemesearcher eamdraller 248 to PRbgertuatey 286.at i on t oget her with
the rel atlnlsve Pi | 9f tﬂﬁla&g 12D UhESH et Sbhd P?celf(t’%ﬁlsgigg?l} % %‘éfiﬁ[a'i‘éd‘ ts

timng relative to t t her” base station. t to place the
fixed dummy auadennary phasehshiftdepiyorg (BBSK), tsheP N aganewitor 20m pravidegaoBY t o t he

o DO b BB ST b8 BN Sk O Plyd b et
modulation component to despreading elements 202 and 204. Despreading
elements 202 and 204 multiply the PN sequence by its corresponding

20 modulation component and provide the two output component products to
coherent accumulators 208 and 210.

Coherent accumulators 208 and 210 sum the product over the length
of the product sequence. Coherent accumulators 208 and 210 are responsive
to signals from searcher controller 218 for resetting, latching and setting the

25 summation period. The sums of the products are provided from summers
208 and 210 to squaring means 214. Squaring means 214 squares each of the
sums and adds the squares together.

The sum of the squares is provided by squaring means 212 to non-
coherent combiner 214. Noncoherent combiner 214 determines an energy

30 value from the output of squaring means 212. Noncoherent accumulator
214 serves to counteract the effects of a frequency discrepancy between the
base station transmit clocks and the mobile station receive clock and aids in

the detection statistic in a fading environment. Noncoherent accumulator



PCT/ US99/ 28705 to both base stations. In order to acconplish this, thd Dbasel(l]
station tells the fixed dummy station to performtwo pilot neasurenents,

one before the blanking and one during. The conbination of information in

t hese neasurenents is then equivalent to the single neasurenent made on two

5 pilots siwgdoaggpusly. The performance of fixed dumy speiusmasidepends on
the relative strengths of the base statjsons to be neasured. Assum ng a

pilot at -7dB Ec/lor, and anot her base station | CdB stronger, the weak

pilot is at 2147uBvides the enlengsignal tocogmar@09R et €omperatpr @b bomipayesi n

Rayl ei gh fading a se 1 rmrate % of 2 I
required, sgtlh?'nf lg%ggt iv%ﬁJeoStgr %66%%‘3%1“%? itgieﬁég%ésgsﬂygw%ui g)yi égagf)llcl)%t 5nsec
with a chip soatellef 218.28MHzesdlfs dbheadt bfthdasmpatisdrisois then2feddBackttoonger ,

then int ti 5 i ' : L int ' 50
et 15 progiByepocuralie’ Par- alr T traf, BORT oholeHt CedbsTRe R
significabt ipcladedstinthetenee@nsi hercoridati@l and shel PNapifdét thypedshteédn The

accept abl e It vel of coherent integration determ nes how closely matched the
path | osses BEMMEEHIEREN wo base stations nust be to avoid the requirenent

of bl anking the meahbypreaaf isivahtion, sehlherd cohlreBér ati8sohpats ane PNer e
there is no hase Stal-él on to hase station propagation path. Ogstruction 400

bl ocks any pgrosaghtyich gherndeenees 19a8sextiation (108 fosbming Adjuganaitat i on

404. To dealeldhbrit 1388 Tigtikg AfdidstRIeAR AetheAN 1T dnPALYRRS PRRS sl withons 402
and 404, fixed dumy station )106 is situated so that there exists a

pr opagat i18n thathypeetefisen Pbapbase: effses genomtethin prsasdanieniiths the ti8Hng06 and
base st at | orkidlof s dved IFNTIbaBIAL] 906 ARDnBRREAR AhiBH pUTINAHO0 | S

stationary and at a known location, estinmates o g error between
base stati ordhdatie paedeteumingg pbasenoffsetsbétoiegn athet KB fsegeencasimfybaseat i on

can neasure h r L Lanal.s.if ¢ b st.at:l,gns 402
and 404, andsttér}goﬁlgr?&fﬁg&n%%éﬂﬁéﬁéﬁg(oé%%eggﬁa]t kllsgrpbrgg%ﬂgt gl'?)?%ntsl%ﬂfl base
stati on 402,adjysiment otlemenit 11387 foi dorwardolisk arwdulater d&2R.t olr@Ore$porwar d | i nk

FL) nodykat : ; L f r I JAl_at or 408
o bode. dpviSrueieClind thodifeux S90L B NI Aot 81 ML Btk od BPSD P
af or enent i orferwardJinkPspireadinisigrd). 103, 459. The code division nultiple access

o2 SR RIBYRA L A SRR | Sy pebedirgnsh,
anplifies t HEelefamnvmndichtinﬂxs siStpralardor Irtstiaute mi(heateaftet hWITIDM ANt BIMES412.
v 0 | nir B R, ARESH kSR DTS R0 BB oo
anpl i fi e20r enethsddof PN spreading wherein each base station uses a distinct PN

sequence generator (referred to as an orthogonal Gold code generator). In

order to facilitate initial acquisition and handoff, it is desirable to have the

base station PN sequences time aligned so that the mobile station can search

a reduced search hypothesis window which in turn reduces acquisition time

25 and lessens the probability of dropped calls during handoff.

In accordance with the proposed WCDMA spreading format, a timing
signal from forward link modulator 122 would be provided to searcher
controller 218. Searcher controller 218 compensates this timing signal in
accordance with the known propagation path delay from base station 100 to

30 base station 104. This provides a phase reference used to initialize the PN
generator 206. PN generator 206 can be bank loaded in accordance with this
timing offset. The key difference between synchronizing a system based on

different spreading functions and those base on offsets of a single spreading



S reverse link signals in accordance with the reverse link frequency land;y 03
and provides the received signal to reverse |ink denodul ator 418. An

exenpl ary enbodi nent of a nmethod and apparatus for denodul ati ng CDVA

signals is described in aforenentioned U S. Patent No. 5, 654, 979.

Simlarly, wodasgrstation 404, the pilot and traffic synbol/esengnio

provided to forward link (FL) npdul atogg420. 1n the exenplary embodinent,
forward |ink nmodul ator 420 is code division nmultiple access nodul ator as
descri bed i duetica Is that thasedystearschask onedifforant spreading Nunctionsovotdd. The

code di vi si [War nk
ranom {ter ‘(R HFRS 4BERASReS of QRlradting S BPEAMEES i BERERBNCS 1 e
forward |i nlepsiading flirmtlomretrrEBmssasnmme trlagivg htoa At lgraven 4}?lmseRefvtlTesavb| nk
signals are I‘%&é@t ve t1r gugh antenna 430 and provided to reverse link
receiver (RL ﬁ)g A8 OF&cei ver 428 downconverts, filters and anplifies
received $everse |ink signals | n accordance wth the reverse |link frequency
band and pr ide t he . rece|¥/ Eig}n |..to reverse link éfRL) 20 denodul at or
426. The fofbiar L FAMREISTORE{Em Faskshasion® S2cuobile fiegREndiSS and 404 are
recei ved by antenna 432 of fixed dummy station 406. The signal is provided
t hr ough dupl exer A43dtermativecie Menk@gCBdE%) staion tReseiissonsda3td dewmtiomoért s,
filters and es the si in accordance Ww.t e reverse | i nk 25
frequency. THERFBRREVREBErCHANG rpBeBRSoradn < Beedletiio roraRtrE e s,

Sear cher 1813%rolat éram nesbdsbestbiibof 615 E{heOfmthﬂE f @atiar dtrhmeakxts ifgaakscy.

transmtted base ions.402 and 404. In the exe enbodi nent, the
forward | ntvERgT SR Fiile Sefoo e aimisrs st T B fed 1 or
easi er acquivgiyt lodnpedet, fbet fﬂ@e“s\é@hdrtl iriksriisgioak Swéilabdassfatieht powef02 and
404. 30 The PN OLft ets he recel ved forward |ink signals are provided to

message gend? &% fset n$4 brse sationge FoeAbe Sy Hlfﬂ{)’aée#@ll%& ydigh npssage

indicative @he bR JeMidH 1R8I orf iRe rr@@é%bé’@ﬁ'lksf%r{%yfﬁ hRS @cwdrat i ons 402
and 404 and provides the nessage to nodul at or (n 0 3 Ju~d 2003

WO 001 35117 125 reeefyqudoghe Saemstatien &%themdeméaiaﬁeﬁ@verﬁmauka%lmalmz is a
CDVA modul atym asoblRSshiiledid &@e&@ré%é &eyd@m&’%%lgtamn SplQddftRe, | n the

exenpl ary enbodi nent, the nessage is transmtted as an access probe on the
access chan@#1eroReaghy hase ﬁa@en%rraghbhe adyerselybaféected hy ithey rguerse dirige

gener ation Qfan@ﬂus%ﬁﬁ*??ﬁarﬁ Wﬁ@ Nse statiR! land"Pie | BaddiEs Hikht IBstife gxenpl ary

enbodi ment of an | S-95 based COMA access channel, the afcess probe is

initially coXiy e hasenyation bdandieg nihie &vaudd ey infepgmentywisp dhat ¢henown by
the baseyst g hl% %n{ P@rf& &ckediBIM 5 %%ﬁﬂﬂﬂf}pﬁngﬁka he exenpl ary

enbodi nent , en covered by a s sequence 10 and then
transmtted to t eidabeg of ghdserirarphussisusd eaqyuredbodhﬁeml bage stgtines at | ng an

S Bar ont o4 Bl o SO R R R Mo S SR SR LB
NESSAGE COL by ShepniBETMERulDBE s S THIE| TORB uStiveh TANEODSIbE RORESSIG] A BASE
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exenpl ary values are then used to adjust the timing of various base stations in the

_1

network.
As with the base blanking approach, the link budget for transmission
30 of the probe from base station to base station must be sufficient to overcome
the additional path loss due to the larger distance. The same 10 or 11 dB
increase in path loss is to be expected, and the same mitigating factors
discussed above apply to this approach. If we assume that the base station

uses a standard mobile station power amplifier (~200mW) for its



20 enbodi nent, the access probe is transnmitted to base station 404. |6 3basellll
station 404, the probe is received by antenna 430 and provided to reverse
link receiver (RL RCVR) 428. Receiver 428 downconverts, filters and

anplifies the received probed in accordance with the reverse |ink frequency
band. The r eejoded7 signal is then provided to reverse | i nRCT/B89p29785
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20 station 304 and provided this message to base station 300. The difference
between the scheduled time for receipt of the probe at base station 300 and
the time at which base station 300 does receive the probe from base station
304 is the time error in base station 300 with the assumption that the timing
clock in base station 304 is correct.

25 Base station 304 includes all of the circuitry necessary for typical
operation. In addition, base station 304 includes the capability of
transmitting messages on the reverse link frequency band while
simultaneously inhibiting reception of reverse link signals. In base station
304, pilot symbols and forward link traffic data are provided to forward link

30 modulator 322. In the exemplary embodiment, forward link modulator 322
is code division multiple access modulator as described in detail in the

aforementioned U.S. Patent No.5,103,459. The code division multiple
access signal is then provided to forward link transmitter (FL TMTR) 320,



25 denmodul at or (Dermod) 548, which denodul ates the received signal and03 JUN2003
detects the reception of a probe request nessage. Upon receipt of the probe
request message denodul ator 548 provides a trigger signal to nessage
generator (MSG CGEN) 550. Message generator 550 generates a predeterm ned
synbol sequwoosssing provi des the sequence to 30 reverse | PCIKUSMASETI tt er
(TMIR) 552. Transmtter 552 upconverts,igilters and anplifies the signal in
accordance with the reverse |ink frequency hand and pro~~i des the signal
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~0~3 link transmitter (RL TMTR) 352. Reverse link transmitter 352 upconverts,
25 filters and amplifies the signal. The signal output by reverse link
transmitter 352 is provided through switch 324 for transmission through
antenna 326.
In base station 300, pilot symbols and traffic data are provided to
forward link (FL) modulator 306. In the exemplary embodiment, forward
30 link modulator 306 is code division multiple access modulator as described
in detail in the aforementioned U.S. Patent No. 5,103,459. The CDMA signal

is then provided to forward link transmitter (FL. TMTR) 308 which



WO 00/ 35117 26 PCT/ US99/ 28705 to clock 532. The adjusted clock signal(jsih 7003
then used by forward link (FL) nodul ator 530 in the generation of the PN
sequences used to spread the out bound data. Pilot and traffic synbols
provided to forward |ink nodul ator 530 are spread in accordance with PN
sequences dayebomsned i n accordance 5 with the corrected clpeshssigmal . The
spread signal is provided to forward linkg transmtter (FL TMIR) 532.
Transmtter 528 upconverts, filters and anplifies the signal in accordance
with the forwgrainbentk filtersumscymiplifids ¢hel fprwaiddBsk tdignal efoul tramgnissignal  t o
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forward |inkretegvesd. for transmi ssion through antenna 624. Reverse |ink
signals are received through antenna 630 and provided to reverse |ink
receiver (RL RCVR) 628. Receiver 628 downconverts, filters 30 and anplifies
received reverse link signals in accordance with the reverse |ink frequency
band and provides the received signal to reverse link (RL) denodul ator 626.
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both base stations 602 and 604 are received by antenna 632 of fixed dunmy
station 606. The signal is provided through dupl exer 634 to receiver (RCVR)
636. Receiver 636 downconverts, filters and anplifies the signal in
accordance wddw3she reverse link 5 frequency. The recei veBCHUSMA87S ar e
provided to analog to digital converter pA/D) 638. The digitized sanpl es of
the received signal are provided to digital to anal og converter (D A) 640.

Digital to anal og Id€uputdiromupatcbad dittes 31his providedele aneggy detegtos MBI es
back to anal r j % Lk, . The
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of the received digid.ized 15 sanples in th rward Iink frequency,hband is
recei ved by e%%?rﬂs?lg#alscé’r%lf%ﬁ @W"g’a‘& %grreﬁ%{ggogﬁgti’ edgm Ws?ﬁ%ﬁﬁ’@ %@obe i's
recei ved at baitk tht aimont 603ch pirabiipaied eeiviag thy probe firvan Ghde atutiopr ovi ded
to rever se ljnk receive RL V R),.616. Recei ver, 61b. downconverts,
filters and aé?gi 5 $ees§rﬂfqép1§e&c§}§i§éah$flggganqe s laf,lbc&f‘laﬁn%feﬁl\ﬁ RS T Bver se
Iink frequenmetwaadbasistithn Jp0eAaREa:@AE6N 304, ABnidY aajNBtmEAEBighlBispr obe
is antici gqt ed to a%l veé, switch 617 lprow ded t he received si gqclfgl1 to
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ma s t exam ne the signal for a w ndow around the expected transm ssion
tinme of 25 t &t rR@diustedince the transponder is not synchronized with
the network, and sone timng drift nay have occurred since the |ast burst
transm ssion. Searcher 619 perforns the forward |ink search operation as
descri bed wi tIH r ed{se@f fixgd ptatigas do mearuredrase atadicortrarggmissionhie fir st

enbodi ment . Searcher 619 detects the phase of the forward |ink signals 30
from base 13t at i on® suoblgmdognus with tthe wethesisaphoentydrardhere dear Baser 619
detects the phass @kl sfhoPed 416 HihkPbadeh@iRtGlsS p]jommtag%,ea%eé gtﬁﬁgr&@‘ﬁ? and
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perf or mad- by Hiag HeauRRbE br Shmatansh, Baeep e 638 ARV, slebioh8 e
necessary 28 hatageortaoy ahé adtrkrewnallodationsgesifmitas of siratrigopriod beawderptwoi des a
signal i ndi cat;ti Ve Pf t hat .change tp base stfati 0 controk.l er 654. Base
Station cont HEFF GPORRYMEY kRS as longchy the, (Bier QUmRY SRtPRR e

adj ust ment t pilenfrom bprlobessstationd il haoet Sleahieasu@ddentCanvnelofphecessor
646 sends a sbl genal to CJggClﬁ 648, .in res oge to which Ehﬁj timng of clock
648 is adj usttE SRR §2% bagh tatien uses tenflistrnces FOLbtBaRREe Rt R si gnal
and forward lthalixe®dunath9 stétich usRehdrh@itAdhbstREvE | K¢ deldystreporedighat i on

of the forgvard i nk signal frombase station 604. .
30 the message t0 determine its timing relative to the other base station.

If it is difficult to place the fixed dummy station in the region where
the base stations are close to the same power level, then it may be necessary

to employ blanking of the nearer base station in order to measure the delay



20 The previous description of the preferred enbodi nents is provided tl3 JUN 2003
enabl e any person skilled in the art to nmake or use the present invention.

The various nodifications to these enbodinents will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to ovbewsseatbodi nents wi thout the use of the inventicraspeasuisty. 25
Thus, the present invention is not intered to be l[imted to the

enbodi nents shown herein but is to be accorded the w dest scope consistent
with the prin®igathdasmetations. I exdayrte acepmpligs disntheebase spgtiany gl the o -
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base station and a second base Station conprising: first base station for

transnitting lavkingl ead ensmruringat | She s¢qmbinatiand of daderinagicre it dhessn f or
receiving Sa'xﬂ Y EEREG fsotmﬁ”éqgﬁ\éélgﬂ &) %Z&{m@@dmg%rurgmeﬂf%% B8R bt er nal

clock in accordance Wi th sa ved W r conmuni cation signal.
The syst embofpibdtaisimdltamuslyn sai d second base station conprises: reverse

link receiver subsystem.for receivin naI froma b|Ie tation on a
reverse |ink frequéncy® (érﬂncfeo?d/\é’fdpﬁ}lﬁgn aetf%r Wa?s% ?Orlgia? €Cei vi ng
si gnal from saretigfhisr of tHeabasesdtatiorantcobe mefaeﬁmalr dAsBﬂkuﬁg ef|péloc t bxdd;, and
LT 20 gt T e, ik SRS 00 oL, TR LRSS
sai d second W&o slradrdentd g@ttglow d€ecTIn (rebalilityoinviRa elghrfkdi.hgeharﬁ fagdeOn
subsystem Boralet\rrrﬁarr]a'lst[en 0& le‘%’ an S?\}Iggﬁ Elc&:’n 1ssrga31réc? rs\gaiateglrellt?oﬁ'l I)\r/eer%osg band
is necessary. This is about 5msec with a chip rate of 1.23MHz. If the other
base station is 20 dB stronger, then integration over 50 msec is required.
Coherent integration over 50 msec is probably possible for a fixed dummy
station, but does require significant processing to consider the various delay
15 hypotheses. The acceptable level of coherent integration determines how
closely matched the path losses between the two base stations must be to
avoid the requirement of blanking the nearby base station.
Fig. 4 illustrates the case where there is no base station to base station
propagation path. Obstruction 400 blocks any propagation path between base
20 station 402 and base station 404. To deal with the lack of a propagation path
between base stations 402 and 404, fixed dummy station 406 is situated so
that there exists a propagation path between base station 402 and fixed
dummy station 406 and base station 404 and fixed dummy station 406.
Because fixed dummy 406 is stationary and at a known location, estimates of
25 timing error between base stations 402 and 404 may be made as long as the
fixed dummy station can measure the phase of forward link signals from
both base stations 402 and 404, and report the measurement to one of the
base stations.
In base station 402, the pilot and traffic symbols are provided to
30 forward link (FL) modulator 408. In the exemplary embodiment, forward
link modulator 408 is code division multiple access modulator as described
in detail in the aforementioned U.S. Patent No. 5,103,459. The code division

multiple access signal is then provided to forward link transmitter



4. The systemof claim 3 wherein said second base station further confpfi§adill
a switch for inhibiting transm ssion by said forward |ink transm ssion
subsystemwhile said forward Iink receiver is receiving signal fromsaid
first base station. 5. A base station conprising: reverse link receiver
subsystem f wmo 0Bs1@7 vi ng signals froma nobile station on BCT/ESR865 | i nk
frequency band; forward |link receiver sgbsystemfor receiving signal froma
first base station on a forward |ink frequency band; tim ngf adj ust nment
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subsystem for transmtting a signal”on said forward ency band;
and a swi t ch reesivéchithigiughnegntenam gt seidopraxideditd ﬁe@ﬁwarunk i mkewﬁlarﬁgh ssi on
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first base st €ss conmini‘ca providi ng two
way conmund caevene libbtsigreis m adcardance yvidi tllnaiseevesaseahnbrfsecgmdqabpﬂldl aatity of

nobil e stati d r a|.d | yralit bas a ans
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frequency bamdemptuiyv\bmbedhnmtl @f pa unathody apid rpphafaeus tfat |dmﬁodmlanag1 t

I nformation t Iurall e sta e frequency
band, a syste éﬁ? %‘Pﬁ‘é}“ﬂﬁ remge gn‘?ﬁf@#ﬁf?’&\fﬁ%gé %l on and a
second base StatlSﬁnﬂ@mr i1 Bape ﬁatfid)rli saodage pilat i cefafﬁels;vnwdlg adrety of
base stations for rece| g(gwgéj (F'; E ? Qrom su set of ald pI uralliy of

mobi | e st &¥i #HeVidRda e 1Rk (F aEf?aFnd 20,nd Inorthe r SXERPIATY NG a
reverse ||nke‘MHcﬁin@§ﬁt ORI Bl |rﬁd9d§l'a€tﬁah203[b @ocreeaﬁrﬁssenlmumﬁléee%@@cy band
during a synchronization interval; and a second base station for rece|V|ng

sai d rever se MPHKAM @p edescribenini detaibrinsithpapfosementonedij st i Fgtem
internal cl oqko.i5Neaaser dRBGRAWIdiNsRA! fhulBFRI ¥@EssMigl188 $hen provided to

forward link transmitter (FL TMTR) 422, which upconverts, filters and
15 amplifies the forward link signal for transmission through antenna 424.

Reverse link signals are received through antenna 430 and provided to

reverse link receiver (RL RCVR) 428. Receiver 428 downconverts, filters

and amplifies received reverse link signals in accordance with the reverse

link frequency band and provides the received signal to reverse link (RL)
20 demodulator 426.

The forward link signals from both base stations 402 and 404 are
received by antenna 432 of fixed dummy station 406. The signal is provided
through duplexer 434 to receiver (RCVR) 436. Receiver 436 downconverts,
filters and amplifies the signal in accordance with the reverse link

25 frequency. The received signals are provided to searcher (SEARCH) 438.
Searcher 438 determines the PN offset of the forward link signals
transmitted by base stations 402 and 404. In the exemplary embodiment, the
forward link signals include a set of pilot symbols which can be used for
easier acquisition of the forward link signals from base stations 402 and 404.

30 The PN offsets of the received forward link signals are provided to
message generator (MSG GEN) 440. Message generator 440 generates a
message indicative of the PN offsets of the received signals from base

stations 402 and 404 and provides the message to modulator (MOD) 442. In
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communi cation signal; wherein said first base station transmts signals on
a forward link frequency band, receives a signal froma nobile station on a
reverse link frequency band, transmits said wreless conmunication signal
on said reverse link frequency band, and inhibits the reception of said
si gnal fromwaiodsmdbil e station while transmtting on sai BCT/ESREIES | | nk
frequency band. 7. The system of claim@3wherein said first base station
transmts said wirel ess commnication siqnal at a predetermned tine and

wher ei n sai d 12 CHRAPIHY e CRPREIBENta dMQeidaten 442 it & (MG FeRAYAERd 3n t he

time of arriv@beredSaidétad eSS PafeRPTIHN5403 4oy signal . 8. The system of
claim?7 wherein said first base station conprises: a forward |ink

transni ssi on subsisthereaplanyambadinient the gressageoln teansalitied 8s Rnricces equency
band; ~ 0 !: 'g?&begaﬁ 3h8 Zcfesk SHERSE bf E%herreﬁf‘ée"sl‘iat?&w&dfto?rﬂa st rti%%egﬂci.”g
signal froma nobile station on a reverse I'1n requency band; and a
reverse |ink Theagendratien of drs pstessnchamnelr mnwellt knowgn s dhev arél ebs the

commnicat! OB SRR bl 5553635 W] EPAYRTGHMond TpSgtem o
i nhi bi ting tipeolrecisdpitiatip coberediwding gmpacddtenminedi ldngdiN Isequsdrat ivehichhisl e sai d
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generating an access channel in a CDMA communication system is
described in detail in U.S. Patent No. 5,544,196, entitled “APPARATUS AND
METHOD FOR REDUCING MESSAGE COLLISION BETWEEN MOBILE
STATIONS SIMULTANEOUSLY ACCESSING A BASE STATION IN A
15 CDMA CELLULAR COMMUNICATIONS SYSTEM”, which is assigned to
the assignee of the present invention and incorporated by reference herein.
In the exemplary embodiment, the access probe carrying information
regarding the PN offset of the detected pilots from base stations 402 and 404
is received by either base station 402 or base station 404. In the exemplary
20 embodiment, the access probe is transmitted to base station 404. In base
station 404, the probe is received by antenna 430 and provided to reverse
link receiver (RL RCVR) 428. Receiver 428 downconverts, filters and
amplifies the received probed in accordance with the reverse link frequency
band. The received signal is then provided to reverse link (RL)
25 demodulator 424 which demodulates the probes and extracts the measured
PN phase offsets.
The measured PN phase offsets are provided to control processor
(Control Proc) 446. Control Processor 446 computes the relative error in the
timing between base station 404 and base station 402 as described with
30 respect to equation (1) above. The computed change to the timing is
provided to timing adjust element 448 which brings the clocks of base
station 404 into synchronization with the clocks of base station 402 in

response to the computed timing adjustment.



reverse link transmtter subsystemfor transmtting a synchronization ﬁp‘f dBémm
on said reverse link frequency band; and a switch for inhibiting the
reception of said signal fromsaid mobi | e station while said reverse |ink
transmitter is transmtting on said reverse |link frequency band. 11. A
system for sym&@®somi zi ng the clocks of a first base stati 8aGTARW/28708econd

base station conprising: first base station for transmtting a first
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In dfirs

transmitting said signa I'cative timn al base
station an8 tr‘naee&sam egnpitaianslcaedendepetosteat abthe HBe sTtmrsymttesilasf cl ai m

12 wherein salg SUTTNCALE) ORAIRIRLSR ARh%e LANGkik Al SRk weus! plde

timng of said f| rs §and sal Séca base
station ¢ 3tations. | Ulsis38nmibodanent daaxc ethei Tablditfwnaphﬁ&&)rofofsplednithmgt
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comuni cat i orwiiegipathrentkasioh tas @eqidforhiedl ifewed iftariceqat i on signal are code
di vi si on qUItipIe access signals.

IV.  Use of fixed stations to transmit probes to base stations.

The fixed dummy station may also be used to transmit probes on
command. These probes are transmitted at a power level sufficient to reach
a desired set of neighboring cells where timing is to be adjusted. As with the
15 mobile measurements described above, the time error estimates are derived
from time-of-arrival measurements at the base stations and the known
distances from the cells to the fixed mobile.
Referring to FIG. 5, when synchronization is to be performed by
between base station 502 and base station 504, a request message is
20 transmitted to mobile station 506. The probe request message is received at
fixed dummy station 506 by antenna 542. The received signal is provided
through duplexer 544 to forward link receiver (RCVR) 546. Receiver 546
downconverts, filters and amplifies the received signal in accordance with
the reverse link frequency band. The received signal is provided to
25 demodulator (Demod) 548, which demodulates the received signal and
detects the reception of a probe request message.
Upon receipt of the probe request message demodulator 548 provides
a trigger signal to message generator (MSG GEN) 550. Message generator 550
generates a predetermined symbol sequence and provides the sequence to
30 reverse link transmitter (TMTR) 552. Transmitter 552 upconverts, filters
and amplifies the signal in accordance with the reverse link frequency band
and provides the signal through duplexer 544 for transmission by antenna

542.




15. The system of claim 14 wherein said dummy station deternines the (phdgkIil
of fset of the pseudonoi se spreading of said first wireless comuni cation
signal and said second wirel ess conmunication signal and wherein said

signal indicative of the timng of said first base station and the tim ng
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Pilot and traffic symbols provided to forward link modulator 510 are spread
in accordance with PN sequences determined in accordance with the
corrected clock signal. The spread signal is provided to forward link
transmitter (FL. TMTR) 512. Transmitter 512 upconverts, filters and
30 amplifies the signal in accordance with the forward link frequency band and
provides the resulting signal to antenna 514 for transmission.
Similarly, in base station 504, the timing error correction signal is

received by control processor 534 which provides a timing adjustment signal
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5 with the corrected clock signal. The spread signal is provided to forward
link transmitter (FL TMTR) 532. Transmitter 528 upconverts, filters and
amplifies the signal in accordance with the forward link frequency band and

provides the resulting signal to antenna 526 for transmission.

10 V.  Fixed Transponder

A fifth embodiment of the present invention for base
synchronization involves use of a simple transponder. As with the fixed
dummy station of methods described above, this transponder is placed so
that it can receive signals from two or more base stations.

15 The transponder periodically digitizes and stores the received signals
on the forward link for a short time, and retransmits these samples on the
reverse link. So the transponder gets a snapshot of the base station pilot
transmissions which may be used to determine the relative timing of the
base stations. Rather than process this information in the transponder, it is

20 simply relayed to the base stations for analysis. This approach allows for a
low-cost, low-power device to be employed. The transponder may also
simply perform a frequency translation of the incoming forward link signal
and retransmit on the reverse link without storing the signal. This requires
the transponder to receive and transmit at the same time, but avoids the

25 requirement of A/D conversion and storage of the samples.

The transponder is not, in general, synchronized with the CDMA
system. To simplify the processing at the base station(s) to detect the
transponder transmission, the transmission is performed at fixed intervals
(for example, every 10 minutes or so). The ambiguity in the timing of the

30 pulse is just due to the error in the transponder clock over the time between

transmissions. With a clock accuracy of 3x107 (a good low power TCXO), the

drift is only 180 psec every 10 minutes.

3
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significant ~degradation in the system performance, since it occurs
infrequently. The transmission may also be proceeded by a short fixed
preamble, a PN code unique to a particular transponder which may be
detected by a simple matched filter at the base station.

Referring to FIG. 6, in base station 602, the pilot and traffic symbols are
provided to forward link (FL) modulator 608. In the exemplary
embodiment, forward link modulator 608 is code division multiple access
modulator as described in detail in the aforementioned U.S. Patent
No. 5,103 459. The code division multiple access signal is then provided to
forward link transmitter (FL TMTR) 610, which upconverts, filters and
amplifies the forward link signal for transmission through antenna 612.
Reverse link signals are received through antenna 614 and provided to
reverse link receiver (RL RCVR) 616. Receiver 616 downconverts, filters
and amplifies received reverse link signals in accordance with the reverse
link frequency band and provides the received signal through switch 617 to
reverse link demodulator 618. An exemplary embodiment of a method and
apparatus for demodulating CDMA signals is described in aforementioned
U.S. Patent No. 5,654,979.

Similarly, in base station 604, the pilot and traffic symbols are
provided to forward link (FL) modulator 620. In the exemplary
embodiment, forward link modulator 620 is code division multiple access
modulator as described in detail in the aforementioned U.S. Patent
No. 5,103,459. The code division multiple access signal is then provided to
forward link transmitter (FL TMTR) 622, which upconverts, filters and
amplifies the forward link signal for transmission through antenna 624.
Reverse link signals are received through antenna 630 and provided to
reverse link receiver (RL RCVR) 628. Receiver 628 downconverts, filters
and amplifies received reverse link signals in accordance with the reverse
link frequency band and provides the received signal to reverse link (RL)

demodulator 626.
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The forward link signals from both base stations 602 and 604 are
received by antenna 632 of fixed dummy station 606. The signal is provided
through duplexer 634 to receiver (RCVR) 636. Receiver 636 downconverts,
filters and amplifies the signal in accordance with the reverse link

5 frequency. The received signals are provided to analog to digital converter
(A/D) 638. The digitized samples of the received signal are provided to
digital to analog converter (D/A) 640. Digital to analog converter 640
converts the received digitized samples back to analog format for
upconversion to the reverse link frequency. The digitized samples are

10 provided to transmitter (TMTR) 642 which upconverts, filters and amplifies
the signal in accordance with the reverse link frequency band and provides
the signal through duplexer 634 for transmission through antenna 632.

In the exemplary embodiment, the burst transmission from fixed
dummy station 606 which is a frequency translation of the received digitized

15 samples in the forward link frequency band is received by either base station
604 or base station 602. When the probe is received at base station 602, probe
is received by antenna 614 and provided to reverse link receiver (RL RCVR)
616. Receiver 616 downconverts, filters and amplifies the received probed in
accordance with the reverse link frequency band. At the predetermined

20 time interval when the probe is anticipated to arrive, switch 617 provided
the received signal to searcher 619.

Searcher 619 determines the relative phases of the base station
transmissions which relayed by the transponder 606. The PN searcher must
examine the signal for a window around the expected transmission time of

25 the transponder, since the transponder is not synchronized with the
network, and some timing drift may have occurred since the last burst
transmission. Searcher 619 performs the forward link search operation as
described with respect to forward link demodulator 136 of the first
embodiment. Searcher 619 detects the phase of the forward link signals

30 from base stations 602 and 604. In the exemplary embodiment, searcher 619
detects the phase offset of the pilot channels from base stations 602 and 604.

Searcher 619 provides the detected phase of the forward link signals to

control processor 650, which computes the adjustment necessary to
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or ORI !41)a.base station controller on a backhaul link to be relayed to base
station 604.

If the timing adjustment is to be performed by base station 602, then
control processor 650 computes the necessary change to the internal timing
of base station 602 and provides a signal indicative of that change to clock
652, Clock 652 adjusts its timing in accordance with the signal and forward
link modulator 608 uses the adjusted clock in the modulation of the forward
link signal from base station 602.

If the timing adjustment is to be performed by base station 602, then
control processor 650 computes the necessary change to the internal timing
of base station 604 and provides a signal indicative of that change to base
station controller 654. Base station controller 654 sends a message indicative
of the timing adjustment to control processor 646 of base station 604.
Control processor 646 sends a signal to clock 648, in response to which the
timing of clock 648 is adjusted. Clock 648 adjusts its timing in accordance
with the signal and forward link modulator 620 uses the adjusted clock in
the modulation of the forward link signal from base station 604.

The previous description of the preferred embodiments is provided
to enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent

with the principles and novel features disclosed herein.
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forward link transmission subsystem for transmitting a signal on said forward link

frequency band.

4, The system of claim 3 wherein said second base station further comprises a switch
for inhibiting transmission by said forward link transmission subsystem while said forward

link receiver is receiving signal from said first base station.

5. A base station comprising:

reverse link receiver subsystem for receiving signals from a mobile station on a
reverse link frequency band,;

forward link receiver subsystem for receiving signal from a first base station on a
forward link frequency band,

timing adjustment means for adjusting said internal clock in accordance with said

received forward link signal;



10% & & ()-ugvOmxyyyy| [ NA41010&10&10& | 9! 109%&R& () - =~ 9! 109%&R& () - 03 Jun 200
N6 9! 1098&' ()- S 91 1008&' ()- X$ 9! 109%8&' ()-yyyyyzL{|[: NA41010 ° 10%&& () -

1090898 ()- ! @10%&& ()- " 109&& ()- f31008& ()- (
109&& ()-L{]{- |}}~ | [: NA41010 No6 , 91 109f8&! () -( X', 9! 10%8& () - i(
\ %, 9! 109&& () - L 91109%&& ()-m a9 10%&& ()-m( " fZ109%&& ()-: zvU410

@ 109&&' Yl 1 04 10&10&1 9l 109&&' () - N I 10YR&: -
IRt nf% ?%&%ﬁmlsswlﬁ i@%&ett“)for B bigas ejenal g f@@é@%ﬁ@“
* S1098&" ([lhkfrem&g/&&ld)md @10%& ()- , 9| [9vVUAL0 | eL90! 10%& ()-3

@L! 10%&& ()-  ;L1109%&& ()- " L!10% ()- DLI10%& ()- ;. ! 10%& ()-9vU410
| @ 109%&& () - @ Switchofgwinhybiting transgission by sajd frvmard yﬂlummm&l subsystem

o) so1 100 ey oRts [ Eef ot BRe VR rom SR IIERB 3300y s o

@10%&& ()- (mM0%-&& () - 10&10&10& | s9!10%&& ()-( | s9! 10%&& ()-(
D*s9! 10‘V & ()- Ig}ae% U410 - M 10%-&&' ( t) # a M 10%-&&' ()-#
M 10%-&& () #1 e&& C(O)mm“m%?t?%%‘e@ or |PTROiRg (2 WA Fomﬁlfém&tlons

1 0! 10%-E@efween a [h@llai'lg’ Sf?@as@)s’tatlong %&Q?&f%h@ of m'obM: %&%1@5& ahy ﬁhereln said
M10%&& ()-# S) M1 ~& 'SS10%z &z&' () -

' 510% &z lyrjlity c@l&se)%a&p&s mmsn’u@ lmrfma%t&m&m( $a1c1®h&_a_lity&wﬂ lﬁiome_Lstaﬁbns on a

X$3: 1 10%.&r &' \VL3:11009 109% ! = '110% &z & - .
1 109 A2y ok e EE, e Sk gty ory §RB4 Gt gt
“f810% &Zlﬁ'ofrhatldﬂao kﬂ{@%ﬁ/\ﬁbl&y@f ‘basestatibAYB A &everse lﬁﬁ@ﬁ‘écéhlP{GMd( A syskén[.l U410
%

: % 1 109B&B& ()-Z 6 !'1 Z D ! 10%K&K& ( 0%&g& ()~
" L10%g&g &ylmhromfsaa ©f a firsihpse giagonend aS&qwg}@g Yo comprisyngigg &’ () D

109808 (), BTObGRY (Jion 0215%6@@%‘*% f DAL ke V'l%g rtiRme (-«

T (10%g&gdbsed ofiﬂ&ﬂ’)ﬁQMﬂﬂgﬁ@lle staddi3Ye@&tefrse link" ﬁ&dl&%gﬁgﬁhci) and for

" 910%g&g& @BL0% 10%g&g& 109&

1 TOVBRREA YRt DG Ly sl oAREB o) S GURLIGE (rerse R iFRyeRy) -
84100/«9&3&u(aurﬁ‘§)i %m%%ﬁ&&eon intdRAOYGLIE () - ; *! 109BE&BE () - " *! 109g&QY& () -
D, #! 10%K&K&' ( 1'10%&g& ()- !10%&& ()-0yUWKdpvU410 ~ @10%&z& () -
0( MLOYRI&E ( ) ase@ngixammgx@r réc8BitogpidReveise link ME 1By gaysiuhjcation signal

3! 10%g & S 10%2,8z & ( 1 10%z &z

| Toviara s I S gt ymigmal B, abtdtdante: SUIE SRS it yirelssoz e
'y5 10% &&Rinfuhication SLANYE&z& () - D*, & 10% &8 ()= N & 10%8hd! ()
1110%828 ()- , 4, 10%&F& ()-~bA410z82° ° " F10MD8& ()-7 ! 10908 () -
L109D8& () - Wenanssd: first bas¢ satiomizansnits %Mqloé gomyard Jipk Geguency ban

oo (15T P tors » maflasdiip e rhvorg MG b, fplEE (0

, & 1098 &Vife)esy OMBEHCALOE’ s(ignag Al 1RYDER! 11@1)( @«quemahwwﬁnmhlbns the

|@S§?2‘6/%fze§$%3n pbiid Sigal 5o sekoBPREE eieRon Wiblha ERSEInE opAGEERe Tk
GLO% &&! felmehcy baL0% 88! () -  L10%18&: () 2x0|[ vu410 © S &I 1094.&& ()- °

z10%88& ()- ~ 10%&& ()- "110%&8& ()-g ;! 10%1&h& ()-g ' 10%&& ()- 04| 0bUAL0
V1 (MLOYDES! () - 10{1&{10{ 1&{10{1&{ N "&I10% 1&{& ()- S "& 10%&& ()- X

|£00885 O i 0SBl AR B AR e, B 2

@' ! 10%0D88mfmunication signal at a predetermined time and wherein said second base station

adjusts said internal clock based on the time of arrival of said wireless communication

signal.

8. The system of claim 7 wherein said first base station comprises:
a forward link transmission subsystem for transmitting signals on a forward link

frequency band;
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reverse link frequency band; and
a switch for inhibiting the reception of said signal from said mobile station while

said reverse link transmitter is transmitting on said reverse link frequency band.

11. A system for synchronizing the clocks of a first base station and a second base
station comprising:

first base station for transmitting a first wireless communication signal;

second base station for transmitting a second wireless communication signal; and

dummy station for receiving said first wireless communication signal and for
receiving said second wireless communication signal and for generating a signal indicative

of the timing of said first base station and the timing of said second base station.

12.  The system of claim 11 wherein said dummy station is further for transmitting said
signal indicative of the timing of said first base station and the timing of said second base

station.

13.  The system of claim 12 wherein said dummy station generates said signal

indicative of the timing of said first base station and the timing of said second base station
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first base station and the timing of said second base station is determined in accordance
with the phase offset of the pseudonoise spreading of said first wireless communication

signal and said second wireless communication signal.

16. A system for synchronizing the clocks of a first base station and a second base
station comprising:

dummy station for transmitting a wireless communication signal,

first base station for receiving said wireless communication signal and for
computing the time of arrival of said wireless communication signal at said first base
station and for sending a message indicative of the time of arrival of said wireless
communication signal at said first base station to a central controller;

second base station for receiving said wireless communication signal and for
computing the time of arrival of said wireless communication signal at said first base
station and for sending a message indicative of the time of arrival of said wireless
communication signal at said second base station to a central controller; and

central controller for generating a timing adjustment message in accordance with
said message indicative of the time of arrival of said wireless communication signal and
said message indicative of the time of arrival of said wireless communication signal at said
second base station and for transmitting said timing adjustment message to said first base

station.



