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wi rel ess WORHMEZat i on and nore particularly to an adaptReEUSIBN3G6Et er f ace

waveform 5 BACKGROUND OF THE | NVENTI ON Current w rel ess conmuni cation

systens do not adjust well to dynamic changes in the el ectromagnetic

spectrum As a result, these systens tend to provide a relatively |ow

quality of service. As denmand for high-bandw dth services increases, this

problemw Il likely worsen. 10 Prior attenpts to inprove the ability of

Wi rel ess communi cat i orANVEDARFIVID AJRINSERFACEIWRVEEORIMANGES i n the

el ectromagneti c spectrum have focused on adaptation in a subset of

di mrensi ons available at a particular point in tinme. Data rates and

pr ocessi MECHNICSL PaYED oaepHpONVENONe adapt specific waveforms, such as

spread spectrum nodul ate signals, 1o a particular conmuni cation |ink

condi ti on. Varhisuinventiar rdetes de twicsless cinnguriiGatioecind ques paitidalaviar iocous

par amet er, . led to a particular frequency assignnent.

Fr equenc;?aa %%?g?ﬁgﬁa%gg#ﬁ?%s have been used in high frequency (HF)
ranges. Frequency adaptation techni ques have al so been used in

comruni cat.i on systens such as wireless |ocal area networks (W.ANs), in

St GE,THE INVEMYFION after a relatively slow seat for an

open frequenc I ' | ] i.cally .operate.at

assi gned chan%je rﬁ%ﬁ%c@%@%ﬁ é‘%%%ﬁ‘i%ﬁ%%@é@w%‘&ﬁéﬁweai“%/i si on

mul ti pl etheotesonagmive)speetaimi dusesresulddirat isysem® thndab ipaevides Rlatiessihav e
been i nvest.i ated,.but have been myre or less limted to _changliéng one or

" nore par ﬁ?raé‘(tgf’ Sgryics. it fTRYdy r#@h‘l’a&‘@i‘”ﬁhsséﬁ’&?é.mgﬁts@’é:rthm proglemcwil vary
consi der gldly wioeUghout the world, which often necessitates a conplex 25
spectrum assi gnnment process. Reallocation of bandwi dth as a result of
growtth in coﬂmftﬁea‘lPtS/\iOrlmJe@s% theplidits ot wirkdsnemamanicaticn sgemsonRdjuepnpl ex
spect rum assi.gnment r.ocesses. in the future. In current wireless,

‘communi (r:q St ;a%‘r?%ggl SCE%'?\gSQ ) ﬁge 8ﬁacmggneﬁp SHELHER deve rfgcwt‘}ﬁc%iapﬂ‘fmﬁ% dfighed to
a comuniubadti sINdimRAsiGRNBRN1a5TE Bt @ PArditdr foinin’ B8’ Data rates and processing

gains have been modified to adapt specific waveforms, such as spread spectrum modulated

signals, to a particular communication link condition. Various error-correction coding

15  techniques with various parameters have been applied to a particular frequency
assignment. Frequency adaptation techniques have been used in high frequency (HF)
ranges. Frequency adaptation techniques have also been used in communication systems,
such as wireless local area networks (WLANS), in which an open frequency is selected
after a relatively slow seat for an open frequency.

20 Cellular communication systems typically operate at assigned channel frequencies.
Slow assignments can use frequency division multiple access (FDMA) techniques,
Adaptive modulation techniques have been investigéted, but have been more or less
limited to changing one or more parameters in a particular modulation scheme. Spectrum
use can vary considerably throughout the world, which often necessitates a complex

25  spectrum assignment process. Reallocation of bandwidth as a result of growth in
commercial wireless markets could necessitate even more complex spectrum assignment
processes in the future. In cumrent wireless communication systems, one or more
frequencies are statically assigned to a communication and senéor system (such as a radar

system) without frequency overlap between the communication and sensor system and one




systen) w thout frequency overlap between the comuni cati on and sensor
system and one 25 October 2006 2 or nore ot her comruni casi@etolaar@08&nsor
~systens and with |large spatial separation to prevent harnful interference
bet ween the communi cati on and sensor system and one or nore other

comuni cation and sensor systenms. 5 SYVMARY OF THE | NVENTI ON Parti cul ar
enbodi nents of the present invention nay reduce or elimnate disadvantages
and pr obireneret otheli toromahicytias sat saised switéis \Wnd 6165 FargO SpARI G8hdrAion 10 one
aspect of the present invention, there is provided a system for generating
an adaptf¥rat lefmﬁlﬁfrg?r#‘%re@e\,\m‘@?% the qomunyiieatiom and risnsosisystemaandackeper ve

mul ti- C@x'idrle%{her%&hﬁfé@ﬂi&?&ﬂd%@nﬁ?gy&&ﬂym I ng conponent operable to generate
a waveformhaving a multi carrier organi zati on conprising a variable
carrier frequency and vari abl e bandw dth signal that conprises one or nore
SchgrriS%ﬁ\iM%f@ﬁ{}gi ' Ly placeabl e over a range of frequencies,
each™ su i € nodul at ed according to a direct sequence
(DS) spread PRambloMedSSHimeRIUbAL heNpiBENiMidfior Nay ALY B NaNhIgAT
enbedded pilot 15 usable to optim ze one or nore spectrumefficrencies of

t he wavéisadvantagssantprablepsitiaditionalily asspeisted withnuivélels kemfrfunidation. codi ng and
nodul ation ( receive,.th wavef orm.fromt adaptjve

mul ti-carri eﬁ%%ﬁ?%@?gﬁblgﬁ%ﬁ gl HB?‘%EB“E Shovisdst 2 Syﬁgmqgﬁwe BMssHent

oper abl eddptivadaipt ingerfioel iatdfern, C €S spdtbrat bofpridng0dR idibBve aRMItRcLRde

| engt h of the waveform according to an avail abl e spectrum and one or nore
~var 1§ ngOHEsnZatien fnd signging epmpransaGeparelle ity gonefate a waysfom devinger waltef or m as
an adapti b sl FE 2F s i Aayv h aspect, of the. present
vent ] gty (PG o GBbR oo R0, FRRGRR vahd i SRS

i nt er f athet wempfisssnonet tremoet hiddasap ias iang dygenedt plagabloevef Dedmghayi ng a
mul ti-carrier. or%%ﬂi zgtion conprising a variable carrier frequency and

var i abl E°HERGRPd MFfaPelns, SEPEY R medalaish acerrdingr o & diveetr sdquenset hat
are dyngpscspréad PLARLARS YR fatRn B0 ue?ﬂchgTv&a@gf&%q{agﬁlﬁcaglae%gygcg @;(%;gr

bei.ng separately nodul atéd according to a direct seque
spebd r uwabksp epsiuize vhowr et spepimm tffiriaaicsfofrthe kavéfognamdeabadggidepi | ot

oot | R bARARE il SR Shd Widlaof' RN component recerve the

adaptin
waveform from the adaptive multi-carrier organization and signaling component, the

BECM component operable to adapt a modulation constellation, a code rate, and a code

length of the waveform according to an available spectrum and one or more varying

20  conditions of the subcarrier in order to provide the waveform as an adaptive air interface
waveform.

In another aspect of the present invention, there is provided a method for generating

an adaptive air interface waveform, the method comprising: generating a waveform having

a multi-carrier organization comprising a variable carrier frequency and variable bandwidth

25  signal that comprises one or more subcarriers that are dynamically placeable over a range

of frequencies, each subcarrier being separately modulated according to a direct sequence

- (DS) spread spectrum (SS) modulation technique, the waveform having an embedded pilot

usable to optimize one or more spectrum efficiencies of the waveform; and adapting a

modulation constellation, a code rate, and a code length of the generated waveform

30  according to an available spectrum and one or more sub-carriervarying conditions of the

subcarrier in order to provide the waveform as an adaptive air interface waveform.




nodul ati on constell ation, a code rate, and a code |l ength of the generated
wavef orm 30 according to an avail abl e spectrum and one o25ftaber 2006
sub-carriervarying conditions of the subcarrier in order to provide the
wavef orm as an adaptive air interface waveform 25 Cctober 2006 2a In yet
anot her aspect of the present inventigp, there is provided a software for
generating an adaptive air interface waveform the software enbodied in

nedi a and whem yeexgshiéreskpegesBidleepre@nt GBRANHGM, GhéreVBURHRHE R6RGEr for
mul ti-carrier orgapi zation conprising a variable carrier frequency and

var i abl ESBAME At #laptiynalr intpacccwnsiorae shespdtveire pwpedisd sumsdiarandrwdienhat ar e

dynam c I . 8 f ies.. e . carrier. being
Sopar at o1 R SR o, B ? 2SR pa i B R Ry AR R Sne i
(SS) nedurableotartiechajugney ahdeanablebandwiddy siggal ahatcchrgpidied opel @tmergabl e to
optim ze one.or . nore spectrum efficiencies of the waveform_ and adapt a
modu? at PUIFAEIRS that |25 dypam algyoH Ceqbget 8Yera"i‘16a%e(9fd§e‘1‘@ﬁ§f?% el isHecagfigier at ed
wavef or ghiag CRpathial HddaftedVaichRi upsgarrier
varying Jb%gﬁ?iong’pf t he sugcaré?gfaﬁﬁk%?ggﬁagggg?ggl e&%h &ﬁﬁgb§¥ rm as
an adaptiodalatipn tgchnigné,.ctbe wesivldforhavingranserhhedtiédpilatspeble tofoptilmézeponesent

[ ti [ ovi d a_systemfo eneratjing an a tive ajr
|t or 1 a0 RSP TR R B RR R acER RO EandlBfong i ef or m
havi ng fatelint ia-0de lén@th OF teteAdhic® RvaBfRhi s2bd18ing tY AR a9RNIDIE Petchbh aba

frequency and vari abl e bandw dth signal that conprises one or nore
subtr r PR O tTRgre SbecariFn¥aryingl ¢apdisions exfbthe wbesrmigr immgderofo provifeethei es,

each su | ' . ated according to a direct seguence
UaACEts BELIBIRERPLALTLL v TR

(DS) spread spec at'ion echni que, the waveform having an

enbedded pi | bt aufiathlee sspecopifl thezpresdi® averidhe thaPE6t pramded fd gianai s of the
waveform and neans  for receiving the waveformfromthe 20 neans for
gener at BTR§TARE keBHYR ¥ RS Mvalormd dhetsysisoe caBwaiingt jtaeans afogode

rate, r@inﬁoﬂﬁa{rgﬁ%ﬁ Wxa?ifngtehﬁmﬂﬁgﬁﬁﬁﬁ aﬁ@é(t?gnowﬂq?ﬁsﬁrgé gioxﬁl%la%lg Galier

avai | abT'e speCtrum one Or nore s arrirer varyi 'ons of the
sublfar r frequency ondiwaridbde pamdwidid ¢ifrenl Weat ebmiprisasoneast mdapduberiaist thatndrer f ace

vaveT o el WS RHR e s, ol e Lesenty Avent on provide, gne o
mul ti pl goB@ERECARDLELIRE Q%! dedir@RCsQlience (DS) spread spectrum  (SS) modulation
' technique, the waveform having an embedded pilot usable to optimize one or more
spectrum efficiencies of the waveform; and means for receiving the waveform from the
20  means for generating the waveform and adapting a modulation constellation, a code rate,
and a code length of the generated waveform according to an available spectrum and one or
more sub-carrier varying conditions of the subcarrier in order to provide the waveform as

an adaptive air interface waveform.
| Particular embodiments of the present invention provide one or more advantages.
25  In particular embodiments, dynamic adaptation in multiple parameters provides one or
more performance options for wireless communication systems. In particular
embodiments, the multiple parameters include adaptation in time, adaptation in power,
.variable bandwidth, variable data rate, variable modulation and coding, and spatial
adaptation.

30 Particular embodiments provide a waveform thatr can adapt to an environment in
multiple dimensions of available signal space. In particular embodiments, as an example,

the signal space includes frequency, time, power, modulation, code, and spatial domain.




nore performance options for wireless conmunication systens. In particular
enbodi ments, the nmultiple paraneters include adaptation i2} Qétoler 26@@pt at i on
in power, variable bandw dth, variable data rate, variable nodul ation and
codi ng, and spatial adaptation. 30 Particul ar enbodi ments provide a
waveform that can adapt to an environggnt in nmultiple dinensions of
avai |l abl e signal space. In particul ar enbodi nents, as an exanple, the

si gnal space Piaﬁtduml%ﬁabbﬂﬁi@dﬂ@d;ﬁr%vid%iafmaveﬂﬁﬂ@énd MRRUh AL for EREEne BoSPat i al
domai n. 25 Cctober 2006 2b Particul ar enbodi nents provide a waveform and a
mechani $RATE Prraseaters of be svaelorm andrchapging the svageform tth adapt\ief anenoramdre

changi n a t. t e . comyuni cation networks, one
or noregg%%ﬁﬁﬁgﬁg ﬁ%%%'§%k2@96¥ §H§Qd¥8ﬁ%&§&ﬁ§@rﬁn$%dﬂ]P@ﬁéﬁt@@“ﬁ&??icular
enbodi meequirepientsi darticniazlelnbgdinienseprecide dtellifermskletidreo PR dfendof an
adap%ati n space,. which c énclude frequency, nodul ati on schene and

rel at ed °F f8r Hi7etaliPe  sPacR ‘?‘r@c PR recldy fregrencyd mudulatien excheme sad gslagedr at es.

Particu Jofe p [ &% o] g'ni d og% ] 0 one
o mor o R TR Scighe DA L SR o B B R AR hed ddehe °3°
part i culembodimrnti crmrmrevidea mastafoanioptimszedeweordmy tb onaonmiotd ldkeconditions,
constellations and spatially adapt to transm ssion tinmes. In particular
enbodi ments, nodul ation uses a nmulti- carrier code division nultiple access
(MC-CDVA) schene according to which one or nore individual carriers are

i ndependent |y nodul ated and coded according to the 5 adaptation of the

i ndividual carriers to one or nore conmunication links. In particular

enbodi ments, adaptation to a communication link is nore or |less subject to
one or nore requirenents associated with changes in data rates and
frequency, over time. In particular enbodinents, one or nore frequencies
can be bl ocked or enphasized (effectively providing power control at each
frequency), which can enabl e use of noncontiguous 10 frequency sub-bands.
In particular enbodinments, a particular nodul ati on and coding schene is
selected for a particular sub-band. In particular enbodi nents, a

het er onor phi ¢




wavef orm can be norphed to one or nore wirel ess conmuni cati on resources
(such as one or nore frequency bands). In particul ar ent26droveber 3006
frequencWo osadatiat i on type and rel ated paraneter, codi ngdrygsesasdsr el at ed
parameter, time, space, power, bandw dth, and 15 processing are analyzed to
provide relatively fast adaptation to 4inme-varying channel conditions.
Particul ar embodi ments provide an adaptable waveformfor nultiple wireless

appl i cation ch I icati for sel ectl mul ti pl e di nensi-ons, of an
oot ac 1 b PagieRt S ifiys, aokodiieon sk fan Rty Ml CorndRIRIORAIL L | oo
I'n parti gpdtiany eddpped MBRhEssidONRes. 29 ﬂaﬁlc‘ﬁ&?bﬁﬁbclhﬁfénﬁst motERHEMN G483 hlltid
waveform | n particul ar enbodi nents, nonconti quous frequency sub-bands are
gener at eﬁamphc‘ﬁ@r ﬂﬁvmmmu@nm@@pmﬁ&MC-QDMé) &9 aq¢ardieg to gvhiphnpasaef on i s

i dentifi n | ati on
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assocs at edhpmﬂoh ofdhe mdlatifralaxamgwad ohy oﬁinose comamnicadfion finkar T partidvilar
enbodi e rum awar e het erom)r ﬁ"liq waveformthat dynamcally

adapt s tGmE%‘Bm&%} i POARIation de asoppnunicatien dink s more H’é&?%?“bﬂ?“éd‘heﬂ%ﬂ}’f MeFace,
and ti NRqenahb&s «SBahRA VHFHECH%%[F fmﬁ 3REGhd freqhéh ch I ﬁl%.agrf gmaﬁwnt S,
adaptation of nu ve

si mul taneous orm p ters ena S nore or

| ess assembetlimentsyone aor owre fwtqubmlw o dBs blmgkcm tom a¢mpimsizbd| | {effattbrelyer ence.
nt techni ques

Parti cul ar gjm‘oodi ment s tﬁ)[l fi d%nam c 30 ectral b\i‘i‘i

that i ncP@¥EMNE BRYET GRRHRL; % b HUSS), PHE T, s e of ToRroiigp sy
enbort) MefibguchEP biblBaitisl Ckr pRGRERAS LnibdaRhdnye anyirhbulslah{ddaranoﬂ SRHIRIAL | On
usi ng one or nore suitable avail able frequenC| es. Particul ar enbodi nents

------- scheme is selectedr @pagisular suipband\dnqEitiada eybodimess 3y mﬁﬂorphlop rovi de

a signal ;p&; e t ub- carr channel
estimati o%‘?{fbﬁpﬁor e %1?&1 eggo ?)Ib ?rﬁ;‘n%fe% WAlée\c/ifé 35%%%‘?%?}855?58“%% Suﬁbﬁ?ﬂaes f ast
si ghal asQumord freqmnéy) bands).als Pagitu eh%ﬂﬁ&ntf&quu&idyamo@mﬁdﬂx ARt &ndPr ovi de
one or nore adaptive bandw dth- efficient code-nodul ati on schenes W|th nor e

or |ess g Eaéiﬁé%tﬁ% catmgityns sndiislabasparameten; Lme, FPacy. RAWS, bandpadth, angd
mul tispl €, BLRsiBE" drk SnsityzEftd Ipfiad rSURAN TRt faPlafdh 96 diSVarying channel

conditions.

Particular embodiments provide an adaptable waveform for multiple wireless
applications, such as applications for selecting multiple dimensions of an adaptation space
and applications for estimating channel characteristics. In particular embodiments, power

20 . is controlled at frequencies in a waveform. In particular embodiments, noncontiguous
frequency sub-bands are generated. In particular embodiments, a preferred channel
organization is identified and selected. In particular embodiments, a preferred modulation
and coding technique is selected according to one or more requirements associated with
data rate and quality of service.

25 In particular embodiments, a spectrum-aware heteromorphic waveform that
dynamically adapts to use available holes in a spectrum defined by frequency, space, and
time enables shared use of common spectra. In particular embbdiments, simultaneous
adaptation of multiple waveform parameters enables more or less assured communication,
while suppressing mutual harmful interference. Particular embodiments provide dynamic

30  spectral assignment techniques that increase spectrum utilization by a factor of twenty.

Particular ~embodiments provide quick-response adaptive multi-carrier

reorganization using one or more suitable available frequencies. Particular embodiments




reaction capability to quickly rel ease channel usage and dynam cally
reconfigure hybrid nultiple-access techniques. Particul a5 Guudiedlommnt s
provi de woéxmgbkazadapt abl e waveform that can work in mulpigralses/i3ess
applications, such as W.LAN applications and cel |l ul ar applications.
Particular 10 enbodi ments provide a q;seful air interface that works in
het er ogeneous networks and can operate at data rates ranging from

approxi mately 100 S t ) s. A.network, envjronnent could include a
ol | ul ar PipRided SeAl ABRES fied i e p G b Rabiim b <SR Fh oL oo or
simlar apyd bfNeRNSptinizA % NRUFmE IDYtah R Ahd GAMhded st WiRaD Aequisfiod¥H:C

flexible architectures, such as cellular, centralized, ad hoc, and hybrid
15 ar chi treesmussen bwsist | Bartienlarervbeilinments previgpone os enare adeptivecbaagdpidthat i ons

t hat hav e Lvel .ah rates of,data transm.ssion, Particul ar.

onbod mersien, Bhciotullion sEAHRE Vi bR b PAS RRR R0 Al Bt bional, A
hol e Tanvarfubilitdavith kdsppdtetotmiRiptd QibScarSesh RstidulareembddiLente Pedvidéfsst-Space.
20 BRI EF DESCRI PTI.ON OF THE DRAW NGS To provide a nmopre conpl ete .

under st aFfAFHRR GAPAPIE for auickly relsoserghannel aisage and dymamieallysregordizys Aviridges

t her eof , 1.l BL SREE tbshiBle to the follow ng description, taken in
conj unct?%lnp%t%% t he a(1: onpanyi ng drawi ngs, in which: FIGURE 1 is a block

di agram of a Patieslanmempbdimentsvpberdmd singlei ajapiable ®avefomothanme workhint he
present inyention w.thin ne neration (X@G li que; ..Fl E.2 is an
Pl Fust r abh iR pordicHcn and, o AN o Biaer (o b rehlicationso b 111
~avai{abl gnbddiRedts GAUEAE ¥ uSOBFAF HRIBRP $hat FloHdRE mMtcrdueBous! Hettpdrk@hndEn0f
het er onor phi ¢ waveform adapting to nultiple variables to optimze spectral

ef fi ci eneeratg@t FlaBURItesA ranging fromt appeeximataly d0gavibpaité dn Gbes.gnal networknd

mul ti-1eyel ndw dth- .ef.fi ci ent .codi ng and .nodul ation for optim,zing
Channel ERUPRRERG oWE: H5cusdd £ e B9ed Geiprin s e miiegfh ' Sufid
ref’a’ s’ envirbhiebrit3d WLAN0bls]niifdr e@Virdmient SAGtttwdrk GrtREsnhdrt 2buldlihdiedd gifee @
representation of frequency/tinme/coding of a heteronorphic waveformin
accor dan®le |are hilexible p prchitedtuses, svrhi @ callwdpr, centralized, ad hoc, and. hybrid

15  architectures. Particular embodiments support services and applications that have

relatively high rates of data transmission. Particular embodiments automatically operate
- . in gaps (or holes) in spectrum use. A hole can include multiple dimensions, such as time,

frequency, and space.

20  BRIEF DESCRIPTION OF THE DRAWINGS
‘To provide a more complete understanding of the present invention and the
features and advantages thercof, reference is made to the following description, taken in
- conjunction with the accompanying drawings, in which:
FIGURE 1 is a block diagram of a heteromorphic waveform function in
25 accordance with the present invention within a next gcnération (XG) appliqué;
FIGURE 2 is an illustration of a frequency agile heteromorphic waveform adapting
to fill available time-frequency spectrum gaps;
FIGURE 3 is an illustration of a heteromorphic waveform adapting to multiple
variables to optimize spectral efficiency; _
30 FIGURE 4 is a multi-carrier organization, signaling and multi-level bandwidth—

efficient coding and modulation for optimizing channel estimation data;




FIGURE 6 is a block diagramillustration of nulti-Ievel configuration of
LDPC- based coded nodul ati on schene to facilitate rapi d adadf@cdher@00F code

5 paraneters. DESCRI PTI ON OF EXEMPLARY EMBODI MENTS The present invention is
a heteronorphi c waveformt hat dynam cal ly adapts in frequency, tine,

nodul ati on, code, data rate, po aling, and multi-carrier 10

organi zat i on.osfe.oseef orm wi | | spectral efficiency by enabling

ef fi ci entiF LOPPOLIELEE"S 1 ¢ Zdil§h Bodg Byt e iEéct rum use. It reacts to
time-varying channel and use conditions by seizing tinme/frequency/spatial
"hol es” and usi ngFiR&REsp$A-5Bf Hlitiaisne reprsetitatign afoithghecy/ome/csiignaef 4ng and

mul Ui - car v i el Ol AR EALLORE ONSLSEAN M 000 AL fer| ng communi cat i ons.

The heterom)rp orm of i nven vided into two
naj or conponents E\[GU&E ko blodkddlpgramallﬂﬂiﬂaﬁmr mrﬂultekvdﬁcgﬁlgiu?a&bﬂ @n and

- Signaling co r ar| ler f uenc varl ahl e bandw dt h
signal into g?])g@g’ ﬁaﬁ?ﬁe\g{ “g"é’f’? |S§ ‘?‘et It%tflé%[ﬂ edﬂf‘ fahqp BPaﬁS’g?i over

span of5up tparZh@ledHz to avoid or mnimze |nterference with transm SSI ons

of existing spectrumusers. Each sub-carrier 20 is independently nodul at ed

by direct sequence spread-spectrum (DS SS) for variable spreading and
codi ng gain BB%MI@W@WR@Q%ML\#S‘ ve, and threat signals. A
conbi nation tinme/code pi 'S enbedded wthin the waveformto enpower
opti ni zati on basédeaFesa Bvension iserheteromongitic waveformtte dynﬁme:auwaad@ﬁemﬂ SUppor ts
a broad rangg, aqqugt \6%}%@%@5{% i.ple e l gtlL
conbi nations o CI)_()]\/A 515 b rB P—‘%& ?E.E%ﬁ t7We 'l\ﬁ%?‘#‘ evel
Bandwi t h- Ef ¢rgaiization. CBk Wayvefomu kudndraba speet(dBEfﬁ\iﬁencpbpvnadmig gfidienj | y of BECM
schenes, inc ing. both nulti const;é ation.  nodul ati d forward
error-correc pgﬁing%l dgcooﬁeritb\%s%ﬁwgﬁlﬁﬁ ?ﬂﬁiﬂ’éﬂ& é E‘ﬁe coded
modul at i on fenditiynsvby beitigg ttﬁﬁﬂreﬁ&n@@hﬁatm ehblee FdadsprgOihe tnlﬂﬁt afficienin 30
bandw dth effi |dl(:| ency and a ataﬂg u@ﬁpabl lity., Adapting the nodul ation
const el | at i off! 5’088 Hajon, S‘&‘i‘i’@“‘% U eATHETt 5 E4Rideton FoNsisEhlalittaPe spect rum
and sub- Carlﬁﬂeﬁéarfgoélﬂmhdlrﬂéhﬁoﬂ@ﬂ | frhérﬁ?é!emniﬁplﬁd)%%iﬁﬁn it the liREYonMY | € meeting
qual |tIy of {;A/I ce S) and data rate needs.
ivided mto 0 ma;or components as follows:
d Adaptive Multi-Carrier Organization and Signaling configures a '
variable carrier frequency and variable bandwidth signal into one or many sub-
carriers that are dynamically placed over a span of up to 250 MHz to avoid or
minimize interference with transmissions of existing spectrum users. Each sub-carrier
20 is independently modulated by direct sequence spread-spectrum (DS $8) for variable
spregding and coding gain against cooperative, non-cooperative, and threat signals. A
combination time/code pilot is embedded within the waveform to empower
optimization based on sub-carrier channel estimates. The waveform supports a broad
range of adaptivs/hybrid multiple access schemes including combinations of CDMA,
25 TDMA, FDMA, and FHMA. '
. Adaptive Multi-Level Bandwidth-Efficient Coding and Modulation (BECM)
provides a family of BECM schemes, incorporating both multi-constellation
modulation and forward error-correction coding. A Low Density Parity-Check Code
(LDPC) coded modulation family will be used to advance the state-of-the-art in
30 - bandwidth efficiency and adaptation capability. ~ Adapting the modulation
constellation, code rate, and code length to match the available spectrum and sub-
carrier conditions will maximize spectral efficiency while meeting quality of service

{QoS) and data rate needs.

AMEDED SHSET




AVENDED SKEET 25 Cctober 2006 WO 03/092212 PCT/ US03/13065 6 Overall
spectral efficiency depends on a conbination of frequencys Goebee2006nd tinme
ef fi ci enwip @fovsnect rum use. As these factors are cl osel ypcrtisoy/dependent ,
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efficiency (bits/sec/Hz) - inprove error-correction coding efficiency -

conpress sour ipformatien. - use adaptive {(.i.e. . brid) multiple-access
Cechnt que-wi 1+ FeeialeBécTal iiicpo SandiP et b ¥obinatfya oty Bhe s
possi bl eeffitiency T pastanst Akl aAsrese ffordardviodél intar/depamies:, AMPRIving

efficiency of npdulation (mninmmEb/NQto achieve sufficient BER) - use
f ast - adaptisicngy in onpesERR ftcagpdycss efficiengy meaneBisi t i vity to interference by
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spread signal information over ndw dth - increase directional
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time use of spectrum(e.qg., via multiple agccess technique) 20 seize
tenporal "hol es"” i‘ﬁ“@é&‘%‘ﬁ?ﬁoﬁ@%chﬁwfg@% avail able (e.g., fast
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- . increase power efficiency of modulation (minimum Ey/N, to achieve

sufficient BER)
- use fast-adaptation in power control
- reduce sensitivity to interference by waveform design
15 - transmit a more “interference-friendly” waveform

- . spread signal information over wider bandwidth

increase directional sharing of bandwidth
* Increase temporal sharing of bandwidth
- .coordinate time use of spectrum (e.g., via multiple access technique)
20 - - - seize temporal “holes” in spectrum use as they become available (e.g., fast
signal acquisition, burst-by-burst adaptation)

Many of these strategies conflict with each other — increasing the modulation efficiency
- decreases power efficiency. An accurate assessment of overall spectral ufilization
efficiency requires consideration of the complex interaction of frequency/time/space reuse

25  of the electromagnetic spectrum. l
Referring to FIGURE 1, there is illustrated a heteromorphic waveform function
that dynamically “morphs™ to fill unused spectrum “holes” to dramatically increase
spectral utilization. - Overall waveform adaptation can be considered a hierarchical
combination of “internal” and “extermnal” functions, features, and parameter sets that
30  determine the final transmitted waveform. The “external” set provides a definition of the
frequency and temporal opportunities, along with other environment characteristics, The

definition of the “internal” set modifies how the waveform “reacts” within its overall
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represeﬁqagﬂ%h&(ggwgegeag?‘ﬁ@ﬁ]f%i lization for four frequency channels as a
function of tHiBguendyegitity Blachigvadsiarseveral Ways. | Fight Ciab @eltbARSdlieSy MMBRET oM
exi sting non- XG users and the enpty spectrumareas indicate "holes" in

ti me- f r e0dvidih epthet wanalergecancpny it eecunp diderentafieqrieney eltannels a1 ghntime
utilyigzi S ' e T1ean" v nel i A
the iavarerre b st WRs® THAER anlhn 1 PHOGREY, SRR a pbispharBRl g

i ts centspectfune gtiltaatipn dodfoub fraghsncy thahpels at @ flnidtidhlof t\ec UDhe dddtihgfuseguency

~channel s FI .and F2 before mrphin

areas ndicate transmissions from exigting non-XG users and the empty spectrum areas
indicate “holes™ in time-frequency spectrum use. Consider an XG transmission as shown
utilizing the first available “gap” on frequency channel F1. At point A, the waveform
20 demonstrates macroscopic frequency agility by “morphing” its center frequency and
bandwidth span to briefly occupy both frequency channels F1 and F2 before morphing
again into channel F2. At point B, both the non-XG and XG transmissions occupy
frequency channel F2. The non-XG transmissions occupy only a portion of frequency
channel F2. Within the full bandwidth span of the XG transmission, the waveform
25  organizes its sub-carriers to occupy some subset of the full span. Hence, the occupied
bandwidth of the waveform will be less than or equal to the full bandwidth span. This
microscopic frequency agility is used to avoid the portions of the frequency channel
occupied by the non-XG signals. No power, or power within an acceptable SIR value for
the non-XG signals, is transmitted on these unused sub-carriers in order to avoid
30  inferference with other transmissions. This combination of macroscopic and microscopic

frequency agility maximizes XG spectral efficiency by seizing available gaps in
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' - schemes and sub-carrier organization are also continuously adapted to maximize overall
- spectral utilization efficiency. Based on signal Optimizatidn and data rate requirements,
- the XG waveform may choose to leave some of the available time-frequency holes empty.
Construction of the waveform is partitioned into two major functional components
20  as described below.
+  Adaptive Multi-Carrier Organization and Signaling configures a channel of
up to 250 MHz bandwidth span into one or many variable width sub-carriers
that are independently modulated by Direct-Sequence Spread Spectrum (DS-
SS) for variable coding gain. The waveform will support a broad range of
25 multiple access techniques including CDMA, TDMA, FDMA, FHMA,
CSMA/CA, and RTS/CTS. Multiple users are served simultaneously and
uniquely at varying data rates on sub-channels contained within the up to 250
MHz bandwidth span.
*  Adaptive Multi-Level Bandwidth-Efficient Coding and Medulation (BECM)
- 30 provides a family of BECM schemes, incorporating both multi-constellation
- modulation and multi-level forward error correctioﬁ coding that is optimized

for sub-channel conditions. The baseline design uses Lower Density Parity-
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15  within the waveform to select error-correction codes and modulation constellations that
optimize capacity across the sub-channels. In addition to power control schemes used to -
minimize multiple access interference, the waveform has a burst-by-burst “fast-adapt”
power control capability to rapidly relinquish use of an individual sub-carrier or the entire
occupied bandwidth, as indicated by an external control signal in response to detection of

20 - non-XG signals coincident in time/frequency/space.
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Referring to Figure 4, there is illustrated a waveform adaptation function residing
in an XG radio. The adaptive multi-carrier organization and signaling section defines the
preamble and pilot symbols, assigns sub-carrier placement and capacity, and applies any
needed PN spreading, time diversity, and channelization to the user data. The adaptive

10 multi-level bandwidth-efficient coding and modulation section codes and maps the coded
data to the assigned sub-carriers. The signal is then adaptively power controlled resulting

- in the complete heteromorphic waveform bandwidth spanning up to 250 MHz. Channel
_estimation on the received data is performed by using the bi-directional pilot symbols
embedded in the waveform for each transmission to -cstimate the widely varying sub-

15  carmrier channel characteristics between any pair of XG nodes. A decoded preamble
contains channel estimate information from the other end of the link. Channel estimation

data are passed to each adaptation block to optimize sub-carrier capacity. In this way, the
channel estimates drive the adaptation of the multi-carrier organization and signaling and
multi-level bandwidth-efficient coding and modulation. The pilot symbol design for

20  channel estimation is discussed later.
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_ & avoid overlapping with other iransmissions in the environment. The waveform

simultaneously supports multiple spreading widths and modulation formats on
different sub-carriers.
Figure 5B shows a notional view of one way the waveform supports multiple
20 users through CDMA. Figure 5B, one sub-carrier is dedicated to a single user by
- assigning a single, shorter PN spreading code to that user to increase the data rate,
while on the other sub-carrier, multiple variable rate users access the channel with
different length PN codes. This is further shown in Figure 5C with the power of the

~codes of users Ca, Cg, and CC combining to form the aggregate power.

25 Alternatively, one user can concentrate ifs data to occupy an entire sub-carrier using
PSK/QAM-based modulation. The waveform also supports a hybrid mode where
different portions of the user data are coded into-different modulation formats as
shown in Figure 5D. Consider a non-XG transmission occupying the upper and lower
portions of the frequency band.

30 Based on chamnel estimates provided by the waveform, the transmission
shown is then mapped into two parts. Part 1 spreads the user data across the entire
bandwidth in order to reduce the power speciral density below a level that is harmful
to the non-XG transmission; part 2 concentrates the remaining data in the unoccupied
bandwidth.
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15  against data rate in this type of waveform design by transmitting a given data symbol
across multiple sub-carriers (i.e., spread in frequency) and combining the test statistics
from those sub-carriers before making a final decision on the data. In the limit, as each
sub-carrier is modulated by data independent of the other sub-carriers, the overall
transmission rate is maximized, and each symbol is sent without frequency diversity.

20 It has been shown that the performance of a single carrier DS S§ waveform with a

. rake receiver and an equivalent designed MC-DS SS waveform are similar.

When the available bandwidth (and the data rate) is much greater than the
- coherence bandwidth, then a large number of rake fingers are needed, significantly
increasing receiver complexity. Instead of N (=B/B() fingers each processing a signal of

25 bandwidth B for single carrier DS S8, the MC-DS SS waveform requires N fingers (one

- per sub-carrier) each processing a signal of bandwidth b (=B/N) resulting in a reduced
complexity receiver. This occurs because the chip duration on the sub-carriers is M times
-longer than that of the single carrier system, reducing the number of computations needed
to successfully demodulate the signal. When more than three to four rake fingers are

30 needed, multi-carrier implementations are more efficient.

The implementation advantage of multi-carrier modulation is further highlighted

when narrowband interferers are present since a multi-carrier system does not require a
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' spreading code embedded within the preamble of a data burst. These pilot symbols are
20  logically equivalent to a training sequence for an adaptive equalizer. Use of a pilot allows

coherent demodulation, improving power efﬁciéncy. Spreading the pilot reduces the
probability of detection and intercept. Anti-jam resistance is provided by making sure that
the pilot is spread at least as much as the data so that a jammer could not eaSily defeat the
waveform by focusing efforts solely on the pilot.

25 The use of a pilot also provides a “snapéhot“ of sub-carrier fading that can be used to
estimate the coherence bandwidth of the channel. This estimate is used as the basis for
adapting sub-carrier width and placement subject to spectrum gap availability constraints.
Just as sub-carrier width is driven by the coherence bandwidth of the channel, the rate of
change of the fading is driven by the coherence time of the channel. The coherence time

30 provides a measure of how long the channel estimates remain valid, and is inversely

| proportional to Doppler shift. For example, a vehicle moving at 50 mph and communicating

on a frequency of 2.5 GHz has a Doppler shift of 186 Hz, indicating that channel estimates
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sub-carrier fadinkga sibgle caréier Wevalaat(elgd DS S8, conventional QPSK, etc.). '

* Variable sub-carrier organization: mapping user data into different
combinations of sub-carriers allows different types of system gain to be applied
to the signal to combat fading and interference. Spreading gain and frequency

20 . . diversity gain can be applied across adjacent sub-carriers, and varying amounts
of interference averaging can be achicved by mapping the data across non-
contiguous sub-carriers.

« Variable sub-carrier data rate: by monitoring the state of each sub-carrier,

. and using higher order modulation where channel conditions allow, the data rate
25 within each sub-carrier can be optimized. |

* Variable frequency diversity: by transmitting multiple bits in parallel on
different sub-carriers (multi-carrier load sharing), data rate is traded for
frequency diversity.

Because of the severe sensitivity of any DS SS system to the near-far problem, one

30 or more means of mitigation must be part of the system design. For ad-hoc wireless

systems, the commercial cellular CDMA solution of base-station-oriented power control




estimate the coherence bandw dth of the channel. This estimate is used as
the basis for adapting sub-carrier width and pl acenent gbtjceber 2@6spect rum
gap avai isapedigetazconstraints.  Just as sub-carrier w dt hpicgagoi/vees by the
coherence bandw dth of the channel, the rate of change of the fading is
driven by the coherence tinme of the c? nnel . The coherence time 30 provides
a neasure of how |l ong the channel estitates remain valid, and is inversely
proportional to Doppler shift. For example, a vehicle noving at-50 nph and

conmuni cERdpisep ceatralized cenfrlpfyallghe framsmufters. Yaliernativgp i enhageing thegyaveemy, |

i ndi cat i Rg : . L. estj t ober 2006 WD 03/092212

PCTI US03/'1 B%%&lrﬁ%?%ﬂﬁ%@%d&%ﬁ@%g Tvariate adaptation will need to be
updat ed on t he dihdeXGotapabitity of. ““morphing’Datiea sighill irb dregeamiy/apactfiemesitsalf r at e
on each sub-carrier,,when ¢channel estinmates ?re ei.t her no avai l abl.e, or

whose ages have PERASS Fee ARherend FRSISENER tor el ap Anterferends talipp Stptegiese MC

signa as the bagl fukiGfartiit &gmﬁﬁﬁsﬁ §hd ﬁ%&igz‘ﬁﬁi&ﬂd@ﬁ%éﬂﬁgﬁﬁi éda%%umae,s a 5
wi de array of design trade-offs to maximze spectral efficiency. I'tiple
conbi nat i ons of madiufation eensiden thefeffects pmeamitremdtiple acdesentanfeeanos (MABNt user
payl oad data rate. The .effectiveness o daptation in nulti.ple variables
"ol tdes the T ollPissizhged FEsSe SisHERE SRedtiti DAPUR Y PRl Bt et Do, “and
occupi ed bandw génpth gdckerss ThivesB RRRAIIN ihe thaubilit! embisipiw udéd basedidnabl e.
W der bandwi dths 10 provide a_greater ampunt of raw capacity that can be

traded for di vePaskelarriyakiimg, HepewddM4 oaibe, supperted\iy thewwaveloamdar adhs

provftdie a struc&lH‘f&BPMe@H wavef orm operati on when smal | anounts of
spectrum are aval [able. ari abl e nunber of sub-carriers: by varying the
number of sube c8ubicatisr sidte carnbaidrabpel toanehportt AHVBA vioeh arganorbazohal avoi d
narrowband i nterference/janm 15 on sel ect sub-carriers.. II j ust one
sub-carrier is GEEENCY-HEPRIAG nPatigg} sRsthat neantay signals SyRigslhi @eCURYyef or m

(e.g., DS SS, CQHY&&&EM@@QE’%%&%M&@” abl e sub-carrier organization:
0

mappi ng user data 1nto different” ¢ I nat1ons of sub-carriers allows
di ff erent types VWithis thetadrhogaktwarl chsteapqfivserd arrtmget thensshga ab sibenetwordig t

b dii e acr oLBIE s AR A Fapdnd e R oo amount & -
' _ - » When LPI is not required, a single-user MAI suppression technique based upon
a receiver designed to minimize mean-square error can be employed. Such a
receiver is well-suited for an ad-hoc network, since it does not require apriori
- knowledge of the parameters of any of the users in the system. However, short
20 - spreading sequences (i.e., those whose period equals the duration of a data
symbol) are used.

» When available, spatial processing provides additional near-far resistance with
appropriate beamforming. In particular, sub-band beamforming is anticipated to
provide greater amounts of near-far interference suppression.

25  The heteromorphic waveform described herein allows solution of the near-far
problem through a combination of several techniques of adaptive frequency and/or time

. allocation, frequency hopping, power control or spatial arrays. Thus, the waveform will be
compatible with TDMA, TSMA, FDMA, CDMA, FHMA and other commonly used
supplemental control techniques such as CSMA/CA and RTS/CTS. For integration as an

30  appliqué solution, the waveform utilizes the multiple access scheme of the base radio system

- if necessary, or adapt it if allowed. Hybrid multiple access schemes can be used that




of interference averagi ng can be achieved by mapping the data across non-
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the LDPC graph. The described LDPC modulation family enables fast adaptation by the

15  following techniques:

-« The use of a multi-level encoding structure, which is a natural architecture for
| multi-rate coding
* Simple component encoder implementation via simple shifi-register circuits
_ through the use of cyclic and quasi-cyclic LDPC codes

20 The heteromorphic waveform of the present invention will incorporate a range of
code lengths and code rates to optimize performa.nce based on spectrum availability and

sub-carrier channel conditions. _
Referring to Figure 6, there is illustrated binary LDPC codes arranged in a multi-
level configuration, consisting of N component codes and a mapper (modulator). By this
25  approach, the bandwidth efficiency (and bandwidth) can be widely varied by varying the
code rates of the component codes and/or the constellation size of the mapper. This multi-
level configuration gives near-capacity performance. The number of levels is generally

- matched to the constellation size. For a 2™-ary constellation, there will be N encoders.

Encoders for cyclic LDPC codes can be constructed using the well-known shift-
30  register circuits used to encode BCH codes. The nominal codeword length is # and the
nominal data word length is & giving a nominal code rate of k/n with these parameters easily

modified. Low-latency adaptation will need a range-of code lengths,
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* Code length: variable code lengths are needed to efficiently map user data into a
wide range of sub-carrier capacities. Long codes will be used to operate near the
capacity limit when long temporal “gaps” in spectrum are available. Short
codes will be used to meet low latency requirements, provide fast adaptation,

20 and allow.the waveform to seize short/small spectrum gaps.

* Multi-level coding: using multi-level coding simplifies the coding and
decoding architecture and is a natural fit for supporting adaptive coding
strategies by “pre-filling” multiple user data blocks so that it is ready for
immediate transmission once channel estimation data are available to guide code

25 selection, |
The combination of a wideband MC-DS SS waveform structure that can
dynamically change carrier frequency, bandwidth, and sub-carrier organization and
signaling with bandwidth-efficient coding and modulation is used to create a
heteromorphic waveform. Waveform architecture has been structured to innovate beyond
30  the current state-of-the-art in wireless communications and information theory research.

This invention extends the boundaries by adapting to fill available spectrum “holes™ and
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equi val ent user payload data rate, and code length will also inpact error
performance. The effectiveness of 5 adaptation in mul tiple variables
includes the followi ng: Mdulation constellation: varying the nodul ation
constellation provides the capability to trade-off raw data rate for power
efficiency. Small nodulation
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sub-carriers using sinultaneous nultivaria adapt ati on of waveform
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I Tustraged fafd, Lfa code length of the waveform according to an available spectrum and one
or more varying conditions of the subcarrier in order to provide the waveform as an

adaptive air interface waveform.

2. The system of Claim 1, wherein the waveform is a heteromorphic waveform
operable to dynamically adapt with respect to one or more of frequency, time, modulation,

‘code, data rate, power, signaling, and multi-carrier organization.

3. The system of Claim 1, wherein the range of frequencies spans
approximately 250 MHz.
4. The system of Claim 1, wherein the waveform is operable to use one or

more unused holes in a spectrum defined by one or more of frequency, space, and time.

5. The system of Claim 1, wherein the waveform supports a plurality of

multiple access (MA) modulation techniques.




acconpanyi ng drawi ngs and described in the foregoing description, it wll
be understood 5 that the invention is not linited to th@5&rmbehsr A6t s

di scl osed, but is capable of numerous rearrangenents and nodifications of
parts and el ements w thout departing foomthe spirit of the invention. 25
Cctober 2006 19 CLAIMS: 1. A systemfor generating an adaptive air
interface waveform the system conprising: an adaptive nulti-carrier
organi zati ongand gig j eRIR : @&Eﬁ{q WagEor m
having a nmulti-carri gfdt%?ggni Za%%@g@?ﬁ%&?ﬂrﬁg&gf}/\gﬁ a egfésgcrorl erE'
frequency an@ngarinats cartierddvisign mudiinle atcesshEiDMarprddekasion heehuiquespr e
subcarriers th are ..dynam.cal | y. pl acea Ver range .of frequencies,
each subcarr ng&b PWJIIE%BQ’FS&?%WMIP Qfﬁ?sﬁ?Jgﬁ%)cll}?%fiﬁtboqg%dﬁu%ef’ect sequence
(DS) spread speetmbie faBkndydlvisivhidiltiple@6&Rt UBMA Rebavpiieh chiaayd; ng an
enbedded pilot usable to optimze one or nore spectrum efficiencies of the
wavef or m  an@R@fr Beredreapensyrqnped epdiiple ageass (FHMA) modpletien tegknigepsand

nodul ati on (BECM conponent receive the waveform fromthe adaptive

mul ti-carrier organization and signaling conponent, the BECM conponent

oper abl e t o &dapt The naystighia ol allain %t @héraini e Jeasia os®dF that BIA anstudatioade
| ength of _the Wavefh(a);grr%% ordi&g_to an avail abl e spectrum and one nor e
i g

ne or
varyi ng CHNGrES Bnd Progulptions fechpiqye dhat qogbaRcs %P ok ROTGAUETHHm as an

adapt i Veg@ehtibrid ﬁ{oﬁﬁﬁﬁoﬂ\@e\éﬁﬁ@g&g 2. The systemof Caim1l, wherein the
waveformis a heteronorphic veform operable to dynam cally adapt with

respect to one or nore of frequency, tine, nodul ation, code, data rate,

power, signaling, and multi-carrjer_orggni jon. 3. The system of aim1l,
wherein the b‘_angeT ?stf%ﬁﬂtﬁiﬁ"@sl’é‘ﬂ?@%ﬁp%gé&fﬁf QW SIEpSIA B %gheﬁge

syst em pfDECREGHelmodMIStiH fecmhgumsdagf Md S0QREHEGDLonstPatSE tRE Qo ratd]Or €
unused holes in a@;ﬁectrum defined by one or nore of frequency, space, and

time. 5andithe cedaslengthof the wavefarm. wher ei n t he wavef orm supports a plurality
of

9. The system of Claim 1, wherein the BECM is operable to adapt the
modulation constellation, the code rate, and the code length of the waveform according to
. one or more quality of service (QoS) requirements and one or more data rate requirements

for signal transport, in addition to an available spectrum and one or more varying

conditions of the subcarrier.

10.  The system of Claim 1, wherein the waveform exhibits both macroscopic

frequency agﬂity and microscopic frequency agility.




mul ti pl e access (MA) nodul ati on techni ques. 25 Cctober 2006 20 6. The
systemof Claim5, wherein the plurality of MA techni que25&imigher 2606 one or
nore carrier division nultiple access (CDMA) nodul ati on techni ques; one or
nore tinme division nultiple access (TPMA) nodul ati on techni ques; one or
nore frequency division nultiple access (FDVA) nodul ati on techni ques; one
or nore frequency-hopped nmultiple access (FNMA) nodul ati on techni ques; 7.

The system of; 10 aiARihodh Rk YeRlerdling 8RIMaRNE A ililGaMAvIRBhA O thethod

techniques is a hybrid MA nodul ation technique that conbines two or nore
di ff er esPmpaYngenti onal nodul ation techni ques. 8. The systemof Caim1,

wherein the ses a_ | ow densi t rity-check. ((LDPC) cade nodu] ation
t echni que toggi%ihgt %éva%%mlca{}aivgﬁ %Bﬁg?gﬁ%ﬁ iChpRnIAA @88%8“?13% é‘,vanéh@ t he
code | epngiier fbqudiey Wy efrabla badwidie sighd e coiplhal dfe br mMReSBLATRAhBECM i s

operable to adapt the npdulation constellation, the code rate, and the
code | edftft ‘l%"@fm?q“\]é’ macaablsr ovenacengs af fieguensies, eachavbeargerabeing serfaraielyvi ce

QS) r i ; a e ui t f j I
{ranbpor PAERE ARG RS Qrelt2bRuBR (B} Pt b RTRE oot el g
condi t i twhnigfie,t the walafoumt itaving1éh eifibeddads pdon 0fabd & Wptimizsheneion h&e

wavef orm exhi bits bath croscopic . frequency agility and m croscopic
frequenﬁgﬁcgﬁﬂqf{i??m?%‘&E%W@Yef?'%ﬁ@ndﬂ 11. A nethod for generating an
adaptive air addhiak haeciulibR cBhdIADR, 1Eda08ke, eﬁﬂ@édd%!lé]‘%'th ERE %R/f:faﬂ‘na :
wavef orm having a " nmulti-carrier organization conprising a variable carrier
f r equenggeording taaani amailablp spadiviott dmdsing wa nord adryngnporidéias:s ofithesubeanrier in

- subcarriers, that. ﬂ{?e d‘y am cal | Iﬁj{)acea.bt?e over % range of frequenci es,
each suBUSH IO BPVigE; gw%ggoépaqsémf MHFHAPEGECYBYIP™NY to a direct sequence

(DS) spread spectrum (SS) nodul ation technique, the waveform having an
enbedded pil 02. usTht enétho®ifl Clatft ONEwhEreiPItBe waveform is a heteromorphic

waveform operable to dynamically adapt with respect to one or more of frequency, time,

modulation, code, data rate, power, signaling, and multi-carrier organization.

13. The method of Claim 11, wherein the range of frequencies spans

approximately 250 MHz.

14.. The method of Claim 11, wherein the waveform is operable to use one or

. more unused holes in a spectrum defined by one or more of frequency, space, and time.

15.  The methed of Claim 11, wherein the waveform supports a plurality of

-~ multiple access (MA) modulation techniques.

16. The method of Claim 15, wherein the plurality of MA techniques comprise:
one or more carrier division multiple access (CDMA) modulation techniques;

one or more time division multiple access (TDMA) modulation techniques;

one or more frequency division multiple access (FDMA) modulation techniques;

one or more frequency-hopped multiple access (FHMA) modulation techniques.




spectrum efficiencies of the waveform and adapting a nodul ation
constellation, a code rate, and a code | ength of the wavePdpeebeaedr ding to
an avail abl e spectrum and one or nore varying conditions of the subcarrier
in order to provide the waveform as an adaptive air interface waveform

12. The method of Caim 11, wherein the waveformis a heteronorphic

wavef orm operable to dynamcally adapt with respect to one or nore of

frequency, tiime, Tweddédbd OF CLafels, ddhdiein dtCleal WMRS of e NAA | HGAUIATRA
multi-carrier organization. 13. The method of C aim 11, wherein the range

of freqifshBiaes épardybriddAomodulatips toobpiquerthat lepmbines tvest hoenase dififerkmh 11,

wher ei n L, e to use one or nore unused holes in a
spectruﬁl |né§%gmﬂg%§n§$ﬁ£ ?% of frequency, space, and tine. 15. The

met hod of CI aim 11, wherein the waveform supports a plurality of nmultiple
access (MJ) dABdul he oretheglodiClgined 1, Whereifieloweddsily phrifghdicok EDP@Hesdei n t he
nore carrjer division nmultiple

pluralit chni es conpri se:

access Pé%k’f %@P ustegé‘?iﬁ em&ﬁ@ats?n figsellation tae godsi ate, Ard thepl e
access @J%gtmgtﬂea@d‘@fbrﬁ]echm ques one or nore frequency division

mul ti pl e access (FDMA) nodul ati on techni ques; one or nore frequency-hopped

mul tiple access (FHVA) nodul ati on techni ques. 25 October 2006 22 17. The
met hod of C é?m 18he wrthasi of Glaiine b twhareinghe mmumommstaklatm, theegtini ques

is a hy | chni tha two or nore different
convent ?%%;L["‘ 1% B?’ 1 en}va‘tﬁeesgni%a&@ﬁeg ﬁ% 181ong %M AUl ffei n a

| ow densdrtige |()QOS) quMEéht:( aldPSde Grafl6re dmateaﬂeqﬂi‘enﬁ@ﬁ@fﬂr%?al ﬁ'aﬂ&?&@ iho adapt
t he m)d%k tion constellation, the code rate, and the e length of the

wavef or AHdIHY onavalghigspesturaiagd eng o maprovasying conditienmef s whcmnrst el l ation,
the code rate, and the code |length of the waveformis adapted according to

one or nore ggal "THe erdloﬁ‘%ff‘dl%ﬁl (Mer&ﬁq}l'é{}vﬁ eﬁiﬂgn%&h%a igat a

rate I’eCIUI renents for si gna transport 1IN Ion to an aval
spect r ufrequedcy agilityrandomierogerpic frgqmuyiaglhtyns of t he subcar rier.

21.  Software.for generating an adaptive air interface waveform, the software
-embodied in media and when executed operable to:

generate a waveform having a multi-carrier organization comprising a variable
carrier frequency and variable bandwidth signal that comprises one or more subcarriers that
are dynamically placeable over a range of frequencies, each subcarrier being separately
modulated according to a direct sequence (DS) spread spectrum (SS) modulation
technique, the waveform having an embedded pilot usable to optimize one or more
-spectrum efficiencies of the waveform; and

adapt a modulation constellation, a code rate, and a code length of the waveform
according to an available spectrum and one or more varying conditions of the subcarrier in

. order to provide the waveform as an adaptive air interface waveform.

22.  The software of Claim 21, wherein the waveform is a heteromorphic
waveform operable to dynamically adapt with respect to one or more of frequency, time,

modulation, code, data rate, power, signaling, and multi-carrier organization,




20. The nethod of Claim 11, wherein the waveform exhi bits both macroscopic
frequency agility and microscopic frequency agility. 21. 23dP¢tokar@06or
generating an adaptive air interface waveform the software enbodied in
medi a and when executed operable to: generate a waveform having a

mul ti-carrier organization conprising a variable carrier frequency and

vari abl e bandw dth signal that conprises one or nore subcarriers that are
dynam cal | y pliaceaghye.e a f NGj L i ng
separately nodul at edsgg‘g%rsd?%??gn gjldiﬁgggﬁsggﬁgﬁ%%a%gs p?éelg%%i’%%gtrum
(SS) nodirekirtely280MMilgue, t he wavef orm havi ng an enbedded pilot usable to
optim ze one or nore spectrumefficiencies of the waveform and adapt a
nodul ati on constellation, a code rate, and a code | ength of the waveform
according to2an aviklsahiveresEfaClafny M1 ARHerOMEhe v aVefofm MR bydrifle 4008 dicohs Of
the subcarrier in order to provide the waveform as an adaptive air

i nt er f adROrGAYEEe hales fpa spaskumaiefined by ote @ moinof fiequiney eipace, ied timeef orm i s a
het er onor phi ¢ wavef orm operable to dynam cally adapt with respect to one
or nore of frequency, tinme, nodulation, code, data rate, power, signaling,
and mul ti-caRfi er Thegaftivast 0001252 106 IR RO Maveddm2ppdiiea FRIhNGT 6 of

G aim 21, \M‘lerei n M range .of féqeiquenci es spans approximately 250 MHz.

24. The BHERIGACGESY giogflstion 8%4%- t he waveformis operable to use one
or nore unused holes in a spectrum defined by one or nore of frequency,
space, and tinme. 25. The software of Claim 21, wherein the waveform
supports a pRoral iThy sfftwareldfi flamalsesehefdid) theopiukadity osf M htechpigses 26.
The software of Claim 25, wherein the plurality of MA techni ques conprise:
one or MOIE™arrier division nultiple access (CDMA) nodul ation techni ques;
one or nore bhdbr Wb aitrRR diibh HuRiAE ERSS (@%ﬂiﬂ&gﬁhéﬁ tddfinihR&INI ques; one
or nore frequency division nmultiple access (FDVA) nodul ationtechni ques;
one or nore PREYUBHEIRDGFIsEPITONLID]S ascess CERMARMMNatodedtmiques; t echni ques;

one or more frequency division multiple access (FDMA) modulation techniques;

one or more frequency-hopped multiple access (FHMA) modulation techniques;

27.  The software of Claim 25, wherein at Ieast one of the MA modulation
techniques is a hybrid MA modulation technique that combines two or more different

conventional modulation techniques.

28.  The software of Claim 21, wherein a low-density parity-check (LDPC) code
modulation technique is used to adapt the modulation constellation, the code rate, and the

code length of the waveform.

- 29.  The software of Claim 21, wherein the modulation constellation, the code
rate, and the code length of the waveform is adapted according to one or more quality of
“service (QoS) requirements and one or more data rate requirements for signal transport, in

addition to an available spectrum and one or more varying conditions of the subcarrier.




27. The software of Claim 25, wherein at |east one of the MA nodul ation
techni ques is a hybrid MA nodul ation techni que that conbi2Adictebgs2@(6 nore
different conventional nodul ation techniques. 28. The software of C aim
21, wherein a |lowdensity parity-checRkR4(LDPC) code nodulation technique is
used to adapt the nodul ation constellation, the code rate, and the code
| ength of the waveform 29. The software of Caim2l, wherein the
nmodul ation caost elhatsoRRaretdT€16R0B], Wikk&n R WaveRSnCOAEhilsdet Mastbsdopfe
waveformis adapted according to one or nore quality of service (QoS)

r equi r edEAPQCY @ a0briGipcapig dtequeney@giigkiui renent s for signal transport,
in addition to an avail able spectrum and one or nore varying conditions of
the subcarrier. 25 Cctober 2006 24 30. The software of Claim 21, wherein
t he wavef or m3éxhi A sgstdotfhr eweratgp ph adaftivequie ieyrfag whieformindthel syE@mcopi C
frequency agility. 31. A systemfor generating an adaptive air interface
vvaveforr‘fiémPﬂémgystem conprising: neans for generating a waveform having a
multi-carrie [ ' 3 Vali2E, efs T and
vari abl e bancrrllnvl\fa g?ﬁd?sﬁ% géhr%% ﬁg{mﬁfgﬁrr%?lﬂ g@% aoﬁghor n%rrccgégdslutlggrc(?%?gﬁ ﬁat are
dynami captigble|canieabiresiuonayr and varigige dfanfiwililu esigniak ¢hat eatprises oae ror enorebei ng
separ at el,v _nodul.at ed accor.di Q direct sequence (DS) spread spectrum
(S5 e R 3, APGRRCA platedud st h AP o reBDE B B abl 6 1 o
opt i m zBeiapasephrateliD iddERAA! debrdRid 6 Iaedlﬁéce%eqifen&é@bswlﬁrém Fpeciinth [®HNs for
receiving the waveformfromthe neans for geherating the waveform and

adapt i n§odulabien teshnigne.cibe staxefosmiheringaancenkedded pilotarsablg te optimizsnepterorof t he
wavef or i . i | trum and one or nore varying
conditi g}r%@%%g e%g%%%lac?érgioz\rﬂ%l&nmgg é?‘gﬁo provi de the waveform as an
adaptive ai r nieahefol sweivivipmbé arameform from the means for generating the waveform and

adapting a modulation constellation, a code rate, and a code length of the waveform
according to an available spectrum and one or more varying conditions of the subcarrier in

order to provide the waveform as an adaptive air interface waveform,




