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5 1. Field of the Invention The present invention relates to comunication

systens. More parti cul mmm‘mmnmmsent I nvention relates to a novel and

| mproved net hod 10 andWﬂMl r synchroni zing a base station by neans
of signals transmitted fromg,pobile stdtion whi ch is concurrently in
conmuni cation w.th ag(nchronl zed base station. Description of the
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t echni ques, such as ti frequency 20
division nultiple acce@@é@@%&oiﬁﬁ%ﬁﬁm such as anplitude
conpandefl single sideband (ACSSB) are known, CDMA has significant

advant ages VELid Q??ﬁe Pﬁ&%’hoﬂodu' ation techni gues. The use of CDVA
techniques ina mnu access comuni cation systemis disclosed in U S.
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St andard for ad Spectrum Cel | ul ar Systenm', referred
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or from any ArGDMA CEILALAR TELEPHONE SYSTEM”, both of which are assigned to
the assignee of the present invention and are incorporated by reference. The
30 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”,
referred to herein as I5-95.
35 In the just mentioned patents, a multiple access technique is disciosed
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
(CDMA) spread spectrum communication signals. By using CDMA
40 communications, the frequency spectrum can be reused multiple times thus



Mandof fs can generally be divided into two categories- hard handoffs 15 and
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pilots over window "R', Table 1, where a chip is PCT/ US98/ 19467 The

searcher wi ndow sizes are provided belowin 1 1.2288 Miz SRCH W N A MAR 2002
SRCH W N_W&Had18sf N RW ndow Si ze (PN chi ps) SRCH W N_A SRCHPOITRUSSE/SH W N

" RWndow Size (PN

chi ps) 048601698028101003101113041412160520132266281432074015452 5 10 15 20

25 TABLE 1 Wndow sizing is a trade-off between search speed and the

probability of mssing a strong path |yihg outside the search wi ndow. The

base station transmts_fo the nobile station a nmessage which specifies the

PN hypot hesée sefhthandefiprpqess dyfaribitating identification pkviahle basg staiomwn PN
of fset. For haxdoPlcendidatespri gi nati ng base station may instruct the nobile

station to search for a pj.lot 128 PN chips,ahead. of .its owm PN goffset. The
nobi | e station iﬂh‘? §§i$oﬂ5§°g§?§ fqa§ess"@z§‘rlg‘?1g’rv“§§ﬂﬁ'88Ifﬁ‘t‘BPEthéﬁ\fhﬁ’b‘é &head in
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(GPS) receiVver, wever , ere are cases wheré a base station rmay not be

abl e to recdand which @rsnot dneludedoin theafkstive Sgt orithe Gandidatesfet).t Amdl s t he
GPS signal ithe #édrei ged BCthe ReinsRG @ Seft WicHESHYISH bE all ithér bR dtaiods. M Ng

synchroni zati on of e stations or m.cro. base stati,ons, Th resent

i nvention provi d@}lg% ﬁ%f‘ S&ﬁ‘&%ﬁ?‘@ﬂ? o %PW%%&OW m%ﬁgg%neﬁﬁeﬁrﬂfzat i on
i n these ci rtherpsendoreisehdN) sequencei of itsf pildte charivedr Kk When 1thed mdRil2002 5
capabl e jaf . Vi tr 'lé.‘e;g,ti L N lRa b eV LG, N

t her ef rc}% aﬁgﬁg‘;ﬁgiﬁcﬁ}ﬁfﬁf& t%gé ase éltq%t %(ﬁldﬁﬂrgf ?\tgtg ?gh,gb%ég‘q%f tﬂ}dg}é |gvi ng

the central i®B Stafien itcpesipimpie @orglptioneperphrnTENesRiEs dhe

i nvention i Hilteredvedeived! signal ds abrratited doan detaph BNabEfset! hypothiases. The
Syreh on 2! e el 5oy p6 BBRLEEE RASHIA TP
in detail in co-pending U.S. Patent Application Serial No. 08/687,694, filed
20 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
25 is not known. This unknown delay produces and 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.
30 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
35 the anticipated delay spread of the multipath arrivals. The CDMA standards
(IS5-95) 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




10 stations are capabl e of receiving the centralized timng signal. The
reference base station has timng synchronization through recei pt‘léf MAR 2002
centralized tinming signal or other neans. In the exenpl ary enbodi nent, the
ref erence DExW/16183ti on synchroni zes using a gl obal positi onPﬁE{%%ﬂéi‘Q"l te
(GPS) receiver. The slave base station |acks the capacity to synchroni ze,
because for exanple 15 of an inability to receive the centralized timng
signal. In the present invention, the slave base station attains

synchroni zation with the reference base ‘étatlon t hrough nessages
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necessary searches can result in dropped calls.

In CDMA systems in the United States, this 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 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



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 30 ' |. Overvi ew, of 2002
Timng Error Conputation Referring to FIG 1, nobile station 60 |'|slr MAR
comruni cation with base station 62, while it is roughly. within the coverage
area delineated by base 35 station coverage boundary 61. Base station 62 is
synchroni zed to the rest of the network by neans of a central timng system
such as the global positioning system (GPS). In contrast, base station 64
is not synchronized to the central tim Hg system Base station control |l er

/i ne_or ot ﬁ%ﬁaﬁgﬁ%ﬁwﬂ ARS8 S A T gl ” 1
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TI Iines. F@_rntﬁé]meﬁ ﬁm Q%Ifhlapds frequency synchroni zati on can be provided
wi th an acceptabl e degree of accuracy through Tl lines by nethods well' 5

known in the art. However, glitches are common in these schenes for
provi di n§ frequency i nf orSEAVIM A RYOF THE ENMENEION in tining errors

whi ch can be corrected by use of the present invention. Because of the
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t

takes a forward | 506 travelin m bas t at o nmobile
station 60 :@ngfggggg' Sft eq{)mu@zerr? %? %3te°'gé5% tl%n 64 can
measure the ti rreQﬂleef &%m@%taﬁe@ntmuﬂemhet signakifxom| thwe slavecrbase| i nk
si gnal fromgseRid,qt ?ﬂeﬁ%m‘é@ %@ ApdrisNBe diffBrehbe bR theYndirkt dofimerd |1 nk

YRR T R R NS
t he com30t ataf dimefit tthleestd signal tootra(réll_from theOplavh chase statidnftorit.c dftpuddstg t he
time error ' fefnrenfiss Cﬂéc@&ﬂr}b% 9"neasurement by the slave base station of the
time difference between the time it received the reverse link signal from the
mobile station and the time it transmitted a signal to the mobile station.
A series of computations described in detail herein are performed
35 upon the measured time values to determine the time difference between
the slave base station and an adjustment of the slave base station timing is
performed in accordance therewith. It should be noted that all of the
measurements mentioned are performed during the normal operation of an
I5-95 CDMA communication system.



First it can be observed fromFIG 2 that: 5 T2 = 21 + ~2, and ~ (1) '~ + .
OT = Ta + T2 - (2) By manipulating the ternms of equations (l) and 12{)Mé$l‘@gz'

fol l ow ng i served: T2 + OT = To +2' "t2 (3) 2' 'C2 prusos/isheT
(4) 15 To ‘glar?%/??lﬁi the notation, a new variable RTD2 is defi nedS as: RIDZ =

T2 - To (5) 20 It can be seen fromFIG 2 that: RTD2 OT T~ =2 + 2 T2 = T~
+ 'Ll + ~L2 Therefore, T2 - To ='d + ~Lz and (8) 30 RTD2 =2 ' 'CZ - ~T

By substitution, it can be seen that thegtinme error (To' - To) is equal to:
To- To ='d -"t2 + AT (9) 35 To -To=zl- CRTD2+42 ~+AT (10) To - To - RID,
- RTIDz + OT (11) 2 2 2 40 Ta - To = RTD, +AT - RTDZ (12) 2 Once base

station 64 knows the gypHpt ' ir 7Y r - pt adjusts its
timng so as to synchronlgel)lg§qi§mqliq%)§nggql§sAew@ﬁ%n 62. a 9 4
MAR 2002 1 WO 99] 16183 PCTI US98/ 19467 9 These neasurenments are subject to
error, so, in a phefieabures oRiectsnand advantages of e preseRk jaKention ewill |
redundantl y beegiae trRofs appareht €roin ahie aletailid HBSeriptiBr getC RIrtle Vel B - wHER
met hod and %Bar atus_for .meas |{}% gach. of .t he n@;:?%ga% ti ma%@val ues in
equation (1 5?‘5“}18&}‘1&@58?%%’ h {he dpawings dp.fhi uFRIEFERCR PBFARETERTD )
FIG 3 is a iflemifydicagespondinigly tthemighgut hadmehereinof t he present 10

I nvention for sy roed 21 S ' 6. h = o ng- Of
reference base sta ig%l' é%mkna%%rhgggs'&t&ﬁgg?&ﬁc ?%%a??%frllgan%?ﬁgdﬁ a
comrences, \WirelesfoEPTENURIGALION SYFIGTR COMMPRISINEaR ireferenqenbaser statinn canshge
station 192 albeBdsRistatio?ge to conduct comuni cations with slave base

station 64. In s 02, ;the raund trip.delay. (RTDI) tine for a sigpal to
travel from ref eﬁ(ﬁt 131%“%%“‘5‘&5??8%“@?? 3a§8§§?|t5a%5t'§{sﬁ’cﬂ?56 et&ﬁ&“%ﬁ&k from
nmobi | e st at iroabil statioref theesymchraneus thase statih iandnthes msyoichibinoss i kasdone by |
al i gni ng t e ld G Bnd WP Lfre§iSortling t&HB Inteey4lg; recei ved by nobile station 60 ’
with the frane b dg[iew frapes being . transm{ted by nobile station 60.
The net hod and ag:gcgr t%8 chart Hugttakingnthe met AT SYRChEONZIRE APASEn t he
art. Thus$, 2Matidrewhichnib-incapmblelofiyedeRfibg)a centraizedrtielirgg sighal;t i me

di fference betwe t he .st.an . r ] f ercence

station 62 and t%gc'spar aofbﬁ?gargéé&r%?:eéfvggéB?fl‘&’%gge?éﬁfég Edgsg%sté’?gegﬁ 62
from nobi | e ¥WVERHIOA: 60. Referring to FIG 4, forward link frames of data

fromreference bage. 5tighiMidckOdiagtam! cfabe \sarcder 3 ttRE NMoBilaNstafibr \of A
t hrough dupl exer_.3. ton?S receiver (RCVR) 4. Receiver 4 downconverts,
filters and %rr?fiﬂtf FREnEeD.

20 FIG. 6 is a block diagram of the traffic channel modulator of the

mobile station of the present invention;
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
25 FIG. 9 is a block diagram of receiver system of the base station of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
30
L Overview of Timing Error Computation

Referring to FIG. 1, mobile station 60 is in communication with base

station 62, while it is roughly within the coverage area delineated by base

35 station coverage boundary 61. Base station 62 is synchronized to the rest of
the network by means of a central timing system such as the global
positioning system (GPS). In contrast, base station 64 is not synchronized to

the central timing system. Base station controller 66 routes calls from the
PSTN to a base station 62 or 64 by means of a T1 line or other means. In



received signal and provides it to searcher 50 and traffic denodul a?)qrg
( TRAFFI C DEMODS) 54. Searcher 50 searches for pilot channels in accord A@eZUUZ
. W'th a nei glipeyeidast provided by reference base station 62. pdfigsosiogdybor

list is provided as signaling data on the traffic channel from 30 reference
base station 62. A signal indicating the start of received franes from
reference base station 62 is provided to control processor 55. Control
processor 55 generates and provides a tire alignnment signal to traffic

modul ator 58 which aligns the start of frames transmtted fromnobile

station 60 wadditione fraguenciosyrichaamizatiopeisverdvidedrdditiase stationofd 6brogsh

Frames of datrg jffegm t he user of nobile station 60 are provided to traffic
nodul ator 58 which in response to the timng signal fromcontrol processor

55 tinme aligns thESR FRORITIME perinds drequensligiynchaerization r canrberproyéded ¢ h

the frames revieh wadadieptabid degfead! atcfilcy througdl driefiags hFsmethddd Wrel2.

The reverge L i nk fragﬁﬁs_ z%geé_ﬁconverted filtered and.anpl ifi&(‘j ~fif MaR
700z WD 981 168%™ ¥ S84 3Tk WaKer, glitches, ane (COMMER i dRess SCRETBES AT ough
dupl exer 3 f groviding frespiency tinforoydtiamt eThese? gliRhes Arquit sint itinmingf eidolps | e
Station by S ' ol r akt h

nodul at or 58 v@?‘d&mﬁaﬁle%esg?}gté‘?g%% Oh%rogn'g{se g?ésrggI% gﬁgéﬂﬁ%é'ov?%gﬁls% og?rl?%lr:re
formatter 20@¢elafignsiiR cRetwisen phase oandefrequensite ther nptesent 2BYeRdian st es

a]pdt aploenplf anﬁeﬁmitféntwidcfiom%@ i ﬁbw%l_( @G%itqgemilb%a&ﬁna?flag@dgaﬁo&?fﬁi?a set
o] ai S. ex r enbodi nent, frame formatter ol | ows
t he fraébfomue$§%¥§gggﬁﬁﬁﬁs?% in 1S-95 and described in detail in
U. S. Patent No. 5Refeoring4 toellGt | 2d ahVENHSDain®d JASTHR RORsHtEsiARRANGENVENT
OF VOCCDER D @%@@ﬁ%@nw ,-NEU&FQ %gg‘)
which is assﬁgﬁ%i# odttﬁgg%gggog the p Ee)?ent 15 mt‘ér&\t on aralgg_

i ncor por at ed 581;‘ 4Lwithcthe Fenized trging of seferpncs hase station 62-oFigmad t o
-eﬂcoder ZPZ \Watle B0@ ilhesthatest the tekrismissione bf arfoﬁoﬂf£nhk§imdr&ﬁt ffbiepide | N

t he exe r ' er i$ a n ut | .1 The
encoded as’? a*égﬁg%ﬁ?@%‘%%%gﬁeé‘%g&} r16t% érlﬂlg‘gvéir}{ezbﬁt% |_lc§0§'g%§}r‘s Re
synbol s i n adE¥sEmisHen Wiy ispdesigaated cantnedtimobile ssationy 6Pothenstartrioé
rﬁgrg_eredtsyml ﬁ tﬁr@nﬂgaghsgeﬂ the M&lesde rm%ap&@d&gu@- alﬁ%‘né&‘%ﬁﬁ@l@'sﬁﬁ’ﬁft t
enbodi nent , r ecei yes,ei oded,.s ol s and ,naps at se
o ounbols’ ¢ Grane aFRPRE ol LRGN TS Phis GeCRuSIRER! & BRBRREGd R (§
spreadi ng nedf952a8 intarporated dins handwarg stesignedolins domformancaganberemith a

| 'ong spreadi nGicRAASE ntethb@$G r i e oi se
(PN) sequenc tchat,s r eads tﬁgl\la a g%g&gi ?%lgérelﬁlt}%a?lgig %lh dgﬁaﬁgﬁn&?he

reverse |ink M tR&8™data from other nobile stations in the vicinity.
I n the exenpl ary dwransthission, 502 clepidts the tramsisissionedf i an rescerse dmdc drameh a

quaternary phas mbbild statbhb9 @%ﬁf&é@;ﬁ&ﬁa@%@%% " FRE tHRE 6 Q_F%\ag %@g | and

Q channel s are spread In accordance wth ) N.sequence. b spread
data is provi'i?é&ap‘ieg?"é’ﬂ? ga%ﬁ $iation g4 o mabilgstation 6QHToHs gavalderthg %@Sofrﬁél
spr eadi ng2POpesigital 03020to tiaveldtami baskc eRitibN G2 W trhobiles batiorPN0s (s G R

provi ded by RALgePLakolanti sl PN ke Ak BARGEIALE gl 03! o7

304, sl ave base I on acquires the Teverse I'gha ansmtted

by nobile staandkngys thesdima atiwhichoif reseived signabii¥2, hass gfationt 62 spave
base station é@npwdithaironad tig ddhhy aafe (RTDH! widICis thefirse valual hédeséady ! S

using to spre dth't CMEG kp k.)f: nal . .1n sponse to this signal from
base station con%'rcéﬁper %@?%:ﬂgﬁ,gibggﬁo’é{t({ T@‘ﬁ 64 perforns a search for the
mobile 30 4 MAR Z@pal\iathH04d4 8Re REVEISBORNK BigiTalltrassmission Gdneembbiled
<about the PNugfidedo bt didg 14 ibfeiR| prbpiRAtne R IPMuIERN bkl o
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
35 takes a forward link signal 506 traveling from base station 64 to mobile
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 time it transmitted its forward link signal to
mobile station 60. This time difference is designated as RTD,. Knowing



Irt the exenplary enbodi nent, slave base station 64 bank loads its
searchers | ong code PN generator 106 and its short code PN gener afdr YAROZ0E
and 110 (illustrated in FIG 9) in accordance with a signal fron19p§§
station cofVP8M¥B366. The searcher process of slave base stF&TENPEH s
described in detail further herein. FIG 7 illustrates the apparatus of

sl ave base station 64. In slave base station 64, a signal from base station
controller 60 indicating the PN of 10 nokjle station 60 is received. This
nmessage i s provided to by control processor 100. In response thereto,

control proc (g t e W .sear ra nt ey.ed, aty f.he
specified PNaﬁggs%%ggcgﬁgpglE%r%?%é@%ﬁgﬁggaﬁr8§hggsagﬁé%§§5r@ﬁoﬁgpéhgiers
to searcher mEthedfor compuating she timet ooz Tohisidedaribed delove base station 64
conducts a search ; [ r it by nobile station 60. The
si gnal received b§ﬁ§ﬁ¥gﬂﬁgaf%géé$agﬁg§gn%%gghé?ation 64 is provided to
recei ver 404 whi ch dgwncon ts, filters and anplifies the receiv si gna
and provi%es it tEZEeérgﬁé¥%i01. In addition, the received signalﬁgg
provided to traffjc 8%qp?ul ors 105 which denodul ate the reverse ggnk
traffic data and %YB i'de ® Hat2data to base station controller 60. Bhse 20
station contgoller .66, .in turn provides it to ublic swtched tel ephone
networ k ( PSTRY. Margpuigting, Ggfrﬁf"."@? & a?‘l‘*?é?"rfo?l]ol‘?n&r Z@t %Edéqlmwmsm%
denodul al®onob$ervbd: reverse |link signal is described in detail in
co-pending U. S. Patent Application Serial No. 08/372,632, filed January 13,
1995, entitled "CEL4 AYIE,202-REMODULATOR ARCHI TECTURE FOR A SPREA[3SPECTRUM
MULTI PLE ACCESS COVMUNI CATI ON SYSTEM' and in co-pending U S. Patent
Application Seri ab- Tg83§lﬁAT77, filed Septenber 30, 1994, entiqh?d

"MULTI PATH SEARCH P SOR FOR A SPREAD SPECTRUM MULTI PLE ACCESS

COMMUNI CATI ON SYSTEM', both of which are 30 assigned to the assignee of the
present i nveiToi ssmpdifyl thenootationa aaevyariebler RTDg ishdefiried. asAn est i mate of the
PN of fset of nobile station 60 is provided to control processor 100 from
base station contro|ller 66._In response to the PN offset estimation

provi ded by base RlE anlzoltrol I er 60, control processor 100 gendﬁhtes an
initial lLong_PN sequence hypothesis and 35 an initial short PN sequence
hypot hes”8 f &t carnke M@Mﬁcbétbéiﬁfor med by sl ave base station 64. In the
exenpl ary enbodi nent, trghiprocessor | 00 bank | oads the shift registers
of PN generators k)& —3p 10. The signal is received by antenng) 102 is
downconverted, filtered2and a&nplified and passed to correlator 116.
Correlator 116 correlates the received y 1 ~ MAR 2002 WD 99! 16183 12

PCT/ US98/,19467 si gadt Lo T kef2conbi ned | ong and short PN sequence

hypot hesis. I.n the exenpl ary enbodi nent, the PN sequence hypothesis is

gener at ed by1ﬁﬁ¥?kﬁﬁying t he short PN hypot heses generated by PN generators
108 and 110 by the I ong PN sequence generated by PN generator 106. One of
the 5 conbined PNTgedo&dee Typdheses i s used to despread the | ch@hnel and
the other is used to despread the Q channel of the received QPSK signal.

The two BR despr e®FRd gR4dl% -&Te provided to fast Hadamard transform (FHT)
processors 118 and 120. The design and operation of fast Hadamard transform
processors i Bylsuhstitikian,iihcatebeiseen thatdhe dimoé errou (% - T) iPegealttoAppl i cati on
Serial No. 08/173,460, filed Decenber 22, 1993, entitled "METHOD AND
APPARATUS FOR PERAGRMINGTA- FASATHADAMARD TRANSFORM', which is assi@ped to

t he assiggpe of the present invention and incorporated by reference herein.
FHT processors 118 and 120 bpla the despread signals with all possible
Wal sh synbols to Hhovhﬂet@pggi—&ﬁ- liajthe resul tant anplitudes tgognergy
conput ati on means (12+Q) 1E2.2 Energy conputati on neans 122 conputes the
energy of the anplitude matrix el enents and provides the energy values to
max detector 124 which sedpots gfs. mugi mum energy correl ation. The maxi mum
correl ati on energi'ks- Tre i tjzccunulator 126 whi ch accumnul éifl@s t he
energies for a plurality 26 of | sh synbol s and based upon these

accunul ated energies, a decision is nade as to whether the nobile station
60 can be‘gjacqui reclr atTt_r_leRTlDNMIT s®TDJ V. Initial Timng Adjust rrenE y
Sl ave Bas€ Station'®25°0nce nobi he station 60 is acquired, then, in‘tf¥ock
306, slave base station 64 adjusts its timng so that nobile station 60

\tf)vi I bte ?bl e %)gcé%ﬁﬁ@§ﬁiiﬁh| m@@tawslr q%ej agndui @ did itiﬂt‘in r@:@é{ﬁ $B{ QITEy), ﬁlhave
ase statl on . CO utes. an 1 nlitla mn a ust nent . er In e
e arLal oD RdineR T LERED 50 Bt o Synehramze St 4Bt ing, of base SEAHOR iz

signal from




30 nobile station 60 and the PN offset which reference base statioq HEMARSE)2
for reception of the reverse link signal fromnobile station 60. Using this
PN of f set ¢id éseeace, slave base station 64 adjusts the tinpogusdsisie pil ot
signal in such a way that when nobile station 60 searches for its pilot
signal it will be within the search wi ndow of nobile station 60. 35 V.

Acqui sition of the Sl ave Base Station by the Mbile Station In searching

for the nobile station signal, it is necgssary for slave base station 64 to
have sone indication of tinme. In the preferred enbodi nent, WO 99/16183 13
PCT/ US98~/ lgﬁh%eRMﬂmn@ntﬁ’ealermh)ecofmseram dmsia at;a‘efanred&mb@dmmnt,at or

below 1 ns b f rﬁYrngH

schenmes whi c%aﬁzgﬁtggsmggseﬂggg@@%t g%’?e v}ﬁp ﬁ@és@%%ggigree %E?ﬂc&cel Vi ng
a GPS si gnal tREIRYRS COFTRELIPR: 4 | evel of |esser precision. One possible

met hod of obt ai niTige anethodeandhp ﬂamsaﬂorﬁnéaﬂﬁﬁﬁg@aéﬁbfﬁﬁb hecesSaryedinl | v

set the téme glﬁeslave ase(%\ﬁt e‘f ag c?ertal n intervals. A seCond nethod
is to set” t h&*HFHE GEYAEP™ PRVWHSIENP€E he i npl enent ation of which is
well known in the art. Unlike the GPS signal, the WW centralized timng

signal is trgnsm {faduAimad of R ‘(/Tﬁgl{%ﬁ RFﬁ)I)S able to penetrate into

tunnel s and subways. wever, receivers-are not capabl e of

Communi cat i ons. RS, Bxerind: JegrbaiHsatng dbe. medod:of ton BoroRR ust s
its tim by i inventiohddrcsymshidniing slase baseé Stationab4 Eokid Enfis tdfqefe@@mtes

tim ng ad USPREIANR 78" Ja et Al iy RRReblsShating ‘pedd: trabaneR 1o
propagati on Hohile bBtatigne A0 shacempuydcation | withe 4efenencepbaseestatiani 621 ap@
Thereafter, sligf raAge 6 cdhAst @ﬁn&@n&’c’%ttﬁdstﬁltﬁ'\élwBﬁé@%‘i’atﬁkﬁ{‘%&atlﬁrs&ﬁn and

74 forward i h acqount ter and greater del ay
ti mes bet Weeaoé'ltgeé'oﬁﬁé Flla&“ié.b Lﬁ’%" BF 13:518Ra} 1o tragel P’G?Eé%?ﬁfﬁmee
station &9 hbaseastatmnedz ttbempbiletstathamrﬁﬂ afd bdcksfrewe rhebite staioro r506¥h

usi ng nor mal fist :

station 64 CerVeB&EQ 0? J\-ﬁyrlf Egg%ﬁagﬁédgﬁmﬁ d(menﬁ% g‘ﬁ\gns descrl bed
above. As isDPRHB an fearaes bging gesawaar'armblim sr@%ﬁom'qtbtth@hémmqs of
di fferent babeuatadiesos fantesdbeihj tEsiiitted fyomdbik satbhe. bYhé hﬁeﬂhﬁlse of

50 1o’ sear ch A t%@séﬁﬁ&%&ﬁuiﬁh&@#ﬁg st RROH SR Eaty, Spdie, "
base stafon the ronnddripedelpy (REBnsisaneasused j agridiei med@ffarematbemgetpthe)t of

sl ave base sispirt Of R4mesNrAesnitRd dr@ieramBNbaétasﬁueﬁfezehth@hsﬁa& of
described relative to. t station 62.

d, PN of f f b
Thi s nessage Fam ?fe’??ﬁﬁ\YFa%é{j’e"%?efleéﬁﬂb?fgégﬁé%‘e%§?fcf‘éf?"f‘&é' Te i a?’i‘t ors 54 and
provi ded to sear cRefersing tonFiesh dopeards inkcframesOofrdatadrom refereace fpase

From 1 of o enes Reb 823 LG4 a"*’i"—‘h“é“%ﬁ*?%f’“;‘!" AR gl pplcher S 802 by
a linear eedﬁ%ﬁerslﬁihw)e& sﬁ@? eiver, 4 d eEs; dilt %‘P iﬁa E\F/T‘Hqgleﬁegb"rl bed
in detail in retevéd ag-mlemmmpmatbspat totseardher o8¢l andt trafficqdemedulatops I ot
signal from W@'ﬁ?@ Nep4 0 ymm&mg

t he recei veds(5| gna S roméﬁ:? ng’baggﬂjsgbl:fl ona%éz?%heg f{wiﬂngse ~, |n
frequency) maceprdapes uith aimeighbordlist mrevidssk bxiretarence b@efﬁt#ﬂ?‘t 16é- pﬁa%e of
the received m‘exgmir, list is /iﬁodﬁﬁ:ar af fd &fata 2o &hélt frafficyclam@iel afrom

frequencypSynghlonl? Bidetlafdh & A8 Ena chcatmé/@h t0 5F Tedetved ‘Frathls 2002
from reference base station 62 is provided to control processor 55. Control
processor 55 generates and provides a time alignment signal to traffic
modulator 58 which aligns the start of frames transmitted from mobile
station 60 with the start of frames received at mobile station 60.

35 Frames of data from the user of mobile station 60 are provided to
traffic modulator 58 which in response to the timing signal from control
processor 55 time aligns the frames transmitted through transmitter
(TMTR) 56 with the frames received by mobile station 60 from reference base
station 62. The reverse link frames are upconverted, filtered and amplified




PCTI US98/ 19467 sl ave base station 64 by neans of a Tl link from base
station controller 66 as is known in the art. The nethod by which l,aw?b&
fiinds the phase of the received signal is by testing a set of phase

hypot heses wo efisissed to as a search wi ndow and det erm ni ng PETRISE8/1H46T he

of fset hypotheses is correct. 5 FIG 5 illustrates nobile station searcher
50 in greater detail. A spread spectrumsignal is received at antenna 2.
The objective of the apparatus is to gain synchronization between

pseudor andom n0| se (PN) sequences gener dled by PN sequence generator 20 and

t he receive read um si naI h is spre by _identical PN
sequences of N B ééa tgén 591%‘9?‘&@1}'0%!‘ Ze’ﬁ’ésé g‘irattfacﬂf"%‘&s‘qnn t he
exenpl ary en&m&ugﬁelhtedmtm . pilot signal generator 76 (of FIG ~ and PN
generator 20 are maximal |length shift registers which generate the PN code

sequences for spreading and despreading the pilot signals respectively.
Thus, the opBk at i dequisitiontefiMohye Syation by Stave Baselfdatienn t he codes used to
despread&he received pilot signal 15 and the PN spreadi ng code of the

eg ster . The. spragas ‘“2%‘?#‘5%*2@%%““’%3‘?%‘%“%? R GRobls sttt 8l | o,

4. Recei verhlzef Hgﬁfmegﬁé fEge PF?Y t‘hﬁ@“ﬁ?ﬁ??’?‘?@%’ %1493 PIB g}e &X Wi des
the signal tmuedmaadlfmgnel formatted . 2(00e gpnexatisnané | apperidsc ansdtt oplcydic t he
20 received gi P at, 0 the
random noi se §V &Nc%%ﬁ%ﬁﬂﬁ%h@%ﬁ%]ﬂet &Jgg?ﬁ%f Iﬁ th@%m Rﬁ and

t he recem/edergbgﬂm\exsthommebéoeggﬁm i 200 yfollaws éb@: eframe fommap opretogel
synchr oni zatstaﬁaaraez"erdctierlsssrmdoale&hbéa nar Q¥taflgn WNSOPhER: N¥PGl400I/5e, t0 PN

o1 caceiiied TS, WAE! 'Syt FORC LR CARRANEREN e I 2
the exenpl ar YOSIMIBERNBATA FIR HéﬁlMASKiNQ}\eﬂ)F TR ANSMEISSEONy yCHAN DIBLar vy
phase shift Kyt @%RSSOJﬁNcHe&%% ed Qo PRV a gﬁgn@%':’&\i Wl {L%Sn? or

the | nodul afi on conponent an se arat sequence tion 30
conponentd to“\YéE‘BPEé’didn\j‘C@m‘?’f'éFﬂd hy HBTAR- el enent 6 rrul t| plies the PN

sequence by lts C'Dl!ié mmm&mgafmﬂmtm oOiﬁHﬂOfiﬁehc@:mi- 20D WS ehh@dés/\o

out put Coroogg T Uiks SR SR 0 oBAH, B PRty empfhT,

sequence. cOmomr @@clﬁnﬂl@!\b’ﬂ ts)rmldenwdmre Tb%}:ﬂﬁﬂ@ldﬂé d@taasy@bghaasefrom
sear cher Conpfcﬁha@d té&\éﬂaaf&mtwm vedkddis e SYAbORS inl Actokddhce UWOTHRLA ON

eri od. e su ucts re i ded f,rom su

R uar | notheaRteaeeminad iRfedieafing Riindl Mn€ Sériered SREIane SARIAEIR | ne
squar es t ogeWrdsh mappe206.618G theé exemplamRerdodiMERNSINAlEBA GTaprer gorm of
the squares p&eRfeRVéi ﬁfj c@de&@&dﬁdﬁg aﬂﬁaﬁfa 2thta9 &P'BI %ﬁﬁﬁﬂlﬁ ﬁom%hx

Noncoher ent ner 14 an e val out put
squari ng rreaﬁ\zmi)l? SefiBfRShe Pr%‘@HGQStWS(P'E gﬂs %&
effects of awhiehspreads dhe Wzﬁsialymbblst memtoi-dmmba/mh& Rireg spreadingnadet

| ock th | & st
Y R P i b i i e i R ki
energy si gnaFpreads &he) atasemﬁ differentiates thadale; fxom thegaverse linknis anesmtt

ener gy val uedaga front sttt tholsite gtlahgﬁb%dﬁe:wmltyed by searcher controller
nmeans 18. The resg{l}rts of eap h of the co gl_rliaons IS therl_E%jD feedbz%fk to
" e

sear cher controll li%_exelrﬂg selwlf% 8taséatf‘3’|1|sép h? AFeY
i ncl ude bot hwitle acquatgsnasy phase chift keying (QREK) mhedwhatiohf fermatharherein| t ed
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64 measures the tlne dlfference betmeen 30 it received the reverse Ilnk
signal fromnobile station 60 (T2} and the time it transmtted its forward
link signal to nobile station 60 (Ti). Slave base station 64 stores the PN
offset at the tinme it transmts its forward Iink signal and upon detection

)



1 4 MAR 2002 ' WD 99116183 16 VII. Timng Adjustnment of Slave Ban Sf'ﬁkl?db
PCT/ US98/ 19467 Base station controller 66, in response, perforns ke 2
conput at | WO P/a8cri bed in equation (12) and sends an i ndi BaT/USPB/\9R6% he
necessary timng adjustnent to slave base station 64. Referring back to
FIG 7, the timng adjustnent signal is received by slave base station 64
at control processor 100. Control processor 100 generates and provides a
control signal to timng adjustnment proébssor 99. Ti m ng adj ust nment

processor 99, geneLat i_.gnal .10 [ hanges ,the finme of tim source
98 by the a Fi(?:&?@ge?%cg_aﬁﬂwi e ﬂnogf}’ef F%‘?hgﬁﬁgegg ttéf"i senaloHery Irﬁgé"r 66.
VWE CLAIM  station\gontpallez 667 CLAIMS 1. A method for tinme synchronizing a
first base stati i t : [ | & e of :
reasUr i ng & roun it LAY SRBEARERE S Ktk SR BaAO RS Cce
base st at i ofedIEharsHions) odgi igsrerator A6and dis siort\gods BN genesatereat® base
station gnd dadckiof (iastsakd iNHIG. 9) & abddah@ wthda 6RIAI FRGAR BAS Sty | on;
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conputi nng a rhobilédstaBbmn e6U iiP e el | ThitC asEAgE 9s WioRided do "BATBRAY] M ound
trip processor 100. In response thereto, control processor 100 computes the
window search range centered at the specified PN offset. Control processor
100 provides the search parameters to searcher 101 and in response to those
parameters slave base station 64 conducts a search for the signal transmitted
15 by mobile station 60. The signal received by antenna 102 of slave base station
64 is provided to receiver 104 which downconverts, filters and amplifies the
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
20 station controller 66, in turn provides it to a public switched telephone
network (PSTN).
FIG. 9 illustrates searcher 101 in greater detail. The demodulation of
the reverse link signal is described in detail in co-pending U.S. Patent
Application Serial No. 08/372,632, filed January 13, 1995, entitled “CELL SITE
25 DEMODULATOR ARCHITECTURE FOR A SPREAD SPECTRUM
MULTIPLE ACCESS COMMUNICATION SYSTEM” and in co-pending U.S.
Patent Application Serial No. 08/316,177, filed September 30, 1994, entitled
“MULTIPATH SEARCH PROCESSOR FOR A SPREAD SPECTRUM
MULTIPLE ACCESS COMMUNICATION SYSTEM”, both of which are
30 assigned to the assignee of the present invention and incorporated by
reference herein. An estimate of the PN offset of mobile station 60 is
provided to control processor 100 from base station controller 66. In
response to the PN offset estimation provided by base station controller 60,
control processor 100 generates an initial long PN sequence hypothesis and
35 an initial short PN sequence hypothesis for the search to be performed by
slave base station 64. In the exemplary embodiment, control processor 100
bank loads the shift registers of PN generators 106, 108 and 110.
The signal is received by antenna 102 is downconverted, filtered and
amplified and passed to correlator 116. Correlator 116 correlates the received




delay interval, said first tinme difference and said second tine difference.
2. A nethod for time synchronizing a slave base station wth a qqf ewg?(zng
‘base station, conprising the steps of nmeasuring a round trip dela a

| east one WQ@9AI6183r ansnmitted from said reference base stati BERTAUSHINObI | e
station and back fromsaid nobile station to said reference base station;
measuring a first time difference between the tine of receipt at said
nobil e station of a signal transmtted from said slave base station and the
time of receipt at said nobile station d2 a related signal transnmitted from

said referen ase LQn: rj e dtine difference hetween the
recei pt at s%gﬁg s?oa\;lzé %é?%?%ﬁ?%g %@gﬁgﬁg%ﬁ Sfégﬁ%ﬁ% k\yg(a{hreﬁgm Z‘éi €obi | e
station and etemplane ehbedimenti sthieorPNf sequenicat dypothpsis is r gameratedl dyave

base statiO',ﬂspﬂ- [ I | [ ith
sai d neasur ngé\ rcl) d HE IHBrSPN Mg&%?éig@ﬁ%bd&ﬁy@ e%gg%%%agg?gwsecond

time differehtleby the &{ﬁgg%?mg genenated st R semeratQro A0ndenevafthel ai m
et or ence b AL R T L o D e on
;ﬁde;gingermb?'i%gr 5‘é§e|%otr?. E%Pr%?dw%é*@“%?l %ﬁﬁfﬁ%?ﬂ?%%%?igggﬁg a digital
signal storage netheiniweorbBiyidegpreadhiigmalseadtebipeovidedr dot ifasts Radeonardbl e by
DL oL GAROBSORSTY BRcSRRA Si0ing W TFe SR ARG By
wher ei n sai dHRdamARG transdonm cPrasessert i éﬁ%‘fﬁ?ﬂ%m «etqih dnseerpendingnbhiur i ng
a round 10 i pPateheApplicativnl Serfal N8N §8) 173)460 sfifedo Detémnbler 20 ,£1998; eerltitfed
station 1o a-RSHGDARD APPARARIEFORCPERPOMNING A AST FRTIRMARD
TRANSFORM”, which is assigned to the assignee of the present invention
and incorporated by reference herein. FHT processors 118 and 120 correlate
the despread signals with all possible Walsh symbols to provide a matrix of
15 the resultant amplitudes to energy computation means (*+Q% 122. Energy
computation means 122 computes the energy of the amplitude matrix
elements and provides the energy values to max detector 124 which selects
the maximum energy correlation. The maximum correlation energies are
provided to accumulator 126 which accumulates the energies for a plurality
20 of Walsh symbols and based upon these accumulated energies, a decision is
made as to whether the mobile station 60 can be acquired at that PN offset.

IV. Initial Timing Adjustment by Slave Base Station

25 Once mobile station 60 is acquired, then, in block 306, slave base )
station 64 adjusts its timing so that mobile station 60 will be able to
successfully acquire its forward link transmissions. Slave base station 64
computes an initial timing adjustment by determining the difference
between the PN offset at which it acquired the reverse link signal from

30 mobile station 60 and the PN offset which reference base station 62 used for
reception of the reverse link signal from mobile station 60. Using this PN
offset difference, slave base station 64 adjusts the timing of its pilot signal in
such a way that when mobile station 60 searches for its pilot signal it will be
within the search window of mobile station 60.

35

V.  Acquisition of the Slave Base Station by the Mobile Station

In searching for the mobile station signal, it is necessary for slave base
station 64 to have some indication of time. In the preferred embodiment,



fromsaid nobile station to said reference base station; neasuri sai d
mobil e station a first tine difference between the tine of .t erﬁfgfsvgliw ARy 2002
forvard | WRI¥I6S%| from said slave base station and the tiffe recei pt of
a forward link signal fromsaid reference base station; neasuring at said
sl ave base station a second tine differences between the receipt of a
reverse link signal fromsaid nobile stajion and the tinme of transm ssion
of a forward link signal fromsaid slave base station; and conputing a
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In the exemplary embodiment, slave base station 64 adjusts its timing
in accordance with the assumption that mobile station 60 is located directly
adjacent to slave base station 64. Thus, the initial timing adjustment is

15 made under the hypothesis that there will be no propagatiox{ 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
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

20 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.

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

25  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
64 can be acquired at a PN phase offset which is described relative to the
received PN offset of reference base station 62. This message is demodulated

30 and decoded by traffic demodulators 54 and provided to searcher 50. In
response, searcher 50 performs a search centered on a PN phase offset about
the PN phase indicated in the signal from reference base station 62.

The pilot signal is typically generated by a linear feedback shift
register, the implementation of which is described in detail in the

35 aforementioned patents. In order to acquire the pilot signal from slave base
station 64, mobile station 60 must synchronize to the received signals from
slave base station 64 in both phase, ¢, and in frequency, @. The object of the
searcher operation is to find the phase of the received signal, ¢. As described
earlier, a relatively accurate frequency synchronization can be supplies to



a second base station that is not in si gnal synchronization with said
comuni cation system a digital processing means capable of proc %SMV\R 2002

digital ma;& ?.H gans for: measuring a round trip delay intepy¥plisdsiosss
transm ssions"tromsaid first base station to said nobile statlon

measuring a first tine difference between the tine said nobile station
receives a forward link signal fromsaid second base station and the tine
said nobile station receives a forward ljgnk signal fromsaid first base
station; measuring a second tinme difference between the tine said second
base stati orslavedmise statianrédvey seeahs ok asTglink froonbswi statiobidoatrsilet 66asand
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ant neasurenents Immng-‘a nent
conput at i on. gensratqth Y&Nh'iyaupaceaeeafzméﬂwndhﬂtﬁ aeqﬂm)ed fﬁpmaldewmm. si ng

the step of gigidlgwhiclavier qsl@aef b%a;a@nheﬂemds ﬁé'éserﬂi“hﬁkhawﬁalﬁ\a%et i m ng
adj ust nelrat %:Fs lgtlog A 20056 1&@ mft hogl k’n acgorg)r% e wth
claim 2, mitted 4 XB@HG "'Hst"‘ e P o Fé%@? Py ecmpgAument, tted
fromsaid rephlm‘srgnal geseragirat6 (of FIG. 7) and PN gehertatamn20 arererasdmeld laigthai d
reference baggs Sfedist@s- which generate the PN code sequences for spreading and
despreading the pilot signals respectively. Thus, the operation of obtaining
synchronization between the codes used to despread the received pilot signal
15 and the PN spreading code of the received pilot signal involves determining
the time offset of the shift register.
The spread spectrum signal is provided by antenna 2 to receiver 4.
Receiver 4 downconverts, filters and amplifies the signal and provides the
signal to despreading element 6. Despreading element 6 multiplies the
20 received signal by the PN code generated by PN generator 20. Due to the
random noise like nature of the PN codes, the product of the PN code and
the received signal should be essentially zero except at the point of
synchronization.
Searcher controller 18 provides an offset hypothesis to PN generator
25 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
phase shift keying (QPSK), so PN generator 20 provides a PN sequence for
the I modulation component and a separate sequence for the Q modulation
30 component to despreading element 6. Despreading element 6 multiplies the
PN sequence by its corresponding modulation component and provides the
two output component products to coherent accumulators 8 and 10.
Coherent accumulators 8 and 10 sum the product over the length of
the product sequence. Coherent accumulators 8 and 10 are responsive to
35 signals from searcher controller 18 for resetting, latching and setting the
summation period. The sums of the products are provided from summers 8
and 10 to squaring means 14. Squaring means 14 squares each of the sums
and adds the squares together.



12. A nmethod for tinme synchronizing a slave base station with a rffze@ﬁceuaz
base statlo(gamc]ﬁ%gorl sing the steps of neasuring at said ref ﬁ%ﬁd‘ﬂ

.station a% rip delay for at | east one transm ssion from sal

ref erence base station to a nobile station and a transm ssion fromsaid
nobile station to said reference base station; acquiring at said slave
station a transm ssion fromsaid nobil ejsstation; adjusting said slave base
station tine reference, if necessary, to allow said nobile station to
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with the ti mgg of Ssa“ld reFerence station if said tine correction val ue
exceeds a p?% EEPRTEa™ B ue. 14. An article of manufacture conprising a

digital signal sintheeresent imvenimdseaghenconmellerdsabipts the RN phase
executabl e Ry whieh qt 5phchtbAZRE 1o B£8Rt 64.” ThidBHs€OR2usell to compute
15 the time error as described further herein.

In the exemplary embodiment, when mobile station 60 acquires slave
base station 64 it computes the difference between the time it received the
signal from slave base station 64 and the time it received the signal from
reference base station 62. This value is provided to message generator 52

20  which generates a message indicative of the difference value. The message
is transmitted as signaling data on the reverse link to reference base station
62 and slave base station 64 which send the message back to base station
controller 66.

25 VI. Measurement of Delay Between Transmission of Forward Link Signal
From Slave Base Station and Receipt of Reverse link Signal at Slave
Base Station

In step 311, slave base station 64 measures the time difference between
30 it received the reverse link signal from mobile station 60 (T,) and the time it
transmitted its forward link signal to mobile station 60 (T,). Slave base
station 64 stores the PN offset at the time it transmits its forward link signal
and upon detection of the reverse link signal from mobile station 60
computes the time difference RTD,. In the exemplary embodiment, this
35 computed time difference is provided by slave base station 64 to base station
controller 66 and the computation of the timing adjustment is conducted at
base station 66. It will be understood by one skilled in the art that the
present invention is easily extended to the case wherein the computations

are performed at the base stations or mobile stations.



apparatus, wherein said nmachi ne readabl e instructions are capabl e qf :
governing a function of a hardware device, and wherein said nmachi nglf MAR 2002
readable in j,ons conprise the steps of neasuring at sa'ﬁ ref erence

base stati ﬂég&}ﬁyhd trip delay for at |east one transm ssih TUSEEY, ¢

ref erence base station to a nobile station and a transm ssion fromsaid

nobil e station to said reference base station; acquiring at said sl ave
station a transm ssion fromsaid nobile 1s6tati on; adjusting said slave base
station tine reference, if necessary, to allow said nobile station to

receive a transm ssion fromsaid slave base station; acquiring at said

nobil e stati a transm,ssion fro ai d sl ayve station; neasuring at said

mobi | e stati g’li]‘a *ﬁWﬁg%§WQEQW gg]éiﬂ,‘@d%’éF%éH%‘he time of receipt at said
nobile station of a transm ssion fromsaid slave base station and the tine

of receipt at sailasesiiation sontroler 66, in resporme] peiforms thecemipghtagder ence
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wher ei n sai dSIgRaHram basepiption rortrolgriG6ons furt her conprise the step of

adj usting said slave base station timng in harnony with the timng of said
reference StWé &MIM,sai d tinme correction val ue exceeds a predeterm ned

val ue. 16. An apparatus used to synchroni ze base stations in a

comuni cations system conprising: at |east one nobile station

comuni catively coupled to said conmunications systemand.in signal
synchroni zation with said comunication system



1 ~ MAR 20D2 22 a first base station conmunicatively coupled to said
communi cations systemand in signal synchronization with said 14 2002
comuni cations system said first base station including a first maar@t\a op
measuring a round trip delay for at |east one transm ssion fromsaid first
base station to a nobile station and a transm ssion fromsaid nobile
station to said first base station; aldecond base station communicatively
coupled with said nobile station but not in signal synchronization with
sai d communi cations system said seCbadM$se station including a second
means for nmeasuring a round trip delay for at |east one transm ssion

bet ween sai d second base station and said nobile station, said round trip
del ay correspendin td } SSi L i i cond
base station from ga’?l%h%g?rlﬁeﬂ%?yg{cﬁoﬁ%gﬁgmta %efres@tgtg&lre‘lg}{gg e eﬁﬁfghgﬁﬁsi on
i s transstatiorecbnfiprismgsthe stepeafond base station to said nobile station;

wherein said nobile statign.includes a third neans for measurin he tine
di fference bemngf?eroﬂ"flgré"_ﬁdf’ Haferedio ﬁraP?IB‘r'??‘QBﬁ &'Ogiea; def{?}'ﬁ‘ge Hionis
recei vedgsaiors @i § e fatihndhl QrAMcdif With8aid rbfeAthielibasd Qaidd aia said first
base station is received at said nobile station; a neans for conputing a
second béem ssidamplite datinmite srid refefevee base stiomnt tinming correction val ue

using said ne I g . Sfor. adj.ustin ai d ond base

atat Yon s sy rORrBRE At fi SRRIARENE St infitRleh s aReen S SRER B,
first basfa $éreardlink kighsll florhisaid Gt baetstadion\aal ke thheastdsceiptiufed fireard ned
val ue. 17. The signal processing machine in accordance with claim7,

further BEegsignafrom spidieferengediase@lpialti ng sai d second base station's
synchroni zat i i A hZat.l I ¢ cation
systemif sai @@ME%{)@@@@?%&%@Q%&@@ g‘ﬁgh‘g?"téé etg grg{‘nve'%ghﬂe v%?ét}gg@fl& The
nmet hod i areverserlibdknsignaliftom sdidinmobitle stdtioneind thatichet ofrtrangmissioneaftd forwaal ue i s
in accorgdance wi.th a.tiLm error between said slave base station and said
refer encg‘?]bﬂg’éa\?n@ﬁ f‘ab‘ﬁwhﬁfﬁggﬁéia&% ng error equals (RTD 1 +~T-RTDz)/2; 1
4 MAR 2002 23copiiitidih mﬁtg dotredtidrPVlee I ARofiBh@YwitR saifliméR&RH rOMRI trip
transm ssion fromsaid reference base station to a nobile station and a
transm seé¢lapnintarvah said Hrshtimie differenceiand said second timerdiffergnee. base st ati on;
wherein -~T is atinme difference between the tinme a transm ssion from said
sl ave base station is received at said nobile station and the tine a
transm ssi on 2r om Aanheéthédfoe tiarcsynblasnizitigal slawe base statien with aatfeseaicd bambi | e
station; and wherein RTDZ is_ a round trip delay for at |east one

transm sHAEM. SINDESIRG heisters PEve base station and said nobile station, said
round trip de,lneysuﬁﬁ% b SSRHA Wb M31aly Fof N9edst e Aghdl HARFhREH Ao Srid REGENED at
said sl ave base station fromsaid nobile stalion and the tine a rel ated

t r ansmi sbasemstation tte armsehilet stationrand hagk diropi sard nipddle statian ito saitl gefsrande badsi | e
station. t]19' .The article of manufacture in accordance with claim4, wherein
said ti n??ibon(:orrecti on value is in accordance with a timng error between
sai d sl ave bameasatiag adiistaiife difference between the time of receipt at said mobile station

of a signal transmitted from said slave base station and the time of receipt at said mobile

station of a related signal transmitted from said reference base station;

measuring a second time difference between the receipt at said slave base station of
a signal transmitted from said mobile station and the time of transmission of a related
signal from said slave base station; and

computing a timing correction value in accordance with said measured round trip

delay, said first time difference, and said second time difference.



said reference base station and said timng error equals (RTD1
+-~T-RTDz)/2; wherein RTDL is a round trip delay for at |east one1 AR 2007
transm ssion fromsaid reference base station to a nobile station é{ng] g
transm ssion fromsaid nobile station to said reference base station;
wherein -~Tis atinme difference between the tinme a transm ssion from sai d
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nobi l e station. 21, The nethod in accordance with claim 12, wherein said
timng correcfiedshring at said mobile station a first time difference between the time of receipt

of a forward link signal from said slave base station and the time of receipt of a forward
link signal from said reference base station;

measuring at said slave base station a second time differences between the receipt
of a reverse link signal from said mobile station and the time of transmission of a forward
link signal from said slave base station; and

computing a timing correction value in accordance with said measured round trip

delay interval, said first time difference and said second time difference.

5. The article of manufacture in accordance with claim 4, wherein the
machine readable instructions further comprise adjusting said slave base station timing to
coincide with the timing of said reference station if said time correction value exceeds a

predetermined value.

6. The article of manufacture in accordance with claim 5, wherein the
machine readable instructions further comprise handing off transmissions between said
reference base station and said mobile station to said slave base station and said mobile

station after said slave station timing, if necessary, is adjusted.
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measuring a first time difference between the time said mobile station
receives a forward link signal from said second base station and the time said mobile
station receives a forward link signal from said first base station;

measuring a second time difference between the time said second base
station receives a reverse link signal from said mobile station and the time of transmission
of a forward link signal from said second base station; and

computing a timing correction value in accordance with said measured

round trip delay interval, said first time difference, and said second time difference.

8. The method in accordance with claim 2, further comprising the step of
adjusting said slave base station timing to coincide with the timing of said reference base

station if said time correction value exceeds a predetermined value.

9. The method in accordance with claim 8, further comprising the step of
making said measurements repeatedly and disregarding aberrant measurements prior to

making a timing adjustment computation.

10.  The method in accordance with claim 9, further comprising the step of

using an average of said repeated measurements to make a timing adjustment computation.
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apparatus, wherein said machine readable instructions are capable of governing a function
of a hardware device, and wherein said machine readable instructions comprise the steps
of:

measuring at said reference base station a round trip delay for at least one
transmission from said reference base station to a mobile station and a transmission from
said mobile station to said reference base station;

acquiring at said slave station a transmission from said mobile station;

adjusting said slave base station time reference, if necessary, to allow said mobile
station to receive a transmission from said slave base station;

acquiring at said mobile station a transmission from said slave station;

measuring at said mobile station a first time difference between the time of receipt
at said mobile station of a transmission from said slave base station and the time of receipt
at said mobile station of a transmission from said reference base station;

communicating said first time difference to said reference base station and said
slave base station;

measuring at said slave base station a round trip delay for at least one transmission
between said slave base station and said mobile station, said round trip delay
corresponding to the time a transmission is received at said slave base station from said
mobile station and the time a related transmission is transmitted from said slave base
station to said mobile station; and

computing at a base station controller a timing correction value for said slave

station in accordance with said measurements.

15. The article in accordance with claim 14, wherein said machine readable
instructions further comprise the step of adjusting said slave base station timing in
harmony with the timing of said reference station if said time correction value exceeds a

predetermined value.

16.  An apparatus used to synchronize base stations in a communications
system, comprising:
at least one mobile station communicatively coupled to said communications

system and in signal synchronization with said communication system;
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a first base station communicatively coupled to said communications system and in
signal synchronization with said communications system, said first base station including
a first means for measuring a round trip delay for at least one transmission from said first
base station to a mobile station and a transmission from said mobile station to said first
base station;

a second base station communicatively coupled with said mobile station but not in
signal synchronization with said communications system, said second base station
including a second means for measuring a round trip delay for at least one transmission
between said second base station and said mobile station, said round trip delay
corresponding to the time a transmission is received at said second base station from said
mobile station and the time a related transmission is transmitted from said second base
station to said mobile station;

wherein said mobile station includes a third means for measuring the time
difference between the time a transmission from said second base station is received at
said mobile station and the time a transmission from said first base station is received at
said mobile station;

a means for computing a second base station synchronization adjustment timing
correction value using said measurements; and

a means for adjusting said second base station's synchronization to harmonize with
the synchronization of said first base station if said time correction value exceeds a

predetermined value.

17.  The signal processing machine in accordance with claim 7, further
comprising a means for adjusting said second base station's synchronization to harmonize
with the synchronization of said communication system if said time correction value

exceeds a predetermined value.

18.  The method in accordance with claim 2, wherein said timing correction

value is in accordance with a timing error between said slave base station and said

reference base station and said timing error equals (RTD; +—>T-RTD,)/2;
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20.  The signal processing machine in accordance with claim 7, wherein said
timing correction value is in accordance with a timing error between said second base
station and said first base station and said timing error equals (RTD; +— T-RTD,)/2;

wherein RTD, is a round trip delay for at least one transmission from said first
base station to a mobile station and a transmission from said mobile station to said first

base station,;
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22.  The apparatus in accordance with claim 16, wherein said timing correction
value is in accordance with a timing error between said second base station and said first
base station and said timing error equals (RTD, +—-T-RTD;)/2; and

wherein RTD; is a round trip delay for at least one transmission from said first
base station to a mobile station and a transmission from said mobile station to said first
base station;

wherein —>T is a time difference between the time a transmission from said second
base station is received at said mobile station and the time a transmission from said first

base station is received at said mobile station; and
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