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MOBI LE STATI ON SYNCHRONI ZATI ON W THI N A SPREA
NI CAMCCNE OB STEM | BACKGROUND OF THE | NVENTI mpcg}%%g’m%

chnical Field of the Invention The present invention
relates to spread spectrum communi cati ons systens and, I n
particular, to timng synchronization of;a nobile station with a base
station in a spread spectrum conmuni cations system
Description of Related Art 10 The ceIIuIar t el ephone industry
has made phenomenal strides in comrer oper.ations throughout the

world. Growth in major MWl&%TmEgmﬁgﬂgNI@m

The of fects of WITHIV W SERERY SeREHROM ERBNICATRORS PRSP 0 ™o

mar kets. The predom nant problem wWith respect to continued growh
is that the custoner base is expanding while the 15 anount of

el ect r omagnBACKEGRYNINOE | THE NYENTIQMI | ul ar service providers for use in
carrying radio frﬁgﬁencpiT clgm gat ions remains fixed. Innovative sol utions
are > requi easi ng capacity needs inthe limted
avai | abl e spect r UrRegtesent inventio¥Rlidtestd sﬁx@am&tx@hﬂc&hﬁbmemﬂstsyst&ﬁg ¥hee and
avoid rising prices. Currently, channel access is prinmarily

achi eved usitngartatpretecymidigyiysciimonization of Mmhllplseatmwgb a(tRBN/pptiandn Fi me
D vision Mul ti Ie A cessrgm %%%Hrhet hods frequency division
nul tiple accc’gg %mco SSXFOn channel conpri ses a single

radi o frequency %%HM transm ssion power of a signal is
concentrated. In time division nmultiple access systens, a conmmunications
channalo c’th:ndngm telepliome isdustryihas anade m'hcdcbmemal atridesfn commeidgrler val s
over the sane i g, fregu lthou factor erformance i s
bei ng obt ai r‘l’é’ﬁra?l ‘gﬁ@/"\“ﬂfi Growthin m?98 ?“(ﬂga s%’é?aé'r?ﬁ‘ s nnel
congestion @Hﬁe&aﬁ’ioh@ﬁfdﬂ@@ﬁt Fﬁl%tsﬂ?% ?Tgﬂiﬁ?dlf thls trend &ﬁlm&l theQffebisof

Accordi ngly, alternate chann ccess hdds are now bei ng
proposed, caapiddzowth wiltisdanyieasteenendhe smallest markets. Theprastaingne prablem

comri ses 2 SATULCAL one LeEhnLONc, Lol ! & (o0 00 % Qo nnaRa L She
15 amount of electromagnetic spectrum allocated to cellular service providers for use in
carrying radio frequency communications remains fixed. Innovative solutions are
required to meet these increasing capacity needs in the limited available spectrum as
well as to maintain high quality service and avoid rising prices.
Currently, channel access is primarily achieved using Frequency Division
20 Multiple Access (FDMA) and Time Division Multiple Access (TDMA) methods. In
frequency division multiple access systems, a communication channel comprises a
single radio frequency band into which the transmissibn power of a signal is
concentrated. In time division multiple access systems, a communications channel
comprises a time slot in a periodic train of time intervals over the same radio frequency.
25 Although satisfactory perfc;rmance is being obtained from FDMA and TDMA
communications systems, channel congestion due to increasing customer demand
commonly occurs. Accordingly, alternate channel access methods are now being
proposed, considered and implemented.
Spread spectrum comprises a communications technique that is finding

30 commercial application as a new channel access method in wireless communications.



- 2- Spread spectrum systens have been around since the days of ’
Wrld War 11. Early applications were predom nan%&/ﬁds}ogf%y
2% Wever, [ "

oriented“f% ?an to smart jamm ng and radar) . ere is
an increasing interest today in using spread spectrum systens in

comuni cations applications, including digital cellular radio, |and nobile
radio, and 5 I ndoor/ out door personal communi cati on networks. -

Spread spectrum operates quite differentby fromconventional TDVA and
FDVA commruni cations systens. In a direct sequence code division nultiple

access g]i)reacﬁ St ystpisafde %@@rg bfdhiy tsfnr%Tg Z}F@ Erké’tg 'of WEfld & B! Gary

digital synb stream at “a asi c sy e is spread to a
transmt synigrlicatidme wWere predgminatd) milithiysosenteh (ielaging Qo smart jaopeingtandn
i nvol ves appl yi ng.a user unique digital code (the spreadi n&cor si gnat ure
sequence) t o"Iffd SPWBHAN Wheredsan RFTaASing Blereataday ip ¥siay sRrepd SEECHURNYFEMAddi ng
redundancy. ; : ' Ry | i.pn: tynpi.cal € Pl : gi tal
synbol st real%cgmuﬁneca %S?P@%%%ﬁg&c%lentg digitdl cmm%{epg%lh flaiﬁgﬁ}[oﬁagﬁgﬁlgtatg dat a
sequences ( cindpsroutdeort presonainabuhniiscationi regvarksappr opri at e _
nodul ati on schene_to generate an output sjignal. This output signal .
(referred to as aSBEsad spectrusmoppmtes auitshdifisreatly fegm iC@nﬁﬁi‘é‘ﬁﬁéngM‘% apfl| ot
channel) i s @%@ﬁ&ﬂmﬁ}d@%ﬁ?rﬁ's%tgﬁgl Xn ﬁdirec segué?{cg%%eggﬂis(dn'rﬁultipl%parcg@sg)

s (c S mul ti - a

out put signa anne or channe ransn ssron over

comuni cat i ofI3S4GDMA) sprehl @pevtiupvtrasdintittad, Sorodxathiple, igitall setilsol GaBANRAERS)
advant ageous] y_then share one transm ssion communi cations frequency, wth
t he basin symhod rage gnsprepdatgetipnsmyt sybed rate dox eip sate): ophis Spreading ot her
in both,the / i nd the .fi [ se 1
appl i ed digi %%ﬁg‘!é%@@soogvgse aﬁ%ltgl{rggtrjgﬁ?%ﬂ@f" que (Eg&al %%%&%%gégfeaglggﬁwosﬁﬁnﬁuﬁesi gnal
transmtted sdeencéle thdymbel st GiktdaiStsisyiabisladR)vhik adding redundshéy. | ar |y
uni que, and through the application of proper processi %t.e_chni ues at the
recei ver naylBeapplisttiongyniestis multinkies thecdigital sembol streem dy ke dipivel cope.eThe
spectrum . l: e received.signals a u d_and the
ppr opr i at e 15ritine ERBNE] dark S loBES' B9 rg IRt f b BB HEbE PR

(i.e., multimpbdsistiorscheme éhgeherdte afl @GP SignalOThisSF Y@ sidhal (referred to a€#di ng
fromthe desired transmtted signal and return to the basic synmbol rate.
&

Wer e 15 chanpel; such; a5 & draffioghanng! apsi piley qhanasbnisr added rig ratheresimilady
ved si . . ; . |
erntan chopBbased UG ARRS ol iy PR AIRARY hsFisldito onel
ef fectivel y £ormmmeecatians Gheédhmt i Orhepbegﬁs Ssigf0 af | mgltiple us@s elchthel) gnal
e.

with the 3 0 appropriate digital code o .
advantageously then share one transmission communications frequency, with the

multiple signals appearing to be located on top of each other in both the frequency
20 domain and the time doméin. Because the applied digital codes are user unique,
however, each output signal transmitted over the shared communications frequency is
similarly unique, and through the application of proper processing techniques at the
receiver may be distingui_éhed from each other. In the DS-CDMA spread spectrum
receiver, the received signals are demodulated and the appropriate digital code for the
25 user of interest is applied (i.e., multiplied, or matched) to despread, or remove the
coding from the desired transmitted signal and return to the basic symbol rate. Where
this digital code is applied to other transmitted and received signals, however, there is
no despreading as the signals maintain their chip rate. The despreading operation thus
effectively comprises a correlation process comparing the received signal with the

30 appropriate digital code.



-3 - Bef ore any radi o frequency comruni cations or

i nf or nat i‘mgg/&@ﬁsf er between a base station and apooBEbS0133HL I ON
of the spread spectrum conmuni cati ons system can occur, the nobile
itation must find and synchronize itself to the timng reference of that
ase station. In a direct sequence code division nultiple access spread
spectrum 5 communi cations system for exanple, the nobile station nust
find downlink chip boundari es, -3ynbol boundari es and frane
boundaries of this timng reference clock. The nost common

solution inpl emenBefbré eny hidid fyquehcypcomminioatiqns @b irfornmont thansfea between
station periodically transmt (wth a repetition period T[err]) on a pilot
channel , and? base station and 2 mabjle;sfation OF theRread Seeqtruih EOTPRYRICILONS FYSER SR zabl e
pil ot code [ e | 10. . ' . In
ane type of %tﬁmﬁ%@?f) Jli\llc? Ré?in&??ggﬁxc@gégggeslfé 05??%3% IJef‘eré:dc@lal?'a.tﬁat%i lizes

a different,bdspatatign. | i aciddet seyiencel ¢od divisieh miltiple aictesd|spreat |spectaggles. I n
anot her type of CDMA_ conmuni cations system each base statjon utilizes the
same 5 commupIcationgSystamy Hordexamnle ibe snohile stationyang finddownlinkyehip g
identified t A g . di.ffenl .

transm ssi ongsgu%%bes’ Qﬁnﬁj&%o%danleﬁ aml,'(gr agﬁrbeoggﬁésﬂég(?? Ir&g%ﬁ?négc%{e\gégg&gfd?%e

nobi | e st at i Tite mbs1€omapaisviatosingiléthéntéd & this synchronig@ioaditbbiemchag tick kuge! | ed
to a filter matched to the pilot code(s). It is, of course,

under st ood t¥gttoreperiodiratly trassmit (Witha sepetitien periadc B, hen & pilet shgneddrandithe i on,

may be used . . |10t code processin The—-o of. the nmatched
filter peaksmg?lletsltartr'gg dg{ecp%nd P’°8%§F’rae‘§e6%$f&%ai’5@ Ifcfhom freE Fet:gg%i%%%hn&b ic&gg &f the
peri odiccal | yshbwa s RIGURE 101Th Bie 1§9616f COMEA dorfimunicatibfls $ysRne eh&iiase Sation

mul ti-path propagation, several peaks may be detected relating to a

si ngl e pi | otutdizge atdifersnt, &opwn pilpt eedeptaber oma setfsvailable piletcodeskin i n a

known kmng reference with r ect ..to t.he transmtting
base stati Onan%@@ﬁﬂ% g{jﬁgwmgmum ‘PHP %’ﬁteght?ﬁﬁhe%%? Séa‘ﬁgluhp%)estth% same
repetition psilot @8del vt diffedehcdsRiw&Rdabd st@ioRVein@ddSfified Shrbtigh the use of
frame | engt then this timng reference may be used to franme synchroni ze

h, tt et
mobi | e 2 5 differingphases fonthedsansmissigns.on cormuni cat i ons operati on.

Whi | e ;any | engt h Qf .0, chips for.the.transm.tted pjl ¢ . r may
be 13! sel ec etgé\lslggadasl)ﬁ?%%’f’irg%ﬁweﬁﬁf Eréermstm? sﬁagw& ﬁeg%ceﬁfég%éngﬁia%es is
limted by tdencdulark@tintlapglied to a filter mhftBed S RREslol cb8&tE). | M, &sTRiduad, i n the
nmobi |l e station receiver. At the same tine, it is desirable to

linit the i nddasstopdabuialisaake drieationprkemes, sush as plidipg erreletinne mey aased hannel

30 transgissions jn_order not..to cause hi,gh ipnst neous i nterference
with ot her Z%lrreéic?? dode procfz%s&gct r L PP&WZ ﬂﬁt@d“@?cgﬁi{@fééh%%gél%nw obt ai n
sufficient aoofesPendi/R thekdRplieiSRMes of the periodically transmitted pilot code. Due

20 to the effects of multi-path propagation, several peaks may be detected relating to a

single pilot code transmission. From processing these received peaks in a known

manner, a timing reference with respect to the transmitting base station may be found

with an ambiguity equal to the repetition period T,. If the repetition period equals the

frame length, then this timing reference may be used to frame synchronize mobile
25 station and base station communications operation.

While any length of N in chips for the transmitted pilot code Ep may be
selected, as a practical matter the length of N o in chips is limited by the complexity of
the matched filter implemented in the mobile station receiver. At the same time, it is
desirable to limit the instantaneous peak power f?p of the pilot code signal/channel

30 transmissions in order not to cause high instantaneous interference with other spread

spectrum transmitted signals/channels. To obtain sufficient average power with respect



-4- to pilot code transm ssions given a certain chip length

Nerr], wégml%ecome necessary in the CDVA comupCTBELOBS :gyStem
to utilize a pilot code repetition period T[err] that is shorter
than a frane length T[err] for the pilot channel as illustrated in FI GQURE 2
Anot her reason for transmtting nultiple pilot codes [err] within a single
frame 5 |l ength T[err] is to support inter-frequency downlink

synchroni zation in the conpressed “*“nmode known to those skilled in

the art. Wth conpressed node processing, downlink synchroni zati on
on a given ca® pﬂ@rcwpgqn@nwm@@rweéwmmm éﬁmgﬂhgpdhm,aybammmma frame

onl yone. pi 1 Ay COMARGHRLRk R SRlect & wiRR pitc} chde BERH R mop 'S

processi ng c@Hbledtha® a Béeie langth ol fdr&ﬁ@bﬁé&hannelhs Hﬁsﬁ’ﬁéd ROFIGRIREtI ng t he
pil ot code conpletely. By transmitting rrultli) e pilot codes [err]
(4

during each frane, Arather rpmncfppcranmitmngmubr@ NIMKPQer@p g’ilth@rﬂ $10g e fime
conpresged | east rgl | ot code

t
transni 2si Omfgngqtli\ elS (E%B roch?er-tn gquegcf 88‘3&&8‘[ SYGRE romzatxon in tRe o Presssther e
i's, however, ngoddn@wiasck tl-Wsé Qin&spast ako WﬁH@&hbﬁb@se@Qﬂo@ﬁ?ﬁEﬁsﬁﬂb Z@4 00,15
experienced with multiple pilot code [err] transm ssion wthin a si ngl"e
franme | engt h syfichroriization on a giveAgaiier frdquenayde careidd ngdtairg anbepatenbal dtzated

and a Iledtoafllt correl at or to,.the known pil ot
oo T Rhe’ outiEr than Glringdeciian) (e RO fa oltds PofRLS then, With nty 616 S

cor r espondi n&oae 2 hger ﬁ&:ﬁ@tmg@caﬁﬁﬁseefm&i@pﬁeéés&gl doRld sk baasItibhgd . pi | ot
code. From P “processi ng these peaks, a timng reference for the

transnitfti ng tmmnsddeuemmgrtbt pilotregde oorﬁpletely Byttmsrpxtﬂmgtmudopie pi@petet ix ion
period Tp may, be fou}r]‘nﬁjr in the. manner wel |l \% in ?
However, thi StUHgiSagh Frame, By H’l? QP%W@M ame 4’%?&8{5 O GOMAREsSed Higle

timng and t HdScessing detectid@eindQt wars?%ﬁetpuaytcw&kﬁﬁémxgﬁérpw%h% b-enabl e

base/ nobi |l e station frane synchroni zation to the timng reference
By ambi guous detectisn.meant that the boundary of the frame (i.e., its
synchroni zat i on) nnot be ident | fied fromthe detected pi ode 25

peaks al one. Thus, 1 BoARERYS ohdAWORCE WéthtrFScPr‘i’g?ﬁos@F"(%’OBPnﬁirﬁY“ccﬁfﬂ”ézaﬁi“Fot

codes [err] expérienced Wikt ﬁ\hﬁipﬁ: plioPeb&e £ afRshREBh Rvithes Sihgle HaBRAh KISt s for
a procedure to determ ne frane ¥ synchroni zati on. SUMVARY

OF THE | NVEN® g, the received signals afead¢mdédidated ahd appliesietoss fittérofor tooamekmeysi on
L 2 SPr g SRPEL LU B0 oy SOITHALCRLL QTS RYBLETE Rhl SRS L0 B2 O
corresponding to the reception times of the periodically transmitted pilot code. From
processing these peaks, a timing reference for the transmitting base station relating to
20 the pilot code repetition period T, may be found in the manner well known in the art.
However, this timing reference is ambiguous with respect to the frame timing and thus
does not present sufficient information to enable base/mobile station frame
synchronization to the timing reference. By ambiguous it is meant that the boundary
of the frame (i.e., its synchronization) cannot be identified from the detected pilot code
25 peaks alone. Thus, in connection with the transmission of multiple pilot codes € .

within a single frame length T_, a need exists for a procedure to determine frame

synchronization.

SUMMARY OF THE INVENTION
Each frame of a base station transmission within a spread spectrum

30 communications system relating to a pilot channel is divided into a plurality of



synchroni zation slots. Each of the synchronization slots includes a pil ot

-code [ eryb 99/00912 transmitted with a predetermn ned tim n§COSES&0118&| ati ve

Ll

to the slot boundary. At |east one of the synchronization slots
further includes a fram ng synchroni zati on code [err] transmtted
with a predetermined timng offset relative to either the slot boundary or
5- Its associated pilot code [err]. The pilot code [err] and fram ng
synchroni zation code [err : are pFéFerany non-overl appi ng. In

I nstances where multiple framng synchronjzatiaqn . codes [err]_are
{Fane tred (POFVORZAPE SchnoERth of gt PSRICAERBR b inFludena Fibhkore €,
synchroni zat i ; ofliEidedl s : r at ed
i n each %Sﬁ? fﬁgﬁ%ﬂﬂ Igzgkgtaﬁer nol{eg,nn?ﬁglar;ﬁﬁ%?% ISf‘ge ?org{%%[r% bsogirﬁ%r?o%t g%? t:aon
codes [err] aone ¢ftheeymdhigniddion slotsfirtiak inchates hdgonag sprotirenizatiphebde & y
ort hogonal to th{%#%i(dr o}, code E‘ger r]. . . o To obtain ST
synchr oni zat i 3PS Wb agedetermipgd imingaffsshrelative to eiiharithe slatbeyndary or
code timng | r= | X Hltar ' [ - and
dent i 1y ng popelad foPeddl, ThdBIGREHe o ' rdrdod RERER G0 E,
respect to thae $3y¢feﬂabbrﬁohad\ieﬂp1§ih%t1n instances whefinndRipleGaminyg shechrompddionsi ng
the known ti ngdﬁg of fset between the pilot code and the 15 _
synchr oni zat i B8 %t ai5osatted (far exampiesons pengynelaoaizatien sioy), ebfrgmings as

to frame {.03: Q f th nchroni zation sl ot boundari es
ndi roctly poPapropliaE vodRut Bt B b0 o6 HPRbS Tl 3P BB S B SR o
code [err] infrahe FynbbimeitezikiniltipleGtamidgynchronizationdeded €_Sdréprderablyen

further correlates the set of known fram ng synchronization®codes [err]
to the Y%cei vButuailypdhoganat and 4re prefershlyoirthespnalid the BlatcheoR], zat i on code.

G ven that 20 th.t hmong of f.set of each framn nehropi zat i on
code(s) [err] Iocg iorghatl{l/]mgﬁﬁ:hmm tzo.n mlf%ggﬁté%r{' atrgo{)nﬁlee@gﬁ%} E%&ﬁ%&ﬁﬁ? Brfd the
posi tion of tdode siirig Hyoipplig € ehiltdhée filter tbfheref:éiaé@si?r_lal and ident¥RiHpdRIaKs ar e
known, once a_correlation match®is found at the |ocafion, the boundary

of the frame FoMuthese pepks.ct timumgdrefesanes, Witheraspestetos thec Binshionizatiom )slats

then al so kn : RI.EF SCRI PTL.ON E WINGS 2.5

A mor e conp! eloinderies may b found Uyipe FHRRE TR AU AR BRI S BIOT RS b ben
i nvent ilen maysyhehrohiztioredotthoun@ag! oW ths trhifig refet@ioe R hauk 86 to frame
Descri pti on when taken in conjunction with the acconpanying

Dr awi ngs whert8nig, knowledge of the syn¢hroumgtion slpt bounsiasies indirsettyl peigis tosthe
diagramillu My | or i 1.0t . — .channel . signal transiission
format in a 3%&%&3{1 gfeglﬁ%dcng&‘eg eChg?r\l}f%Pgncoﬁlﬁ e [5'? @’ a é‘&%’?“ %6610“ SIP%STEBI\/A)
communi cat | ongoksly Sta€ioh then further correlates the set of known framing synchronization codes C_

to the received signal at the location of a framing synchronization code. Given that
20 both the timing offset of each framing synchronization code(s) c_ location with
respect to the slot boundary and the position of the slot boundary relative to the frame
boundary are known, once a correlation match is found at the locatioﬂ, the boundary

of the frame relative thereto (and hence, the frame synchronization) is then also known.

BRIEF DESCRIPTION OF THE DRAWINGS
25 A more complete understanding of the method and apparatus of the present
invention may be obtained by reference to the following Detailed Description when
taken in conjunction with the accompanying Drawings wherein:
FIGURE 1, previously described, is a diagram illustrating a prior art pildt
channel signal transmission format in a direct seéuence code division multiple access

30 (DS-CDMA) communications system,;



- 6- FI GURE 2, previously described, is a diagram

illust ra‘;vbrbgm alternate prior art pi | ot channel p&t/98801138
transm ssion Tormat in a direct sequence code division rmultiple .

access conmuni cations system FIGURE 3 is a diagram
illustrating a present invention pilot channel signal 5 transm ssion
format in a direct sequence code division nultiple access conmmuni cations
system FIGURE 4 is a flediagramillustrating a process
performed by a nobile station in obtaining a base station timng _

ref erence from pr oB€EERE G, preppisiy deshabredels a diagram illustiagnglbn itemsteig®rart i n

t he format -of .|:IGJ§R%E!£;.1Olf . . FIGURE 5 is a flo <giaram_

i 11ustrating B ProRrel sigazlimansmissiop fQrmgip aedirect sequence;goge Gvision multipleng
frame timng {daedsndatniniddhibhi %s{el?f? process of FIGURE 4;

FIGURE 6 is a diagramillustrating an alternate enbodi nent pilot channel

si gnal t r BHSUWRES3 dna timgrand illustratinh & @edsestemueniva gikdehainel sighal

mul ti pl e. access conmmuni cat.i ons system 15 FIGURE 7 is
a flow df agr JHSTSHER PO&WH@ a&lfﬁ?fée@s@cep@qyecﬂaﬂ@an Bipltiplpaegesecommunications
station in obgygtiem;ng a base station timng reference from processing a

pi | ot channel signal transmssion in the alternate fornmat of
FI GURE 6; and FIGURE 4 is a flowGiBErath illasteatiigng biddesdplifforadeddiyag magbilef a
spread spectrum conmyni.cati ons systemreceiver. 20 DETAI LED

DESCRI PTI ON dﬁatﬁqgn RE3 l?ase station timing refeggp%frgﬁbgchssﬁg\,@ piefechasngt] GURE
3 wherein thesrignal ﬁaﬁéﬁﬂ%’%xﬁn%@rﬁﬁ’c of FIGURE 3- | l ustrating a present
channe

invention pilo signal transm'ssion format in a spread

spect r @ communi c aFIGURE Sy Bt £ Avg/sdiggransillaseitingcd prresepaforaederyda vidbilen

mul tiple . .a%ce,ss conmmunj cations systen). Each frane having a | ength
T[err] of a pifian g Aadingframs timing (peungaryd idp the papcassebFIGWRES:pl ural ity
(M in nunber) of sSsE QL | . ] r o 1
S[err]. The | engt hﬁof eagaya;@%%%gélﬁllsgétﬁgoaﬁ alstfzrg?tese %bgalélcfagﬁioﬁg%nnﬁ} f%‘fal

code repet i titomspssioofbriptdn & Hiredtaeduente dode dsydishratipl@hdels dndhenitdtdnydes a
pilot code [err and a fram ng synchroni zation code [err]. The

pil ot code i SYtf® sane in each synchroni zation slot and across the
repeatiqng frames. ﬁ@rﬂf l-0f .C : framng. 3.0 hy oni zat i on
code [err] are preferably fﬁoan?g‘\%eélgéa%% 1?ll{g}gm\}ﬁpghné F%ecgisr%er{g%mggi% n* 61° fi
station in obtaining a base station timing reference from processing a pilot channel
signal transmission in the alternate format of FIGURE 6; and
FIGURE 8 is a simplified block diagram of a spread spectrum communications

system receiver.

20 DETAILED DESCRIPTION OF THE DRAWINGS
Reference is now made to FIGURE 3 wherein there is shown a diagram
illustrating a present invention pilot channel signal transmission format in a spread
spectrum communications system (such as a direct sequence code division multiple

access communications system). Each frame having a length T, of a pilot channel

25 transmission is divided into a plurality (M in number) of synchronization slots
S.r Sy - . ., S, ,. Thelength of each synchronization slot s is equal to a pilot

code repetition period T, Each of the synchronization slots includes a pilot code c,_
and a framing synchronization code c_. The pilot code is the same in each
synchronization slot and across the repeating frames. The pilot code €, and framing

30 synchronization code c_ are preferably non-overlapping. With the transmission of




-7- multiple (Min nunber) fram ng synchroni zati on codes [err]

(one per synchronization slot s[err], s[err], . . , S[err]), the fram ng
synchroni zati on codes are unique for each slot in a frame, and are
repeat ed iwo esmgobi2f r ame. Furt hernore, the nul t i BCESERPHIA[g
synchroni zation codes [err] [err] are 5 preferably nmutually

ort hogonal and are preferably orthogonal to the pilot code. The
pilot code [err] has a known timng offset t[err] with respect to a
boundary 30 of the synchroni zat4.0n slot. The fram ng
synchroni zation code [err] has a known tim ng offset t2with

respect to it smafifloVai mehber) kthing §eerdrdhtidn B8t & knewn, tim ng gffset t3
Wi th respect to .the boundary 30 of the 8 nchif oni zat i on>&Fot .

Furthernore, t{q8e RSy sophrenizasign plohis gl i 10 - + Siaovibe Famng nchsization,

relative to a {dgedme hige @&%&'ch%l%tmaﬁ'ame, and are egeatede@Jcﬁﬁ%ﬁSeFﬁxﬁleﬂﬁ&e”ade to
FI GURE 4 wherein there is shown a f di agr Iustratlnga

process per f orthedmpiiply frasming éymhmzm)m rodsbt@j i By ,a base ,stajiomre i ni ng
referencegfro E’ﬁﬁ" i t el signal
transm SSI on il tg?ﬁ?{‘g’ft B?é%%éla@ﬁ% pg%@%lﬁps%‘ié%%&%?ggﬁghﬁoqﬁ%]gﬂét ation
receives a si gpih:lt .cofieexct ,has a lmbwemtlﬂrﬁhg dffset t, mﬂxh&cplmhblaebmhdm}" 80 of tiecesses

t he received SI aI 0, fi he p|| code re] . timn ‘

the location of %W%n ¥‘f°8{°§)zanofl ‘é 5 b %&g‘ﬂ?‘ég Gffset
accordance w td;witheespect to its assodﬁvddq;h@%dd &t ﬂi’d a%omfmg@ﬁh@@ wittoregRor es

menti oned above as is well known in th From the found pil ot

code [err] ti nfortes bopndaryiQiof the %PHP’F‘@HNH%% FPGE‘WPP% b synghrepigation slofs o

| ocat i onf §) ofhéveekhm#ﬂﬁfz&nfrénmbwaﬁm&wuﬂawﬁ'On code(s) [err] (in step
14). This 20 Identification of framn nchroni zati on code [err]

| ocati on natural | y Beigrensqds ngsy maglettep EIGURE gwheremrtquwtshqwmgﬂw fliggamt [ err ],

as illustrate
synchroni zat i gﬂh s aﬁl pI %o?é}%grgee&s%e‘#l%r)atsgﬁgeh ? Ob&"glﬁ’g'lahbase Statiop Smie. i on
t hen processe sreference ﬁ'0m protessifgaxedeived sgnaldiavingiihe plétehanpelcighal trapemissfon( st ep 16)

within the rec t nchrani nslo | ocati ons
to find the f r%hn%a%tgf%tﬂjd@é %gatep dﬂﬁ"’f’i"ﬁ%@‘aﬂ%’tﬁ%‘*&’rﬂw s’%“aéaﬁex P f'ieFi‘I” ’ng t he
timng oflEset theewbile seatiod mocebdacthé feﬁénfb@ sighdl Sab ﬁﬁd?thaﬁlldmbde @stiiniag (kgrown

position of chroni zation.sl ot boundary 30 . Ttelatjve to t he
frame boundar ythglpeation oPfe shchronization ek OGeEs QrGHS rdagop

wherein there macmhﬁn&@cbﬂraxﬁddlms mentioned abbve a9 S welltknb®n o tRE Q@ess
performed by ?5‘@ Lle statlon in finding franme tlmnger&boundary '

within the pr pioReode q, dtiraing, thy mobile stationynext idemifisyin siepildthec ode
| ocation is 3olocanonesb B?%Mnéﬁﬂﬁ%aﬂxfr@’&}yﬁéhf&xz}{ﬂmp&d@spé%‘heﬁﬁor’[‘hi son of the
recei ved signal s at an Identified fram ng synchroni zati on code

| ocat i on2Pf ounidentif¢atign of framing syfhichsanization cods T, esation naturally follows using the
known timing offset t, as illustrated in FIGURE 3, once the location of the
synchronization slots (pilot codes ¢, ) are found. The mobile station then processes
the framing synchronization code(s) ©_ (step 16) within the received signal 5 at the
synchronization slot locations to find the frame timing (i.c., the frame boundary)
25 utilizing the timing offset t, and/or the timing offset t; as well as the known position of
the synchronization slot boundary 30 relative to the frame boundary 34.

Reference is now made to FIGURE 5 wherein there is shown a flow diagram
illustrating a process performed by a mobile station in finding frame timing (boundary)
within the process of FIGURE 4 (step 16). Framing synchronization code location is

30 already known from step 14 of FIGURE 4. A portion of the received signal s at an
identified framing synchronization code location (found using timing offset t,) is then



- 8- correlated in step 20 with the set of possible authorized

fram ng synchroni zati on codes [err], [err] , . . ., [err]. Thi s
operative step may be mathematically represented by the follow ng:
Rlerr] = WO 9J98p3p (1) mEFE!g‘???"’m 0 [err] i
sM1 (i.e., over the Msynchronization slots s); and 5 _

[err] denotes the correlation operation. Next, in step 22, the

process determ nes the position within the frame of the portion of

the received signal [err] at the identi-Bred |ocation relative to both the
sl ot boundary 30 and the frame boundary 34. In accordance with this
operation, if chirelateqinstap2Gwitethe setiof polssibie authorized framing synblonization sodes suned

that the porti-on of the receixed sigpal s at. the identjfi 10,.

| ocation i s pd&i §ret Wt hi'n“the n-?ﬁs s‘iPﬁ?%‘W%rﬁ&faﬂa%n % Inga[%’eénag‘f'all?'he frane
at the tim ng represented bypthk $stlowirigerr] . Then, in step 24, the frame timng
(boundary) is found as the position of the portion of the received
signal [err] identified as being positioned within the n-th

synchroni zation slot s boundary g0rplgtEve [fo the frane boundqu 34 is
known. The correl ation opetration of step 20 nay be carri ed
out over several 15 synchroni zati on code intervals of consecutive
synchroni zat i ts.. §his fat : thematically
repr esent ed b;?';hte erpfol I g\%ljsé&la '[e@r@f i)\ye?theMsynchroﬁlrzﬁg\rxh'g%?ses?ﬁa:nﬁm O[err] i
sM1 (i.&, over the M &uiwhiennésabe coprelatibmoseration.

[err] are ponrtions,of.,the recejved signal..at identified.f.,ramn '
synchroni zat i (%\Enekggl eeglzg’caﬂrgc s‘*&?”%%“r‘?é*ge llt'\(}%wétgi%(rtjl?fr‘{éaﬁ‘}ezogp}ec?ﬁmsq%@f s; 20
L i s the nunbekie redeived signahg astididertified Isatibrorglatvede bothties ska bsundaryBo and

[err] denotes e correl ation operation between the received signal [err]
it Che | CFF TR RPGaS o HiTgaier St SOURPeipR R AT TRER) - {
(modM  fram ng=m it @iséiabddtRatrAs! §o:Sibn [of fifel received signal 5 at the identified

10 location is positioned within the n-th synchronization slot s of the frame at the timing

offset t;, Then, in step 24, the frame timing (boundary) is found as the position of the
portion of the received signal S identified as being positioned within the n-th
synchronization slot s boundary 30 relative to the frame boundary 34 is known.
The correlation operation of step 20 may be carried out over several
15 synchronization code intervals of consecutive synchronization slots. This operative
step may be mathematically represented by the following:
L-1

R, = y , (Ej'Es,nj(modM)) ' (2)

[«

wherein: 0<i<M-1 (i.e., over the M synchronization slots s);
Ej are portions of the received signal at identified framing
synchronization code locations of consecutive synchronization slots;
20 L is the number of framing synchronization code intervals; and
(3, b) denotes the correlation operation between the received signal 5
within the j-th framing synchronization code interval and the (i+j)-th
(modM) framing synchronization code(s) c_.



-9- Next, in step 22, the process determ nes theggfsition W t hin

"the frameoodoodiz portion of the received signal [BFFPER0Hf
identified |ocation. In accordance with this operation, if Rl err]
,has a maxi mumwhen i=n, then it is assuned that the portion of the received
signal s at the identified location in the first interval (j=0) is
positioned within the n-th 5 synchrogqi zation sl.ot s of the frane at
the timng offset t3. Then, in step 24, the frane timng

(boundary) i t I Ll L@k ' signal s
dont 1160 adVEGihAeR 22, (iFplRRSs dkfinifts g BB wilhiplhe g AL BpicH 1"
boundary 30 ithe received signkins\an thiecideitified locatiohe Ih necorddrme vwith thisdsperation, if

A nore conpl et e understandj ng of the process inplenented in Fl GJRES 4_and

10 5 nmay Hbappmaximem wenian,dhantis apymed dhat thernostinefiipe eeceined sigaalng| v,

reference is dantt LN eclp: =3y . I: tep 12
applies a [eral1 ]cm/? ﬁ%?“é‘ﬁ‘gg 1??#%8 r morq' firsP “ﬁgrgﬂc?@r r%?elléli-{is i%(s)lﬁ g%(ﬁ'%\h@ﬂ’r g‘%’e?‘vtgd
signal . sThe pgadhsorizitiod sfot @B thy Barhé hit the itingng GfsUtit] YThen, in step 24, the frame
synchroni zation sl ot boundaries 30 using the known timng offset tlerr].

Once t hese sltisning (boundary)ije fewns asctheamsition ofitbaportionioftheergcsivesiwignrles of

the type of pi,l hannel formatting.1l i | enent ed he |l ocati 32 of
the | ot uded Teieh 48 BeRa obiiRes piflin theart) SPichfBiagen ol's vobidiy S o
(step 14) usig@wntelakPOvkhe Fintbdtntisgt34t [err]. Next, the correlation

operation of step 20 using either Equation (1) or Equation (2) is
perforned to mat chAamgpecemplete understandingiéf théprocess émplentented)ima1 Sdapdrtain
one of _the i%enti%ie fragi n%code | ocations 32 . 1Wi%h one of the
set of Wossi bl BAPR ABRINSE By Felarhnfic e ARekHs PamPle, fAegidingiyoreterence is foy |
[err] .. . .again@hdd to FIGIORES, MPAC Sper@tiGiLbs §§§JQQQbﬁﬁbthaEt irkatkidd Mite?lor
boundary 30' is identified (step 22) using the known timhg offset t[err].
Once this correlatiopatat theutexeived cignaburiter peaks' foind Krommthis afiterigg videntify

know edge of the nmatched. fram ng. . synchrani.zat l,on. code | pcatjon in
2 gi ven sl ot RHPHEAtHRE Yot pundatics 30 sips the knhp Pmise offset . Oncedhesg slafi 11 oo
(step 24). 2%gundaries 30 are kno _f@gg\,‘éﬁrahﬁwﬁﬁgfs BPAR tpe &t fildrEndhindihAhtting her e

i s shown a di agram | ting an alternate ‘enmbodi ment pilo
channellSsi gnanplementad] thesi lovatiomr 3ghof the inclededdfcaming synchronizatipnenode(sg axjeis

di vision multiple acgess. comuni cati ons .sys ch f.rame having a.

ength i of SRUTPHR GraHAGRRE L I GaTIIE DSty NEt IR Orie AORTCRFREn
number) of  of step 20 SIMEGHHRPEGBAIRN(1S oP EJuitid ) id Sérfdrmed to matoh d §érfibn The
| ength of each synchronization 3 0 slot s 1s"equal to a pilot code

repetition perfitbe radered]signehsatafcertam aneraflthoidentfi¢dbframingtapde locations 32

I ncl udes a pilqgt code Jerr]. Tr}e pil.qt code.is the .sanme igreach
synchr oni zat i <Pns of the “set of possible aut orized framing synchromization codes

20 Cs,o’ c Cs,M-l’

e 1r t e e From a match, a corresponding particular slot
boundary 30' is identified (step 22) using the known timing offset t;. Once this
particular slot boundary 30' is known, and given knowledge of the matched framing
synchronization code location in a given slot within the frame, the frame boundary 34
is identified (step 24).

25 Reference is now made to FIGURE 6 wherein there is shown a diagram
illustrating an alternate embodiment pilot channel signal transmission format in a direct
sequence code division multiple access communications system. Each frame having a
length T_ of a pilot channel transmission is divided into a plurality (M in number) of
synchronization slots s, s,, . . . , s,,. The length of each synchronization

30 slot s is equal to a pilot code repetition period T . Each of the synchronization slots

includes a pilot code ¢ o The pilot code is the same in each synchronization slot and



-10- across the repeating franmes. One of the synchronization
slots s, &Qrs»s»f%ﬁ?pl e a first one of the slots s[epet/sEs®/01138
illustrated, | he frame is farther designated to include a fram ng
synchroni zation code [err]. The pilot code [err]and fram ng synchroni zation
code [err] are preferably non-overlapping. The pilot code [err]
has a known timng offset t[err] with 5 respect to a boundary 30 of

t he synchroni zation slot. The fram ng synf::hP(')ni zation code [err]
has a known timng offset t2 with respect to the pilot code [err][ .and a

knovvnh ~ aciosy g Tepeatingdranes, Ope o the synshypnization sloties, Seisrample afirsspne hg
T bar 1 ol ar AR e peilgy (B TERRRS if Ry BEEANLA s s ebins "

position rel at ispechidizatidr @de DO Uredilyt élle & Oand framing synchronnitioh e6d€ T arélow
made to FIGURE 7 wherein theré€ is shown a f4 ow di agram ©

illustrating a ppefetblysnqrepvesiappiighyThe pilsihicdode sz ahama knawsisiningioifetat, buithe

cessi Vi ng

station ti_m ng reference.f.rompro n ceived signal.nh

The. pi 1ot ohanfeiPes! i OaRCHY e st meh8RERTa Gof, TRE Faiifite Seioniznidh oo
40, the nobile 3iald Has &%SWHQMBQ%ﬁEéﬂ%O%itﬁ'?@sﬁb_@@ﬂ tosth_QBﬂJ)t- code C_and akkdéhn I N
step 42, the nobile®station processes the received signal to ffind the pilot

code [err] 15 timingioffset) t{ iwith resphet toche ibounddrysyodfr thei syachromization ssjot.
This process o ance . with the procedures dgrscri hed

above and wel | TRABGO Sesgnciranizzfign dots, 17448 PRGHFCE designated Synchyonizagon
Lim ng o {Sel Llkltabe aR50AMREALAVARN ¥ rEPSoLREH 34 1 no, the mobile

station knows ot code repetition period T[err]. Next, in
step 44, 10 i nt er val Refdrendeds newenadedo FIGHRE 7 wherein thdreisrshowo arflovs gagrinng

to the possibleg fram ng synchroni zatj on code | acations, identified 20 .
within the syndfiSEATIEA POFess) 54 &ﬁ&“?’ﬂ%ﬁﬁapﬁ’é“kﬂwf}ﬁ% ¢ $fgtign timing

repetition periggrence from grooggs{sfag alrrfc_eﬁ{Fg isfghm.aﬁﬁg iR ﬁf&%&%@gﬁﬁ%@%&ed

"
fram ng synchroni zation r operative
mat hemat i cal | y forepat eSEHGURE 6y It Istepf40) thewmolgjle station receives the pilot channel signal.

[R[e(ra: ]r }\4 ; (i. eF %e%l,  sten42, themaqblle %}iérf ;?;rogﬁaes the receivevc\fn s?grngi tg:ﬁnd the p(l)lol fc{df@]rabi
denotes HBe CorgpBAl b Othe WRGKiBR bP BynchrdnizatiohVsidhs). MhisSirBlestBeclrfh {dc8fnce |
timng (boundary) 1s found. I'n accordance with this operation, if
Rl err] has a mexthtbeprabeiordsdescribéibabove ahd well kmowd in izt art e utilizles kmowledge of

R N I L e e
code (i.e., thendyifobloddreetifibrbbériod' ) .\ Néxt! ih'stépUahPiheVRQBE R Mdeived signal
s, corresponding to the possible framing synchronization code locations identified

20 within the synchronization slots s found from the known pilot code repetition period

T, are then correlated with the authorized framing synchronization code c_. This

operative step may be mathematically represented by the following:
R, = |(5,,¢) | (3)
wherein: 0<is<M-1 (i.e, over the M intervals); and
(3, b} denotes the correlation operation.
25 Next, in step 46, the frame timing (boundary) is found. In accordance with this
operation, if R; has 2 maximum when i=n, then it is assumed that the n-th portion of the

received signal S is positioned at the synchronization slot s in the frame designated for

the framing synchronization code (i.e., the first slot s, in the illustrated embodiment).



Frame timng (boundary) is then found as the relative position to the frane
. boundary of the designated synchroni zation slot | i

A rore WOHI08NE under st andi ng oft he process inpl ement ed iiﬁéﬁ}ﬁml'}s may

be obtained by reference to a specific exanple. Accordingly, reference is

» Now again 5 made to FIGURE 6. The operation of step 42 applies a [err]
-matched filter to the recei ved signal. The peaks found fromthis
filtering identify synchronization slot_q7. boundaries 30 utilizing

the known timng offset t[err]. Once these slot boundaries 30 are

known, and g.Yeﬁ‘ﬁbtll‘rHﬁ ggﬁ ; . DI PO X'a) [

I mpl enent ed fl .e., @'{(S aﬂ{)ilgm&%rgl%({)l?@s%tthtpEél%vgcégg{r%%nta t@%@%%@?ﬁ%)

t he i ncl uded of therdesignatyd syichronization slo¢ ésdaowar. r| 10 is found using the
correl ation operation of step 44 and, Equati on (3) which matches

consecuti ve por t i Grf8ORsreompists wnderstandingioh g preesss implemented i KKHIRE A may
P T e A

identified slfot's " WTH _ _ _ synchroni'za
[err]. &nce hiadefts FIGURBE BN Clliedoperation bf Stef 42 asplies @ric 34ndtéhed filter to thknown,
and gi ven know edge of ‘the matched location within the®frame (e.g., tining

15 of f sefecefvedrsignah (The reaks foundnframothisz fltering islentifyasynehromiaation ot f r ame
bound 34 {s. | if i.ed. . 6 Ref '
oy o PRBA i ne o kngm FEERRR - S priealppoppedR Soshge ¢

di agram of akftweasdd gﬂ&?kﬁd#ﬂb&%ém PRt §Héin@ﬂfdrﬂﬁﬁ§n¥%pféﬁlented_(i.e.,
Ar ecei veant enna 52 collects the 'signal energy of a transmitted
modul at ed sptiséng offaets, and dusringcods gositon), the peided fraiming spmbrapjzation codeaz]j o
receiv 54. . The receivyer 54 lifies, filters, pixes, a .

el 0gtPo- i i il BSRe i ottt enecdiiop ¢tstemad and Eoatorb i whish matshes

signal to a consecutive PHEBRABEIR @B&Ved diBRalPESRRAL N Talliddte IScatidHaB Yor
and may or may not be stored

sanpl ed at |east once per chip perio
in a buffer imemngsytehronigationgodes within the identified sivheewith thetzanhbrized faisngr e
passed to a plurali.ty. of tratfic,chann correlators 56 25 . .
(i npl enent i ngy%%ﬁl@\“rogc‘iﬂd\?efs 'coQﬂqegﬁlﬁ'F 3MYRS SYREEORARCH ?Qﬂ?alloc?'tfﬂﬁ’c?% &h of
the KEOWH, SdndlgVeh 18R wWISIgeURhé MBScHeR 55 8H WithiR thel@amE g@%l Bighiry nce
the correlation coherently conbines the nmultiple spread data

val ueslback pffsett;an thedigit eyrichfonization slotias shaiwnd, thiedrame boundary 34 igideatified
despr eadi ng ﬁ%? ce is correctly tinme-aligned with the received sanple
sequence. Th S @ut correl ations are provided to one or nore detectors 58
which 3 0 repr adrfdict i%oR halied FIGORY $hieitherf & dhofil Lampliffdagoibgy m of
det ector used depends on the characteristics of the radio channel
and conpl exi diagtamdf aspreatsspettrummpmmuications system receiver 50. A receive antenna

52 collects the signal energy of a transmitted modulated spread data sequence and
20 passes that energy to a radio receiver 54. The receiver 54 amplifies, filters, mixes, and
analog-to-digital converts as necessary to convert the received radio signal to a
baseband signal. The baseband signal is usually sampled at least once per chip period

and may or may not be stored in a buffer memory (not shown).
The baseband signals are passed to a plurality of traffic cﬁannel correlators 56
25 (implementing a RAKE receiver configuration). The operational function of the
correlators 56 is sometimes referred to as despreading since the correlation coherently
combines the multiple spread data values back into a single informational value when
a given despreading sequence is correctly time-aligned with the received sample
sequence. The output correlations are provided to one or more detectors 58 which
30 reproduce the original informational data stream. The form of detector used depends

on the characteristics of the radio channel and complexity limitations. It may include



-12- : channel estimation and coherent RAKE conbi ni ng, or

di f f er en{yigdos/gdeizect i on and conbi ni ng, as necessaryPCT/SEIS/01138

In the context of the present invention, the baseband signals are passed to
a pil ot code searcher 60 specifically designated for pilot channel
processing. The pilot 5 code searcher 60 processes the baseband signal
to find the pilot code [err] timng using t he known actions of
applying a [err]-matched filter, identifyitAg peaks and | ocating a

timng reference within respect to base station transn ssions and_then

i dentifies thehannel estimation: and seherentoRAKIE combining cor differentiak deteetiamantt i on

code(s) [err] o%?%igg',eas%&e%a:ﬁpde [err] | ocation. This information
on C

is then passe a sync de searcher 62 which 10 i npl enents the
specific pilot chariwethepoferesf the ppésehcinPémivaNtheibavsbahd Signhly aflhpALed & 19
therefromthe franme timng él.e.g the frame boundary). The operation of the
pil ot code  pilot codesearchree0 spcificallysdasignated orpitot chanmebprogessinge fThegiloby

(5 (3 st e e pesep i S o % sl bodi, By one
ti m ng/ synchr gRé kabiwa acti ' t b0t 60
and sync 15 code s gé?%%@%%sgtggﬁaﬁﬁ ﬂiﬂiz/eé’diagr)llﬁ?iﬁg %e?g%‘jﬁiﬁté:ﬁgﬁﬁil

correl at ors S@iming refrence ovithgrespect to base staticaptrardogssiogs and thendidentifies ghd he

i gi nal i nf ional . data st L Al though enbodi ment
of  Che et hoo 1AAHoRARer A bludd ERthe nackopizetinsadet <, kom e pisk@dsdan

i Ilustrated i NoéfiRnaCTRIAAMY G2 Mieh ss%gdoxﬂ@é%r gtode stea%hér%f%{i&p
er st oo 1 no

Detailed Description, it wll be und at the invention is
l'i mited10o thdmplegents thessplaifiti pilehchrnnél podcessing, of thet presenttiaperition byfdetermminingu s

rearr angenent difjcations. and supstitytions wthout departing
fromthe spi rﬁ{’er o the fFAmeding fi.e thefkpme B?‘l“ﬁgé)hd Tﬁlgfqpﬁggon of the pilot gode; he

fol I owi ng cl aisg&cher 60 and d her 62 fi i
S13- VEAT 'S8 RIR/ER'S archer 62 are defined by the flow diagrams of FIGURES |

for a code di V Siand7asiwélldsehaEqemtionp(1)0(2)ahd i3)e! The pilot charinebfrané sed e,
conpri si ng: eeati(?gyfra conprising a plurality

. o ar
of synchroni z égrpgg{sysxlfgqog{zau%x information g nerate the, pilot code sergeher &P apd sEiseat ed
i n eachisynchrogaé grdifeP 62 isthePhitillz38 by SRERLHB Yhannel correlators 56 and detector 58

in reproducing and processing the original informational data stream.

Although embodiments of the method and apparatus of the present invention
have been illustrated in the accompanying Drawings and described in the foregoing
Detailed Description, it will be understood that the invention is not limited to the

20 embodiments disclosed, but is capable of numerous rearrangements, modifications and
substitutions without departing from the spirit of the invention as set forth and defined

by the following claims.



frame; and a fram ng synchroni zation code [err] in at
| east one o o ,{i synchroni zation slots of the repeatpdgstdspirss

2. The propaga%ed signal of claim1 wherein the pilot code [err] and 10
fram ng synchronization code [err] are non-overlapping.

The propagated signal of claim1 wherein the fram nﬂl"ﬂ,’ "
code [err] if in nore than one of the synchroni zatl ﬂ 'yﬂaﬂnﬁﬂ’m per
synchroni zation slot and are repeated in edadh fr

The propagated signal of claim3 wherein the pil ot code [err] and 15
i ndi vi dual oneszi‘A"EI'&CLMMEQ;I&ynChrom zation codes are non-overl appi ng.

> The propagat egISSI ggg fo:r?cg}jg’ %'GMer & ntxp&e acc%ss plﬁl)t cthn%I tr%xgs%lr%srll

synchroni zati on cod

met hod for proc@aiprigiga signal including a pilot channel to obtain

timng synchronization information, wherein the signal includes a repeating
frame 20 di vi ded anepeatmgpﬂ'ama:tompnsﬂfg splocdlityoof syathironizatiat dotspach sl ot

i ncluding a pil ot COde}p[t % and at | east aone sl o}_ i ncl udj n%m
frami ng synchroni zat3 Biftceg %é'FPTateQ:@rﬁ?P‘F gymehrangzation slot of theirgpeatigg Trame;
correlating a ryggeived signal to the pilot code [err] in order to find
synchroni zati on sl ot |ocations; and

REPLACEMENT SHEET  aframing synchronization code €_ in at least one of the synchronization sldt¢-
correlating the received sjgnal at a location within the found

synchr oni zat i orff the repeatingifAme. o 3 set of frani ng synchroni zati on code [err]
in order to find frame synchroni zati on timng i nformation.

2. The format of claim 1 wherein the pilot code c and framing

synchronization code C_ are non—overlappmg

3. The format of claim 1 wherein the framing synchronization code ¢ _ if
in more than one of the synchronization slots are unique per synchronization slot and

are repeated in each frame.

4. The format of claim 3 wherein the pilot code c,, and individual ones of

the framing synchronization codes are non-overlapping.

5. The format of claim 3 wherein the plurality of framing synchronization

codes are mutually orthogonal.

6. A method for processing a signal including a pilot channel to obtain
timing synchronization information, wherein the signal includes a repeating frame
divided into a plurality of synchronization slots, each slot including a pilot code Ep and
at least one slot including a framing synchronization code €_, comprising the steps of:

correlating a received signal to the pilot code Ep in order to find
synchronization slot locations; and |

correlating the received signal at a location within the found synchronization
slot to a set of framing synchronization code T, in order to find frame synchronization
timing information. B

This Sheet Has Been Rep

W s




7. The method as in claim6 wherein the second step of correlating 5

conpri ses the step of matchl chroni zati on code to a
| ocati on WO 99/00912yj t hi n each mm‘mﬂ“m{‘ m'"mrof consecut | V%CT E’#ﬁ“ ids
synchroni zation slot |ocations i1 n * repeating f ¢
8. The nethod as in claim6 wherein the fram ng synchronl zatlon code

[err] if in nmore than one of the synchronization slots are unique °
per synchronization slot, 10 and wherean the second step of correlating.
conprises the step of matching the plurality of fram ng

synchroni zation codes t aHehmetineipas @n claimh 8 vhereiy mitd) sevond astepoof Tontlating

9. The nmethod as in claim 8 wherein the plurality of framng

synchr oni zat i 6Am@Bsessthgstepef matchipg she F@ming, synchronization code c_ to a jqpation The
met hod as in e f f

conpri ses the%@nngagP\g?gé rél'iqrfi J ngfS ct% ﬁg&gtrlgérr%% é‘ 8n ér?%é\'lgéz I&n%ﬁ)ttlbga%% e

I nformati on fﬁ-épamn frame. A known relative p03|t| on in the repeating frane
with respect to the fram ng synchroni zati on code [err].

11. The nethod as in claim6 wherein the pilot code [err] and fram ng

synchroni zation code [e verla
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9. The method as in claim 8 wherein the plurality of framing

. synchronization codes are mutually orthogonal.

10.  The method as in claim 6 wherein the second step of correlating further
comprises the step of identifying the frame synchronization timing information from a
known relative position in the repeating frame with respect to the framing

synchronization code ©_.

11.  The method as in claim 6 wherein the pilot code 'Ep and framing

synchronization code c_ are non-overlapping.

12.  Apparatus for processing a code division multiple access signal
including a pilot channel to obtain timing synchronization information, comprising:
a receiver for receiving a signal including a repeating frame divided into a
* plurality of synchronization slots, each slot including a pilot code Ep and at least one
slot including a framing synchronization code c_; and
a pilot channel searcher connected to the receiver to receive a pilot channel
portion of the signal, the searcher operating to correlate a received pilot channel

portion to the pilot code Ep in order to find synchronization slot locations, and

i

correlate the received pilot channel portion at a location within the found



a pilot channel searcher connected-to-the receiver to receive a pilot

channely, portion of the signal.,_the searcher oper acrisgot/awisdrrel ate
a recei veg pI I ot channel ‘\“mum\% ﬁ \Q to the pilot code [err] in order

to find synchronization \u“ correlate the received
pil ot channel portion at *a IocatiBn within the found 5 synchroni zati on

slot to the fram ng synchroni zation codeéerr] in order to find frame
synchroni zation timng information. 13. The appar at us
as in claiml1ll wherein the searcher operati,on further mat ches t he

framing syncHPEHPRZEHsIEbet efrﬂms@mhr%aqn%cqm i A0 grden t find frame
plurality" sgnchromz@&onctﬂﬁﬁﬁqwokﬁ{&&{)“nd synchroni zation slots in the

repeating fr The apparatus as in claim 12
wherein the fram ng synchroni zati on code [err] if in nore than one
of the synchronlzatlon slots are unique per synchronization slot,

and wher ei n the sktondThe appagptus gsrie clgimrig wbwpmtbwearnhermratr@n fugtherhi ng

;[Mhtehr)lnureglzht sync rom%@éa&l %I%i?gn ,}’&%hr-gnoa}oca torf ¥t eaCh?Egleechgb tus as

in claim 14 ofensicitiveRund eyrithtdnizadon sl8lin e }peating Famehr oni zati on codes
are nmutual ly orthogonal . 16. 1%]6 apparatus as in claim

12 wherein the searcher operat ion further identifies the frane
synchroni zation t mn tion n elatlve osition

in the repeating #‘ram&*gTh "@‘éﬁ%@ﬁ%a Ff"gﬂ‘?% P'p RZ3UAnCSAe Code
[err]. if in more than one of thé synchfgh&aﬁ&f)ﬁét@rafb% el r@&hf’ﬂrx}gmﬁﬁﬁo?'dﬁdt he
pilot code [err] and fram ng 20 synchroni zati on code [err]

non- over | app¥hesein the second step of correlating comprises the step of matching the plurahty of

framing synchronization codes to the location within each synchronization slot.

15.  The apparatus as in claim 14 wherein the plurality of framing

synchronization codes are mutually orthogonal.

16.  The apparatus as in claim 12 wherein the searcher operation further
identifies the frame synchronization timing information from a known relative position

in the repeating frame with respect to the framing synchronization code c,.

17.  The apparatus as in claim 12 wherein the pilot code Ep and framing

synchronization code C_ are non-overlapping.
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