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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
Standard for Dual-Mode Wideband Spread Spectrum Cellular System”,

35 referred to herein as 1S-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
known as cell base stations or cell-sites) using code division multiple access

40 (CDMA) spread spectrum communication signals. By using CDMA
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In J5-95, a base station candidate is characterized by the phase offset of
the pseudonoise (PN) sequence of its pilot channel. When the mobile
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 co-pending U.S. Patent Application Serial No. 08/687,694, now
U.S. Patent No. 5,644,591, filed on July 26, 1996, entitled “METHOD AND
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.

The propagation delay between the base station and the mobile station
is not known. This unknown delay produces an unknown shift in the PN
codes. The searching process attempts to determine the unknown shift in
the PN codes. To do this, the mobile station shifts in time the output of its
searcher PN code generators. The range of the search shift is called the
search window. The search window is centered about a PN shift hypothesis.
A base station transmits to the mobile station a message indicating the PN
offsets of base station pilots in its physical proximity. The mobile station
will center its search window around the PN offset hypothesis.

The appropriate size of the search window depends on several factors
including the priority of the pilot, the speed of the searching processors, and
the anticipated delay spread of the multipath arrivals. The CDMA standards
(IS-95) define three search window parameters. The searching of pilots in
both the active and candidate sets is governed by Search Window “A”.
Neighbor Set pilots are searched over window “N” and Remaining Set
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20 necessary searches can result in dropped calls.

In CDMA systems in the United States, base station synchronization is
achieved by providing each base station with a Global Positioning Satellite
(GPS) receiver. However, there are cases where a base station may not be
able to receive the GPS signal. For example, within subways and tunnels the

25 GPS signal is attenuated to a degree that prohibits their use for timing
synchronization of base stations or micro base stations. The present
invention provides a method and system for providing timing
synchronization in these circumstances where a fraction of the network is
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In the present invention, a slave base station attains synchronization
with a reference base station through messages transmitted from and
received by a mobile station in the soft handoff region between the reference
base station and the slave base station. First, the round trip delay between

20 the mobile station and the reference base station is measured by the
reference base station. Next, the slave base station searches until it acquires
the signal transmitted by the mobile station, referred to as the reverse link
signal. In response to the acquisition of the reverse link signal, the slave
base station adjusts its timing so that the mobile station can acquire its

25 signal, referred to as a forward link signal. This step may be unnecessary if
the timing error in the slave base station is not severe.

Once the mobile station acquires the signal from the slave base
station, the mobile station measures and reports the difference between the
amount of time it takes a signal to travel from the reference base station to

30 the mobile station and the amount of time it takes a signal to travel from
the slave base station to the mobile station. The last measurement necessary
is a measurement by the slave base station of the time difference between
the time the slave base station received the reverse link signal from the
mobile station the time the slave base station transmitted a signal to the

35 mobile station.

A series of computations described in detail herein are performed
upon the measured time values to determine the time difference between
the slave base station and the reference base station. An adjustment of the
slave base station timing is performed in accordance with these
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provi di ng frequency infarmation. se probl ens res intimng.errors
Bhich can BRKEh Conii HORutB thendray Bl Pvich: Hish retnsetics, cBagttretre

rel ati orshiigetefynemresharsdinghd throeghene \andt hehepemsent i nventi ons
intermttent corgkecti.on of .. P Wi bl .t il4zatl . S
accurate fr equeang;‘ tslolgrac@gl\ﬁh‘ielﬁgﬁaé% 1@133&5?1%'%;}@%%0{% %Q‘éoélg?tlgﬁ b3

i |1 ustrati ovireless kemmamdertigi crysteml @Bnpusings porefénegce i basejstaton gl ased

to synchronj b L{hRg of slave base station 64 with the synchronized -
timng of re%%reér%%eét%ase’ station 62. Si gnal path 500 illustrates the )

transni ssi on of FGr drigardiagrair iHugrating thenviasiciise Hapspasuons etwigenthey

nobi | e B atrh@bil®GtatlBR, théBsynthesvaths BESE SMiGR A Shel 885TBhy6hO0s OB&Y S 1S
iqQn 6Q, the start of 30 frame

desi gnat ed ?Pzt d. A{ mobi | € stdﬁt 3 , S
transni ssi SHYIYh 2pfletheesRiresPonding Arne dBiesvalsi gned with the start of frame
arrival s on the H@r Baisch flowkharfhilkustrianimgathieynmethbdi forsdyarcthaonizinegl a basel S- 95

and i ncor pt ' r esi B C E@E NERARE SWLL0. Therefore,
it should %éﬁhoﬁggr@f}gg%%zgg b%é?%%?%hg aag%gt?éll us ﬁgﬁlggesﬁg%érlm ng this

al i gnment are wdilG. khdenai hlacke diagramgofTithesmabileorbtation depi thes pragent
transmxpi QRvehtidn;everse link frane fromnobile station 60 to reference

o mobi ¢ tat | FACBY IO UaGEAT (4 thRSeRTTREr BN FHOMISORHN BFE
from base gratérotnidZeritioryobil e station 60 (also 't~). Because base station
62 knows the timggats Whi,Chdck &{aag?gﬂln b GHle SLAAR R28nel Imdatithtof O8F the
mobile station of the present invention;
25 FIG. 7 is a block diagram of the base station of the present invention;
FIG. 8 is a block diagram of transmission system of the base station of )
the present invention; and
FIG. 9 is a block diagram of receiver system of the base station of the
present invention.
30



8 and knows the time at which it received signal 502, base station 62 can

. eonpute the round trip delay tine (RTD~), whicl-i is the first val ue 12 JUL 2002
necessary in the conmputation of the time ewr (To' -To). Signal path 504 is
the reverse link signal transm ssion fromrr~obile 5 station 60 traveling
along a different propagation path to s ave base station 64. The tine

which. it takes signal 504 to travel fromnobile statio~-~ 60 to slave base

station 64 is desi @H FM?I‘W m e link signal
504 reaches base s@ﬁ%ﬁl‘%? ﬁgﬂsdégﬁgéﬁw%gsa IF e I?Bre@[? takes a
forward |ink signal 506 traveli tation 64 to nobile ~0 station
60 is also equal to 'C2. In addition, slave base station 64 can neasure the
time differgence hetween the ti it received the reverse link signal from
mobil e s at]l?on V%&WW&%W@”W%@W@@H its forward link signal to
mobi | e st'ation 3‘(')@5 Thi Sttt :ﬁg (rzlhiaffeé_ﬁnc?ﬁas ?@si gnated as RTtEj)Z Kn_gt)}\{vi ng
t hese tines all e8I th 0 fp UN @RI $LajFo1Y 15 He @MHBPMYCIYONTAYIIN The
met hod f OX refer6QEP Wab&Gtdtltd b2 moviBler o id TougHlp) withiflegrr chadapel mea Fi rst it
can be obse olfz %a{erﬁi%@ g%s%ta%%otnhcab' a%zkﬂu-l-ézfyalﬁd %—rlerr g)age-r?tﬁt'oz? 625! 2 (2)
~y mani pul at1 NG the t & o qUaTBE RS ST Vahd 125 FheFof FOW g ' s
observed: 2ynfronized to the regt of|the rejwork bpmearyp of aTegniral GMINg)syFENi npl i fy
the not a0i Ogich @s BRVEIMR @Aako%mlgTs%emGﬁgj N eshnas; s8R B Rarfon 164, with@ (5) It
can be Seenco%grg%f‘za@a ?gline-zla-tcg %X_chwéeT g% btﬂlaia%ﬁ)ﬁ,'??e ]:ngtr seyQ%I (I)‘]rgze?qg%ﬁe! ?ﬁ% 'alW! th
respect to -10 =T~ + 7~ ~ a(~—) ere or,leb] -7 To = 62 + '~z, and
(s) RTD2 = tming system Py independent means, such as the GPS available to base station 62. Base
x) station controller 66 routes calls from the public switched telephone network (PSTN) to a
base station 62 or 64 by means of a T1 line or other means. In addition, frequency

15 synchronization is provided to slave base station 64 through T1 lines.

For short time periods, frequency synchronization can be provided
with an acceptable degree of accuracy through Ti lines by methods well
known in the art. However, problems are common in schemes which rely
upon a T1 line for providing frequency information. These problems result

20 in timing errors which can be corrected by use of the present invention.
Because of the relationship between phase and frequency, the present
invention’s intermittent correction of phase will permit the utilization of a
less accurate frequency sources when necessary.

Referring to FIG. 2, an illustration of the transmission and

25 corresponding time intervals used to synchronize the timing of slave base
station 64 with the synchronized timing of reference base station 62. Signal
path 500 illustrates the transmission of a forward link signal from reference
base station 62 to mobile station 60. The time interval over which this
transmission occurs is designated as T;. At mobile station 60, the start of

30 frame transmissions on the reverse link are time aligned with the start of
frame arrivals on the forward link. This time alignment is standardized in
IS-95 and incorporated in hardware designed in conformance therewith.
Therefore, it should be understood that methods and apparatus for
performing this alignment are well known in the art.

35 Transmission 502 depicts the transmission of a reverse link frame
from mobile station 60 to reference base station 62. The time for a signal 500
to travel from base station 62 to mobile station 60 (T;) is equal to the time for
signal 502 to travel from base station 62 to mobile station 60 (also T)).
Because base station 62 knows the time at which it transmitted signal 500



1 2 JuUL 2002 5 10 15 20 25 30 35 WO 99137037 9 PCT/ US99/ 00909 By
substitution, it can be seen that the tine error (T~ - To) is equal ltZoJUL 2002

7 TFa' -To=~~-~2+dT (9) Ta'-To=21- CR 2D2 +~2 ~+0T (10) To'-To= R2D - R2D2+~2

(11) To' - Ta - RTD, +~T - RIDZ (12) 2 Once base station 64 knows the
-amount of its timng error (To' - To), it adjusts its timng so as to
synchronize it to the timng of base st@tion 62. These neasurenents are

SU0Tect, 19 ShhckiaR® o AHEL AR T, HPNLTEg BN g TRt
nmet hod and &ppRuss the fomdrsis delay gives GRI181). whichne dbe Sustyvaliamegedsads in
equation ( 1%“11%%0&?%&21@%?1%“1%9}16 error (To’-To).
Signal path 504 is the reverse link signal transmission from mobile
5 station 60 traveling along a different propagation path to slave base
station 64. The time which it takes signal 504 to travel from mobile
station 60 to slave base station 64 is designated as T,. The time at which the
reverse link signal 504 reaches base station 64 is designated as T;. The time it
takes a forward link signal 506 traveling from base station 64 to mobile
10 station 60 is also equal to T,. In addition, slave base station 64 can measure
the time difference between the time it received the reverse link signal from
mobile station 60 and the lime it transmitted its forward link signal to
) mobile station 60. This time difference is designated as RTD,;. Knowing
these times allows for the computation of the time error (T,’-T,). The method for
15 computing the time error (T,’-T,) is described below.
First it can be observed from FIG. 2 that:

Ty =T+ 1T,, and 1)
20 T+ AT=T, +12 (2)
By manipulating the terms of equations (1) and (2), the following is
observed:
25 To+ AT =Ty +2° 1, (3)
22T=T, -Ty + AT (4)
) To simplify the notation, a new variable RTD, is defined as:
30
RTD, =T,-T¢ (5)
It can be seen that:
® - KDy AT o
2 2
Referencing equations with respect to -To
T, =T+ T+ 1 (7)
40 2 =lgtT+T2
Therefore,
Ty-To=Ty + Ty, and (8)

RTD2=2"C2-AT



1. Measurenent of Round Trip Delay (RTD1) FIG 3 is a flow diagram
~tllustrating the nmethod of the present invention for synchronizing s{avgl 2007
. base station 64 to the timng of reference base station 62. In step 300,

the synchropizZaghi@s method commences, with nobile station GObe 1S99/00909
-conmuni cation W th reference base stati Bn 62 and within range "t 0 conduct
conmuni cat [ ons vmth sl ave bEse sta]% 3\@ I n stelg 3?(35 t he round trip

del ay (RTDPY SUbsHiytian, 4t sayRgseen thatd Itime grroteflar e hods sasal ation 62 to
nobil e station 60 and back fromnobile station 60 to reference base station

62 i s neasured. TFhiTls 5 & dbeABy aligning the frane boundaries of f(®anes
bei ng received by nobile station 60 with the frame boundaries of franes

being transmtted by m)blL at—.g 60. The nethod and apparatus for
E_QEL,J L

providimg this qigy Wr in the art. Thus, the rounqmrlp
delay (RTD) is rreasured s2 he t2 di fference between the start of frames

transmtted by reference base station 62 and the start of frames received
by reference base st at gy 62 pHirom ile station 60. Referring to FIG 4,
forward |ink fradged,ef Ndatia &nga ggrence base station 62 are regei)ved at
antenna 2 and provi ded t%roughzdupl?exer 3 to receiver (RCVR} 4. Receiver 4
downconverts, filters and anplifies the received signal and provides it to
sear cher 50 and traf fi @Taenmedq atRIm n 12 JUG 2002 WO 991 37037 10

PCTI US99/ 00909 (T RARF C‘Dérvﬂjf‘y—ﬁ——%ear cher 50 searches for pilof1Bhannel s
i n accgrdance with a neighbof |ist provided by reference base statl on 62,
The nei ghb | i vi,d g t f| from
reference e{lscgbs ats’l%%tﬁ(grgzé4 %q gn&]e gﬁ.ldjd}gt:g 1(%% he sx{ka ;(gl{ e‘bel @@ #ramas
5 ) rom r ef adpiste itsaiming 0 an t@ZSymshmmsae dedoﬂdmecbmmgl Obubesest;drorssiz

Contr ol BBV, n o]
traffic nogﬁlgiéglﬁe%%rgﬁéﬁhg Zﬁ%? S the’cBgé(n‘i?f %% ﬁ%ng}é@ﬁgﬁs%’l tt&aﬁ#errgm

mobi | e st aft®l 6HthE PeaskEeienfs ase redungantis Jaage do Asswishihecacuuadibal 60.

Fr anes 16f d@é@irﬁihg%drh@ctuﬁer of nobile station 60 are pr ovided to 10
traffic nodul at 58 hinre to the.timn from cantrol

or acessor 5 11 theselind dng tFERBER forrBeri bt (oA Du e A Dee Y cR R R
56 with theahxearm$qmatiehv(éa) bBynowhidseribedt i on 60 from reference base
station 62. The reverse link franes are upconverted, filtered and anplified
by transmtter 56 then provided through duplexer 3 for transm ssion 15

t hr ough._anflkennaMeasurement Ré&%*TEH%? lagBiTI)st ati on by Sl ave Base

Stati oOFIG 6 illustrates the traffic channel nodul ator 58 of nobile

station 60. 20 Fl@maslsofa daa diagrain OMluberhting fth@ﬁ@néthbaatdfelthéopresbﬂtthe
exenpl ary enbo

mat,t er . 200 ner ng. a set of
cyclic r eddhy ?ﬁ:@fm%ﬁé)gkz‘%gt %la‘éﬁ'n(? aa%a%? gi SO §§? qHPPrF io? rsf’le[rgnccf n the
exenpl ary bﬁt&)stlattent& f rastepf 300ndhe eynidd®rizationsmeblsod ramemencesnt wptlot ocol
t andar di od; 754,
%3 ent i B S S AR@VGER%&#*‘%: KRN % R re
SKI N SOFWPﬂmgwwssﬁgN: ANt MRBDEAt ORRRVER slayg bage stations flndy steP t he
assi gnee oBo2 hﬁemo@&@lntn}b e (RTDRN Girhd GOF raos: ap t@%rd\@lefr@ﬁ{l&ebﬁéﬁt@ The

formatted dat a ed.t.0 encoder, i ch _encode t he dat a
for error CO87% é%'tt @p%‘%lté‘get iSbafron ﬁ’éd Prﬁé]l) ’@92’@8 Fré"rﬁ «?ﬂc&%ler
202 is a coefepdncei bm;alstencncﬁa is ﬁteasermbd@uslatsaimwrﬂryled1gmagpirlmvfxﬁmieto

i nter| eave%oégéawgﬁ & frgﬁ%geée%ﬂg}}%c@wa%j rﬂdﬂbl?ec%%t?@gfﬁ) WI&IJ{' the frame

pr edet er m ne pr ovi

Wal sh rdfhpépoundaries @f tfrﬁenes(éaeplgmyanembﬁdd rishmobil §tatm;p|68r 721% mgth@d:eu ves
ei ght codednay; rinBNdr B%1dlh§tth§se£1 m%Mm?QkAﬁelI Rnawit ik the a‘Pé" 51'|Plus,

sequence. The e provi rea neans 8 whic
spr eads théh%P‘éﬂgéffﬁ’bgb lay; (R20.dF aimséreé 59—%%*@ gﬁfeersa% e%%eé\ ﬂn%ng PN
code gener gtaet of lRagesefrahenitedsioudesforaitee( Phbe seiopn®R amdtthe start of

frames received by reference base station 62 from mobile station 60.

35 Referring to FIG. 4, forward link frames of data from reference base
station 62 are received at antenna 2 and provided through duplexer 3 to
receiver (RCVR) 4. Receiver 4 downconverts, filters and amplifies the
received signal and provides it to searcher 50 and traffic demodulators

D,




[

1 2 JU _ ?00? Al spreads tile data and differentiates the data from tzgﬁ 200
reverse link tnansrnitted data fromother nobile stations in the vici Wy
“In the exenplary enbodinent, the data is transmtted in accordance with a

guat ernary whengighi ft keyi ng ( QPSK) rmﬂal ation format wher eipgetudeh@odge and
-Q channel s axe spr ead in accordance wi th¥a short PN sequence. 1'he spread

data is pr NGgTe a | cfy.perf or on
spreadi ng peragl on on ngg’#a ﬁéaadg%érr d%c%e]a\?\f}}{% f%r g’lP?PRpgequgncg
pxovi ded bgcaexdaperewitht erreigphpr ansd pl?wg)dezllbyanﬁerzﬁee rhaseed:&tmrel@ Thest ep
304, slavep t gty i i I

trartsm tteg boz Ebtt %lslﬁ‘atv?%ér;]aj I{}&r{&eaﬁt%n %o{rﬂéxg*ﬁﬂg “2‘&% from
signal to &8 awcﬁaé%sesﬁtatlpanﬂm A ridgralt indjcatig phe| statidef (§¢¢%%Qd vﬁmamh?s

nobi | e st aHo%‘ r@?erbﬁc@%'aé@stta%o%%?@éj 'ré§1d"e8vﬁf éanirbpgar%tég@ak 55! NChbRERANSE
to this si ]rgéase station con | er 66, s|ave base statlon 64t
r

performs a E‘écéﬁ%qf SERRIeS 8N tlpéﬁv Scéntlgk%dalaﬁb‘@?nf haigprl ofor dattic

i ndi cat ed modilatc gea‘t\zhﬁﬂozalgbasané%taﬁtaéﬂ SArRE tthariphRfed Grom hbBile
bank, |.oads. it sear chers | ong

exenpl ary enmbodi . a base station 6
code’ P eRBranat Bt B EroOE framteisdeiven A dRePUe SIomB0 and. 510
(illustrated inFrdrGes Qf dataafront dhacesesi dthneolsilersaatidn 060 has erovitddono

cont roliher r cass S tio |bed i
250" adbai raftic REaSRR0E B8 WRRAF 95 r@bolivd {5 B Rathe a&gﬁ&aﬁ“fr%m SPRBOIase
stati on 64progessdrayShdne satighentte, ramsgmnsmlmdbabeotsg}at tramsodtterol | er
66 i ndi cat (TR Wi tﬂ@ﬁ*ah?essﬁe%iv‘éa tggrﬁd’o1[@§t%klﬁﬁ%o 30 1o €hdss

provi ded to control ﬁFocessorgl Inr onsk theretg, control processor
n

100 conput 8@HOR6D 5 THE KeyRrsEe hfrﬁg‘r?éear@e‘i‘ﬁ’%‘?re‘fﬁra%drtfl#]ée@ﬁ‘e%li‘cﬂ ageppfied )
of f set. Cob r flanpm@ressss theh providies tHieughardilplpdraelfef Strhfsmesyiener

101 an n, éP nse to tgose paraneters sl ave base stati on 64 conducts a
search or 1? l%?lnnPr nsmtted by nobile station 60. ~'he signal

recei ved by antenna 102 of slave base station 64 is provided to receiver

104 whi ch mﬁr‘?‘r%{?m“l%‘lmrb%%f‘?’@# Qéeﬁ?s‘% S?’tgt elcel ved signal and

provi des |t to Frecer ved signal is provided
to traffic denodulators 105 which denDduIate the reverse link traffic data

and provi de thatt @a@autlﬁtr%tﬁéhgtta%fiﬁérﬂ@é?ﬁ?]r Bloditlay 5&akmahilg stghion 60.
iggt r ol20er F?&Xnes n?ft dlﬁfh _?_f]@\prdefdéd tbOfran@STbkmt&ttléﬁ 200. i |Ian~°tf1é ai@n pRaycl | er

in grea et ai e n [ reverse lin is
descri bgd - H‘eo(féf igjenty framg g’mi}ﬁa eermezloﬁ‘p%erfe(gaqu efPRB n‘iﬁ) a 58y ??28'@5 now
U. S. Pat enrediandandyS RCZPcheavkdritslamd geperbles aQQlSof tailthits. da theEbtenSpIBEy
MODULATOR U dbh'éP P T
COMMUNI CATQ%%H% Rﬁaé‘ﬁar?f o gﬁ?ﬁ’% W%h@ﬁt ﬂiph% ﬁ(@gﬁ?‘gn REgtocgl
08/ 316, 177 standazdizedpire 4%r8p ol dD odbed injdetad in 1.3 atﬁrLt D 25,600,784, TL T
IC(F;VI\A/UL;Z& TS.EﬁB@BJ FNIETERSO TEf tAE@LS&(S?fEI\RE%a R FEE-T ARRANVENIERIE P@@ESS

~ =", ~ V
t he presen{\%émgﬁp‘ﬂarﬁj F?ﬁ%??@@%{%@ﬁgﬂ emwﬁeﬁ?ﬁﬁ\? ﬁ?@g%ﬁe )
the F' N of ﬂNé)UGEmIBRR@Rst’atwhtterﬂsi&sﬁgrmdowodﬂda tagsigneé r of the o pessant 100
from base ?ﬁgéﬂt%}\ ggptlrn% g‘q bé/ » é%se% eerg% the PN of fset estimation
ont ro

pxovi ded by base s ion processor 100 generates an

initial |ong PNTheqgfasmastad deta éraime afhprfa‘nldﬁdl tQ ancec&mr 202w highuenmosles
hypot hesy s th&'dakd orS€abE RotfecBBrPEAd Qféi&qlot?b’ $h AKE S@EpRERIdMPodineht) the

exenpl ary enbodi ment, control processor
LAty CRcoder 202'is convolitional encoder The encoded data symbols are

provided to interleaver 204 which reorders the symbols in accordance with a
predetermined interleaving format. The reordered symbols are provided to
Walsh mapper 206. In the exemplary embodiment, Walsh mapper 206
35 receives eight coded symbols and maps that set of symbols to a 64 chip
Walsh sequence. The Walsh symbols are provided to spreading means 208
which spreads the Walsh symbols in accordance with a long spreading code.
Long PN code generator 210 generates a pseudonoise (PN) sequence that



10 bank | oads the shift registers of PN generators 10G 108 and 110. The

. signal is received by antenna TO2 is downconverted, filtered and arrpl

by a receiver 104 and passed to correlator 116. Coi-relator fi06 corr Ié e@m
the received signal to the conbined | ong and short PN se~, uence hypot hesi s.
In the exenplary embodi ment, the PN seqyence hypot hesi s i s generated by

mul tiplying the 15 short PN hypot heses ‘generated by PN generators 108 and
110 by the |s f@d@lﬂwéelﬁtaem&Edﬁ%ﬂ@{tﬁ&@th@daﬂ\h@ﬁﬂﬂm&b%mé@i@lkbﬁ(aﬁbrﬂﬂfeﬂl plier

112 and a ier..114 respec t he conbi ned PN sequence
hypot heses | grgan Ptheéergﬁl? iéog flﬂléq lygﬁa‘ﬁﬁlélotyand the other is used to
despread the Q chatierxehplage endhodiment, ghsidasd igntipnsiitedt i aprerdengsr ead
signal s arevms)\él q@aieir@rifa}ﬁ{asmﬂﬁmaz ngqqlém%eama(tﬂq brihatPinafe@esor s 118
and 120. Thﬁh z n aﬂ_g opf:ra on (;&) ~ad a rin ntsgg{m rocessors IS
descri bed® i B R Bid SfteTh bt PO S AR no-w
U.S. Patent The spseasleclatm:eprcf\ud@ﬂ tepreadiog means1 YoBaneALe which PEWE’I\I—DD AND
APPARATgSt F%%ﬁE’&RE Me&ﬁg\o BéwationEoh |thb ~dAiviRh acI&‘N‘A%SEQ%Mth AMh&h- P{\ISd by
assigned to the ass en a ncor e

ref erence h&FEINRC efﬁ%"gfggjé(s@grggg %Iam\] b{]‘@%‘ﬁ?f%f’a?@?# EHRE ]rV§ d si gnal s
with all possi bl & \adpsR0&ystingd daseo stationi 64 aaquises ithe okevelse liekusigaal

anpl i t udgs Ttﬁn@ﬂﬁtrt&}’b QH&Mleaét!at%h 5@aﬂ%e(ét%TcQZ}oﬁ-@&lerEG@E&\ﬂs(%pﬁEH&laFd on
ment s ol ovi des

means 122 co e

t he energy @%Qf ﬁé’@s‘f Btaﬁﬁ’f‘ %gégéﬁ%?g ﬁ‘f f!?\ O%é‘fte‘@ ¥ 13‘6°t’ﬁ% sfﬁiiﬂ Sener gy
correl ati onusifg trespraad iamevase dinkt sigmale fergspesaxodhisr ggnaleftomo base

acgrgmlul ato & sﬂagﬁn\cfi\’@m&?ol@éic B@U:L)la{’@%aéé‘@ta@ﬂ&ﬁr 94 @2rfbPhis 3a gkwcal ifctrynm‘blbéldl al s ht
synbol s an se cgu eci Si is,made as to
whether bt P08, o) Refteted BB P H S SRFHe, p iy P iR T oY
Ti mi ng AH} ustatentcopyroflenpé. Base Stati dn Once nobile station 60 is acquired,
then, in block 386thsleavap ls%gaerﬁlscﬁiih@m,Gﬂaanmsé stdtioh bl /PRl Badsé et

xnobi | & st ai g, 80 bk o BE pRPLE: & & SURESRS M bortS Sa p eyttt '

transmi ssi ons
PCTNS99/ 009694 ddfpiltustratad imFIG.a0) iniaererganey withne pignpl frgsr dass Aiatignt he
di fference be:tstné‘r bhe TRy ehiget é:abce‘ébio@ Bldvie Bautdteth 6hés deseibsa i nk
signal fp tlﬁtl‘%éraitlérgﬂ\ 60 and the PN offset which reference base
station (g reception_of the revErse | ink signal from nobile
station 60 USI n§l-1 Bluspates dhe apparntes ef gave bagy %f@'@"lbéée InislayeoRasss
adj ust s t hestatioh ng4,of sigiml pfrbmt basegrsedtionn contadilea G@yintivatingvthe PRODE | e

station 60 %ﬁ%ﬁlﬁh@t%tlf)ﬁ’xwt % Rbéc?&eds' 9‘Bf%| rhdssi¥el lis qﬁoWdEJI" 1!2) tcBﬁtr§lear ch
wi ndow of nobi | | tion Sl avg Base St ath on
S |s

tho Voot | ¢ BroReRut T8 in dspalise ng PisToq Ffé“tﬁ‘ﬁb}”foée%'ioét]i CmmpEp ©
necessar3p f @\rmébmabds@r&gleaaentﬂnectsat the $pecdiedod affsdt.cEontynl gfrotessas. I n t he

preferred em@%@@aés tHJ‘é%ankﬂﬁaﬁHe@érs Qb sehrRMEr ?@isfhdihﬁtré nbé 1b ShdRpt at or
bel ow 1 s b raIaaTe q a€ e ttaannaélf Sondith Cahggar}lc}% &+ A 35N Fans h?te% are
schenes whi ERTEAAHTLYQNEE S gna
by mobile station 60. The signal received by antenna 102 of slave base station
64 is provided to receiver 104 which downconverts, fillers and amplifies the
30 received signal and provides it to searcher 101. In addition, the received
signal is provided to traffic demodulators 105 which demodulate the reverse
link traffic data and provide that data to base station controller 60. Base
station controller 66, in turn provides it to a PSTN.
FIG. 9 illustrates searcher 101 in greater detail. The demodulation of
35  the reverse link signal is described in detail in U.S. Patent Application Serial No.
08/372,632, now U.S. Patent No. 5,654,979, filed January 13, 1995, entitled “CELL
SITE MODULATOR ARCHITECTURE FCR A SPREAD SPECTRUM MULTIPLE
ACCESS COMMUNICATION SYSTEM” and in co-pending U.S. Patent
Application Serial 08/316,177, filed September 30, 1994, entitled
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Due to the random noise |ike nature of the PN codes, the product of the PN
code and the received signal should be essentially zero except at the point
of 35 synchronization. Searcher controller 18 provides an offset hypothesis
to PN generator 20. The offset hypothesis is determ ned in accordance with
a signal Transmitted to nobile station 60 by reference base station 62. In
t he exenpl ary enbodi nent, the received signal is nodul ated by quaternary
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receivers are not capable of providing the degree of time synchronization
necessary for providing CDMA communications.
In the exemplary embodiment, slave base station 64 adjusts its timing
25 in accordance with the assumption that mobile station 60 is located directly
) adjacent to slave base station 64. Thus, the initial timing adjustment is
made under the hypothesis that there will be no propagation delay between
slave base station 64 and mobile station 60. Thereafter, slave base station 64
adjusts its PN sequence generators 72 and 74 forward in time which accounts

30 for greater and greater propagation delay times between slave base station 64
and mobile station 60. Once mobile station 60 has acquired the pilot channel
.of slave base station 64, using normal procedures the final adjustment of
timing for slave base station 64 can be performed in accordance with the
computations described above.

35 As is known in the art and standardized in IS-95, pilot channels of
different base stations are distinguished from one another by the phase of
their PN generators. Reference base station 62 instructs mobile station 60 to
search for slave base station 64 via the neighbor list. Reference base station

62 indicates by means of the signaling data that the pilot of slave base station



5 In.step 31~, slave base station 64 neasures the difference between E
_time the slave base station received the reverse link signal frozn no i L 2002
station 60 (TZ) and the tinme the slave base station tr ansmtted its

forward link signal to nobile station bO (To'). Slave base station 64

‘'stores the 1'1\1 offset at the time it fransmts its forward |ink siga~al

and upon detection of 10 the reverse |i° signal fromrnohile station 60

conput es t hesgt inepdizf ﬁ{@ﬂsﬁamhag@ ofe& %?dﬁpksaaascﬁﬁp&%m% o mé

ted t | t at
STt on contiFatel PhGOLTRY of RUewaip B ABIPILILt FBsIneAeF RHCBOREIHE] <
conduct ed atarkindeccstedtbyotraffiantieabtialatd®. 54 andi xbﬂovhﬂedjml@ésxtcheﬂ 50y hne
skilled in téag%&{sa S8k B8 JREERRY's LR Allch HeCA TN frdes SHLAAHEG: (O 1 ne

case wherel ons ox nobile
st ati ons. >wthe P Pb?@ﬁ W@lﬁéﬂ%@h@ﬁﬁmﬂ fronsreference hase pEan 82an 20 Base
station control | @heb6gilot Bigres PieNEPical@r s&iewBtel NBy CHOMRithAL feodbst&sehifbed in

cauation (12ke8nd SEOORBRLANMLARY! 87 PLiknS, ngernpaivi | glng af ot rent to

sl ave base timng adj ustment
signal isr @é@ﬁe@@@tweé mwlt%abeogieatw @Rgeize éhe pileit ?161“‘a1pfrr@¥¥\e§1§8? bpse .
Control proceasd’ 64,106bile Betidhesd Mt wm@m&e ao qhatre@ived glrgahlstﬁom mng 25

adj ustogh RERGASAETCIdn o G, PRASYTERS nPERGESRY o STREREIAE 8PyR. S1 9Nl

whi ch changes the m? in the
si gnal fromSB%\@Bels@mmBﬁné%mfﬂ rtléqph@eogbewqewedmg@a ¢ra{#$s<i eripgchen 1wt

in Soft || ~aadidr, Ih@laa ‘gg:a@dhu&t erRy OS@@Hidhiz&ioralde BeokupglRdcase in

o o & bl skl LBRCR R0y § DR o pfers S0 ROL B St or

has tablis ence bas | ave base
station 64) .15 E8pWB irsHihgrt iThesm@ihad Byowdie éﬁé’f‘@‘?ﬂéfé figda the phaspakthest at i ons
al l ows 3%5r eémiﬁnbﬁghalae byttedtingia Set df phaed dypoihesdsheefBitbd tand a slagdle base

station 64 todgles aste&&%lﬁg%nfapmbt&gevﬁwﬁﬁﬁegés iRIR%eand RTD2, an

esti mate of ror can [ owever ccor dance
with one enbodi n%‘ifge %ﬁ ‘{sﬁ’@t‘if'rrég staHQR Ae3Tohe %wv@eeafégéegqalatﬁowr@@ can be
synchr oni zedpesttimrsigedl 65 cecebasleatsinagriran. 6'Ehe abjetiitd afwhe aplparatools toe
station 60b'§§11{‘0§ ﬂch@oﬁlgaﬁ&wm&tﬂ dtoPa & ee b@écﬁae%@@s“ on 62

and sl av e sftﬁ%h Q’A\? JUL 0% ssum a é nobi | e
station 80 BENEE 4 Sﬁ%uWCF rge,ngfaé?lé émﬁlag‘ﬁ BReatveg nSysad SRECFUMue of
RTD can be stgmial ewhithndel spgeatk dyr idendicalb RN, seqnenchdi of omknmm | phaseat i on 60

and referen@&r@aﬁﬁe&t@xﬂ% ®asA51tiBh 4T RPINe bXerfPlak @EHB&ﬁHeﬁE‘ bbfough
base stati ol |l e station

60 spreads ISPQéVag segcr ogk I?cgﬁgwg)s?ng#ﬁge?%gq Qﬁlrﬂéﬂ%?‘émﬁh tation 62
is known to Shtff eegiptess ehieh sgeperadn the. PINn cade geauanses vipr hSPt“PPéhlpE et

l Invent L oP5 rd@faptl’eedilﬁ‘% geilat nawr& eawmjunrmaﬁ Ethet fiferhong oIdNtzClﬁﬁfg to the
sl ave base r t ' & t

addi Bi on, %&R&l{r ﬁ Aioﬁ*% m Ca t%gnéaﬁe%’ﬁ?ﬁfo sh?{%]dc&g r;egéllsr'%i Pﬁ@t 31§8a1
conttol l er 8d F‘%\P &Y élh"@é gsed §t°z§tfh‘b¥f=‘C812"‘§éW%§ siggal Hwadyep, detpamdniftgat i on
~4, a list dfie visleusffsedof RTdbhiftaefistkeei ng associ ated with one | ong PN code

used by one. bl o SRR A9L0 SALFIL LHRCLE S Adehhl's ttc§ ra@\g@;aed by

nobil e station 6 rence base
shoul d bé? uRessizenLFawngorwser, BT and pmplifiss dhe \mgna 5'@ aRuYdest B wi t h

one parti cubignal aogldsprdadig @tenterd @l TDed:preaadmg el&éinane daseltipliati dre 64 then
uses the '%‘%enw'{}dc&gﬁaf Bg%é“ﬁ\'l ?Bdé ﬁéﬁa?e%ﬁ% Eﬁ&’av&r %68 D%{ fot e of

the reverse nsm'sSSions 1rom tIO nce t

nobi | e st at |r6?f§01601(§9<% likgtnatyresef thenBlNgodes, t ﬁé’rg "F‘% | \F@Gletﬁﬁdsl ave
base statiomhd récéived nsighbl Ishosldatbieoassefitially | ierbeempk atThiss epaine, o5l ave

base st atd Ogyﬁé‘}u‘%ﬁatf&ﬁp' cally need
Searcher controller 18 provides an offset hypothesis to PN generator
20. The offset hypothesis is determined in accordance with a signal
transmitted to mobile station 60 by reference base station 62. In the
exemplary embodiment, the received signal is modulated by quaternary
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rel atively pomgdeérliyodlagé biseestatitre @l &vdabasatsnatrooirolgstéénand nbemay

accunul at e gomhudtiohi STARY iR Yajukimett is Bhdlctedfai BRBetshon ebftfolnCes. hAse station
systemtime by a significant anmpunt) o the oscil lator which nmaintains

due t \

the syst em Milde grdersiopd) by qop skiblsthde the gt ihat the PEFDH I epiiByisp§psibhe

r ef er enck¥ bextendedittp dhe dase sihekein athesconmpiatatioh$ owe mgriomined adti that basa
procedur e i stalBnpoPVhEal siRH&ecor dance with the present invention. Wen a
sl ave base station 64 is first powers on, that slave base station 64 nmay
not have the appropriate timng, since no tinme transfer has yet occurred
bet ween t heV3l-avEimingeAdjustment e4Slare Bass Statiesr nal tinming reference, such
as a GPS signal source or a reference base station 62. Therefore, in 25
accordandfe w t h Base statiadcomndllerf66; hergspeasnpetfovian tthe komplaeatiqpower i s

first appli ggscted!iAguRass (1) aht Qendétan it dt RNV e IHepbsshy fidd ansm tted

fromthat slave base ation i s not e led. Injti t ng. 1.S ef erably
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hand_é)ff r egsighal frbanbiseestatini dotsllet 6en 60 reports the presence of the new

pilot and time can be transferred 35 using the nore accurate soft handoff -~

nmet hod of the
VIII. Time Transfer When Not in Soft Handoff
30

The above adjustment procedure is valid for the case in which a
mobile station 60 is in soft handoff (i.e., when the mobile station has
established links with both reference base station 62 and slave base station
64). Establishing links with both reference and slave base stations allows

35 reference base station 62 to determine the RTD; and slave base station 64 to
determine the RTD,. From the values of RTD; and RTD,, an estimate of the
time error T,’-T, can be made. However, in accordance with one embodiment
of the present invention, slave base station 64 can be synchronized with
reference base station 62, as follows, when mobile station 60 is not in

40 communication with both reference base station 62 and slave base station 64.
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. above. Once this is done, the forward Iink power of this base station ldadUl 200
be increased to the nornmally operating power appropriate to the slave base
station 64. 5 WVE CLAI M 12J Ul 2002 21 CLAIMS 1. A nethod for tine
'synchroni zing a secpnd base station with a first base station conprising

the steps of: measuring a round trip défay interval of transm ssions from

e T1rS¢, Dase Shabl i By@ TRBLLE SR 8114 LR THEIGR Lot bl e, {1
comuni cat i hase sittivneditbe vehenet REDS icas bepsteternyingd asrdeserihedeabsaeodd base
station to aagitivh, Phebike SRIMNDEE 8nd tréfer@itel Phsk @ERioH BY 00 PrERIAAY iians from
the mobile station gecolving gl (S econdihas, SR o) PRITAY Ak ons
transni t t ed “PPHHECHEBT Feroug g
5 which mobile station 60 spreads its reverse link transmission to the
reference base station 62 is known to reference base station 62. In accordance
with the present invention, reference base station 62 communicates the long
PN code to the slave base station 64 through the base station controller 66.
In addition, using the communication path through the base station
10 controller 66, reference base station 62 sends to the slave base station 64 a list
of values of RTD; each being associated with one long PN code used by one
mobile station 60 to spread the reverse link transmitied by mobile station 60
) in communicating with reference base station 62. It should be understood
that each mobile station 60 will be associated with one particular long PN
15 code and RTD, value. Slave base station 64 then uses the long PN code
information to attempt to receive one or more of the reverse link
transmissions from the mobile stations 60. Since the mobile stations 60 are
not in soft handoff, the signal received by slave base station 64 from mobile
stations 60 will be weak. Therefore, slave base station 64 will typically need
20 be accumulate a large number of PN chips in order to detect a mobile station
60 that is being serviced by reference base station 62.

Slave base station 64 searches for mobile stations 60 one at a time
based upon the long PN codes that slave base station 64 received from
reference base station 62. Therefore, if after a reasonable amount of time,

25 slave base station 64 has been unsuccessful in detecting a reverse link
) transmission from a first mobile station 60, then slave base station 64 begins
searching for a reverse link transmission from a second mobile station 60.

In accordance with one embodiment of the present invention, reference base
station 62 assists in determining which of the mobile stations 60 slave base

30 station 64 is most likely to be able to detect. This is preferably done by
determining the distance of the mobile stations 60 from reference base
station 62. In addition, information regarding the sector from which each
mobile station 60 is transmitting is used. That is, if the mobile station is at a
relatively great distance from the reference station (as indicated, for example,

35 by information attained while performing a power control algorithm), and
the mobile station 60 is in a sector that is adjacent to slave base station 64,
then there is a greater likelihood that mobile station 60 will be detected by
slave base station 64. It should be clear that by reference base station 62
assisting in determining which mobile stations 60 are most likely to be



,) station and noting the tine of reception; determning at the second base
- station, an estimate of the delay which occurs between transm ssion By §enn
nobil e station and reception by the second base station; conputing a timng
correction val ue based upon the estinmate of the delay, tinme of reception at

t he second base station of the transm ssion fromthe nobile station to the
second base station, and the neasured rl8und trip delay interval. 2. The

base st at i of SRSt R SRt AR, e gpSSSH onfl e MG Ton
3. The net hothtivh &4 @i datectwhmpbilnsietipnliswedvagh i s sent to said second base
station from sai thricks¥yveDBRR 24td] @8 -had: achifredBHROGaAEmE:RINMRMh@Ieei N said
nmessage is sent. by said first base statign t% sai d .sec ng base station via
2 base st at RIS REFENI aper hecwat; Rk SvewPer aarian ok deepRas i on and
sai d secohd apeval matdfdhe reversthinkeransthisfion Fj,rand fhipirsean egimpriesting t he
steps of reqRiHd el UM GRIHIRNStalibATE@ B! 1AM iHa¥e QlatiRDidsf Whidhi BNS;
o1 eting @ JIRBISS) 200 ISk Spnb BEn3RL G Or OTY pRte W th sai d
o ). It should be noted that 7, is not directly measured. If the
location of mobile station 60 is known, then 7, can be estimated based upon
10  the distance between the mobile station 60 and the slave base station 64,
since the location of the slave base station is known. If the location of
mobile station 60 is not known, 7, can be estimated from a table of values or
) from a database based upon experience. That is, the path loss between
mobile station 60 and slave base station 64 can be used to estimate y,. The
15 path loss can be determined by measuring the amount of power that is
transmitted and received at slave base station 64. Alternatively, the strength
of the signal received at mobile station 60 (such as a pilot signal which is
transmitted by slave base station 64 and received by mobile station 60) can be
used to determine the path loss between mobile station 60 and slave base
20 station 64. In such an embodiment of the present invention, mobile station
60 transmits an indication of the strength of the signal received to the slave
base station over the reverse link.
The time error is equal to the value of y, minus 71,. Therefore, the
time transfer accuracy is directly related to the accuracy of y,. The estimate
25 typically is accurate to less than the cell radius. That is, the difference
) between the estimate of vy, and the actual value of vy, is less than the cell
radius. Thus, for a cell with a radius of K miles, the timing error due to 1, is
about 5 K ps.
In spite of the inaccuracy of the estimate of vy,, this method of time
30 transfer can provide better timing than can be provided by many other
means, such as by the backhaul. Therefore, estimating 7y, in accordance with
the present invention as described above can reduce the size of the search
windows, and thus ensure that the windows are not excessive. The present
invention also provides timing that is accurate enough that the received
35 signals from iwo base stations do not arrive with the same pilot PN phase,
thus allowing pilots from different origins to be distinguished.
It should also be noted that a complementary procedure may be used
if mobile station 60 is communicating with slave base station 64, and not



22, sending said nessage indicative of the identity of said nobile station.
. 6. The nethod of claim5 wherein said step of selecting said nmobile s{atjygmgy
i's perforned by selecting a nobile station furthest fromsaid first base
station. 7. The nethod of claim6 wherein said first base station
- determnes said nobile station furthest fromsaid first base station in
accordance wth the state of a PN spredder in said nobile station. 8. The
nmet hod of claim6 wherein said step of selecting is performed in accordance
with the secwith referenied bhse statibas®. simtsuon 4 naseprumeedsats de edtirhatedi d
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- 31k F#10%0668sd Jstadidnd FHLQUch cases, the following initialization procedure is

20 provided in accordance with the present invention.

When a slave base station 64 is first powers on, that slave base station

64 may not have the appropriate timing, since no time transfer has yet

occurred between the slave base station 64 and any external timing reference,

such as a GPS signal source or a reference base station 62. Therefore, in

25 accordance with one embodiment of the present invention, when power is

first applied to slave base station 64, the forward link to be transmitted from

) that slave base station is not enabled. Initial timing is preferably obtained

using the backhaul, assuming that no more accurate means is available. The

slave base station 64 then has a reasonable estimate as to the proper timing

30 which is sufficient to allow the slave base station 64 to acquire timing via the

reverse link method described above in section VIII. Once this has been

done, slave base station 64 enables the forward link transmission at low

power. If a mobile station 60 is in the soft handoff region, then the mobile

station 60 reports the presence of the new pilot and time can be transferred

35 using the more accurate soft handoff - method of the
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assist the second base station in receiving communications from the mobile station;
receiving at the second base station communications transmitted by the mobile
) station and noting the time of reception;
determining at the second base station, an estimate of the delay which occurs
between transmission by the mobile station and reception by the second base station;
computing a timing correction value based upon the estimate of the delay, time of

reception at the second base station of the transmission from the mobile station to the

second base station, and the measured round trip delay interval.

2, The method of claim 1 further comprising the steps of:
receiving at said second base station a message indicative of the identity of said

mobile station.

) 3. The method of claim 2 wherein said message is sent to said second base station

from said first base station.

4. The method of claim 3 wherein said message is sent by said first base station to
said second base station via a base station controller in communication with said first base

station and said second base station.

5. The method of claim 2 further comprising the steps of:
receiving communications from a plurality of mobile stations;
selecting a mobile station most likely to be able to communicate with said second

base station; and
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