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CODI NG AND MULTI CARRI ER PROCESSI NG This application clainms priority to U S
Pat. Appl,, 29,433, filed on Decenber 30, 2000. Field Lnyention
The pr esentOG‘&/nvenzl on relates to Carrier Interferonetly (%ffjjrmﬁ)d‘?@’(?
specifically, the invention relates to applications of CI to nmulticarrier
processi ng, SABRIERINGRFEROMETRS COPREG AdD MOAITHARRIER BRQUEHSBNGd of t he

I nvention Cl uses basic concepts of quantum nechanics to provide
.substantial inprovenents to throughput and perfornmance conpared to
conventional t dblinpilogieslaimhpridritatod). Bdstdpslob®25P,438, idedesDaanbalifsi cs.
U.S. Pat. ,pjy 5,955,992 provides the first disclosure of C. PCI/US00/15113
" 15 describes applications of Cl to coherence nultiplexing and spati al

i nt er f &r odiield of thedawensigip| . PCT/ LTS99/ 02838 descri bes applications of C to

di rect - sequenc I |t ~pl. CgM?Q ions of Cl
to DS- CDVA ar e?h?@r@?&g@éﬁnﬁ%@%@% té F(IBJS% ?rtﬁ‘l roa Sﬁ’l% %%gﬁléCDMA Vi a
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20 6-8, 288‘8%0d§éd "MVBE frequency conbi ning H’H\mmﬂmmmm (Z. Wi and C. R
Nassar, |EEE Radio and Wreless Conference, Denveg, £0O Sept. 10-13, 2000).
The apgl i % g % . @fl ti-earner code division nultiple access

(MC CD?/A)%_&&% s&)gfté e | ntroduction of catri.efr...i.nt.erference to spread
spectrum nul ti plleseabsegshicedB.of Riaassaecharis tb\pltoaﬁdajsxéaatamaxhdn@ove@has td |, |EEE
Errergl ng
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"Expl oi ti r@ng%S@qm}W&ys diversity in TDVA thr ough earner interferonetry" (B.

Nat ar aj an, é\?ﬁasf% 5 @5@%93})&{3@& b }&rgt c\"!cﬁo%hr%%?c? Cf%@@ﬂs%% Annual

I nternati onal rencé of mmuni cati ons, Al bert a,
Canadady Juykserited anticatkde 0f CI tClohrrapceaunsltploanmad|spail m@rﬁmmygdﬂ(féﬂ Agpl.equency
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one set ofacags(RSESINS). §pph¢800®ru£@erD%§DMﬁ aldalmdgyuﬁhydlils‘.‘HiEfach t ransf or m of
2 rans o ficcREQULR bl ARS Sl Tl BB Bt QIR VAL Ly Torm @

code t hat can pe reverse enen
t echni que. Wav2000 dernaiopell S)'pnsdsnuro Oeﬂﬂvamp@lrﬁaﬂ pb@ég@s Fﬁnuideeﬂ(l Beptisf or m

5 957205 8 BT ASMMSE ey Ryt fg’?'%}?sgéa%?%é RN hsar 2
ne technllﬁEfeRMwandﬁﬂr@ﬁﬁéﬂonﬁgweﬁ, Pouier, 610, Berandfldr 2800y pe of codi ng i ncl udes
filtering a tifgs %ﬁ@dﬁ%n%?@Pt%'&ﬁl@n-&{mér@g&gdlﬁéigﬁ)ﬂ{lﬁl}ale%c&gilm@BE/I iR filter

bank can be i npl ermented equi val ent I nverse DFT (as
| | | ust r at egscpledin Untregughen of camier injegfererde t@wwélsmv?r@@@g%tip@access @-Bdition, p

; 35-931) Naggap@aﬁatgllajan,fanhts[esﬁa&ﬁ REE ARG MoFholdifes Birhpctida @] | Y i nvol ves

segrrentln t he | nput g/ s into are processed via the
DFT aRé/ or el‘%ﬁelzl'llémpft% Praphlications pf Qiéfktﬂm digigiop arulténdg acces A) &k ter

techni que%eécneédqﬁeagpml&vf%qhag a@&@nﬁﬁtﬁm@x ﬁf?&llghragmngﬁ{el't@ﬁmglg}d’ gethod. The
resul ting out put % ol s are CO”P exwei glited sunms of ]@ﬁ)ut synbol s.
None of t Astamijngt Ra Nasspisprd B phesl, Wigs Eé‘h%ﬁ@ %d?n%@@“&ﬁﬁo pol yphase
codes. 10 dNaReRn& ontWﬁell?{s'thmﬂ{nkaﬁ@nE Qfa‘?%%ﬁﬁﬁlb%ﬁ) |C@h£dapﬁﬁ5ﬁ) 122hgpy.onshi ps

bet ween orthogopal Cl carriers to si transform operafti ons or

appr oxi mat i ons Cbay planks Wpked to grtheaspa) fisguensyediyisiorpiltiplexing (OFDM). N-

30  point transforms used in OFDM, such as fast Fourier transforms (FFTs) and inverse FFTs

(IFFTs), essentially map one set of data symbols onto another set of data symbols, Each
transform of a transform pair provides the basis for mixing symbols together to form a code
that can be reversed by the complementary transform. Various techniques have been
developed to efficiently process Fourier transform algorithms, such as described in U.S. Pat.

35 Nos. 6,169,723, 6,137,839, 5,987,005, 5,297,236, and 5,365,470.
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Principles of Cl may be applied to many different types of signal
processing. In one 15 set of enbodi nents of the invention, sanples val ues
are coll eg a processed according to mat hemati cal priggl s, C . In
one aspeg\tﬂ)g)?mt{ilg7 invention, correlatihon and filtering (sgglﬁmggﬁ‘r?gt(ched
filtering) may be performed without nultiplication. In another aspect of
t he invention, Querpddoigue fppaspleafentipoelourer-armafoys itype afiebding indhaiss Sltermy be
per for med W da RS teattinkade if tofNA RblyBhdsiTRad farCQTR!
mul tipli céat ions and egﬁdiﬁ.orﬁ?g%ogbﬁg gﬁﬂajtsﬂiéﬁ?rtg%g&vﬂﬂrc% essbgglﬁ?tf%ati ons of
t he i nventsawivalegttyl withean Nopeint I Teer imeersadids(as idledtiated &y J.GoRrvakis mdDigins
personal cg I,caLiL PN BYH oY) i eSS Vi ce ta |ink,
" voi ce radi o@ggﬂfe ngea igdz'Ogl?gzg"a’gégsﬁzgﬁtgér%gm}m&g%b%I?eé%ﬁqegnv?a t\%e]r)g ess opti cal
| i nks, Scarfpisalliivalveoseguaitina e symivés inoblocke Tholrlkcks aleastoessed wa the
comuni catp@R, gl iR mpfh 0&5&@9&&%& SBoutpat Bata. E&Sﬁbﬁ‘ﬁﬁéﬂéeﬂﬁ gé@!{ncgﬁe Hged in
non-wi rel ess comuni cation systenms, such as gui ded wave, e CR e, wre,
twi sted paivetlapasawly wetheshanid dhel ovénldpeadd mgthoid olls ressitieg bwpukyhlnds drqcemtéon ar e
appl i cabl %&&t@g%sgﬂtﬂgﬁl &fsyﬁ{)(gggal processi ng. Sone of these types of
processi ng 1 hcl ude, but ‘gre not limted to, transducer-array processing,
space-ti me prodéusiohthe pHpraasiaefereacs énplympnt sodisshasey, oniHipelyblssoendes. y
f 11t enong NWRVEIHE bribl SCERINAM explbiP Pk Ofelli LB ersion,
di versity processi Eg,é}%gr r e{;kgtei{%nl, ?%Bgceﬁgﬁﬁ%{pgi@%tgf?%f&go (rﬂglfd}%%?ir%fe)sg ion
codi ng, msieplgy bansirmyereiings argrpepiressidnseférnsfermscodi ng, channel
conpensation, correlation, transm ssion-protocol conversion, security
codi ng, and authentication. Qher applications and enbodi ments of the
i nvent i on Sumagpefdhehventioom t he descri ption of preferred enbodi ments and

t he cl ai ns that i,ef: W1y - |

02/ 0S- 4537 PCT/%%%")%%%@%@Cﬁ?‘;éfe@?iﬁ?‘?yp&ufs@?’gt se§ %ﬁg&?ﬁé@p\rﬁ%ﬁ@%&g&ﬁéﬁ% DS

bet wedd t wet Gremhodjoas ofhniguantion [samplvsfabiesrare clkected envimedessad eccardimgttbenat i cal
basis of Q,dNREESSHAY j : i onpshi . WO

or t hogonal asti r?%sg?gal &%@ggrﬁégﬁé %%thg\é_lﬁ?ffnﬁgé’?gljtregégi%ghlgoﬁfggeg%ﬁﬁ éhe%s of

adj acent geaighicd Sltefnmhpay be erfgmed AvithsutrmgtiplzBiqn) Insgotherenscoffiitase of f set of
adj j acent ;samil ' : F - @@P! di stributed
uniformy ar ounﬁ%&&gweﬁ?‘gﬁ’?%ﬁ%ﬁ? alél(g);s | eﬁlg_%ggﬁeel? _ &S\%}%] shows sanpl es
di st ri but egbsigntiplgedrciionsersliminaionnficomplex glubiiplicatiorrend addiicas. pl ane, FIG 3C is
a norpplized coppleermlnd .‘y’wfragis%?ﬁ%f?éds%Fthgfinv@ﬂ{BH'in%ﬁldgiocéi-a?%a%ﬂu&orﬂa"' ng a
particular frequency collected at” a sanpling rate that equal's or I'$ sone
sub- har no relularommagigatinag, pesonaheonyigyication sysiqueheyrdbaad shirclssymoivices dataes ponds
to an int agervJdiThes, ch_ElliquJ_nlcs, tQkiak b e tfichild ,\gﬁéﬁg% @ﬁiicglll ?,'catE}L Gardh
illustrates Cl code chips inpressed onto orthogonal “circular poul ari zations.
FIG 5 il lasfpatcaions wigiemsueteatts owilasumenyhiedlinaspd brgleessetensr| G 6
|11 ustrat egednih@tin iy o W5RI iRhorSHIRLE RobRALhEEHE Vsitins u bR dufil Fhyesanpl e
frequency for 15 different sanpled signal frequencies. FI'G 7A 1S a

f unct izéngalca@F’a‘@FeaFWléffdha“@nd(quot"é}al Wefrappar at us and nmethod of the invention.
FIG 7B illustraiRgsisPedtasg mgti&fkﬁ‘gﬁﬁqigib%tglﬂﬁgf?gsoff'silgﬁeﬁrpfo@&sing.l G 8A
shows two periods of a step function constructe roma superposrtion of
oddnunber SWTi% st tiees obprogesiing ipEuds, buters not Ewited tagrRsBRCTGITaAPIPERIFINGT

transf or mspicelthi® poRRirgldhade RSP WrdcksRink | ifterf&bmetF), GiterBB, wARWE a frost
frequency conponent of a sanpling Step function that equals a desired
carrier f rEfigesRsyirnsforp opgrafioas, fiequesey enyversigb HaEIsEAPIOPSHNG coFlEingi es f to f
r epr esent schandePabdbly MrdrbbfotionthdRe BRGNS SMiah shidAlspaMAInflSdRll asing FIG
9B shows a_ first set of uniformy spaced carrier frequéncies equal to
conmponent Shimebcompensation, cargelation, trqpsmissipn-proteeat sersien, seruribagodingragd; s

or t hogonalauttentidd€ord, Ok apBbatiofd dad eHBodimbMS b (RS BFenhBaSAE apRAPROAGANR Of a
Cl-OFFT receiver. FIG 11 illustrates a plurality of five-level step

funct i ons 453iPHER Frrsiergdembodimeris e thedaims it follof shows a pul se resul ting

froma superposition of step functions shown in FIG 11. FIG 12B

il us%rat .a filtered superposition pulse resulting from| ow pass

filte ?ng%ﬁ%@mm FIG 12A. FIG 13A illustrates a functional
enbodi nent of an inverse Cl-OFFT systemof the invention. FIG 13B
illustrates an alternative functional enbodinent of an inverse Cl -OFFT
system FIG 13C illustrates yet another functional enbodi nent of an
inverse Cl-OFFT system FIG 14A shows a deconposition of a single-carrier
signal into N frequency conponents. 35 FIG 14B shows a frequency-donain

pl ot of the signal shown in FIG 14A




WO (12/ U ~537 PCT/ 11Si 11/ ~(185G FIG 14C illustrates a spectral profile

sel ected for transm ssion or reception in a particular comrunication
channel . rqe{ﬁ RNGYy ranges characterized by interference, ;Pa(il l@gl/\(@‘m(d/or
frequency al l'ocations to other systeng, applications, and/or users

avoided. FIG 15A illustrates a nethod of generating Cl carriers as part of
a transm sElGAApHwtraissphase Elationshibatiden swe anthogonel sitshiddl wivelgemdhait i ng Cl
carriers agRakta0f mAnbEsRhM B oFOE&SSine ! G 1 SCillustrates basic steps
of a Cl rece ti oan rr]rne1 tkt”g é (iGAlq)lg(Fcl ulsntgr ates a Cl receiver adapted to
process Si Fi’éféBelatﬂHiﬁef’rrebhgwhlpsbetWW&tWQ@qugbll\ahsmtﬁsatdelswwefﬂep%at er that
cconverts apieogiieftasl oAk (kORI ARRLR showmtt?ﬂpngl conponent s,

processes the conponent , reconbi nes -t rocessed conponents prior to
10 trandmi FIG-RB ﬂtitlrfiéafemmhaﬁfetffsemfpdm@nftS@mprﬁhélotvepleﬁl(bmt ncl udes an

. orthogonal Aan inverse
or t hogonal F%dr ggﬁgﬁgisa%ﬁ glfﬁ E.lmlé—?fj%%llog%q{i?tﬁ{gﬁegt&g%%g&ﬂa?@%ed filter C
recei ver aHE?pﬁBthV(ﬁ Spmpbeélstﬂbtltpﬁbtlréfowalb’ piognd sumghatcke in te@mplgx plédeust r at es how
convention 2 to simpl e Cl
transcei ve?1 pr3 gg%é;:ggéﬁ&%ﬁg&%ﬁé ﬁﬁ%%? %E%tn?da}tlt(}gga aés%lsoghcls:gﬁalpone s of a

sof t war e- cpatieubdr|fedueagry tqﬂaﬁedziéla\mnplmﬂﬁ@ thatgeqidls ergs saateewb-harwofic war e nodul e

that p{@CeSERnQNE R JJ ust (c)lne Ry, H &G ';Jléc‘o’ ?Sn%st‘é‘g{lﬁtre%&'ﬂﬁ‘r&%oﬁﬁhe channel

characteristics’to a or nore ameters | transcei ver.

FI G 20A shtatigngingls cogiblexplapet onary Cl code vectors of length 8. FIG 20B
shows cor eiuiiANRaiel cf &fe dipAFHRAGA Vb BERoRN BtId BofifRige0A 20 FIG 21A
illustrates basic conponents of a Cl-co gener at or 21B illustrates
basi ¢ corrpBK:eﬁtﬂéusbﬂe%m@ﬂlasterﬂaﬁgmaﬂwphaw S@nplztllg raep.| | ust r at es basic

conponent sF@f 6aﬂ d r 5 between
basic Cl synb lgaatuiés:ﬁ%% fsuxEé ﬁsa&ﬁeé rrL%b%ésd agg s%?%‘?%éégé}@hb%%% code chi ps
to prolj%cedrﬂq@ntaamgge%@nahf@qmgew 2 S FIG 23 illustrates basic
conponent seRf ~a i s ﬁ%i'q 24 shows a
system di a rar7n 5% &?Han% scel ver. pﬁ%g&??“??tg‘%ﬁzotsf a%‘ﬁl:tggorrponents of
a turbo co @ﬁae@@ﬁ@ﬁswy@@%m‘ﬂm&hmplb@e@s@@m@ process Cl codes. FIG 26
|IIustrate§Kp%g|ﬁ‘5;§)tq,g o £ Qf Ve, | lustrates
general steps o ° % tra(ril)sfr?n&itsﬁl ﬁgteﬁrrfelt Ug &g%ﬁée pénegg‘%eg})%\%ﬁ%ﬁgdn FIG 27B

i |l ustrat eé“ng@fﬁélrsatus@tiseps of a receiving nethod that may be perfornmed in
conj ungg i opMsBhRIItsRSed e{ £52868 Sl G drab e I tﬂé%te[a Eﬁrf%ﬁoﬂ Both 3 FI6 78%
Description of the Preferred Enbodi nents 3 Descri ption of the
preferred B%adustqemasfuatsfsqﬂﬁe@yaommm b3 sapsplm ttw igpction theheqyals gdesited bed i n
PCT Appl . NerierRichidd i3ty POThcRB carfl B 3us AMlaGiaR WO
02/11;-437 PCQI'r/ SU%%S % Y Nassar, can al o8 I@Cz/{(l%r!grechnol ogi es for
Next Generh’ﬂ’it@ﬁa}\?ﬁFlY‘ngﬂl@a @ég@dSWﬂ%r Acadenmi ¢ Publisliers: 2001, which
are incor peibBdnkys 4 i?rét%ﬁd}%ﬁrfo&@;f dpRdéd c&rﬁéi@eqﬁéﬁf&s E&hait@%mﬁﬁ‘(ﬁ@ﬂt& pid ons of Cl
met hods_and systens are general | gescrl this section. The

descri pti offsst fep fuﬁ‘fté)ns%é‘t‘:i"%seaﬁféaﬁt@wfi mg?ret toltllq firstsetat i ve purposes 5 only,

and are nogid, umﬁdstaagesblttecﬁ@atﬂgoﬂtfcﬂdt@qereée%ﬂs wi Il be apparent to
persons skilled in the evant arts) based on the enti rety of the

t eachi ngs Plodi &é@trﬁeraenlwalﬂrﬁé&@ -lewsd pep Rastiopehayingogbesonalfistwagpout t he
speci fi cat k@h 128@hdwAS falsk eétuttlﬁé £6:20 68 rpkitibn attdsptﬂt&ﬂads sHRbRnlFIG.Garri er

sel ection rra include either or both transmt-side carrier selection with
respect t ofbhd2BrllyiBries pilistrdisupamasitign pylscrgriingirogaloymetsdlisringhetleer at e at

| east 9pe LHoWASHFIG. 1OASI gnal and receive-side ear ner sel ection to deconpose
at least one signal into conponents. Carrier hts include conpl ex

val ues chaFXtdéfibusgateie Wﬁ%}’rﬁ’i‘%lﬁﬂ’éo%ﬁmﬁanp‘ﬁaﬁﬁ CIeS] rreters &f thedveiani nvol ves

" measuri ng, Fraheslkiaisiries ancante@awetmtcham SR IREenh B8 HRRE 0eDFEN§kREL eri stics.
i n¢l ude nunber of carriers, carrier frequency

Cl earner para

spaci ng(s)! IGlénEﬁlgﬁt’i@??c t Fophepfunctionsl epBedime ehpnyinrerse PR o et e

bandwi dt h FI@ 1@@@@&%&@@%& ofCeirglEdatricd ighdl ﬁymehue\ﬁal dbBponepls. Synbol
val ues gq&hg or. wei ht for Iur of Cl earners. C
synmbol 3 aIE g Y-Aern W’btnr gp Mding C carriers. A
Cl synbol conbi nes descrl bes a system deV| ce, or algorithm adapted to
generate 20 basic and/or advanced CI codes. A Cl synbol conbi nes nmay
process nmultiple code chips to generate one or nore Cl codes. A coherent
conbi nes describes any system algorithm or device adapted to coherently
conbi ne code chi ps of an encoded signal with respect to at |east one
decoding signal (i.e., reference code). A coherent conbi nes nmay include a
correlator or matched filter. 25 A coherent conbines may apply phase

of fsets to informati on-bearing code chips with respect




to the decoding signal such that the code chips can be conbined in phase to
produce a signal indicative of at |east one information signal. A conbines,
as used hgrej scribes any system device, and/or al gorj.t] i ted to

conbi ne aaglqhibafilg?y of signals. A conhines nmay conbine rru?ﬁ’ﬁ%sgn/%’g%ﬁers or

synbol values 30 to generate a superposition signal. A conbines nmay provide
wei ght s t oFi6oifeillesitages b epechdipseile sadced ferenmessicrd faeptibn $4 opdticaiar The

wei ghts may__he based. on annel estimtes.. The weights y be.adapt ed

o o ve  torBSnRaRS o SR RAINGL, Rk TR SRl RIS, AR AadOD S0 L
error rat efi¢dBEiky allsiagiona ko dtberngstaes, aplicaiogShidyor users are avoided.

signal -t o-poj sex s-interference r.atj SNI R), . and/ or any ot her
- appropr i s T oA Rl E ol of Bl CRabi e e PR A &y s
i ncl udés anyIG: o5ibillusttates m nethod 0§ geamntatneCLsrErEchs awme dBapeckiyiag frocesance
. Mmeasur enen i ng_ nay_he fornmed _over one or nore diversity

par anet er O 88 ﬁfh@%%%%c %?psé’f)%) ?Errraefep“"%etzg‘l‘g/ U5~S37 PCT/ Li S01/ s085G
conbi ni ng Figly 16k iljnetrdias mitl deceFPasslafibdto poorkds Rinplg-cheiehsigmglses i ncl ude EGC
(equal - gai gy ?gﬁ’hﬂ'stpa%)s 2 repavtel Rh QN a're'c§‘v/édrs?551°1£t'o Ve OB ,”hﬂ%onal d MMSEC
(m ni mum nEan squar eaer For cormbrni ng?. COMbt nes may ‘f)e%foor conbining in
nor e than omgpodénispotdsyes farcampérentssqpd ceombioes thx@npsed chhfsBEhinpyor e
perforyped ju.t frequency donai S.gener at ural j f nbi ned
Crnal ¢ hithelliod EIBIEN cHRTRa e BrROTEME B ke ooy S
D versity pakanmbearsien madessde asd gnialerehathaphdrfregtdncyg filtgbelk.as, but not
i ted topd §QAHRNGY.S LEIROK Ao CHALASLELLIL € 3rocBRARE JARAPy, AP | tude,
pol ari zati on, "angle i arnval , ?)o AT AR o a8 Fate. prase-rotation
rate, freqbhdyillusttatesbbwchaeg@nalbmgibiptaselsing acimigies ¢4 belvamgBdateadnigth e- of
arnval rat e-of Qrggsgngrsp%ggsg&l gain distribution, etc An information
signal, as uSe€ hereln,pd%scrlbes one or nore signals adapted to convey
sone fldr m BIG. (18 éfustratds bhsic eratponamts dfafsoftwat-camroBedyPidtagscaiyr. i ncl ude any type
of communi [ signal .. such t not Limted ¢ vid (o] dat a,
ond text . TG of MubiaR Lo RaF ol watre S et bEfe Al SRRt In Ry O7
| nf or mat i opnesirgwad chamelcharactetidies todpet che 8t ame b paramtiens ireaCbigkns@ivar. synbol s.
A front-en eR el 0 i e ne e signal - processing
syst ens angy%r“ b ﬁ%og{siaggnts&? é%‘%ngp{]@ %g%%%"{e?’as -%fggnﬁ{rﬂlo%(r':ess recei ved
i nf or mat i oAb @aB shy's sorgaitioss @ithal6 donbysedratbwirioE8$20Ag. Front - end
recei v p i i.ncl fi in |1 fication, A!'D conversion,
m Xi ng,%i n gf%@%i‘@%‘é@%&%ﬁ%ﬁ??%g?nﬁ ttaglgg%s%a‘lgngt?} radi o- frequency (RF)
pr ocessi ngFlR Q18 dhustadtestbasipemmalohelts darfliduasinotter. par al | el -t o- seri al
conver si ongrdeppdilatiqn... go%g}éhédtpéﬁglqgwdgpl tipl e-access processing,
frequency conversion, despreddi ng, decoding, de-interleaving, and/or array
pr ocessi ngFIGA2Pdhsirajesdirarcletionship bstween besidiCd kynghol vaduestaped ditd symbolCR, DVD,
[l ash memogy.0l: ARCIAbiShid M FoSLOIRYS JHBM: ufls evice. 28
Pre-transm ssi on processi ngf i ncludes one’ or nore & gnal - processi ng
functi®hs Fipi2d dlvstpatesppsi¢ ewtarooentydiorGiardiomsybienrnhg Chdesedinmeision. | F signal s
prior to C?@'Zhgﬂﬂs%?ste%&9%%'&8}‘9@1&8@%?@?“%' . Pre-transm ssi on processing
may i nclude predistortion, D conversion, D/'A conversion, mXing,
nmodul at i onFIGnaP iliustrasssibagic componéyty ef-adebe selepidagedss systay thitmaybe ieeg tc onver si on,
spr eadi ng, p@g&lsbnocagst_i on, filtering, coding, and/or array processing. 30 A
processing unit refers to a conputer processing unit, sucli as a
m cr opr oceEKbH 26 dbwirates basic prapnendntsefs Clarapgseikerst at i on, a conput er network,
and/ or3@ Si’ﬁ!@7ﬁlilg.{e§§at&%gl?%ﬁl%feps gat%%ﬁggn{%oaramhe gﬂersén@ﬂl%e@ifon.t he present

i nvention can be rrve rom phase re i onshi ps between orthogonal

carrier frEKuaRBiilbstrates|geperal sigps 9fiaraqeivineanetiiqditeat may Be euoanrf is Fenjinstemal

" si nusoi dal WWavief RhdEiho hedld ik eatefaelG Waxef orm 101 and 102 has an integer
3 S nunber of wavel engths over a particular synbol interval TS. The first

~waveform1 O1
Description of the Preferred Embodiments

35 The Description of the preferred embodiments assumes a familiarity with CI, such as
described in PCT Appl. No. PCT/US99/02838, PCT Appl. No. PCT/US00/18113, and C.R.
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ort hogonal frequencies f" are expressed by: f" _ .fo + oafs 15 and the
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preferred enbod; e ' [ -limted ch that only
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’ CI filtering methods may be combined with passband sampling. The imprc;vement of CI

filtering provides for combining samples collected over one or more symbol intervals T to

25  separate at least one desired symbol from symbols impressed on other waveforms.

In one aspect of CI filtering, orthogonal frequency channels are separated using only
sampling and adding processes. One application of this invention includes frequency-division
demultiplexing. CI filtering may be performed by receivers designed for multicarrier
transmission protocols, such as OFDM and MC-CDMA.

30 FIG. 4 illustrates a plurality of CI code chips ¢; to cy impressed onto orthogonal
circular (or elliptical) polarizations. Each polarization has an integer number of rotations in a
given symbol interval 7; and thus, are orthogonal over the interval 7;. Other orthogonal
polarizations may include opposite-direction rotations and/or #/2 phase offsets. Circular and
elliptical polarizations can be processed as CI carrier frequencies. Orthogonal polarizations

35 may be redundantly modulated via CI coding. CI phase spaces may be extended to

polarization as well as other diversity parameters. Multiple data symbols may be modulated
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30  directs the combiner 702 to combine samples collected over at least one symbol interval T,
An output signal s(f,,¢) represents the combined samples output by the combiner 702,

The sampler 701 may generate one or more sets of samples with respect to one or
more diversity parameter values (e.g., time intervals, carrier frequencies, etc.). In one
embodiment, each set of samples corresponds to a different sampling rate. In another

35  embodiment, a first set of samples is collected with respect to one sampling rate £, and

additional sample sets are generated as subsets of the first set. Thus, subset frequencies
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conpensation, nultiple-access processing, A/ D processing, DA processing,
as well as conbining. The digital filter 1612 may include one or nore
filter s to process sanples produced 20 by the sanpler 1611. The filter
1612 may include a filter bank. The filter 1612 may include any type of
signal processor adapted to performa Fourier transform operation. For
exarrpl e, the f||ter 1612 may perform one or nor e FFTs DFTs, and/ or OFFTs.
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generates the reference conponent signals pro~rided to the correlator 1624.
The correlator 1624 output may be coupled to one or nore additional signal
processi ng (éﬁ,g%rﬁ (not sliown). An enbodi nent of the Cl 5)‘3frﬁfsﬁﬂ$§io
generator 1630 includes a single-carrjer reference-signal genérator 1631
coupled to an OFFB, such as an OFFT 1632. 5 Enbodi nents of a Cl-based

c;)mmni ciat: on syst gmh.rm% i r?l ;gfeglz@gﬁi(:_h Ay(%é%g%ggl iti 1(_'as bﬁt ween the
pliysical layer an i gher “t-ayen A nse to changi ng
conditions and operational requi reﬁz’ﬁf’% can be directed to an appropriate

physi cal - Lay@ach w6 bof Bihe Arofatiol 3586 vdctod RHERENGTbyaRY 4658 tehh HERiglRE®BL N and
frequency-domai n charact er;,i stics of transm ssions by applying weights to

" the O car Ficef e Tl cachit” veqtorteaps opian veRkor diertien defiried by g physe e @nsi gnal s
havi ng desthedqRivs i adrmb 8y8E oRfRiRctRlldhi o5 = il Embhé chisthghigt es basic

. physical -l ayer functions that are conbined into three processeS: Cl carrier
and weiyht cal cifbst e PFFT seuple frequsnaydi dashnot pqup) the cyceivad earmar fisgueaestion 1712,
and G card er, wei gotdRer hfikidn iCPifdSs: Sel ection and weighting perform
physi cal -1 ayer transceiver processes, sucli as formatting and source coding
1701, encryption 1702, a 11 S.set'&&ti Qn 1783k channel codi ng 1704,

mul ti pl exi ng | 705, m)du?‘{;v'tnir(%L 3 }ngxifdﬁs?fﬁgt wrﬁ%r cessing 1707, and
mul ti pl e-access processing 1708”"I n on&’set of “enbodi ments, the

physi cal - | BpeimpichE &S88De hdshmed thitthe mnditdoflsdnpleak @olRRtch &Y AppfbxMlately

sof tware-contr.ol |l ed processes, .such a | ication prograns residing in one
or nore neﬁ‘if?vn@%eéelélglpgef&g?‘? ugyber F@u@?@gp&@ﬂ%m g’ée: ai@q‘lgl G 18

i 11 ust t@t espproxaeiionaiotks @@ s Qb€ thriBerd dfaiisl@l Siafilarly) K daa RSPl bedadta Streami s
processed by an Encop,er/lnt erl eaver software nmopdul e 1810 that generates

wei gl its piO¥ BEET TR A BerappitedeBmeLasiach Y AT (1832 capi9it nel ude a

si gnal progassiRAoSAlhPRE fcrRidhth@medibd RisdiioF by/TeX rbemarapt ah&: W fufl " espect

to control signals provided by other software nodul es, Sucli as the Encoder
181 0. 25 Redaiopsdhesimyahihs Kareelondpupeiansidlly rere Tors Hedomab! be@pBhtnt s by an
FFT proces e ) . SOf :

applicati 0?18{%%0%-8 ?:Ua’?%-?ewﬁgrglnl]fglg;Iaér}gxggﬁglgng@%@%dg%gﬁﬁgs&%‘%lypri or to
bei ng bBecoded i RlG9Décotiememy-dompianrtmerewation®? 3 barfiHanitedngiofieseit®22 and/ or

t he Decode ' j -

controll ed[) @%’%ﬁg@ﬁgo tc\?\gpén%%ggf%sd,lﬂs%%h; %&t?ﬁg?@%nﬂ%{%}é}iﬁﬁ(}gﬁ é?\lpﬁ or the
Decoder 30pioc@g Bclufgsesdinpepenisnoal anficayenat @00 df thyret@ 23! foggeenay Phisanmay be used
to adj ust 8 : i(nes . i erations
1816, such  aeoat bR Rcl VAR (R ety ST AR Ly SRIRERRORE,

t hr oughout syuthel yause prpesssqdritsoefeivenyy 0@ rians. ormome Bpplicaticunpt ie prefesddsi toer

per T or 9N C grolfRR K b AT ind & aeosi Bl enaPNE: 18t Gu) oﬁwquﬁﬁacg§c\%%o§x&t yst
various operations, such as conbining. Recelved signal power nay be used to
35 adj ust gerlind etemferasion bas asoptzerrORTT dsSiHhiltering resulindlidmatiselndheasta t he receive
si de of thﬁmkﬁcﬁlﬂﬁﬁ%le‘éﬁptqdwggﬁr%bé?@eﬁs%ﬁﬁ%&H@n@%b&ﬁ@der 1823 may perform
channel estimation to adjust the V1'O (12/(1S.1s37 PCT/USUl/~| 185G 21l
function of theFinéBdbpstragsayecaivsisiondis fegpacndisribitiondecdalicrn8@FFTpi e
transcei vepr ARYind BmBSIARLRE DediLsyRIOE GRFedua MR AR GME YL S

signals., FIG 19 illustrates a software-defined controller 1901 that
procesdes 8RBl spesedcastisanqneigy ispcdye freaenaes P0Gy fdP.ond 83 Chfiltsrivg er thannel

char act eri gk are bbbl Yith 83b&Rlo PP Sr MbreStefBInBtidrk 1RAMBIEL HiRekBFd0d,n @ radio
transceiver 1903. Cl paraneter adjustnents and sel ections provide

cor r espond?Hy 22 sPaiefmbols geqorwed from thedirs drequenayorgbarp pithogprsh fo-symbels

processes $9gnladifbht 9R! ublDa frdg8&LERAGK, bPORNdlHP4 may be enpl oyed to couple
the controller i901 to the transceiver. Thus, Cl signaling characteristics,

“ such as wei gl i t &phasepd AvadtaturePhase sign Binctions mav ke yag induncigegihu shepyraRE

oper at 3mg ewlésp&a%é@}E&ﬁopapmﬁtﬁdf@l@%ﬁﬁ&w&ﬁsa 10 O codes,  as used herein,
~may include basic Cl codes or advanced CI' codes. Cl codes are based on

pliase rel ati onshi ps bet wee rt __(_)%?jl’] carrjers,yjsuch as illustrated by
sanples 120 to 125 shown inr]?‘—‘?c(é’ﬁrk b“@[r'cﬁyeé’gﬁnolbe used as

direct-sequence codes, multicarrier codes (e.g., MCCDVA}, etc.
Applications of CI codes can be extended to any application of conventional
bi nary direct sequences, including but not limted to, spread spectrum
mul ti pl e 15 access, channel coding, encryption, and interference
mtigation. CI codes may be applied across any set of orthogonal or
quasi - ort hogonal diversity-paranmeter values or subspaces. Basic Cl codes
can generated from phase rel ati onshi ps indicated by vector precession in

t he conpl ex plane, such as shown in FIG 3A. Cl coding can be applied to
circular, elliptical, and linear polarization. C polarization codes nmay be
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n=o0 30 where ~= 2~c/Mand '= 2~f'~[fM Sone of the CI codes are

conpl ex-conjugate pairs. For exanple, correlations between CI codes are
expresse ollowing relationship: MI CO'1l _ ~ 1 _=ei-= vl
Cerner o iR 0 T GE RS e o ) )5537 PCT/ USOL/ S UL IRLEE
correlations are non-zero for (na+ni.’') _ QL1 CI codes may have pol yphase
andl or nmulti-nmagni tude val ueg. Affl cpde set may include one or nore binary
code vectors correspondi ngh’fl@pgf é’agf%, mﬂzfc(ﬁﬁéfﬁtz' onal binary phase code.
In the case where Cl codes includ@ conpl ex-val ued chips, the real and

| Magi nary B ofief foSatiflY ChGalIR SRt pRse Ghid £1 o0t o0idldRaenal paraneters.
For exanple, a nmagnitude corresponding to a real value may be nodul ated on
" an i n- phaseresapibng te srho Brstcarsiprs fa dlat parbelargdpsrercpereivspdyi nary val ue nmay be
nodul at ed on a quadr at ure- phase canriger conponent. Otliogonal conmponents

. may include, but are notC, kiyyi($edD0) patperdifyparg |li near pol arizations,

| eft-hand and right-hand circular erw=elliptical polarizations, polarization
spi ns, <10 CRS. . i . d| i l..temporal , pliase,

pol ari g at i%g?ag?sco%)%ugeg;f %ﬁ%ﬁhﬁeﬁénﬁ %ﬁ%&%%%u&ﬂ%ﬁ Wocﬁlgr%'ino eicﬁrglp ]ie)ht erval s,

di r ect - sequeightsev,qure®, combining ipehdérde campensaye foufiding endihtasferemmsdul at i on,

anpl i tude nodul ation, frequency mpdul gtion, polarization nodul ation,

time-of fset nodul ation,cok jarfy )Qog)wn jcqu[z-tm{{eg&;:ff]ase shifts
corresponding to C code” chi’ps’ meff bér npressed “upon "a singl e earner or 15
onto multiple rjiers. In one enbodi nen hase sliifts are inpressed
relative to a tCFra‘lé[n rf;ht‘ﬁtréﬁffs BarSICICBIi‘:‘H‘P”IeVSgE?]éPQE Eﬁretcﬁ‘f"'ér‘%f;ﬁ?%‘vﬂﬁé@él. 51 n anot her
enbodi mentoptitially proeessédcdy apambianitepdudiadsiaditet [ION) THe aITRhiRy 8001 nhdy 2018

enbodi.pent, DPM.i s | oyed on ingle carrier. In another enbodi nent, DPM

is ap65iee&nﬁﬁtl'ylwgﬁtgraﬁiﬁéfhaweiFé‘?ﬁogsl%eﬁﬁ"ff{WEGFC.W‘?CHSSS%BV P8BS ment, each

phase shi fi001 Giacgnsmet¢esheads marephasie sélt wWitereepdct @lat ot wWReRpFndie@st two

DSSS o DSTRHTAP SHEF SR CRBRPT LB Gethecpnp AL erEap: WY GHBEol wavel engt h

Di vi si on Muk bit pbexinging WeMnetend lof tha saheieea OVDNVchMs bdnipid wide, Sl raf¥ll ti - code

spread spectrum or arg%/rogfﬁ the Cl 1orot oco(Lﬂslésl n.the case Wner% Cl codes are
r )

used in a SAOPEFRARETER RS PBReSPiS e lex mag pqivs thesygiRitg may be
accomibi shatmetran yraafdesiteeigal ways. Each carrier may be phase shifted 25

W th respect tq, each chi f a Cl co chip se nce. [FEach carrier may be
modul at g wi t h PEOBRee IR ey Fe ey Bt € et e
carrier napoheusndulcahpderwhdntord A& ombingDE ., BkcleddacabinpteNmodedesidagar ri er s.

Each carrier ma e provided wt t |east t j versit aranmeter.s that
o oaul g S bl St Rmaria poedailol o Spd MRk O RigEs
Mul ti car r ise¢h sisgmnbdl sutyh Nendiafmibeesk shiipladyer Sphbod intgu Sthasgrhtl Bytatdnt | | ogonal

di versi,t y3,0 paraneter values. .Th i versity parangters i ncl ude,

i thoa? | e BB aHE o e RulE g F o Bl bosty S AB p R e ng 1 near
ci rcul ar, cembinpd.ihead QFFTiprovdss, tie chinbiaatiodi ofeyisbod heaticap il stepfthetioe. 9., DS
and/or Cn,_t.i n e of subspace,. and any comnbi nation er eof .
Advanced m():dogg%esgag tﬁé tl¥)rl%i\? qm\}’gseoanrg& Vre(3 %P% g B%léot’fﬁ’ig? FPERREY hge applied to
basif: cl conipsnentSommy opt;i@latbjé @oo;ﬂgdgtd\alepmmstoﬂoo_ﬁ @d@&diﬁgpfrmde gme\nﬁlmidrr]es _
resul ting rocessi asi.c. . codes with .a amar d-. sh matri x,
matrices Le{e?;\%} °from’ q%ﬁﬁ%?fwlnél}%ﬁ er(rar%tt crtfott:l’e‘is%fmg?iﬁng%éeﬁa%nd " matrices
based 26n Hadegimn,dhiidlebdstimatitny ¢hanrek@aupensation, deddap,GRY. (| S~s37

PCT/USI I 1/s(18 22 The basi g. Cl es. can be conbi . (with each.otlier or
with other di rglgfa 5 glée%aéﬁ%eemé’g S8 oLty ’f“c’)ern?ho%t ?S%?&?%quﬁsg ?S%gapctﬁdtﬁgfowﬁase

and/ or polupfammeidtsedpleCh tipcdestor/dconnaniatosid4.dfhe Glect@demmutdne 16049 sequences
may be tr , ended. rearranged oncat epat.ed.. etc.. to generate
*ort hogonal At eaRRRERRES nofSAREERAE I FRRERL SRR B s Redime g, %oy

di f f er ent previdediby tie shepyfuipgior gameratoe bG8k, thiDicdst gheseteciol/adepmslequEidd emymay be

conbi nad i 'Cl that l east one.chip s ence i s jnterl eaved
o 01 81 ulSabnd or £, SherC BB R T SR Rer BIBE B qlshe) (O St

e ot rc ode vec
mul ti pli edelogtionton éatal bamflevidislc Tlor sslettnddcadtnwlgior 0¥ may bpticnallyt gdvidoweights
di rect-se co and/ or. ot her Cl des. G oups
of C codgggéﬁg%@gﬂg‘?/dhgg%%éﬁ?ﬁ?é@' Cst%%ﬁi% Isacr? (e)nrsatgg(frfc Eaena% e\?\f,i(é %ﬁ respect to
ot her code chips. A Cl code may be 10 overlayed with a | ong code, a
Hadamar d- Wal sh code, a Barker code, a Gold code, a li.asam code, a Col ay
code, a Cl code, or some other code. Cl coding may include nmultiple |evels
of coding wherein at |east one set of code clops nodul ates at | east one
ot her set of code chips. Basic Cl codes forman orthonormal basis. New
ort honor mal bases can be generated by linearly conbining CI codes of a
particular | ength. Mire advanced pernutations of CI 15 codes may al so be
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20 orthogonal mapping may be performed by phase shifting or scaling the C
codes. A second set of orthogonal Cl codes may be generated by rotating the
phase of hels;s0de set by rl12, tlius providing in-phas dr ature
Cl codes. ¥ Id-zéocs)%iesfi synbol s may be decpded by correl ating gcggggﬂ% ¢
with a conpl e~conjugate code. A received signal may be processed W|th an
FIR fil termhmtlemgeléﬁe@w,menf@mt@mg@ﬂat@s, andfor ppvida falayy dther digodepeocassgsi r ed
signal . Thg, ti sanpl es
signal . Thydaea) e gnaqiécw;faé%lﬁﬁam?%@argw FiloAd RIS nxdrepsla%% elgaggélgeosnpensat s
for any ofth&/taﬂxp@dsncetbrffet!tosneesmcmteasmcd\&lmbdlddo\eetrdnvehsons transnmtter-side
_encoding (e.g ting na per f or med
wi th respect toTﬁe%)Jng?}éggftFéBﬁ%T mhgﬁ'%qulﬂed tr%bag%%l 1sﬂg}nrcl Whi'e HX%Q?’BIII% s are
adj ust &d wiransforms sypbes FFTs and IHF@"asIn amneeISQChQEETmemmtdatasmﬁolme signal to

Tocerved oyarsr R ARAE RS LR DL e AT Ry PECy wi 11

r espect toﬁleﬁiop (pEi agesfugtion) rdpessaliney singrialplurdlity erthogerel hasid figicgeral i ncl udes
nultiple s I kP sliifted
with res pe(%t?gp tsglﬁﬁoﬁcgﬂ gﬁ@p) S agﬁéx%% Smgﬂpﬁdﬁ eco |§1tgémé%l %ﬁeﬁr{ﬁyﬁu%goibgﬁl es 35

cor r espondiungjionsiseatier émprpcema pharptbe gyl oflldt@bdomothf T@cbrhhpgomlrbespadmést 0 a
decod hi

pr oce?s?iC ng@aiﬁgﬁg&&% an ‘m Qéraélégﬁhe %&tﬁ%q % L %é%%}\%& gg%?%l on- makl ng
(hard and/@ﬁlswmcluﬂawomeh@emﬁgmdntmrexhadamagn%.ta synbol s neasured after
the decoding prﬂﬁnﬁ (Eikn%ntgfotﬁé ig %aﬁ%%m@cjls a"rQLm 59&130" 0318151 1021\1/‘1%3(%t ors C(n)
resulting fromnu tlp ying an 8 asi c SXS rows of an
8xS Hadanuyighallay epmbining dng om@Xsnfomt@x@@omuam tp eéulsttqnﬂ step ﬁmnmcm product

of a. matr g;r@gnr phase
8-chip cod%ﬁs% p?\bﬁ? ?:f%att:%srt eﬂls%\éyﬁgﬁlfl (o] rov%) ﬁ%mﬁltxbﬂﬁ%@%&%@n@ﬂe&

quat erlar ythp malisaietiecayensics insludaensd of more et fordioy hppinogise code vectors
ncluding two cpih iRk YARESWPAH B 1ovt eplBudiBHeLYPRIADS atd ) are

sel ected from octonary-phase vectors in nmatrices resulting trom products of
vect ors of orfhog@abiovgr thh H@W%dd@nrrm 13A Qlugixges a@lsEN 201 r2@Bing iowsa aut o

correl ati r f n) sliown in
FI G 20A Og'lﬁﬁe@g%?@eoﬁglt%lsg t?([)t?llst |1%)ééghﬁl%'ﬁfbeglﬁ%nggg&%(p(ﬁ&%g%g]g ort hogonal or
quasi -ort h@g@ﬁaﬂltl@c?@alsléﬁlsmm Teprfiltered using @ $ovCpas) filigrdnot ehaaymp taeproduea codes

D)+ D e Bhoald i 1268 Bho st rq, o) and C(7)* Torm an or {11 ogona
ei ght-code set. Tlie code pair {(( *} lias zero cross correlation
with C(2), C(2)5%tep fongjons eemye*mm(aﬁd mﬁmﬂ leggt ppe infargatidmsignaldaprodug ape used
Witli thesgrgeges hQuRiayhde waﬁebgg%a&n emleteﬁ @&n%non%@d&e o) has a
non-zero cross correlation witli cCodes C( 1)~ , and C(6)*. Thus, an

or t hogonal CtB@Wisgiyripssed) witd able@fé@neeofﬂm%m SJeee)Theawa ﬁ@k%@éé@)’b@des C(1)* and

c(6) * Them&ﬁﬁ'ﬁ&l #8) cod%eﬂl one &Qxﬁ)l’e e §)ﬁp ﬁ,lng{o@can fhsBle” pro&&e?i)m and C(7)*
formanot her or t hogonal ht - code set. 1) , c(4), C1),
C(5), %4 2)plugh H’Oé('g‘}ffeﬂbg wfoye%twaﬁtﬂlﬂépn%th@ %@%mp cemgmit@wéu@et Many ot her
code sets, ;12Qu fb%mkﬂéfp@ﬂn&lb’%ﬁbs mattchagaa% i@ the ﬁ%ﬁnaﬁ&?ﬁ%ﬁ%‘lseln Gt hogonal
and quasi - orthogona code sets nmay be Inplenented separa

si nul t aneotP®lisationsy the cargiers mgy e Prﬁtlﬁiﬂj@ﬂw‘#ﬁ @f&pﬁséf@se@mpm tbfeakaspt M ary

pol yphase &OGaS and} rMueéyAmg%o%fcoﬂ%dgnm“ufi@que&t}%ﬁd/w High-Bequogls | ength

(i.e., nunber of code chip t hat | eSs than or "greater than Code sets

may i ncl udereRTey ﬂ%f’fcoﬁlb’& Sl%ﬁtmaé(rbé S?I@é%d g epregovegrinlilisring &lighhan t he code

lengt lsp  CRélp: &gtcﬁmﬁ&ﬁéntk ﬂaﬁ& b@eleéear?o ﬂr@ﬂgé for ﬁ&ﬁfeﬁHy wpichivefsgat - | engt h codes.
Al t hough basic codes and one ¥ advanced Cl codes are described
herein, many otH& ?%‘ugf?éﬁﬁ%tqv@ﬁ%cb@ ET)ENSWQI bdermgtigrsyrpols framap gt y

" anti ci pat eglforfhtidhQeeans &t SodBMedsy SRbEGLSA 301 oﬁf@@b%‘h@}lcﬁdteb QuuBfiyi de
cross-correl ation values that are shifted by cl codes may be used to

_generate bEREREREYSHEP-TRAmE eSOt iR SR tl@ls H@b griioggyshe vgighteddes 30
may i ncl udey 4 w&gﬁ:rgeﬂ'&aﬁ&* 1808 hridh $o KineQohBne&ln LB Mer 802 CIALERD %ﬁtmﬁ@ derived

from danard Wal sh patri x expansi on, code concatenation, .code

i nt er 1%Pavi AYY PTBUB I P &PRRSBTaS fehchaarr?&ﬂléﬁoﬂwea RFRPalS 2EBHROLTRE BIEL on

wher ei n weprgtitis cadlir (1R bd @EndePcoRHG, Qbst-FRIR rddQéiRnChliRS a difsctheqt e tyPRY

i nclude at | east one set of CI nmatrix elenents, such as a row, a colum, a
di agonal , andlor matrix elenents selected with respect to sone
predeternined pattern. 3 S Cl code chips may be cyclically shifted,

swapped, or otherw se re-ordered. Cl codes nay be inplenented as

mufti-level codes witli one or nore codes that are not necessarily C WO
02/ (1;.1s37 PCTIUSI) 1/ SOSaG 2~ codes. Miultiple codes including at |east one
Cl code may be |nterleaved CI codes may be |nterleaved mnth sane Iength or
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one ot her set of codes, including one or nore of the follow ng: Cl codes,

bi nary directsequence codes, channel codes, spreading codes,

mul tiple S, des, etc. Cl codes may be 10 provided w L nore

parity- chggwﬁﬁ' 8Is formed fromlinegr conbinations of da k?ﬂgﬂﬁﬁgls and/ or

code chi ps. FIG. 21A illustrates basic conponents of a Cl-code generator

2103. A Clof egdirtpp| or genfimaany ptheriih9sicpe tageraresssingpTher @inbingd sifnalinagherbol s t hat

are coupl I i} %bﬂ i 110 groups the

Cl synbolgﬁﬁ%gggﬁéygggw%%§p§§ﬂﬁgyég%ﬁwgggggﬁ% 5 Qﬁagafgﬁaﬁ%ﬁénerator such

as the CIpsynbdMJQEMEnmﬁmnﬁB&ﬂﬁmrMmﬁhudmgaamymmMgﬂmhbhmndsysten1 or device
adapted to gen t nbols i e basic C

" synbols. Cl ?%é I%Bqllﬁ)étrg{e?%d 51%@3@{@%110%%39%?&& o?tltt 1oUS™Y c1th{’#é\:§‘ilnurrber s or

functi éns bysmﬂm s%/wbglhtgemgtomléli/alada&:@ddepnovﬂdwbrghmm sté;eﬁwd:tlon menetamrerti bl e
transform ourd ransfor ce Lo nsforn1 a

" Walsh t rar%é#%?gﬁ% &glg%tfgléﬁﬁm&%fgattleragt bnrf(%]m%{e ‘”Ig“?;q Oatl%ﬁt g TRy his%? ude |inear

conbi nat i dagdapfedde biber r@ysicy-ryer Istamleierseallch emtﬁlntgacthamekcooipeﬁlatmyaddwrs Wit h

ot her cod : ce 0

br edet or mA P ang HbisfkTHE yHeROUEPL AR be'cnifEs AFUERATE 11 &

spreadspeéﬂpwdbmeﬁbgﬂ3&ﬁpmmﬁ¢bmanmeﬁsiwadem$meMannamn@uddmwnencryption

codes,jgmufti-| ' apd Cl codes. 25

Ao Mol contsn2E R s TR GRS LORERAE S M 5B R Pl any

al gori t hmm@¥SCémFFEEYSﬂWIPC®Iiald&ptreﬁbl t:(lmvgnt&]tllp"]@ro@ywbmi mfcnmatgpener ate at

| east one 2] pe peatenate, :

interl eavegfuellfl T’@ae%ﬁﬂ%{t%rﬁgytﬁboﬁya@com %H”B{ Q%?%{LEH)H?B w1&1 r‘r%sgfb?se s. A symbol

conbi nes mhlyalﬁbmrtheg@lal bayinfimicigongd stidh a@t)fne'rdeéyyrbstbts—funéu@l)g&mdtordd%l nes nmay

provide a ol. 30 FIG

21B il | ustdligt) %@S’gﬁ% ?&ﬁgﬂ@%y%&bmg%bé ﬁé%}t?ﬂﬁﬁ/opg&lﬁtl%dg{ﬁ resggc%’ane Cl - coded

i nf or At i G‘f@l&htsgmfatldedAY@lwe@htgmialatom_ﬂﬁ Efmcombmefhtlgﬂaeasetprmed bypufilter

i nformati %agp e produced by a Cl code
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Bi - ort hogonal codes liave slightly better performance over orthogonal codes
because anti podal signal vectors have better distance properties than

ort hogonal signals. Traps-orthogonal (e.g., sinplex) codes, when conpared
to orthogonal and bi-orthogonal codes, require the mninmum SNR for a
particul ar synbol error rate. Channel 20 codes .may be overlaid onto

mul ti pl e-access codes. Depending on the processing gain of the

rrul ti pI e-access codes channel codi ng may not require additional bandw dth.
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received signal. A Cl decoder/de-interleaves 2435 decodes (and

de-interl eaves, if necessary) the received synbols into information synbol s
that are Rty processed in an information 30 proces 2436.

I n one en@%dh}rareﬁt the codes 2411 nmapg data synbols to C %&6@61/%%
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synbol s EottS B For
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(defined by t helhegligital ﬁher lé;mmay lmluc@a)ne bren@rgééreqsép preeess sppelehreduzed ecei ved
vectoryg s @ytH@gsiaﬁ)[er@811aT99H@wm]ﬁa%mcnﬁa% fg@p%ﬁrTh%%&épmbﬂmay felecting an
error, may ‘performforward error correction and request

retransmni sBY&ype oppighad prosesyor adapied depwipan 2 Fowtpr éfglﬂsifqmltwsfah%%rreémﬁ tted code
vect or usi@gaRQTe1 PR ProrMYnSdrudhEBYrs, SHE) a&ﬁm%ﬁrﬁrpem%ﬁemm hhyel i hood
algorithm_ The receiver_may erase anbi guous signals. The decoder” 2435 may

i mpl enent i@plpdsrons oF metetfilsr with stenle dedays anddensprtystiseted Blierehavisgsomplex j s
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di stance between codes AI\)n advant aga of using poI yphase codes is that they
provi d® a superiiSr 10B vstries aireealprdbat conyss eeceivedsignaliyio evaigrping-or exanpl e,

(ra, k) (&hagonmoﬁf 5@9&% PrdGes @18 cilpdneith, and RB&GBLIASs tie procekdd = 256 binary
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of the n- t‘RIB]lOéODS“bQE‘éwP%’fﬂ§é?PD¥GPFE%H Words, a | arge Hamming di stance can

be crenyed. FIG. 16C illustrates a matched-filter CI receiver adapted to process single-carrier

signals. Received single-carrier signals are processed in a down converter 1621. Down-
converted signals are digitized in an A/D converter 1622 prior to being processed in an
OFFB, such as an OFFT 1623. The A/D converter 1622 and the down converter 1621 may be
embodied by an anti-aliasing filter (not shown) and a passband sampler (not shown). The

35  OFFT 1623 separates signals into a plurality of CI component signals that are correlated with

a plurality of reference component signals in a correlator. A CI reference generator 1630




Cl codes may be processed as cyclic codes, which are described in many
prior-art references, such as B. Sldar, D gital

Coi nmmuni ¢ &5 ndamental s and Appl i cati ons, 5 Prentice- c., New
Jersey, g?(%%)\ryexarrpl e, conponents;4f a Cl code vector gq}dszléo'@ i

CN f) can be treated as coefficients of a polynomal U(X), as foIIovvs
U~X) =uo +igencatapthe-reference equpriqnent Tighalp provifeshie the'carrelatat 1624. Titveorelitoi s t he
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separ at es\gt?he reé’s}fal Stlan B8 s eﬂrﬁbﬁﬁsl%yr%%g%ﬁ?%mfm synbol streans. Eacli
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decoddf 25glectipndd03, planng |Ci>d§mg Hi4 cueripleg el 706, Iandulatlen 06y sprdadspecmm  Sof t
deci si on (gogkg 1 LGk Jo the other
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a spatial Jnepnt f96a%k 1811 6 @méltll&Aﬁﬂﬂde%éﬁgﬁaxmegﬁggswa@&qm&t h 35

soft-deci sion values fromeither or both decoders to facilitate
optimal redEpFTonay be afgntaydy witisregpegtio P@FWL&JEB}SSDM’SSG bgethergofiwarzg | | ust r at es
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encoder ZQG&bmglelme&ﬁi/cﬁﬂfmﬂééb@ér%ZB hdye ihPRAESSAS séMfardatareyadal s onto at
| east one C code ener(éleré g a Cl-code generator 2603. A Cl-code
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coupl er 2604 may up convert baseband 20 or I F data synbols to RF or optical
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nore carriers with the encoded data synbols prior.to transnussion. The
transmt coupler 2604 may i npress Cl code chips onto one or nore sets of

di versi t yapaF r values. For exanple, the transmt cou . may

i ncl ude a“%géﬂi g?rrer (not shown). A jeceive coupler 2606%2@5&@@%@2& ved
signal s from the conununi cation channel 99 25 and converts the signals to
sone f or migustion of thaBesleded 14, kermbiherd 812 andioeDeqpdatidd iThg traysctitve mapgbt  of t he
recel ver RAIAdA0 pitbed REOILANNGEI B pTRE spEGLT Ve coupler 2606 typically
perforns carrier frequency processi né’ on the received si ghals. Tlie receive
coupl er 2606 n&YG d@viHusdtoiey @ saftwanedefipeiaiontzalles il i aha ptocessaebamngorer | F

_ signals. 1;&,{5 1fegﬁ@énye%ts%gpgr%&or.%ﬁ% ARY HREEA M -YRL S b0 ORI BHend:
et ectl on, sup-carrier p essi ng, | ntnel’cfg

mul ti-user : roc eérence cancelTation, 30
sub- space mprockssinmiers b¥ann & odivitragsceivérd A0 IC1 pirameter adjustznis om selekii@anel

~ conpensat i on. | i SS) ceive
coup er 2EEtsRRe B LIRS R RinBAABLIYE, BHETNN g e BOL BB (e
as a denpdid etional faclzack klog d 9¢4enwi beempyed tngoupld the pontakerCPOIctotte gener at or

2603. The . OF [ t SYTRpls encoded
with at | etl%stcgig%gﬁgs’ é%g%mgﬁ(rﬁtdghgﬁéé%%gsé ?%P??gv%%ﬁtgrspggﬁ%ﬁ?ﬁ% corrIrsruni cation
channel 9%odeFiniag behdagted delBF opB@ing whayactenistiasdé thertrangstiveral recei ver, a channel
esti or, and/4Qr C o) . . l.L/508s(~
31 Denf:}gded dat adi §§%€’o¥§%§m émgg@?%%%alﬂﬁ C&%egéégé% I}cgégél %ggséé@og%!gnal
processor apdRsd oniphasgaclaitmsipgrtieep pipgsmbrar@éeduchens ilbstrated lygemplesd wi t h t he
c deCOdernﬁﬁPﬁzs sldtén 99806 ?1951%% cﬁ%@ﬁ%ﬁ%?&ﬁ&@-ge ué}%gﬁc}dgg'mgﬂf%a jf1€Cl Si on
processor fthat generates hard and/ or soft decrsions. I'é "'decode- si gnal
processor 2&0&.eeMCr-EloMid.eeta Abplindiiens lof Chwdes can bhext@idediocior enpli&ati2807 and/ or

t he recei : - | : ' W 0. 0Qpe, or nore
si gnal qu\éﬁ?‘%%gi%%ggngﬁ %qﬁ%é&sg\g@%@%ﬁg%ﬂ%@ﬁgé lgic%?gé%lgsmﬁgl leconvert
decoddd dareess shanhel lceding eacramion e nteaferenee thitigatimy Sberdesana®lbedpdivder, such as
the Cl de i ri Lo t o decode
at 1 cast oo en b e oy el ARG pa e B EMMAHABLEE 105 10
encoded i nf or miapio 61 bedgs rangendirgpdirom phagy rebivicnsdiins indiopted by vestor greggssibor
correlate; I LR Yt - encoded

si gnal to@%ﬁf%@@%ﬁg&égﬁﬁgggkowne in o'r%%‘?%%@%ggeﬁgﬁeg?&%tc éast one

esti mat e ctliptipad and linearnelatzation. G adlarizati@ codesonayche basey op eeckaprectsaion inand/ or
soft epti g-sor%eé- einﬁcgnfgnf é@ﬁl‘lzgtfbnﬁ)ilagg.qﬁldva&gg Cg:odg&% Mbal8d¥%n 'bgs(l\’é @J?e

mul ti pl e decoders an erforman Iterative process of° conveylng soft

deci si ons polarigatien cedes Svpilarlypiestod extadige itsa pla® oThéightr-deesiverficldmy per f or m one
or nore Ofoﬂh@nil%ée@‘ﬁﬂa? B udlgrd %’btn;@(%tle Bayd 44d/or 9&@1@&9 ICI 9&@9 di,0 Basic family

mul tipl e- %%%gggsqiédecodl ng, deg;j\{[tx&pl exl ng,i derrgdul atllangéﬁddecr%pé;ygg, chancel
anal ysi s, $ is conpprdersiom emi/xHewatrieefdlangnts dnving phdess @t dessmibe error
correction. A Cl decoder may pgoviyde PLb t}XF phase offsets to conpensate
for non-zero phase signals, ch¥hndr™: |/st6r%}1§'|"t§n',’ and/ or phase of fsets

appl i €8 t oviiereamsmi # 4re thvs argirralusintindices, réspectivelp. /e n2f hpveade besitive hegkeobj ecti ve,

such as m.ni m+«zi ng PAPR, .enhanci ng securi ef.c. ecode- si gnal
processor ,Vafélﬁ'c’]%‘egegbofl@gerﬂd&@ﬁés-agioﬁﬁoélﬁle‘%Fs(fcs saé’Pﬁeféﬁgl,l S BAVO%I'g6r i t hm
devi ce, Orphsyshiig,) May cirfesalaf Lehmicd ibfRESSITfsaly, dnrdastb-eiterdgpragdesdssi gnal .

The decode- si | processor nmay provide hard and/or_ soft decisions when
eval uat i n&gﬁgr@&%&d’a’é}nﬁhﬁ??wf‘ﬁ% COMRB YFIY I CORNING PIJEESS or  may i ncl ude one
or nore quantizers, conparators, 25 iterative decoders, feedback | oops,
interference cancel l ers, optimal cgeta@ored™fand/ or any other devices that
contribute to a decision and/or detecti*®n process. The decode-si gnal
pr ocesgor meggymd%agy%}#lpnal decoding in addition to Cl decoding. The
" decode-si gnal ‘processor nay ‘decode bl ock-encoded signal s,
convol ut i onal - Seee@éthesi] gordeb sre complexrpriningats ipgirm Fer, extaplsondaeds si gnal s,
conpr esse | I : essor may perform 30
“denul ti pl (ei)flmr?g@gin%/dgf&rgg%pg%geélﬁ?g%\c}?%@&%%tl%g%de- si gnal processor may
performmul ti-user detection, optifmal) gompRAI pg.,.)fi versity reception, or
any ot her techni que desi gnet'twor & €e signél quality by nmitigating the
effects of interference, distortion, “and/ of™”noise. FIG 27A illustrates
general steps of a transmtting nethod of the present invention. An
information signal s(t) is optionally encoded and/or interleaved 270l
Preferably, coding 35 includes CI or Cl-based coding. The
coding/interleaving step 270 may include generating or WO (12/(15.1; 37
PCT/ USOL/ sOBS(i 32 ot herwi se acquiring synbol values to be inpressed onto
multiple earners. The information signal nmay be provided witli
predetermned training synbols in a training synbol inj ection step 2702.

Y o - e



Various steps and inplied systens shown iu FIG 37A may be included in
transnussi on systens and netliods pertaining to other aspects and
enbodlnenﬁﬁ)&mH;Q¢ 10 invention. Furthernore, various S|gQ%Hn%59(§§§lng
steps tliat are typlcally performed i transm ssion systens nay be 1 ncl uded
herei n. For exanple, pre-equalization steps and/or systens nmay be |ncluded
in the tradbseprdationearpoei-zeenfos (etrovi M.n FI G 27A. Al ~ay processing may be

performed after, 4. ively, array
pr ocessi ng may Ie!)é%ﬁ%dg%%:g{egg@}aﬁdg%aﬂc%%189%%%@%%é&.ﬁ@%&ﬁé%ﬁ% 8¥ FIR
filteringlxh@iond & mrehin@yBodd \Iegtstsrcaltrgsorglmem atlleast @p Sowenondu By -i on
process of 0
coupl ed oﬁ)th L%f% O%r g‘?ﬁﬂéﬁﬁén@éeg {:gﬁﬂg anﬁcg' ° {‘%I}E‘l d:/a\dlrlﬂflﬂﬁath%j%glrao%vfjjfg%érf o an FIR
filterPng parismeteles mtesssﬁumgbffamﬁrthﬂomlearerdetsnsg?mbmnm abegpideessed in a
_synchroni i,on
processes%%ésgﬁnﬂsﬁg u?%ﬂ\?]acl)l% | mf e hla{eﬁ?ﬁ%@gﬂ%e% éla{e %ﬁe E@ﬁ&%} PFT 2706.
Conpl ex- arepiresporiingimpgiesy salvoninlegdodaBitedion quadmmm@hab Cmm-qommliemtaquenm es,
such as estim ' t Qﬂi.df nmown dat a
synbol s, é bteﬁﬁlg (81% nggnﬁ\%sﬁ% I -égﬁshtei%g I?Igﬁtqm?%g?(g!ﬁ@ ol %ﬁnel
esti mat i orpogriegsions7 B8-teadarfdaishi-hand caculdrer gibpt@nlaidamatmﬁls,\mlagmt@n fEng.
array-pro h r i ng 2707 is
per f o;lged%tﬁ\%ﬁg% fegg?/g{’ag%lrrg{re&l Igggr re al h%t%%ﬁg?l&%f agglggtgﬁ‘%; capacity
(i.e., suldtcapenpins orthesneal ame@n§ded1rs¢tgmbnoqtgedes,te;c Modelatiomhayeneudey
conbl ni ng) r I
interfer o ?{3]{ Or(%ug%g %}ﬁ%}uﬁexgy %([)1?&2% egct%’hr{elara&{1 ag%pUgﬁ%a?@gHo&pe&o&SI ng.
Array pr od@@s@fﬁgtwﬂ@ tlmyrmcaslhmstn@dhdw)fan interferenceestimati on step

2716. A C co f.0 n t he
array-pr ocessr?ggggggg%@%?%m’ﬁfg@d ge&%l 3%5%1&! %5?%}11 Eﬁntg/l:é’gebr}‘}%r:ogp 2708.

Al t er dat i wetoymulgge edrtidrs. da ongrenthodinient, plaseshiftsyrqgimprresd irdlgiveteptr@iFditicdnd t he
decodi ng 718. The
decodi ng g)gg) %@J %%I%t}?(g%%énhge E}t& gg hg%(g)gl p%érﬂ* ggﬁépg%gnté%g’ggsg% Iagletlgr?t erl eavi ng
of data syHBM)é enwtayeds édOIierembpdth@ntaDPMys pnpioed sh agingle eqzmzﬂ Ovanptheor t o, or
fol | owi ng eql%gaaﬁbﬁtgmﬁ%%g i€k MRNIE A BB Rotoc Bl dr L AGGRS . SPI ead
spectrum encryptl on or ot her eco I Nng processes € preferred
embodi mentesch Rhieseeshil is kanvieried o a phasqydifferential briweenet ldestrbyseanzed to provi de a
basi csgnder st andgi and

soft vvgpe WO 0@21 cgc%s %fa %%g%&dg%gdl a%' %@%q%%gwe ?DOSISFS’SE%%E@%%I -l ayer
processi nMCWQMAf%@E\éCQOd@%OFIHMSDw%@MQMnm M@velmlwa@p@cMgltm&xmmu S

i nvention (W) i def@WHM, MR Bhd ¥BMN ARASEe s érlem?@&ﬁﬁns or &by %%fﬁqq' agr ans,
and si gnal ams represent the operatlon OF_ he Tnvention: oul d be
under st oodJTOtP@?ﬁelPéhe captalere fbcodstearepsed [namswteaicr Sransmissitinanteneh phasef or

11 ustratigg: RHhPRAESe é?:@&i{phsﬁ&ﬁn lafRy S1Qbveldl Waid, %}gﬂ i N Pae shildf

invention i1s not limted he operation Iments) represented by the
f 1 owcPPar tvth ryspect wéw%ﬁf 3 @I e8¢ chip seqrcage. Eachopmier fiay bemgdddtedanith syst em

ar chi t ect yg@sct s én?‘éﬂgl'eléaﬁi@ﬁn&lh"fﬁﬂl 88me [H3st &A% nfAl bELBALILNEwRIPELA, 1 Onal
enbodi nents and system architectures will be apparent to persons skilled in
t he rel evanfire gf ¢ody clijp ercgdesiiubqamicss. Bedicairignmeoietrar aded Widragleast tW® Al t er nat e

enbodi ”Entcﬁveﬁ%g?hr\iﬁét@ﬂé"ﬁh%t ar@ﬁo@ﬁ!ﬁﬂe@fb%on%@Eéa@&dd%§gm§?gér%tdf@i‘§ode§&£ﬁ§' nations,
etc.) of the nethods and structural enbodi nents of e invention and the

related art wi INultigarsgs signalmay by elineddrysny kat pf swhstangiatiperthogpnal disersitir t s based
on t hgot e%ﬁtdé&?véi&@t@ewve?ﬁt&%ﬁmefgﬁ%dﬁr%ﬂ%'v@fhohﬁlnhﬁhh@ﬁ‘%ﬂue%@ﬁ adapted to
i ncl ude such alternate enbodi nents ui val ents, extensions

vari at i onPhagsmcatPolHZtiop GRYNding lingas ciraiag, el lpél?‘tl) ity e dimsasions, and spirit
of the 15 pyseseBd ﬁe'gn\mrhhw@ﬂCI)Shﬂ@aﬁytpﬁ@&ﬁﬁb% 208, a9l by doBBRAGLN h&esi NUSOI dal
oscillating signals are descri bed herein ose skilled in the art wll
recogni ze t her é*dyprsedi-heodes §pp dwolye oprtrimsiss pes9E Propesipg appdiediedesic Chat coul d

" be al t er nabijasesometsaples dr@hmbaagu cBas ifdQide hht@ib&sqssult&gsfo ra\@yﬂg%ﬁs, square
waves, triangle Wa etitive noise sjgnals, eforegomg

di scussi orpléﬁ‘éFstWH"@ i’faﬂ?”f‘f’é DAYy, Gtrigessderty q%ga%%wpgy &mbodi nents of

t he presenhatiiddy,end expandedNI hiatrfc@ﬁd&@é}ltont}&dirﬁl&d.wa@dhlﬁamx éxpakieyal d be under st ood
t hat changes can be made w thout departing fromthe essence of the

invention. To the extent such changes enbody the essence of the invention,
each naturally falls within the breadth of protection enconpassed by this
patent. This is particularly true for the present invention 25 because its
basi ¢ concepts and understandi ngs are fundanental in nature and can be
broadl y appli ed. V1-'0 (12/0S.4; 37 PCT/USO1/;118;6 3~ Cains 1. A Cl
filter adapt ed to separ ate at Ieast ~one synbol |rrpr essed on at Ieast one Cl

o B Y ~1 M B Y r




10 one set of the sanples collected over a synbol period of TS = 1/f to

recover at | east one received data synbol on the desired Cl carrier. 2. The

C filterywpgsjkg§-in claim1l wherein the conbines include ' i ng

system advegfo)t%g,c?'"%%g7 provide weights to f,he sanples. The C ?F?/tl}egﬁ{/%'ea%% ted in

claim1 wherein the conbi uer includes an optinmal conbines. 15 4. The C

alter recited iThe basi Ghcodestren g aembined Epith cagnetheyfor wiik odeirdiieetrseansace he

conbi nes | A= ure-. . The C

e T S e R e P S

conbi i i er codehdhqrhi sequaneesimaylba thivndgtedt appeded, repmengsfl, caneatenated, etsi, ¢mal

_ processor | : : . rellis

Gecodor . Bereriaeo kol e g oI BT uRER T les PR AL ol | e

det ect &r , may dee¢nsitoraiayDiftenqnt ehipiserprnessineexbe combingd ih sichygey thidatdessor, a

. conbi nes, : I Llel [ reeited in claim1l
further cgﬁpbﬁlgﬁﬁgéna%ggﬁr}gﬁagﬁvgg]ﬁgr]ijd)gﬁoﬁtaglreaégh%ﬁgg ct %!'t he sanpler, the

anti - al i asi ng Ol Pedsrveetoraprag de moltiphiekbyeotier eatistvestors insthdmetbubhotdmitedtasi ers. 7.

The O filbhsEREld Bk RofbRluBhidy LHESNGH L RBIGISHAE dhofihBALPORY cepOVErt or

t 25 o of the

adapted to adju a carrier offset tfrequency _ carrfers. 8. A
Cl filter madhpmedulaied Gegded antlior shtifiddd with rasprst wyotlisotode whipe dsElrodamalt bd east one

s . . . . ; : ffs.
Ca:i?' e%vé}fagfd Wieks %hg&'}s’dg% géahm&grml?& é)d@,%\@arﬁ&f @0(1[6{132@%? B&aE, asﬁ?sgfnpg or s

the filter 1 ncClud ng: er adapted to sanple t signhals at a
sanpl i ng ftedsquenlay codecd Ghi¢ode oasontesdlar cerleeCl qodiga ey ynchyde muliple levelseof s et

i ncl udi ng Cadliflé’ @%ﬂéﬂ%ﬁleis't' o&fs @ofqg&icﬁlﬁygmg;hulgt%{t:lc%gt’o 901%91‘ s?tatff@dycﬁipg.f f*, and a
sub-harnonic of f", the sarrpfer generating a p Grality o sanpl e val ues a

st orage devi ce Begiapl eafles form A othonpimst basis hiiews proroagimalieagpscen helggperaddt o
collect t : I o -1 3 - sel ect or
coupl ed t}39%ﬂ%ﬂgtcglrﬁgalggggs#%éﬁ}ﬁg%gg%égﬁgﬁérg%Atl\%?&g(gg%]tugat 81'?SJ(;G%'SCEI ect and
conbi A2 oredes mayrplse beproviger tofformanmihbrasmalases Al hsyprtheriomal baseympy el ect or

coupled t : J V ;.adapted to
control t gqtgjyﬁggfp%dﬁf %E%/gffotﬂ%\%seeﬂhﬁfszﬁﬂg%elqé%%g{d\é@?g ’?gﬁfbrbggtcéonbi nes

sanpl es. 9. A dat ymbolCmay b¢ menped thepltcedestoprovigaclnnes] gediige Bertthapveposy nbol

i npressed . J ea i i.G i: i - erized by
2 frequeneﬁﬁs%%ur BESRRE Rl e T sl d RO o SR ERRERT) 1

col | ect athsivahgHl 1§ codesimayde yesdid gengrieptansodiogerfal (elge simplax) eades. Quesisi gnal |

and 19pa oapkN.pa rmaE)BiHQ 8¢ d ferfolife SRPRAL Shiftidd®r Qc%m)ig HEeET AAPh&d.dn@ conbi ne

the ,~i sanples xk with respect to the equation X~f" ) ~ x~.r~t, fr )

over a pes¢todonfogknd) C1sodeSmay e denerhiied by rotdting the phasy ofa-fingraode set 72t ep

function %gbgg,fﬁeg ih-?ﬁés%aﬁ’@@g@traﬁ%iéle&gésned frequency f" and ~r' (f")

represents a“val ue associ at wth an 1nformation signal nodul ated onto

ear ner frequendé}-chdedrspybils nagbef deorred by corretating m casfed sigenl withplceplgk. over the

peri od TS'conjugate code. A received signal may be processed with an FIR filter having coefficients set

25  appropriately to decode a desired signal. The received signal may be sampled and summed.
Optionally, samples of the received signal may be weighted prior to being summed to
compensate for any of various effects, such as channel distortions, transmitter-side encoding
(e.g., to reduce PAPR), jamming, etc. Weighting may be performed with respect to one or
more optimization processes in which weights are adjusted with respect to at least one

30  measurement, such as signal to noise, signal to noise plus interference, probability of error,
BER, received signal power, etc.

The received signal may be phase shifted with respect to chip phases of a decoding

signal. If a received signal includes multiple samples per chip interval, the chip samples may
be time shifted with respect to the chip phases of the decoding signal. The samples

35  corresponding to each chip may be cyclically shifted with respect to a decode chip sequence.



10. A multicarrier signal generator adapted to generate a plurality of C
carriers, the signal generator including: a step-function generator adapted
to genera%(g/(plggal ity of repetitive step 20 functions, g,%qngah%ﬂf unction
having a predeternmined set of levels,,;a predeternmned step wdth, and a
predeterm ned frequency, a nodul ator adapted to inpress at |east one

i nf or mat i oRubseqyerdiprasessingt sueh axtsempiingneidingmeomperiseh.cad/obdecisipa nepkimp (fagdhct i on

gener at or, I.nen t | : dto
Goni pe.t haES A he pERLER ! RabilE P Bl e D L HRE L ol ¢y
of information Fod2dashewsalsetad feetonagnepdevaciars €n) reselphasitore onitipkyingenbi ner ,
the filter ) rali 3 [ E |.I fen at | east
one predet éﬁ&%&?@géﬁ&%&xc@f%g%%wf%d %&%n%?%%%ggg 15&&%&%’%%’6%@& ocessi ng
of at |&asmaupneesnkiogiivnad godugl of aguatni Ss by apon of ntatrex MVepnolydessvag net | i od

I ncl udi ng: o M fid ' ' : | di 2 osition
“of the at PAIYRREKs RS FORNR RN BB b LD S e iR T
conponent s codgryeptors,\A@1 foup pBshag3phap3PieBCIN0I8E (dingiwomonpleticougatsrpagb nbi ni ng

of the C ' recit. Lo alm 11
wherei n at %ngg%aggﬁ%toé%@(tnhégg%l%?%o%&z%g%%él%%?ﬁgrs e%%t%rg%sﬁsp ]it]% ﬁjglgpep are
adj ust ed wtoHuatedyedters pHHBhe with Groeds nptran@led. characteristics. 5 13. The C
procesghng et Negh b Rl abiB cGhathdBud dnd R BB, HGOMRABLLY QST P 19
adapted with respect to one or nore systemrequirenents. 14. netliod of
per f or mi ngC@) skgwmde EKF. 36A of heaorrtletientrelotmmshipsemasrhictusedio shapaaprthopdnel @l

processi ng g ' L Qg L&l g f | I | | 0
provi di ng ﬁ{(;)grg‘gég}@g%drngﬁoggbég?ﬂ%&&%\&?aS:a?li;'%?e%%dpg%%gﬁ%ﬁg{wgggpgg Vi ding for
pre-transi CAESONCHEN S EEDsindd-(OF* fortreanCirthegampleighhedale satsThepoiepa@l {Ghocessi ng

met hod reci+ ' ' | a ) h tian.step and
the pre-t rgmﬁ)i ﬁsag Féglr)lellp()) rggoclogrgtsﬁ?%‘gisﬂ?ggs’adr@ Zéd?ﬁg?gdfcﬁ )f %drqu)gé@tthﬁbcagnepor
nore chdanbhebsedwith fhesacodesits paogide Prbogonal pedsseis Siode Colp thisornonergiotceads i n ¢l ai m
14 wher ei ' H . !

erein theqde %’cﬁ@%@% b;ﬁ*;ecgﬂgzgldgsﬂg}ﬁ% %goﬂoh%a[ &P REF Inchufe &g?‘s éa{'i) fror €

system requi rements. I p rm ng processhng {” | east
one recei veel 6Fhghdexchide casies €(1yrratl C(@ h&hTlodgr @Sk £63)n & (re€BodCioh & @di ng:
provi di ng |1 i r ' | € rner

D nal 1 ot 6O AE EEBT AR, sl edf Hpnl 85 Lt e A O R o T

conbi ni ng &5)t¢@). end €GEnfroment anothergorthaganpl eight-eqdg eet. Mywst @har sedepetdd to process

at | easp one;fBGELNRMIRRGH BRALASLEIgNal . the

Orthogonal and quasi-orthogonal code sets may be implemented separately or

simultaneously. Code sets may include combinations of different M-ary polyphase codes. An
M-ary code set may include codes with a code length (i.e., number of code chips) that is less
than or greater than M. Code sets may inctude numbers of codes that are less than or greater

25  than the code lengths. Code sets may include same-length and/or different-length codes.

Although basic CI codes and one family of advanced CI codes are described herein,

many other implementations of coding based on CI are clearly anticipated. CI code sets may
be selected or manipulated to provide cross-correlation \}alucs that are shifted by #/2. CI
codes may be used to generate bi-orthogonal and/or trans-orthogonal CI code sets. CI codes

30  may include linear combinations of other CI codes. CI codes may be derived from Hadamard-
Walsh matrix expansion, code concatenation, code interleaving, code superposition, and/or
weighted code superposition wherein weights are applied to one or more code chips. A CI
code may include at least one set of CI matrix elements, such as a row, a column, a diagonal,
and/or matrix elements selected with respect to some predetermined pattern.

35 CI code chips may be cyclically shifted, swapped, or otherwise re-ordered. CI codes

may be implemented as multi-level codes with one or more codes that are not necessarily CI



recei ver systemincluding: an orthogonal -frequency filter adapted to
deconpose the at | east one received 25 single-earner signal into a

pluralityy Ligonponents, and an optimal conbi ner adapt gghiR)GQ ne the
Cl corrpone)?ctos?% -g The CI receiver sygtemrecited in claim18 \Aﬁe{rﬁe}% n the

optimal conbiner is adapted to perform channel estimation and adj ust
conbi ni ng codes Muléilp eedes insluding 2ideashoredIchéain®| bedaieilaruadeS] coges pay bepa Cl

receiver afaphod bit ﬁtaﬁa@ﬁﬁgtﬁroe&f&l%aﬁeng%fo gseeﬂo\ﬁes%we%mbmmm at ed

single carrier signa ecelver 1nc an orthogonal -frequency
filter adapdieg cvmfou@emirp@ye tuthe Cadmg,@azpth@rfemﬁ elcbimpelpodinggineryetiony i er si gnal

into a plya éJrllée ér{cactgg cgcﬁﬁg[e UI%&Q%'S%C“%F{%?BEQHE &vegnét &&{ 808 cQ&’e@%{a?«ﬁJQr o

adapted to Bnce nponents, and
U2/ US. bs 37m§1€ﬂiﬁm@t with mﬂlegbnal ®?1ma, q:uemmethegoeal ca@lag)tbe@rthoeon@beqdelgatraewt he

_ received ghh(?]g%@%gglg $r 4 d; Pkfﬁﬁtmgthér&ffer ence conponents to generate at

| east one co atio I's Indicative of the information. 21. The
Cl receiver redirceds nlnyb¢ géngad bywbenvelvingat lepst grtselg €1 egdes péh at least

ortli ogonals {h&aUs 'dilél&fmvéqn%ﬂmm%;&]e KIRAEE L OF CaBe Bk Bkl NCl udes 2

wei ght gener ator a a te east one carrier to conpensate
for at | easquemwodrfs @amet cags, mrgiudallg cd@grladamlﬁemsswn@qsm fd cedasmppbe

disto tlb' Obr SRtk PR B 16 amé@]%fcﬁs;% RASHEA RGNS Fﬁglﬁmd%goit&td mprove the

qual i east one rece Si n e-earner signa he repeater
i ncl ud| ng symb)olamldéﬂmbrtﬁgbmal frequency filter adapted to deconpose the at

| east one recei P\féd"l 1ﬂPsqxlateE BAsR B SLPJ)ﬂéB ok L ¥1.0dde genefa%m&@e @té’[’-sy%?&:l processor

adapted to performat least one processin
si gnal - pr aeesgbn 09 a@i@@tqs Iacplumlt)r@f (élrmhbﬁlﬁ &laftalrmvuplﬁﬁl lotagsynbe), CO@WaWneI

conpensat 9y 1h0EGHH LSS B 11@ gk 8 c1 §yhilis t??%ﬁ'ter&e ofhbRICIERIEECt i On,

frequency “conversi on, cessing, mu access protocol
converl§i on, andh pl-sibst gnn@natgn S‘pqh@@égﬁlﬁgmb(dﬁ@ne@t@@ﬂt@ﬁ meludeskapt ed to conbi ne

t he pfocef%gfge%ﬁt@ SFRIRAPER R napide 1 Behelle AARAL, HRORY MBS [CTGIEmL | N cl ai m 22

wierein cortbl ner | s adapte re-trans processed Cl conponents
into a cormlwiedasit Ghsymbahn@l Symmsmﬁybﬁdlwﬁévﬂm aQD@rluunr(YPIH@ﬁ ¥gpbe30 a Cl

symbol_geng glﬂntcﬁ%sag%gﬁ f1c80i61v3g BHIaPlobd YndlhvoRBIo/ ARG O - Dased code

synbol s, I ner adapted to conbine the code synbols to
generate éundtleawchcﬂﬁ@ F@Pﬂ@é@@ﬂ@@oﬁi F-qrtieps drapsiia, a Mlsh Taesfaom, ewaelegener at or

recit in 4 | e a0 25
o % e% Cf'%f?fbor : ﬁl%luﬁ\% ﬁ%{%bl&ﬂ%& Jf6th 1'@{ s?igl%ﬁ @it

gener at e a pluralit ogona hase codes. he C code
gener at or qoe@m@e@wﬁcﬁmbﬁiszv Whe?@dhswl%ﬁlw’?%moé‘é%w@ché adapted to

sequences from a predetermined code set including one or more of the following: spread-
spectrum codes, multiple-access codes, channel codes, encryption codes, multi-level codes,

compression codes, hybrid codes, and CI codes.

25 A CI symbol combiner, such as the symbol combiner 2110, includes any algorithm,
system, or device adapted to group CI symbols to generate at least one CI chip sequence. A
symbol combiner may append, concatenate, interleave, shift, puncture, or re-order one or
more symbol sets. A symbol combiner may combine CI symbols with other symbols. A
symbol combiner may provide a CI chips sequence with at least one parity-check symbol.

30 FIG. 21B illustrates a CI transmitter adapted to generate at least one Cl-coded
information signal. A CI encoder 2100 encodes at least one input information signal relative
to at least one CI code produced by a CI code generator 2103. CI coded information signals
are optionally coupled to a transmission system 2102 that may include a pre-transmission
processor (not shown).

35 FIG. 21C illustrates basic components of a CI decoder that include a CI code

generator 2103 and a coherent combiner 2105 adapted to decode at least one Cl-encoded



generate a plurality of quasi-orthogonal pol yphase codes. 27. The Cl code

generator recited in claim24 wherein the CI synbol conbines is adapted to

generate L, apre Cl -based pol yphase codes of a Cl cod i pel udi ng

basic C @g) ezg)‘f‘;gyand advanced CI codgs. 28. A nethod of 38?@%&??’%@" at

| east one code of a set of polyphase Cl codes including: providing for

gener at i ngsignapith eehpeetyto afflegsbdngphdsgen@hict b thd CE oufle genertay24 03. Qptompilpvi di ng

for conbin ) . b - ol yphase

code. 35 B -pE IR Srb HERCE AL Bl 2B o SRR L T e

conbi ni ng etedd-chepdediagnakid thealegmieer ate a plurality of orthogonal pol yphase

codes. WO (12 4537 PCTALIS(1.1/ sO851~ 3 0. The .code generation

" nethod recited é}ﬁla%%lg(l%?ﬁl%o%éegrsggﬁ%ﬁaﬁngIEngtl %S%aﬁaeg?sé%e&o 1513505? ed to

gener atde acqumumidationpedbrngueshy-coatiling gromalittqicigpph acettaodtstan®the efftvess H  code

_generatio ited | | ai.d . in iniLng step i s adapted
to gener a&aaq%{rl]%&g?l{eﬁ%{rp é‘?%‘{“g(ﬁ%ég&g%@%@e&%%‘ggz %3% E%B?}Ico‘(i:lg%iréla}é et including

basi c Cl 5Sinclodewavafedn aelingrodar GructoaiesqueBs. A w@vefomagrdinigt($ueh asagpy ed t o

encode at [ o ' 1At 1.0 ' pt.o a he CI

transmtt egr@? ncr gglﬁo g&gggl tc))lrgr%télt% ?cglﬁﬁéso Slglf”ct gangéﬁdog&%g %0%91 %a%%&%gﬁomﬁé

pr ocessor , waveforinpisrmpake themtless owhpect &i emgr. G-s@ictwetiequpaces transformadipt ed t o

gener qtoe a§eq e%@éﬁl}oodﬂgogmrgg %enc@pgav%n% é‘ltl %rec?&ﬁﬁﬁqu{c Clgeﬁgﬁcﬁgt gxtg al:ehﬁecp - code

generator, the informtion source, a §the pre- Fansm ssion processor, the

Cl encoder foadeigtinglantdéor corpreisserans. | east one i nformation signal onto the at

| east one CI co r | e LCl-encaoded | nf tjon signal to

be coupled to tﬁgcorgglég}%gglﬁ@trdngrse %a(c)lrlll" %rﬁ%%gésaggrg.an g@?o%%ﬁgcog?wg {rdggt's%otnf er

recited i nemhadiosng2 Ghbeieninay mhieplex neliipbdeded datlsydegs @pethadg providingah a 15

set of encagersl AALUAH0Y AcPhARNSL £Q8Te Aok LBLEAGSEIRALAER, AN

error-connectron ¢o es, a spread-spectrum codes, a cres actor reduction

codes, 1 Sandhasreremeisetion ano abeths ClgddewArdnettisdxebt for isdodiptey catjugagast one

Cl -coded i ' ' ' ' ! : ni cation

channel . 1 DO el Al Ale et ARROS BcAlen byt SR B8, BT

i nf or mat i oentit gérabnleys e ouirdbongingreoculecdidats syntbhlis seceivalast one information

signal, and 20 g0y} fﬁhﬂﬂteggﬁelﬁ{oﬁél{i]? A T SRR YRGS §5 Ll 0] s;&'BS’l gt | east

one coded information signal, e i nprovenent conpri ding:. p OVIalng for

Cl - code ge@kgodt Flop valess greparzeeed inatolunga stithaespecCio pbard epaces, ervbasighasdwpacet | east

one | r 1 Ingn L (oI S Cl - coded

i nfor nrga({)l gﬁ“su?]g%gogi‘%{)hats ér), ﬁ%enrlg stlf%%g?gog ?E()eag‘{u%éb?gﬁﬁ% g]{ier#h%% Siv%%?@igﬁ the step
of provi di prsefrositiais) wese géngmal drgnaspertithgors Tats, heagnbgé Chfymboket, of codes
i ncl udi ng 2, £hikBNAGh i€ A Smyh L &'d@tﬁ?ﬁﬁﬁo?sss,,.%gfdat BOL Qe GOk ! ect i on
code, a spread-spectrum coéle, a crest factor reduction code, and an

encr ypt i oninggeseed upen a phag) spekecsaelcthatggdipeed Gl godgesbinyelues expressss the maue of

i nformati o L 0g. Clis g&gﬁ, ' , [ Malek a Cl-code
gener at or g&g%?%%&tg 3ghgﬁer at gg'éﬁécgggietc%%mg%%?g? %%ugﬁbgdeébgi e,wegg%& a

coher et cenpbiphies rediaprdd cerier. Hesupyrpesisite oftsrcarrisrs praduecsediiwanefermadapt ed t o
coher ent |y, SAADING GatRsybdl Plidelsy, s@th o8 Qe LRLRS e JoliBoit | €ast one

i nformati on-beari ng
A CI superposition waveform bearing multiple data-symbol/pulse-position

characteristics can be created by applying weights to CI carriers that correspond to sums of
carrier weights for each data-symbol/pulse-position. Similarly, each CI symbol, such as

30  symbol w;, corresponds to a summed row of data-bearing CI code chips, such as row 2202,
The code chips may be transmitted over multiple time intervals, carrier frequencies,
polarizations, and/or other orthogonal diversity parameter values.

Decoding may include any appropriate inverse of the coding operation represented by

FIG. 22. For example, to extract an ™ data symbol value s, from a vector of received CI

35  symbol values w, the complex conjugate of a vector of the n™ phase space (or CI code) values

w, may be correlated with the received CI symbol vector w. Equivalent decoding processes



Cl - encoded signal, the code chips being conbined with respect to the at
| east one Cl reference code to recover at |east one information signal.
WO (12/0 < /US(11/S(1856 39 37. The CI decoder rec < im36
wher ei n ?ﬁ?‘%’r?gem conbi ner i ncl udﬁ,s at | east one of alpgzﬂlsgy “%%)(ﬁbl ners
i ncluding au optlmal conbl ner, a matched filter, a coi Telator, a
phaseof f sebaycksrhsiipmied. Hisdleending peacessimps be perdvaed Wil resenelp on@® moThe Cl
decoder 1 egidy@hd t@chﬁ.{qﬁés”l\éﬁaé’"@ﬁrngi Méaqo %Mepdeoe%ﬁmwmal ofydapted to
produce at 5 | east one of a Set of codes includin hannel code, a
nul ti pl e- FOEREENZ BihaY combiaatiop thegegf: méctdilltfrm@tid@udea*urbpﬂ@a@ngpect rum code, a
_crest factor regact] fnnstﬁe@em@aaglp@&nera@m% 2} 5de d%%xd%éﬁg&% ligg et hod
adapted to decode at |east one infornmation-bearing encode gnal , the
decodi Mg nié#eaymbpdstramTen s gropespeddyy- aéédwn@@memeaqt@r@ﬁ’&t@at@@wsat e at |east
-one O eTAkeRg 81 ofboRathoPho: \éfn‘géeﬂgng{ep LodbPRRG e (RAIRI OGS L opgoner ent |y
conbine a plurality of code ch he at | east one information-bearing
Cl - encodedY8Pglp 4 may hemteeae'efm agmsopbemah iutarlsatsi AR pridt ta beisg prspared for t he at
| east one dahshBied BRGFoRAGichiRn REAVRAOALY § GRS nal. 15
40. The decolcszll né met hoél) reC|ctteélc| n clarm \éé&% e?%?gsldtn%fe&g% @@E%ﬁ’v%nbl ni ng
step i ncl UBaéransmissioRsystemm &345f Thy sgmbolgvs e hvicallnguisiviersd ontecing el megreopt i el
combi nio_udiiv %ﬁ%eiekﬁa@é’spﬂgpto%%s%s hi ng, pliase-offset conbining, and
iterative-feedba i ni The decoding nethod recited in claim39
wherein the step r‘iSF“"ierWDéiwwg cmmlesctslan%eaei yemabsrien thachsrmslidi¥sandta | east one
of a set OfonEOEtPRcdine hidehsQ (it %%ﬁférfoﬁﬁgﬁry n@ce@éwﬂr&!e?ﬁ Osu@ffgseﬁ gﬁg
error-correction code, a spread-spectrumcode, a crest factor 't on
code, and plifiptiogysiepyliivleste, deapreadiag deroding ﬁﬁ@’oﬁ@tﬂw&@mﬁ@epﬂ@dol n claim 39
furtlier 'dﬁﬁJuHQl'g@gle&Qiébe@hﬂghglﬁfm al. %tl&%ﬁl?%hlﬂl@bc h%&s@tfoﬁl%?@%&}egé' on step

i ncluding at_|east one analysis s 211? a set including analyzing symetry
S

rel atildns meﬁem}féttmwa@@ﬁecth@cweel tostien gnd/onbyielesnere dny eemiarmdng the code
25 chi ps tigreAtavlngdtdceRBR3LHR mg;ﬁk@hﬁeq%m ® K?&nggeg%%ﬁ@@ |82

perform ng, at | east oneﬁfarl ty clieck Iver apte to decode
at | east oRé0-Gihe derpder 2334 eroepsics @ﬁelb@éﬂlsﬁ@b@lﬁ yHdo progyse dap-synshwbpstimates ncl udi ng

a_front-endoreerd %eis SRbOCARSALs B De oRephf B8Rl s déuggﬁ%%e%?gt recei ved

si gnal coupled out o conmuni cati on channel to produ | east one
Cl - coded 30T @PHEPYBIN- beari ng signal, the inprovement conprising: a Cl

decodep adapt edrieT189&B6 Gehdifol 826 borRBEs 4 HEQIIRINORuRAH il Gita €ncoded
signal. 44. The recejver recited in claim43 further including an error

det ect or, REOIEFxiep PHEASRISH codssppribals vo Tb’étcplb’le?ﬁoatmab’ dwelve syremiagal ysi s st ep

of a set iinGldkioRSnoaMidlel Tk bidle SMPATRI ikt steBlidth 00 L}e& & &odg hal ves of
one or nor.e codes, conparing the viO U2/ (15 37 SOSSG 4U code

chips to dRCNGSLSRErEng RYFSRIPS pesy of PP Gﬁd%@%lmé@ﬁeddéﬂﬁm@m%éecel&?ﬁjﬁ%r f onni ng

at | east omengeditl #reaReClde cHiss mAy K3 pch@HEPELAR réa%lké&‘ét @dapt &hohdmfdecode at
| east .qne Cl Qrf‘?c%‘?d’?cfgwl nformation-bearing signal, the reception nethod

i ncl udi ng b 8 eEiodereciitocessi ng at | east one received 5 si gnal

coupl ed out of @s&@ﬁﬂwlﬁam g&bsf@aﬁaeﬁoﬂ@o&ﬁmmv% ihifesdihe Lﬁ@a%ltong'agtag - coded
i nf or mati on- aring jﬁ"’g nmprovenent conprising. provi mg

decodi ng &P"HE & O tt°”6r""1"é Of‘f?fi‘E)F}Hﬁst FBWQS‘é&]i”PWQaYé]“@%wS%d’h% pdst

recover atmddeRsdd, Grifhelwikdithedsdcd Withidatd 8ymbat faludd sCHThE bUd@thE@ﬁ@}dx%Pre%ﬁﬂpt ed to
decode at | east one turbo encoded jnformtion-bearing 10 sj the turbo

decoder i FAPAWiSARFS: SYChyRsARv{se posiiion Onfipaplise thecgd “sfé‘ﬁ‘él“&b’ ke P‘Héld%d( witlbast one
t ur bo30odetlasgiofas, shdhla® fad crest-factor reduction or encryption.

A third step in a CI symbol generation process involves combining the code chips to

produce one or more CI code symbols w;. FIG. 22 illustrates how rows of information-
modulated CI code chips are summed to produce CI code symbols w,. Predistortion may be
provided applying channel-compensation weights to the CI code symbols w,.

35 The decoder 2330 processes received CI symbols w’, to produce data-symbol

estimates 2301°. A first step in a CI decoding method includes generating code chips and/or



plurality of CI code chip streans, and a plurality of Cl decoders adapted
to receive the code chip streans, each decoder generating soft outputs for
at | east Qp&eksskhe ot her decoders, and each decoder bein nsive to
soft outputs to’?ter atively adjust degodi ng operations. gC%@SQJﬁ%@Q

coder adapted to generate at |east one turbo-coded information-beari ng

si gnal , t [eduiing@ebehirstped in memaey aageceisediram ar inpuft datp sicyant GadgBirsdMpt ed t o
encode at uegmatéa%nﬁéze@ois&r{h%%apwq&%5@&@et%fahw&mphymgane%9%% dat a
streans, 20 a nultiplexer adapted to nultiplex the coded data streans
onto a pl @hPIrPaleedesy t hogonal conmuni cation channels. 48. A nethod of

. Physical -layer £optfiQlep Qﬁa@Pélgﬂéﬂ?l%@ésélﬂg‘m&h&fﬁéﬁde\é'canﬁlung'blpﬁo%%ﬁé}l@at

Provi ding for calculation of east one of a set I ncl ear ner
par anefer deaghne gecterf tiespdaghing itith a vegomd digirerieivgd fiase sygrtiolsot i dn of a

_plurality c@?rel%on%c’éés%a%’m&ﬂﬂ an)Eé'l’é{'lﬁﬂt'ﬂﬂlcétR)'h bWeQﬂrhb BleQhi P%ﬁorcb.'hd pRrre of the
G carriers. . ysi cal Ci;er control netl reci in claim48

wher ei n tH@cee/aqi écm %}b@hvegnoépﬂp@e T (o gamtqgm@ag) the prpdustsodnaibgig f or
i nput to theogiRkabr astios Eﬁﬁd@éadhﬁ@%getﬁ&%el@éte@s@nﬂpﬁ@H{'elQ%%ﬂet&%nédnd udi ng

at |east one systemrequirenent and | east one channel "30 characteristic.
50. The pwy@bféameqv%l;ferA tslﬁthl@rocm@ma@@y bepgrfoaged ta peqdaserastigatpafithel n t he
cal cuhgt i QpnshiRRa 4 dgs calculating at |east one cliannel characteristic.

WO 02/11S~;37 PCT/1I'S01/i08i G -41 51. The pliysical |ayer control nethod
recited in cl aihedsrofpidddl max praforn varieas typesrd combining seell asiveighiedn step, the

sel ecti on 3hBRing@PFart &¥en WRIISBIEAE nSkffd HiEe%h@é&a&Ia%Q ofhr el Bilsed €St one
phy5|cal-la¥er process of a set of physical-Ilayer processes i ncl udi ng

f or mat t i n@PiBEAtnPressH: Res, dearder 350 perdorarhannckeompensaidnn. Thaearfsr codi ng,
mul ti pl exixngy mHPﬁUlh@éd Rbht- e@ﬁ@él%Gr&&@&t(ﬁd{mﬂn cessing, and nultiple-access
processi ng. 52. CYSI cal layer control nmethod recited in claim48
fiu-tHer corrprlTéliﬂﬁ@lda’tl th eequirengspis forfbigrtbnegnad (Gl eqdeppre bplf efthe fegtirggienigessi ng

steps i nclgydi Bgamk1e¥ieeBhi E&tes. Qsﬁ%ﬁﬁgg%mo&ﬁ hﬁzthéHt@'bb&éf p&fforﬁbnc%%(rér' ers and
provi ding for deconposing a received signal into a'plurality of

conponent Lrthagpnalzodes begansspatigpdslbvgnplyeatotrdryeetien divrse piopeHestepipt ed to

per f or m plgrsionalst @yelrraﬂ@.ro%sgo%ﬁszegl amﬁgi}ewaésewﬁe%fdo&fgeﬂo d@ﬂh@%fo@asdwg, t he
transcei ver including: at | east one ﬁﬁgceSSI n uni t | avl n | east one

menory s patarthogengl eedes, reqvire thenypigu fqrea@m@ﬂarﬁmbqlérfpra«e@p@@anqlo resi de

i n at sheashiQnye aperlMm&:@%@ﬁmﬁ&eia&%ss%dése@ép%n&zﬁgeon%@ﬁl%ée%mﬂggdmftthe the
application tprlo gram i ncl udin 15 at | east one software nodul e adapted to
1P

cal cul at e 4! %&@Fsséﬂ@sfﬁla@eg@ﬁ%w ael pgpitepddiignal kandysidianet ers and Cl

carrier wei ght giGais he@sd sydBR SRV TR Ccr2lRARESHalioh 281884012 plurality
of Cl earners, and at | east _one software nodul e adaft ed to provide

wei ght i ng ryides dafa symbolsriaa 6F cqdsginterleaysy 3 <A mogdplaiar 242 moduptes e eadeds | ned

transcei veymbsls bit€6nd d? nforddafi 2Sthied ©innk 8o nhRSed: 2opliheat i on program
inclu Ss a software nodul e adapted to generate a plurality of Cl earners.

55. THe sdrrrpisatpachinasd Pr hrbangk? maydechyagiaized by AN G ei n t he

Cl -based appii a@]ﬁUtlQFlclﬁM AR tidAS il BSconsiaQtd. wWateivpdutiecadanted to
deconpose at |ea e Si nal into a_plur all;,%émc Cl carriers. 25 56. The

sof t war e- dERFHE ilgn& drom therhanpel 99 LHdsmpdplater 2425 setripves sympolsfeontihe hased
applicati QBceWe@ﬁ@@dlnA OTdddeRe de insRleh Wwa a3 5 echdb L andl@phReedves, faksdddagye one or

nore cli anﬂe recewe rsacl'g rrstics.
ymbols info information symbols that are optionally processed in an information
30  processor or sink 2436.

In one embodiment, the coder 2411 maps data symbols to CI code words using a
look-up table. In another embodiment, the CI code words are generated with respect to each
data symbol. Codeword generation may be performed with a CI code generation matrix G. CI
codes of a given set of CI code words may be constructed from a combination of linearly

35  independent code vectors that form the CI code generation matrix G.



57. The software-defined transceiver recited in claim53 wherein the
software nodul e adapted to cal culate at | east one of a set including C
carrier p I and Cl carrier 30 weights processes at O3, of an
i nput seta{(ﬁc ug’l ?lg system requi rerren%bs and channel char ac[JtCﬁ']ﬁ’ i@s
The software-defined transceiver recited in claim53 wherein at |east one
of the softwar eAltipdgh exsle afvneraaqtalptie@nb@ vothoespde tabasicddsodesmethpipymilcal - | ayer
process of r, our ce
balts %&RmQImd‘q %gr!ﬁ%@]}dl@y colld %ﬁ&%@@émﬁﬁ%uf‘bé‘& d&&{%ﬁ?&hl e Ainced©!

codi ng, encryption, ect| anne exi ng,

modul at i on¢l Os'éfrseE@hs;p@nnabmqﬁI@oé@@tWgbedﬁ@l@dbyaldyffeeenammé@sofﬁulbcesm ng.

WO 112/11; /s r r-gnscei ver

recited i nmtél lgllzsr%]ﬁ)% F Jnfﬁ éI? {nt%%x élTe angl%loﬁglg%% §%%tefx%fsgtequ{ &ﬁ% %Cyc’}of

carri ed pravdesssh hegdefinddbxtbe Chmd@ldtmgltlanma@w e adapted to generate a

. plurality of CI carriers and a nodul Qi P )owdecorrpose a received
signal into a plurality of G conpore ya %”360 he software-defi ned

transceiver recited in claimb53 mhereﬁ'mothhmsa#” gast one of a plurality of

carrier processing nodul es includes of a nodul e set including
E%JJE@% Qgcftware controlled Cl

a hardware nodul e and a software
transcei ver, the transceiver i ncl udi fOfaﬁmEh%&)jer/ | nterl eaver software

nodul e coupl ed to a nulticarrier ge e@gg,%mtg%)lo Encoder/ I nterl eaver
sof tware nodul e adapted to perform east on f Cl coding and

interl eaving of at |east one transnilt"\§HPEO%EY: Sa)m t he Encoder/ I nterl eaver
sof t war e t OVi ghts to the

mul ticarr :‘{g&'ﬂé 8%2‘92%%”5&@% eis3 lg%gddi%%!tér bzt P I}I&?H qglbank t he conbi nes
adapted to corrbl ne a plur alcr(tng—qf’"*"s{ bj’“tafz'r‘ﬁ ege’Wdl”'ﬂ s received from the
filter bank to produce at |east one received 15 data signal, and a
Decoder / De- | nt e¥inesdlis basifkopdy set ivbutallyalefinrddlydd theoddi@4 Harepdsriestoretonly

Decodeyy Deg it ?fb‘i@s‘(e%& ofw@p&&goi{tﬁe @F‘!ofd%%ir% Fdrﬁx@éﬁoré)?ﬁcep% gﬁ? Q@i dpg and de
i nterl eaving he at ast one receive ata si The software
control | edeaGh ropp et €t Gripihe samep asmhecspmnmhgi(ﬁmqpéﬂéb A fizst andssgegmdone of t he
nul ticarr 'Iﬁivegﬁl@i%fﬁyté)fact@f‘& tli‘ﬁle cb&ér@ﬁllbqﬁﬁiﬂed &'2‘49‘§§ee§5n1b§t%?eton998f9f gi tal
signal processor software nod e so tware contrtol

transcei vedach © YesWr Canel ai m 61 wherein at |east one of the
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10%& () - SticdFiRin{pres @%past ¢ne-data symbol onto a plurality of CI code chips. The CI encoder
2602 may impress each CI code chip onto one or more diversity-parameter values prior to or
after impressing data symbols onto the CI code. A CI code may be impressed onto at least one
IF carrier. The CI encoder 2602 may perform multiplexing. For example, the CI encoder 2602
15  may encode data streams onto different CI codes. The CI encoder 2602 may employ other
diversity parameters to separate multiple data streams.
Encoded data is coupled to a transmit coupler 2604 that optionally performs carrier-
frequency (e.g., RF or optical) processing on the encoded data prior to coupling the encoded
data into a communication channel 99. The transmit coupler 2604 may up convert baseband
20  orIF data symbols to RF or optical signals. The transmit coupler 2604 may modulate one or
more carriers with the encoded data symbols prior to transmission. The transmit coupler 2604
may impress CI code chips onto one or more sets of diversity-parameter values. For example,
the transmit coupler 2604 may include a beam former (not shown).
A receive coupler 2606 couples received signals from the communication channel 99
25  and converts the signals to some form (e.g., baseband) that facilitates processing by the rest of
the receiver portion of the transceiver. The receive coupler 2606 typically performs carrier-
frequency processing on the received signals. The receive coupler 2606 may down-convert
the received signals to baseband or IF signals. The receive coupler 2606 may perform
diversity combining, multi-user detection, sub-carrier processing, interference cancellation,
30  sub-space processing, beam forming, channel characterization, channel compensation, and/or
various types of adaptive processing.
The receive coupler 2606 provides Cl-encoded data symbols to a CI decoder 2607,
such as a demodulator, that also receives an input from the CI-code generator 2603. The CI
decoder 2607 extracts or estimates the data symbols encoded with at least one CI code and
35  possibly distorted by the communication channel 99. The CI decoder 2607 may include an

optimal receiver, a channel estimator, and/or a channel compensator.
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A decode-signal processor, such as the decode-signal processor 2608, is any
algorithm, device, or system that is adapted to process at least one decoded signal. The
decode-signal processor may provide hard and/or soft decisions when evaluating the decoded
signal. The decode signal processor may include one or more quantizers, comparators,

25  iterative decoders, feedback loops, interference cancellers, optimal detectors, and/or any other
devices that contribute to a decision and/or detection process. The decode-signal processor
may provide conventional decoding in addition to CI decoding. The decode-signal processor
may decode block-encoded signals, convolutional-encoded signals, encrypted signals, turbo-
coded signals, compressed signals, etc. The decode-signal processor may perform

30  demultiplexing and/or de-interleaving. The decode-signal processor may perform multi-user
detection, optimal combining, diversity reception, or any other technique designed to enhance

signal quality by mitigating the effects of interference, distortion, and/or noise.

FIG. 27A illustrates general steps of a transmitting method of the present invention.
An information signal s(¢) is optionally encoded and/or interleaved 2701. Preferably, coding

35  includes CI or ClI-based coding. The coding/interleaving step 2701 may include generating or
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10 UY810%step 2702, Training symbols may be used for channel estimation, signal-quality estimations,
W& () - "\ Pl oc{h%mz@c;]no 4& L reE0%s ér)eﬁlﬁlva]tglo(‘Bfer:sg‘lingQrésfsésjtﬁ)g/ &dgé daftal's%gl%ﬁs( )-
5  onto a plurality of carriers. Optionally, a cyclic prefix may be added to the coded data
symbols. An FIR filtering and interpolation step 2704 is performed prior to preparing the
resulting signal for transmission into a communication channel (not shown).
Various steps and implied systems shown in FIG. 27A may be included in
transmission systems and methods pertaining to other aspects and embodiments of the

10 invention. Furthermore, various signal-processing steps that are typically performed in
transmission systems may be included herein. For example, pre-equalization steps and/or
systems may be included in the transmitter embodiments shown in FIG. 27A. Array
processing may be performed after FIR filtering and interpolation 2704. Alternatively, array
processing may be integrated into coding 2701, IFFT 2703, and/or FIR filtering 2704.

15 FIG. 27B illustrates general steps of a reception process of the present invention. One
or more transmitted signals are coupled out of a communication channel (not shown) and
provided to an FIR filtering and decimation step 2705. Filtered signals may be processed in a
synchronization step 2711 to control the timing of various reception processes, such as, but
not limited to Cyclic prefix removal and FFT 2706. Complex-amplitude values associated

20  with individual carrier frequencies, such as estimates obtained via known training symbols
and/or unknown data symbols, may be used in a channel-estimation step 2713. The channel
estimation step 2733 can facilitate the generation of weights (e.g., array-processing and/or CI
combining weights).

Array processing 2707 is performed to achieve some preferred combination of system

25  capacity (i.e., sub-channel generation) and signal quality (i.e., diversity combining). For
example, array processing may include spatial interferometry multiplexing and/or any other
form of array processing. Array processing 2707 may be assisted by an interference-
estimation step 2716. A CI combining step 2718 may be performed in conjunction with the
array-processing step 2707 and/or a decoding and deinterleaving step 2708. Alternatively,

30 either or both the array-processing step 2707 and the decoding and deinterleaving step 2708
may perform CI combining 2718. The decoding and deinterleaving step 2708 performs any
necessary deinterleaving of data symbols received from the array-processing step 2707 prior
to, or following decoding. Decoding may include channel, multiple access, spread spectrum,
encryption, and/or other decoding processes.

35 In the preferred embodiments, several kinds of CI processing are demonstrated to

provide a basic understanding of CI filting, CI-based Fourier transforms, and software-
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apparent to persons skilled in the relevant arts based on the teachings contained herein. The
invention is intended and adapted to include such alternate embodiments. Such equivalents,
extensions, variations, deviations, combinations, etc., are within the scope and spirit of the

15  present invention.

Signal processing with respect to sinusoidal oscillating signals are described herein.
Those skilled in the art will recognize there are other types of periodic oscillating signals that
could be alternatively used, including, but not limited to sinc waveforms, square waves,
triangle waves, and repetitive noise signals.

20 The foregoing discussion and the claims that follow describe the preferred
embodiments of the present invention. With respect to the claims, it should be understood that
changes can be made without departing from the essence of the invention. To the extent such
changes embody the essence of the invention, each naturally falls within the breadth of
protection encompassed by this patent. This is particularly true for the present invention

25  because its basic concepts and understandings are fundamental in nature and can be broadly

applied.
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) - 571 IKLng od¥Z bk FiedrQMited inf14ih1: further comprising a processor coupled to the combiner,
the processor including at least one of a set of signal processors, the set including a
channel decoder, a demodulator, a trellis decoder, an encryption decoder, a filter, a
20 correlator, a multi-user detector, a decision system, a deinterleaver, a multi-user detector,

a combiner, and an A/D converter.

6. The CI filter recited in claim 1 further comprising an anti-aliasing filter coupled to the

sampler, the anti-aliasing filter adapted to pass a predetermined set of CI carriers.

7. The CI filter recited in claim 1 further comprising a frequency converter adapted to adjust

25 a carrier offset frequency f;, of the CI carriers.

8. A CI filter adapted to separate at least one symbol impressed on at least one CI carrier of

a plurality of CI carriers having a frequency spacing of f;, the filter including:

a sampler adapted to sample the CI signals at a sampling frequency including at
least one frequency of a set, the set including a frequency £, of a desired CI carrier, a
30 harmonic of f,, and a sub-harmonic of f,, the sampler generating a plurality of sample
values,
a storage device coupled to the sampler, the storage device adapted to collect the

samples,
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a sampler adapted to collect a plurality of time-domain samples x;, of the

multicarrier signal, and

10 a combiner coupled to the sampler, the combiner adapted to combine the

samples x; with respect to the equation X(f Z x,I'(¢, £,) over a period of

T; = 1/f; wherein I, f,) expresses a step function having at least one
predetermined frequency f, and X{(f,) represents a value associated with an
information signal modulated onto carrier frequency f; resulting from a

15 summation of the samples x;. over the period 7.

10. A multicarrier signal generator adapted to generate a plurality of CI carriers, the signal

generator including:

a step-function generator adapted to generate a plurality of repetitive step
functions, each step function having a predetermined set of levels, a predetermined

20 step width, and a predetermined frequency,

a modulator adapted to impress at least one information signal onto the step

functions provided by the step-function generator,

a combiner coupled to the modulator, the combiner adapted to combine the
information modulated step functions to produce a plurality of information modulated
25 "CI carrier, and

a filter coupled to the combiner, the filter adapted to select a plurality of the CI

carriers within at least one predetermined frequency band.

11. A method of performing CI processing of at least one received single-carrier signal, the
Cl-processing method including:
30 providing for channel estimation,
providing for decomposition of the at least one received single-carrier signal into

a plurality of CI components, and
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and the pre-transmission processing step are adjusted with respect to one or more channel
estimates.
15 16. The CI processing method recited in claim 14 wherein the decomposition step is adapted
with respect to one or more system requirements.

17. A method of performing CI processing of at least one received single-carrier signal, the

ClI-processing method including:
providing for decomposition of the at least one received single-carrier signal into
20 a plurality of CI components, and
providing for optimal combining of the CI components.
18. A CI receiver system adapted to process at least one received single-carrier signal, the
receiver system including:
an orthogonal-frequency filter adapted to decompose the at least one received
25 single-carrier signal into a plurality of CI components, and
an optimal combiner adapted to combine the CI components.

19. The Cl receiver system recited in claim 18 wherein the optimal combiner is adapted to
perform channel estimation and adjust combining with respect to one or more channel
estimates.

30 20. A CIreceiver adapted to process at least one received information-modulated single-
carrier signal, the receiver including:
an orthogonal-frequency filter adapted to decompose the at least one received
single-carrier signal into a plurality of received CI components,
a ClI reference generator adapted to generate a plurality of CI reference

35 components, and
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the information.
The CI receiver recited in claim 20 wherein at least one of the orthogonal-frequency filter
and the CI reference generator includes a weight generator adapted to weight at least one
ClI carrier to compensate for at least one of a set of signal degradations including channel

distortion and interference.

. A Cl-based receiver adapted to improve the quality of at least one received single-carrier

signal, the repeater including:

an orthogonal-frequency filter adapted to decompose the at least one received
signal into a plurality of CI components,

a CI processor adapted to perform at least one signal-processing task of a set of
signal-processing tasks including amplification, filtering, channel compensation,
interference mitigation, error checking, error correction, frequency conversion, array
processing, multiple access protocol conversion, and predistortion processing, and

a combiner adapted to combine the processed CI components.

The CI-based receiver recited in claim 22 wherein the combiner is adapted to re-transmit
the processed CI components into a communication channel.
A CI code generator including:

a CI symbol generator adapted to generate a plurality of polyphase CI-based code
symbols, and

a CI symbol combiner adapted to combine the code symbols to generate at least
one Cl-based polyphase code.

The CI code generator recited in claim 24 wherein the CI symbol combiner is adapted to

generate a plurality of orthogonal polyphase codes.

. The CI code generator recited in claim 24 wherein the CI symbol combiner is adapted to

generate a plurality of quasi-orthogonal polyphase codes.

The CI code generator recited in claim 24 wherein the CI symbol combiner is adapted to

generate one or more Cl-based polyphase codes of a CI code set inchuding basic CI codes

and advanced CI codes.

A method of generating at least one code of a set of polyphase CI codes including:
providing for generating a plurality of polyphase Cl-based code symbols, and
providing for combining the code symbols to generate at least one Cl-based

polyphase code.

The CI code generation method recited in claim 28 wherein the combining step is adapted

to generate a plurality of orthogonal polyphase codes.
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code, the CI transmitter including an information source and a pre-transmission processor,
the improvement comprising:

a Cl-code generator adapted to generate at least one CI code, and

10 a Cl encoder coupled to the CI-code generator, the information source, and the
pre-transmission processor, the CI encoder adapted to impress at least one information
signal onto the at least one CI code to generate at least one Cl-encoded information signal

to be coupled to the pre-transmission processor.

33. The CI transmitter recited in claim 32 wherein the CI encoder includes at least one of a
15 set of encoders including a channel coder, a multiple-access coder, an error-correction

coder, a spread-spectrum coder, a crest factor reduction coder, and an encryption coder.

34. A method of providing at least one CI-coded information signal for transmission in at
least one communication channel, the method including providing for input of at least one
information signal, providing encoding to the at least one information signal, and

20 providing for pre-transmission processing of the at least one coded information signal, the

improvement comprising:

providing for CI-code generation to generate at least one CI code to encode the at

least one information signal.

35. The method of providing at least one CI-coded information signal for transmission recited
25 in claim 34 wherein the step of providing for CI-code generation produces at least one of
a set of codes including a channel code, a multiple-access code, an error-correction code,
a spread-spectrum code, a crest factor reduction code, and an encryption code.
36. A CI decoder adapted to decode at least one information-bearing CI-encoded signal, the
decoder including:
30 a Cl-code generator adapted to generate at least one CI reference code, and
a coherent combiner coupled to the CI-code generator, the combiner adapted to
coherently combine a plurality of code chips of the at least one information-bearing
Cl-encoded signal, the code chips being combined with respect to the at least one CI

reference code to recover at least one information signal.
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combined with respect to the at least one CI reference code to recover at least one
information signal.

15  40. The decoding method recited in claim 39 wherein the coherent combining step includes at
least one of a set of combining steps including optimal combining, matched filtering,
correlating, phase-offset combining, and iterative-feedback combining.

41. The decoding method recited in claim 39 wherein the step of providing for Cl-code
generation produces at least one of a set of codes including a channel code, a multiple-

20 access code, an error-correction code, a spread-spectrum code, a crest factor reduction

code, and an encryption code.

42. The decoding method recited in claim 39 further including providing for error detection,
the error detection step including at least one analysis step of a set including analyzing
symmeiry relationships between code halves of one or more codes, comparing the code

25 chips to at least one known relationship between code chips, and performing at least one
parity check.

43. A Clreceiver adapted to decode at least one CI-coded information-bearing signal, the CI
receiver including a front-end receiver processor adapted to process at least one received
signal coupled out of a communication channel to produce the at least one Cl-coded

30 information-bearing signal, the improvement comprising:

a CI decoder adapted to decode the least one information-bearing Cl-encoded signal.

44. The receiver recited in claim 43 further including an error detector, the error
detector adapted to perform at least one analysis step of a set including analyzing

symmetry relationships between code halves of one or more codes, comparing the
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46. A CI turbo decoder adapted to decode at least one turbo encoded information-bearing

10 signal, the turbo decoder including:

a demultiplexer adapted to separate the at least one turbo-coded signél into a

plurality of CI code chip streams, and

a plurality of CI decoders adapted to receive the code chip streams, each decoder
generating soft outputs for at least one of the other decoders, and each decoder being

15 responsive to soft outputs to iteratively adjust decoding operations.

47. A ClI turbo coder adapted to generate at least one turbo-coded information-bearing signal,
the CI turbo coder including:

a plurality of CI coders adapted to encode at least one data stream to generate a

plurality of coded data streams, and

20 a multiplexer adapted to multiplex the coded data streams onto a plurality

of orthogonal communication channels.

48. A method of physical-layer control of communication signals via CI processing:
Providing for calculation of at least one of a set including CI carrier parameters
and CI carrier weights,
25 Providing for selection of a plurality of CI carriers, and
Providing for weighting of one or more of the CI carriers.

49. The physical layer control method recited in claim 48 wherein the calculation step is
preceded by an input step providing for input to the calculation step at least one of an
input-data set including at least one system requirement and at least one channel

30 characteristic.
50. The physical layer control method recited in claim 48 wherein the calculation step

includes calculating at least one channel characteristic.
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10 53. A Cl-based software-defined transceiver adapted to perform physical-layer processes via
software-defined CI processing, the transceiver including:

at least one processing unit having at least one memory space,
at least one CI-based application program adapted to reside in at least one
memory space of the at least one processing unit, the application program including;

15 at least one software module adapted to calculate at least one of a set including CI

carrier parameters and CI carrier weights,

at least one software module adapted to select a plurality of CI carriers, and

at least one software module adapted to provide weighting for one or more of the
CI carriers.

20  54. The software-defined transceiver recited in claim 53 wherein the Cl-based application
program includes a software module adapted to generate a plurality of CI carriers.

55. The sofiware-defined transceiver recited in claim 53 wherein the CI-based application
program includes a software module adapted to decompose at least one signal into a
plurality of CI carriers.

25 56. The software-defined transceiver recited in claim 53 wherein the CI-based application
program includes a software module adapted to calculate one or more channel
characteristics.

57. The software-defined transceiver recited in claim 53 wherein the software module
adapted to calculate at least one of a set including CI carrier parameters and CI carrier

30 weights processes at least one of an input set including system requirements and channel
characteristics.

58. The software-defined transceiver recited in claim 53 wherein at least one of the software
modules are adapted to provide at least one physical-layer process of a set of physical-
layer processes including formatting, source coding, encryption, channel selection,

35 channel coding, multiplexing, modulation, spread-spectrum processing, and multiple-

access processing.
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data signal, and
a Decoder/De-Interleaver software module coupled to the combiner, the
Decoder/De-Interleaver adapted to perform at least one of decoding and de-

interleaving of the at least one received data signal.

20  62. The software controlled CI transceiver recited in claim 61 wherein at least one of the
multicarrier generator and the filter bank includes at least one digital signal processor
software module.

63. The software controlled CI transceiver recited in claim 61 wherein at least one of the
Encoder/Interleaver software module and the Decoder/De-Interleaver software module is

25 adapted to provide control signals to the combiner to adjust combining.

64. The software controlled CI transceiver recited in claim 61 wherein at least one of the
combiner and the Decoder/De-Interleaver software module is adapted to perform channel

estimation.



