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herein relate to wirel ess comrunications generally and, nore specifically,
to power anplifier linearization nmethods and apparatus using predistortion
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transmt data. The frequeng&&gr@fldﬁmnmﬂancarri ers and the synbol period

are chogen that the sub-carrjers are or ona ver the synbol period
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advant age ?6099:[)'\" OFDM and DMT systems are merely two examples of multipie-

carrier wireless communication systems utilizing multiplexing techniques. Such
multi-carrier systems employ multiple-access techniques to transmit content

20 across a wireless communications channel comprising a number (greater than
one) of sub-carriers.

[0G04] An OFDM system uses several low-rate sub-carriers to transmit
data. The frequencies of the sub-carriers and the symbol period are chosen so
that the sub-carriers are orthogonal over the symbol period and do not interfere

25  with one another. In an OFDM sysiem, the data is split into N streams, which
are then used to independently modulate closely-spaced sub-carrier frequencies
or tones in parallel. In fhe applications mentioned above, N is typicaily 64 or
more. The frequency separation between the sub-carriers is 1/T, where T is the
OFDM symbol time duration.

30 [0005) Practical systems use an inverse-discrete-Fourier transform
(implemented as an inverse Fast Fourier Transform or IFET) to generate a
sampled version of a composite time-domain signal that can be converted to a
signal suitable for radio transmission. The most distinct advantage of OFDM
over single-carrier modulation is the longer symbol period for a given data rate,
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over single-carrier nodulation is the |onger synbol period for a given data
rate, 1 which inherently mtigates inter-synbol interference in
ti me-di spersive channels wthout having to resort to el aborate
equal i zati on techni ques. [0006] However, because an OFDM signal is the sum
of multiple sinusoidal waves, high-anplitude peaks in the conposite
ti me-domain signal 5 occur when the signals fromdifferent tones add
constructively. Conpared with the average signal power, the instantaneous
power of t héuch inherkisy misighiesghter-syhvbolinterfreansintivatdispérdveitgmeels has a hi gh
peak- t 0- ave\@GR hRANBH rdsdt 10QbEARA ualiZAlEn teHafzilsr €NCe of these peaks may
seriously hangﬁr practical inplenmentations and is generally considered to
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Brief Description of the Drawings
[0008] FIG. | is a black diagram illustrating a known OFDM transmitter

including a power mﬁpliﬁer;
20 [0009] FIG. 2 illustrates an input signal being predistorted in a manner
complementary to a non-linear transfer characteristic of a power amplifier, in

accordance with an embodiment of the inventive subject matter;

[0010] FIG. 3 illustrates an OFDM fransmitter employing frequency-

domain predistortion, in accordance with an embodiment of the inventive subject
25 matter;

[0011] FIG. 4 is a block diagram of an atticle according to various

embodiments of the inventive subject matter; and
[0012] FIGS. 54, 5B, 5C, and 51D together constituie a flow diagram
illustrating several methods according to various embodiments of the inventive

30  subject matter.




2 Detailed Description [00131 In the follow ng detail ed description of
enbodi nents of the inventive subject matter, reference is made to the
acconpanyi ng drawings that forma part hereof, and in which are shown by
way of illustration specific 5 preferred enbodi nents in which the inventive
subject matter may be practiced. These enbodi nents are described in
sufficient detail to enable those skilled in the art to practice the

i nventive subject nmatter. It is to be understood that other enbodi nents

may be utilized and that st rm&majescmhani cal, conpositional,

el ectri cal d pr Oﬁbtgu{oﬂ%““ @eéagl[eﬁg%s ,Xpnﬁgoi’%%dﬂeﬁnpg’ g departing fromthe

spirit 10 scope | ect matter he fol | ow ng detail ed
descripti O!hvbiﬁwe subjeer redtier, exferaot istrdb @ thedeeampenyieg drpwingsi thy sense, and the

scope of t %Efl n\éﬁ&g&o andﬁpvblt) mBG{(Wh?oﬁﬂshﬂﬁﬂsﬁHMﬁ)ﬁ by the appended

cl ai ns. d|a ramil ustratlnga(5 ?nown OFDM
transm 1St epfefeIl@d PRl diypnisgn ‘é[hlﬁ‘bmérm’ﬁrﬁ*ﬁf’ pypjegmaster mebePGFHEY OFDM transni tt er
10 conpri S%ﬁeséel%%&xéén’tstaﬂf Radiakd 1ﬁ|sufﬁ6i&\liﬁétta1€fo eihé?ole r:hm;eelommm a stream of

input bits into N parall el str ) each parallel
stream ar e FefEA @ﬁ‘&f’(ﬁﬁlg‘alr’i"ﬁit‘éfe l’fftd’&fﬁte OI!flflél%’ e éG%(téo\‘/ia ued symbols by
encoder/ m@mb@dhﬁénts]:ﬁaybMuﬁfmdhﬁtﬁhn@mnea%fm@hml symissitienabor r espond to the

constel | ati %qﬂgagl ni Serd 1 %H:l:ﬂ&}%a%lé%ﬁtﬁmtﬁ%mn@%o@ﬁ{ms {muadr at ur e

anpl i tude 56° Fi°on se t hese conpl ex-val ued %érrbol s are used to
det er niie tahﬂaswm'qflthetlm@eh‘faﬁ@mh@%f .ofhefollpaing defailef s B r i er | they are

referred tQ,Rgeidd: @%e takérﬁﬁgﬁﬁﬂﬁ% IR thSERIHe ine@026] The N
frequency-donai n synbols are_ e &%gfl ex nunber, representing a

plurality éFbJ?Ch%‘a‘it%bﬁ.S’Fﬁﬁfngly 18 PHBYCAPE S nput into an N-point 25 inverse
fast Fouri gty ansf @m‘m(né FHdok dl@rani\wxmaumgvdym‘an@FEMﬁﬂe?ft“&er to a serial

di screte-ti | -to-serial converter 20 [ 00171 The
resul ting &Hg%fugﬁléatpﬂw*a ?ﬁnath hus constitutes {1\]?] of a time-donain

wavef ord r dpiskent i @D&A?ﬂﬁmé‘?f Braompetsn areriglisPas for nms, W th each
sub-carri er, X\ﬁM&I QM&;{QﬁfﬂﬂnBEQHtB@I gatlaYst@anks! e}nmm@bﬂdwﬁmmn 30 synbol These

N sanpl es aél;lcgl prareallgrsfl:’rgam aEré) th((;?'nS en%c?ded mtoDl\élot}f(m?ﬁl c't')mp{ex—":fag]:%bols
by encodet/modutator 16, where the complex-valued symbols correspond to the
constellation points of 2 modulation system such as QAM (quadrature amplitude

20 modulation). Because these complex-vatued symbols are used to determine the
amplitude and phase of a particular sub-carrier, they are referred to herein as
“frequency-domain symbols™.

[@016] The N frequency-domain symbols are each a complex muraber,
representing a plurelity of the input bits, and they are input into an N-point

95  inverse fast Fourer transfonm (IFFT) 18. Next, they are converted to a serial
discrete-time signal by parallel-to-serial converter 20
[0017] The resulting discrete-time signal thus constitutes N samples of a
time-domain waveform representing a sum of orthogonal sub-carrier waveforms,
with each sub-carrier waveform being modulated by a frequency-domain

30 symbol. These N samples are referred to as an “OFDM symbol” or “OFDM
block™, OFDM symbols are sometimes referred to as meta-symbols, to be
distinguished from the frequency-domain symbols to which the input data is

directly mapped.




bl ock”. OFDM synbols are sonetines referred to as neta-synbols, to be

di stingui shed fromthe frequency-domain synbols to which the input data is
directly mapped. 3 [OO'S) The time-domai n waveform sanpl es are converted
into an anal og waveform by digital-to-analog converter 22 in order to
drive a power anplifier 24 and to transmt the tine-domain waveform over a
communi cati ons channel using, for exanple, an antenna 26. 5 [00191 At a
suitable receiver (not illustrated), the tine-domain waveform are then
re-sanpl ed B! di scrileémpedompisraysiamstmpisete caveteddve pn aralogf r equency -

domai n Symh&orrr\/@cﬁéit@-lfd?m{o% oBH e 108 ARty | BB Sl U dat @

stream 4 Spractl ce, the nunber of frequency-domain synbols, or
data sub- @ 1 g fgn fsthgﬂ’ﬁﬁ\ﬂﬂé?ml”é@r%’ﬁ&ﬁat“ﬂ’@“‘f”b‘f’%’l"%ﬁ’l‘f@} of sub-carriers.

This is domﬁng,eorbemlb@npﬁtemﬁrzﬁ aliasing and to provide pilot carriers that

may be yse synchroni zati on ard interval maybe
pr ovi de§ fg?dclggch 5 ta:?éaéfcewe’i (ﬁgldl?‘ﬁ%%e‘ﬁdtﬁ%t %W‘%‘é%‘ﬁ?.& ¢8d i mmunity to
mul ti - pat h agi tkange-samgpied 4hd dprresdivuier it fonned t ogovmttiethyequhct-he sub-carriers,

the guard ik (hnoBYhe shhb ot Jeggdgzg afgﬁf?er%éthgynghed%ta%psma x. The cyclic

prefi x may est as a co an OFDM synbol ,
and the duf@?2fbn ma;DnBlectwadee?umrqfélie@lepcwdvawmsmbqiﬁm fam excess del ay of

the mul ti -@@&&r@émmeinewﬂmsme{dqsmarﬁinibérmub berdermysdagl the receiver
pri or tg di screte Fourier transf orrrﬁtlon and recovery of the frequency-
y

domai n &y niiBrdo Prévrnaaliasing anddo prakide pifpbeprdnst thitahay be B fn- | i near transfer

char act er i srchrodikaten. power anplifier in an OFDMtransnmtter may introduce

di stortion hg the ;[rgﬁg'fs coﬁgj Sj %%Lovbﬁnﬁarﬁach%fr@ﬁ%é@o erate as |i near

devi ces under 'smal | PN nor e non-I| i near
and di st or tn grgervg prhviigenhasesd imgnunity putt-peth distoktisne To praser@RBM si gnal i s

sensitive mh&gb@ﬁ%,mshbeﬁﬂérsqhééu%mmn%?bpﬁm&nsza its widely variable

envelope whi ch dépends upon_the 1 nstantaneous hase val ue of each

carri er!’ [evélsyfeﬁ'*ﬁe'f‘%ﬁfypliﬁrafeﬁx@?@ﬁ&ftahhevé%aWay lgpaéatl or "backed of f°

to an OFDM symbol, and the duration may be made just larger than the maximum
excess delay of the mutlti-path channel. The eyclic prefix may be removed at the
receiver prior to discrete Fourier transformation and recovery of the frequency-
domain symbols.

20 [0022] As mentioned earlier, the non-linear transfer characteristic of a
power amplifier in an OFDM transmitter may introduce distortion into the
transmitted signal. Amplifiers may operate as linear devices under small signal
conditions, but they may become more non-linear and distorting with increasing
inprat signal level. An OFDM signal is sensitive to these non-linear distortions

25  because of its widely variable envelope, which depends upon the instantaneous
phage value of each carrier,

[6023) The amplifier signal levels may be reduced or “backed off” to
mitigate the problem, but this may result in reduced efficiency and/or reduced
coverage area for the transmitter. At the input signal levels required for practical

30  operation, therefore, the non-linear fransfer characteristic of 2 power amplifier
introduces distortion, or some equivalent noisg, into the transmitted signal. The

distortion varies with the amplitude of the input signal. This noise produces both




mtigate the problem but this may result in reduced efficiency and/or
reduced coverage area for the transmtter. At the input signal |evels
required for practical 30 operation, therefore, the non-linear transfer
characteristic of a power anplifier introduces distortion, or sone

equi val ent noise, into the transmtted signal. The distortion varies with
the anplitude of the input signal. This noise produces both 4 anplitude
distortion ("AM AM') and phase.di stortion ("AMPM') of the output signal
to an ext ensmplifede didepinnd AMPOR ) ahkpiasgdisttrtiote(“aM/ENT df tpwtpst gnal . [ 0024]

FIG 2 i1 UShrakes ot iaPNbodk 00 uSlmBERl00 AL Sl shRyt d 1n @ manner

conpl ement arﬁ non- | ar t aracte Ic of a power anplifier,
in 5 accor d¥HZ8 wi t hFIQhZéWﬁ‘FﬁﬁﬁSﬁ@nwuwgﬂ?lﬁebf?ﬂﬁﬁﬂé?ﬁﬁtwdsmb]hmf matter. The

general pr bdﬁﬁ:'ld&leﬁtajry&oﬁB&I—Il&%ﬂdﬂgi’eﬂhaﬁ&%hé%%o%} a?@ph'ﬁ@ﬁ/mbe elimnated if
t he i npu | ementary to the

torted in a manner co
non- | i neél °?%fﬁ§“f°8?‘"th g’h‘ﬁ‘i‘q’ﬁa’f’@?ﬁ AthedmgpieRa o Reterais §F8r © [0025] In FIG
2, an inputpr!hicg)lheabth&arﬂpiiﬁer{ﬁgehﬁratédho&elﬁfa@ﬁbSlirmhitehfﬁ@mphtd‘gna] 10 non-1li near

transfer chftgg%ﬁ}s% na(t;naﬁll‘lt?onéper%%la\rla/{]h i predistorted signal SP which is

t hen i nput a pover a Sion-TThéar transfer characteristic
0to produ@?éraathnmvb’&hvp@?regmllfﬁr that may be transmitted froman antenna

70. [0026] 11y, t r f predi storter 50 is
70. 100261 ﬂ%ﬂ[ 0027%*1%22%{;& lgﬁm, ,eﬁxpﬁtrtbwe&]sl%n&soma P [0028] GRS

)) = K(&) niprlinggdignstgr cliarf(cgﬂymm ffselwgijprwpﬁéqr@d elsw} Zﬁ»a\xhlplswt he input val ue
that dri vesmédigpR@efovan@hdiffie@do wibiHopWhed Sarfed MathcRbibtRG bevel , and K is the
gain. Thus, the conbinati f th linearities results in an
overal | [ nB8YU°F PLeHge flgl}ﬂﬁ#égqt g?‘l“‘?’ﬁ‘@ltt&?ggﬁ 2y érﬁfj]é‘ag 20 the input

signal, Si RIX65; ) maxidedll9OBOFanHeedkstiaitic Bof the plaisiguesotihath have attenpted
to achi eve g ideal result illustrated by FIG 2 have previously been

i npl enented in the tine- domain. In a digital time-domain predistorter, for
exanpl el5 t H80%ipl i t UAEF(nd K-phebka Sof (Rash aihput sanpl e is adjusted before

bei ng conve[q}bﬁfl to a@@,tscbg E&%%ax,%eﬁ‘@‘L dS'}.E’n“t to the power anplifier.

[0029] where (Si)max is the input value that drives the power amplifier
output to a saturation level, and K is the gain. Thus, the combination of the two
non-linéarities results in an overall linear transfer function in the given range of

20  the input signal, S; < (5))max-
[6030] Predistortion techniques that have attempted to achieve the ideal
result illustrated by FIG. 2 have previously been implemented in the time-
domain. In a digital time-domain predistorter, for example, the amplitude and
phase of each input sample is adjusted before being converted to analog form

25  and input to the power amplifier.
[0031] The non-linear distortion by a power amplifier can also be
modeled by its effects within the frequency domain. The non-linear distortion
noise in an OFDM sigual introduced by a power amplifier manifests itself in the
frequency domain as amplitude and phase distortions spread among the sub-~

30  carriers, as well as the generation of additional spectral components due to what
is referred to as “inter-modulation distortion”. The amplitude and phase
distortion of the sub-carriers is in-band distortion that is responsible for the

increase in bit error rate brought about by the non-linear effects of the power

5




[ 0031] The non-linear distortion by a power anplifier can also be nodeled
by its effects within the frequency domain. The non-linear distortion

noi se in an OFDM signal introduced by a power anplifier manifests itself in
the frequency domain as anplitude and phase distortions spread anong the
sub 30 carriers, as well as the generation of additional spectral
conponents due to what is referred to as "inter-nodul ation distortion".
The anplitude and phase distortion of the sub-carriers is in-band

di st ort i onamplifier.i Bierzewrtins piddditibmt spedial comporepsen dlse risiuktirer r or rate brought

about byt Bgdifild duhRaln, Ghie PRk 8 RONEL: SmPlTRLiibher . The generation of

addi tional spectral conponents can also result 1n out-of-band distortion,
which may ¥ ere with adj acent communications channels. [00321 In the
ib nvent:c ve WDM]EC'[d”ﬁith@ﬂhvenbﬁﬁsﬁbj@ﬁﬁa?&%ﬂﬂffﬁlﬁﬁ%&fe&ﬁ&ed@ﬁ'vﬁﬁwthd S directly
y perform.n edistortion in the equen onni n. e.tinme-domain OFDM
synbol sgap@r%pg %T%P’E“B%iprﬁ SFS Pﬁerféfq&ﬁ‘éyfﬁahgﬁ%&‘}%rg%% synbols in a
manner t haOFDbigyahslate prefiiptortediey nwiifying the fequengrisfnein sehiamsiot eri stic of the

power = anpj ing}uEF thatlgc%%%lat@rf{ﬁﬁe &9-1&9#&:%%? %a%@teﬁiﬁgkﬁﬁe E&v@r 3 exenpl ary

enbodi ment, "a brie explanation o requency-domal h predistortion in an
enmbodi ment ae#lifigh OFDM system in accordance with the inventive subject

rratn{) er Wi | foosmw bg_ gﬁ&ec{ladifcﬁgﬁ%f{hteﬁftf!@?g@m@ﬁm t'dﬁfﬁlgli,ahﬂ@gal e?,coded as
synbol s_correspondi o the constellation ints, o nodul ati on system
such a&® QA?\%PF?‘H&Q&"SE%%“&"W’&H’BF‘PPﬁﬁ‘ém’r’i’ﬂ’aH‘Ia&teT“B%?’?e”@@@RC{ dri phase shift
keyi ng), osysiBRSKadchidmrar witl e plvastize sibjdct mdteywiligpwibs giveransm t t ed on

aral l el - at ed ~carrief b-carriers are

P t@%ﬁ @Uchh dRlelnb&diment .d%{ag%% deald E%ﬁoi}?;s ﬂ%{i’ésﬁ&dﬁa

summed tog r toforma transmt e co Ite signal’ that can be
denodul at el thecopstellatiei npéyts of Timwdulptias gustativasasGIAN fadrgflicecar ri ers are
sel ect ed sgnfifiafe nfod@aSal (PBKI(§ RIS Eh@NENQIRRPSK (dindy , UNCOrrel ated) over
t he synpol @ee;sho in arder to all o%ﬁgt S e%tsr al overlap 20 of the
sub- carti eP@SHR Ferea\ e rysmitet o wrelehee Y% % hogonal ity of the sub-
carriers cmnid)e achtleveduiafed tibecagierdacd supewrd ogettont farns an i nt eger nunber of
cycles of f?zﬁlgtgtﬁgﬂp f:o%%:!’ogike%gghal that can be demodulated at a receiver. The
frequencies of the sub-carriers are selected so that the sub-carriers are orthogonal
(i.e., uncorrelated) over the symbol period in order to allow both spectral overlap
20  of the sub-carmriers and recoverability of the symbols. Orthogoenality of the sub-
carriers can be achieved if the symbol period contains an integer number of
cycles of each sub-carrier,
[0036] An OFDM signal with minimal spacing between the sub-carriers
can be produced in the following manner. Let N be the number of sub-carriers,
25 let Cfk] for k =0 to N-1 be the complex symbols that are to be transmitted
simultaneously, and let NT; be the OFDM symbol duration. The samples S{n}
for n = 0 to N-1 of a complex-enveloped OFDM baseband signal S(t) taken at a
sampling period of T over one symbol interval NT; can then be expressed as:
1 N-l (l_a)rﬂ;
{0037] S[n]=—"> Clkle\ ¥
Nio &
30 [0038] Modulation of OFDM signals is suitably performed by an
inverse-discrete-Fourier transform, and a discrete Fourier transform is used to

recover the C[k] symbois. The orthogonal basis functions of the discrete Fourier
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(00361 An OFDM signal with m ninml spacing between the sub-carriers can be
produced in the follow ng manner. Let N be the nunber of sub-carriers, 25
let CJk] for k = 0 to N1 be the conplex synbols that are to be transmtted
{ simultaneously, and let NI, be the OFDM synbol duration. The sanples
S[n] for n = 0 to N1 of a conplex-envel oped OFDM baseband si gnal S(t)
taken at a sanpling period of T. over one synbol interval NI, can then be
expressed as: 100371 S[n] _ E dk],X"" ) N k=o 30 100381 Modul ati on of
OFDM si gnalsnsiemsonstibid e pbicirdempdd yadatwe erhpimesaretissEicet e- Fouri er
transform ﬁgﬂgﬁ%wﬁe&ﬁnémaiﬂ@fa{mmmﬁ&-mgl to recover the (k]

synbols. T t hogonal basis functions of the discrete Fourier 6 transform
const i t ut e cxnyeensials. Ebg discEtaourgdrapnformnaat it BVESeHRHedY are used to

gener at e ajhfahe¥alty@dast FalBedRn®wh Sidgitad (FFTPmM t he conpl ex- val ued
exponentials. The discrete Fourier_transfor.mand its.inverse are preferably
i npl enent ed®B! a fagfe%ﬁ?&?‘}lné‘}ﬂyﬁ’?ﬁef@%er ﬁ?g"&éﬁl‘l‘ef‘ﬂ’m"f“%ﬁ?. 5 [0039]

Pr edi st or t inedifyiay e fip@rhayrdvadinisymidiseprior @dhpirieing deadde modyate npdi f yi ng t he

frequency- %%@@A_garg%ry%gg%%&g o Bnb 8l S dIgh WSLR:hO modul ate the

sub-carriers an o e conposite time-domain waveform [0040] In
an exenpl ad884Pipl eneneeaxEppiary ineleneniaEp dhedretsediseeledi@Mi%r  transformis

used to prQgueRmIaNRE BSrofucd AR pEAITRRSbinfosit Re-domEn was@ef orm 10 from the
frequency-donmaj n_synb tortio tae time-domai n waveform

ol.s, .and .t he predi of, t
occurs i &rmyie it é"r"g'g‘-"a?‘g8‘?‘&%’-?‘—“@&“?1’@%13{0#&0&0? BENEFI%SR* Rnite in the
frequency dandbm octine pdritginnate-direguiondg-tdosfaimtiaywibelisthar e repl aced with
predi storted synbols. which. . | 10rd B9 4ok GRpdomai n, conpensat e
for the anp ef*ﬂeﬁﬁ’e&’é’ﬁm&%%g“eg‘%?rﬁ%r“é&?ﬁ?{ﬂ%él%%é’ Sby t Eé non- | i near power
anpl i fi er. pieBisied pbdls stisht When tanpiraedsio fhigyinseogar; SPaR rESm nul tipl e
convol ut i on§ 1 amdifRE BRI R8R into&)ED8) e MBaHineIpbed aylitael ficients of a

pol ynom al _appr.oxi matiqn, to transfer characteriji.stic that is inverse to
that of!3 hé'thB"\ﬁ%‘meaW“i‘qﬁ“fsé‘?ay %f g6 f’ﬂgggfﬁ gupﬁgcﬁ PIC, guthlo%sn&of t he

f r equency- degehey-dymdodysiboiayuliplied by coefficients of 2 polynomial
approximation to a transfer characteristic that is inverse to that of the power
amplifier.

[6041) The modification of the frequency-domain symbols may be
20  performed in accordance with a polynomial approximation of a function F(S;)
that is inverse to the non-linear transfer characteristic of the power amplifier:
{0042) S, =F(5)=eS, +&,SI5F +.+ e, SIS
[0043] Each term of polynomial function is represented by an input
complex signal S; multiplied by the absolute value of the input complex signal
25  raised to cven power, and multiplied by a complex coefficient ;.
[0044] The time-domain predistortion terms ¢ S,-lS,[“r ,1=3,5,-.., L, may

be realized through frequency-domain predistortion components c,Cy[k] as

M
[0045] (I8l = 2 Eklexp Gk ),
[0046] where M=I(V-1), and
30 [0647] Elky= ;,_;ITT CLE])® (CTAI® C*[A])..(CTK1® CTkD




20 perfornmed in accordance with a pol ynom al approximtion of a function
F(S;) that is inverse to the non-linear transfer characteristic of the
power anplifier: [0042] Sp=F(S,)-cS,+c,S, 1S 1"+ ..+ctS~IS, 1, [0043] Each
termof polynom al function is represented by an input conplex signal S;
mul tiplied by the absol ute value of the input conplex signal 25 raised to
even power, and nultiplied by a conplex coefficient c,. [0044] The

ti me-domain predlstortlomltgrns c SIS 1'-*, 1=3,5,..., L, my be

realized thwoaggh fr @ain med@stgL n onentscC [k] as M
~, [0045] ?“SIS . )[M@% % FR] &P 27 nk/tl\lgl)l0 (I%/I‘kao [ 0046] where

ME[(N--1 30 [0047 Kk Kk Clk Kk Clk 7
VD ™ R G BB, (G L), B0 10

frequency 's&oP{hQGhEiEQrﬁteh&ﬂ J{% %leldg%mgxbgcﬁ"edf to any set of

the original frequency-donaln - et'erm ne ChoT'd%e of kK in the
range from&2arapg t°@1M>bfr %Pé‘“@‘?ofﬁéﬂmn@ffmmm equency 5 domain

synbol ssar eomhmsymmlaaam BakOby @cﬁﬂ%ﬁ&ﬁ@pr%ﬁ&kﬁﬁ Qfﬂbbﬂn synbol s.
Predi stort t he fﬁacﬁluenco)é domai n_ may al so i nvél ve addi ng frequency-

domai n sy rgﬁnge 4ipgin o AEecRy F?B’é‘é‘“@'é‘ﬁ%?“éf?lt‘é%lawgé:ﬁﬁ%ﬂhg t he stream of
i nput  bi t dorain gumbbls addiu@ralsteﬂdjssgerneﬁaad Epélfcb(ﬁﬁg thé araheEFmBLd on. The otherw se

enpty sub- I r er. than the nunber of

frequency- dl@%ra&t%i%’ o ﬁ%&'r%@q:&%%grggséo 3%‘36‘\/@9%1?"86"&’@88“?%15“ "hi's purpose. The
addi ti onal cwf@ﬁmreﬁ@?dbbd@rfﬁi’ﬁlasgembadt&enmybebefﬁmemhcj{ doxﬁajuirpensate for in-band
and/ or j@ut sﬁ{bbt@@ﬁgussédragm%%e@&m%%§e % gt{dﬂ}ogf, (?6% %Qf/aplogulsl gleg‘g“ t his

transfer characteristic of ower arrpll I er
may be use®PHE FHPL E]élméﬁ’éeF%@tﬂf‘iowa@ﬁé@“@@ﬂé@ﬁénrwutmfém@tort| on symnbol s

C [K]. For&exaitpkenpdnbfs fhedicd b iHeinoM isdfRkiSr characteristic of the
power amplifier.
[0050] Various algorithms may bé used to calculate the frequency-
15 domain predistortion symbols C[k]. For example, the predistortion symbols

may be derived from muitiple convolutions of frequency-domain symbols
multiplied by coefficients of the polynomial approximation to a transfer
characteristic that is inverse to that of the power arplifier. The frequency-
domain convolutions may be performed by an inverse-discrete-Fourier

20  transform, multiplication of the time-domain signal, and a discrete Fourier
transform. The products of multiplication in the time domain may be contained
in a look-up table, where the look-up table is indexed by values of the time-
domain signal.
[0051]) In order for the predistortion to adapt to changes in the amplifier’s

25  transfer characteristic over time, such as changes caused by aging and
temperature shifts, the polynomial approximation may be updated by comparing
an input and an output of the power amplifier. For example, the polynomial
approximation may be updated by an adaptive algorithm that optimizes the
coefficients of the polynomial approximation in order to minimize a selected

30 ecriterion such as a mean-square difference between an ideally amplified input
signal and an output of the power amplifier. The selected criterion that is

minimized may also be a mean-square difference between a sample of the time-
8




may be derived frommultiple convolutions of frequency-domain synbols
multiplied by coefficients of the pol ynom al approximtion to a transfer
characteristic that is inverse to that of the power anplifier. The
frequency- domain convolutions may be performed by an

i nverse-discrete-Fourier 20 transform nultiplication of the tinme-donmain
signal, and a discrete Fourier transform The products of nultiplication

in the tinme desmimwiRrR enEPRnRiElne difiid k20 dind ARlEordhier € the | ook-up
table is indexed b%@%/ | ues of t%pg tigm;%hdomai n_si gnalm."1 T00511 In order for

the predi st orP{6h? B 5t 9e8 SRR e enen et wsn 4 AgMYepevelomgin 25 tr ansf er

char act eri st i syndwkind ticomsspEudinp fidgefdyaldgen sgabts edoyedd@iige and tenperature
shifts, the p i roxi mgti on nmay be updated by conparing an input
and an out utmﬁﬂg%‘?%{f\%&%ﬁp&?@ﬁ%r. For exanpl e, the polynom al

appr oxi mat? onl#8d) be uPiGaB dbbsttagesan OEBMiItansngteal 3§ emplhying hat opti mi zes t he
coef i cients Blaubdg.dnakinpRAakioRRRLANIRL bAflal JyRhfiRh: diddm NI M ze a

sel ected 30 c_rlqt erion such as a nean-square difference between an ideally
anpl i fied i nptiYertiys YHgF maffe an out put of the power anplifier. The sel ected
criterion thaosyg m Ninfeded edBYiIMdnBOthO Sl ProeRs S BpBudid §£7 €nce bet ween a
sanpl e of thede'gsi e b8ﬁ'1domai[? vvagvefﬁjrr%}a d a corresponding digitized sanple
of the out putSBFoFhE O vnBiete BSHEPISE Prhardyareriruisy sutfwmwensdist Or ence bet ween a
f r equencyltonthesrould prpeoforantbyproessing slomads the ckéerumatyiogomi n synbol

recovered fr%&ﬁ@din‘%&;&&%gé&&@ﬁ% 8jiurkhe power anplifier. 5 100521 FIG 3
illustrates an OFDM transmtter 30 enpl oyi ng frequency-donain

bredi storti on?3%h accdf dasedimeh CERMeraveraitereRf corfpristiean QRBMINt | ve subj ect
matter 10053 ImddilasdBoxd $re@iidadh BRAL B4, 4 NELSUGRARRORRSSIFAG Operations to
be describe el erforned by hardware circuitry and conponents.
O 10 they gﬁooﬁ %qlévaé’g%é? ag]f:ﬁeaﬂ& B’;?g%? %'i%dslgﬁcﬁ@ &Pe ﬁ‘f"’é‘“’c‘ﬁ‘&%gexec ute
i nstructi®¥ns cowretter (BAE) BB, afipt nesH 0s+ lv@bdaiibter (o)B Lo p§@54] I n an

enbodi ment, gﬁlﬂ!&%éﬁ(ﬁ%ﬁjmt&% teﬁﬁglé ht?rﬁﬁ& raﬂng r-rth Lapor 302, a
predi stortion bl ock 304, a BI ock 38%92{00 peF’f orm %&‘égrtge&fl%%}st

converter (ADC) 320, and a polynomial approximation block 322.

[0055} The OFDM modulator 302 transforms the binary serial input data

into groups of N (whefe N = 64 in this example) complex numbers that

20 constitute the frequency-domain symbols. Bach frequency-domain symbol
represents a constellation point corresponding to the modulation system (e.g.,
QAM) and is used to modulate a particular sub-carrier of the OFDM symbol,
fG056] The N complex numbers go in parallel to the predistortion block
304, which performs the amplitude and phase modifications of the frequency-

25  domain symbols. This predistortion is done on the basis of a polynomial
approximation o an inverse function of the power amplifier’s transfer
characteristics. The aperation is performed in the frequency domain, but it is
equivalent to processing the input symbol in the time domain by substituting it
into the polynomial function F(S) of order L.

30 [0057] The output of the predistortion block 304 is M predistorted
complex mimbers, which correspond to the N frequency-domain symbols
modified with respect to phase and amplitude, as well as additional frequency-
domain symbols when M is greater than N. Parameters N and M depend on the

9




Fourier Transform (I FFT) and to add a guard interval (d), a

digital -to-analog 15 converter (DAC) 308, a first mxer 310, a | ocal
oscillator (LO 312, a power anplifier (PA) 314,- an-antenna 316, a second
m xer 318, an anal og-to-digital converter (ADC) 320, and a pol ynom al
approxi mati on bl ock 322. 100551 The OFDM nodul ator 302 transforns the

bi nary serial input data into groups of N (where N =64 in this exanple)

conpl ex nubgiiseat: stitute the fr ency-dgmain synbols. Each

f r equency- donai eﬁkg?#%%ﬁeﬁggporf&eé’ﬁf’g aglpgﬁ?fgﬁglaf"gﬁ%ﬁ‘%ibﬁt corresponding to
t he nodul athe $yadtadarfibetycen thQmMraarequiremesed shpaprticisleat e a parti cul ar
sub- carri egta@fardsheg Ohtlavles ¥ QL {g%g Tﬂﬁ ; lex n rs go in
parallel to th@- 1;ér%di stortion %?rgg: %ﬁn %}I%lﬁ%per o?l?r%?%ﬁe anpl i tude and
phase nodi FPEAMYSAE CORPIEHE- frequency 25 dommin synbols. This predistortion

i's done5on[a0s8 basi 9fiofs ndedpPlo}ioRBIchnccRMRRS %uﬂaf-ﬁaﬂﬁln&ﬁur?egr I nverse function
sfer characteristics. The operation is

of the po lifier's tran C
performdvﬁ{ﬁtoﬁﬁg’ t*]?%ra'?fétﬁ%'ﬁ"%Pﬁ%,mab’ﬁ?mmte?og’i’e‘@&tﬂg\ﬁa?céﬁt to processing the
| nput  synbetmgonettthier bithrin-todraridroubyt-iBub SédubatidsNBorlekamp) i t he pol ynoni al
function FLQki0f; rr% 0571, The. out put . of, the predistortion block
304 is M p?edlfstlgg'g) fe%gﬁ 3’dg‘oma R%k[fq%ﬁ erar 18%5“@%“%"8?@5’%5‘61’18‘“?‘6 the N

f r equency- ¥oRhPIMS 4Rremslex pmplithdeacomispimdinpspide biz¢ of tph@EEaand anpl i tude, as

wel | aso addi-kddanadiodHeEMENSYswsdomai n synbol s when Mis greater than N
Par anet ers 0N 9gnd M depend on the 9 non-linearity characteristics of the
pover anpl {%P7%8r 314 Thepeistoried diggte) PPN eymbohessupbexawmbers edete- of f bet ween t he

accuracy rtaeUHFTes® BI-additg 6Kk 309 MHidhaktySerrstnd GaVedS phfied- - al | oved error
vect or magnj nd transm.t spectr k) and conputational conplexity.
5 [0058] | ? |iid9[|?g@°r?ggs %s I?%Slzféﬁge%emgg%?ggﬁ? 'L 3fd BFadie- of - band non- 1 i near
di st ort i orblogki386 pre diss ineart 4 mardohteckl (G04ntoraly fgmBedigh# oFONpensat i ng spect r al

conmponent ssyF@k i B hindeoRgnd and out - of - band frequencies. For exanple, the
predi stortion block 304 may take in N=64 conpl ex anplitudes, but it may

out put  MIBHYr  M=1D1 refssiried digitsh OFDYGemboltbe svsplo ididiggtak o t he si ze of the
| FFT and td-@ndlg @aimeam@aks, 306t hibboet féltﬂ%omial

approximation module 322, .
[6061] In the digital-to-analog converter (DAC) 308, the predistorted
20 digital OFDM symbol is converted to an analog baseband signal in the form of a
predistorted analog OFDM symbol.
[0062] The predistorted analog OFDM symbol is next up-converted to an
appropriate radio frequency (RF) signal by mixing it in mixer 310 with a carrier
frequency generated by local oscillator (LO) 312, Theresulting RF signal is
25 then amplified by the power amplifier 314. From power amplifier 314 the RF
signal may be processed by further circuitry (not shown), if necessary, before it
s transmitted over a suitable antenna 316, The antenna 316 may include an
ommidirectional, monopole, dipole, patch, or directional antenna, among others.
[0063] In an embodiment, feedback may be used to provide updating
30 information for the non-linear characteristic of the power amplifier 314. A small
part of the output of power amplifier 314 may be tapped, down-converted back
to baseband by mixing it in mixer 318 with the signal produced by the local
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[ 0059] The predistorted digital OFDM synbol conplex nunbers enter the |FFT
and d -addi ng bl ock 306, which nmay performan inverse Fourier transform of
corresponding size (e.g., 64 or 128). The IFFT and d-adding block 306 may
al so insert a guard interval (@) into the fornmed digital OFDM 15 synbol
in the time domain. [0060] The predistorted digital OFDM synmbol then goes
to the digital- to-analog converter (DAC) 308, and it al so goes to the

pol ynom al Bﬁ\ roximati on nodul e 322. [0061] In the gital -to-anal og
converter % @(égh?lztﬂ’écﬁ?"éﬂ?dsﬁ‘@?%’dg igfiabyst agplo nbol is converted
to an analoogvehaqat»m)ldzcsi gnal in the formof a predistorted anal og OFDM

synbol . 89@6% Thedﬁreedhlﬁ ﬁlf; ETo}gthean% 1}4 rﬁolymmmﬁaxt up-converted to

an appropriate radi in mxer 310 with
a carri er approsigaéeroyodyEidR atted tlwn*m@nc@smf Itheatn@htu(iiiﬂ)nSf@iZ The resulting

RF si gnal éh?ra&é‘xsﬁ@e@’ wlo'f E’{e%gwghkl%r m\’\@ﬁer@m}gﬂr&%ﬁE ia14. From power

anplifier 314 t rocessed by further circuitry (not
shown) , fgaWe’é'é@%'%i?%?at“b P‘é}'qoﬁlalﬁ@“{oflg@ﬁf?rfl%fd‘ A&r a suitable antenna

316. The aptmnaas Sk fRhoNE i BRindRd tOMMiktkd Releicgdbn. 10@NOpOl e, di pol e,
patch, or directi gnal aptenna aﬁD g g %, mrzgloé)tﬁ%{n | n an enbodi nent,
feedback MBS BEFE &GO BT fﬂr} § §99L° S0P P8h for the non-linear
char act er isgtarel differénhebqreswrtheddgally impdifieBdighal a@tds}rﬂa:!einodtpaqsd of the output of
power | 1.1 to baseband by

m xin ﬁﬂ) @&h%fé%‘}ﬂﬁﬁ@%#,aﬁ;@%ﬁamgf?(}% %%%gpa?ﬁ& Erlocal 10 oscill ator
(LO 312 capifciemsnihen gasytorthentedintprtiongriack 3 gl taI by anal og-to-di gital

converter 6&1@[3) 32Qrp05943@x4&anﬁh§mﬁle§aahlhg mlcm@t b@his 8is@hate, My then be fed
where the .inverse function of

into pol ynom a 2

the anpl i t*0g8 T?‘ﬁéﬁgg‘é rgea "«Vi‘ﬂéfﬁ eésfﬁngfkieé‘?““e@n ViRE) 2 soffraren e power anplifier
314, wher grdgrane@in®s antdicd frem g alarhine sscaagige oxdina fredcompier-pol ynom al  functi on
F( S) OIfS Orb%ﬁ s}stem tQ%xecﬁtgﬁ'{ ffﬁr&ll&@td%nga 1nt$@so§:91ér¥?%;g‘aﬂ‘1 Cﬁ'xre% Optl mzed to

mnimze sone Cri nmean- squar e crlterlonls used, then
t he goal io&dingsy ﬂﬁdhﬁﬂﬁh"zﬂé WIH@WaWdefStaﬂd € various programming

languages that may be employed to create one or more software programs
designed to implement and perform the methods disclosed herein. The programs
may be structured in an object-odentated format using an object-ofented

20  language such as Java or Ci+. Alternatively, the programs can be structured ina
procedure-orientated format using a procedural language, such as assembly or C.
The software components may communicate using any of a number of
mechanisms well known to those skilled in the art, such as application program
interfaces or inferprocess communication techniques, including remote

25  procedure calls. The teachings of various embodiments are not limited to any
particular programuning language or environment. Thus, other embodiments
may be realized.
[0066] FIG. 4 is a block diagram of an article 400 according to various
embodiments of the inventive subject matter. Article 400, according to various

30  embodiments, may comprise a computer, a memory system, a magnetic or
optical disk, some other storage device, an integrated circuit, and/or any type of
electronic device or system. Article 400 may include at least one processor 403

and/or 404 coupled to a machine-accessible medium such as a memory 405 (e.g.,
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squared difference between the ideally anplified signal and the denodul at ed
10 out put of power anplifier 314. The information on the optim zed

pol ynom al coefficients then goes to the predistortion block 304. [0065]
Upon readi ng and conprehending the content of this disclosure, one of
ordinary skill in the art will understand the manner in which a software
program can be | aunched from a nachi ne-accessi ble mediumin a conputer 15
based systemto execute the functions defined in the software program One
of  or di nagYheskiyihchidingfah @leatital Wiptidal, forigltdhemagnatieroadwing hakies var i ous

progranmm n l.anguages. t maybe I or nore software
progr ans gﬁ%‘i”g‘??ga%g%ﬁﬁo?mﬁ(ﬁ@h méf)r‘f?fr g%%ﬁﬁrﬁﬁ%ﬁ%ﬁﬁg@fﬁai scl osed herein.
The pr ogr ambich,vehen bevesstd; trstltsrieedmashirerc. pbiieprcesiorsehit ard 4POr nat  usi ng an
obj ect - or i §éllf inéQuc!h%&%ﬂ?‘%o%p@iﬁerlﬁgﬁizﬁHonQ;EﬂhedsAdsingr natively, the
prograns c n be Structured 1n a_ procedure-orientated format using a
procedubal predisiguiegén the figgyensg do@¥Bnbly or C.  The software components may
communi cat gyog®i NY amyhePhctivitiBd kb ahciade receptigdnitsesioweinl known to those

skilled in the art, such.as appli ion .pr aod es or interprocess
communi cat i"@ﬁ‘g‘i’r&bﬁ‘f‘ﬁr&ﬁwlmg A c%&ﬁ?\%ﬁ“@%?@%%%%%%ﬁ%&a%al |'s. The

t eachi ngs dfequeady-dusirewinbds, whivh syralyads anodecpdedia gsaertipthg Pyt parti cul ar
progranmm ng_| yage or environnment. Thus, other enbodinents may be
realized. 663%? FIG 4 is a block diagram of an aré,icle 4(90 according to
vari oust0 er#f§8i nent $IGF- SAhE. Shved cPVeselgheati iRl et aer P oSl e 400,

accordi ng ¥kl Sleral RAnGRBQLIIRNG SariotBembodimpnts sBheincmtiput er, a nenory
system a magnetic or optical disk, sone other storage device, an

i nt egr at ed SEPFERET and/ or any type of electronic device or system
Article 40Qemay i ncliudly, astrebreasnpaivis i eeroduliee 2208104d/ or 404 coupled to a
machi ne- ac%ﬁée:ﬂ SR LIS UBR 83ntd] AR RpriddicofnBle@numbed 1 & menory

including an“el'ectrical, optical, _ or_el ectaoma ne ilc conduct or) having
associ atSed remdsertitg e Pyt inpat b, Thedryiter ?5?%‘8% PR&ructions and/ or
data), WhicghespMIGHcAGEIRSSEPhintE GRALDAN, QPSI onBRSH medyaioy. , the processors

403 and/ or 404 erfor mF ré?n such actions as power anplifier linearization
met hods usiSHY™5 PG EPSH ¥ on in the frequency domain.
{0070] In 502, a block of the frequency-domain symbols is transformed

into a time domain to generate samples of a time-domain waveform representing
20 asum of orthogonal carrier waveforms. Each carrier waveform may be

modulated by a frequency-domain symbol.
{0071} In 503, the time-domain waveform samples are predistorted by

modifying the frequency-domain symbols before transformation into the time
domain. The predistorting is performed in a manner that compensates for 2 non-
25 linear transfer characteristic of the power amplifier.
[0072] In 504, the frequency-domain symbols are modified by replacing
one or more frequency-domain symbols with frequency-domain predistortion
symbols. The predistortion symbols comprise complex numbers that predistort
both the amplitude and the phase of the frequency-domain symbols. The
30  frequency-domain symbols may be modified in accordance with a polynomial
approximation of a fanction inverse to the non-linear transfer characteristic of
the power amplifier. The polynomial approximation may be updated by

comparing an input and an output of the power amplifier.

12




100671 Qther activities may include receiving the tinme-domain waveform
and re-sanpling and discrete-Fourier-transformng it to recover the
frequency-donmai n synbol s, which synbols are decoded to generate the input
data stream 10 [00681 FIGS. 5A, 5B, 5C, and 5D together constitute a flow
diagram 500 illustrating several nethods according to various enbodi nents
of the inventive subject matter. [0069] In 501, a streamof input bits is
encoded into a plurality of frequency-domain synbols. Each synbol nay
conprise aeomIp! eX mMUEREHomihDphRRAE&] Yhiytd ugddpddwl aptishigingthei nput bits. The

frequency-dopgain s ol.s may correspond to constellati points of a QAM
QPSK, or %’WB@&@?P‘E}WWE §{’9é?ﬁ*m§tg’ﬂé ‘T’e‘"é"rm’ﬁ“r‘%‘ eof‘csc‘_%"f .tg‘?oom] In 502, a

bl ock of tdierfonegueneypmgeniae miryingbirisrios mty eogfisr ameen-sitd a tine domain to
generat e SARBlES @lvoh blfBNS QAR WOUSIAL Td ARRERETHIBraZ0 a sum of
eforns. Each ca

ort hogonal “carrier wav . rrrer waveform may be nodul ated by a
fr equenty- aoptdion @ythtyoinimizeioitetion HaSOIPHTeHdPEPABEEFSHE T havef or m sanpl es
are predi stQytRq shvple FREE fidé-Bendi@avbloffl Ny mebporiing dsgtded| s bef or e
transformation into the tine don}aé‘%. Thggﬁ)rtedgletotri‘gei is perforned in a
manner t haterPSRS SroaPaoTiiigPoRengRIBE. A YA Fiotier LIS BRar acteristic of the

power anpl infriiQized §A&0a ] mal Boshitike a he-$negdiference Ugwadnr synbol s are nodifi ed
by repl aci one or, nore. fr - Lfb1 SHRA S hd frequency-donain
pr edi stortﬁg e““éfy‘-"f%ﬁ%’l”ss?m%%8“%?"?5%@%’%@%% synbol s conpri se conpl ex nurbers
t hat pnedi sitprsigndof the péveer amplifie.ude and t he phase of the frequency-donain

symbol s. Tha-g0 frequeRcys SRR MR nboRBLhedmRdbLY dediden accordance with

a polynom al “approximation of a function nverse to t Qq non-| i near
transfer chgfgatcas-dpap ppdistaign 5?5‘6‘%@? i 4681 EP D SR BB y nomi al
appr oxi mat §@eifreghvilatenedbecd bythe GompayidageiasyiteputThand an out put of the
0Pt m 21 noEHE BB R B D B e T order 1o
m ni m 46 ataefoont aagultiplication of the time-domain signal, and a discrete Fourier
transform. The multiplication of the time-domain signal may be performed by
indexing into a look-up table. The look-up table may contain products of the
multiplication indexed by values of the time-domain signal.
[0075] Tn 506, the time-domain samples are predistorted by adding
20 frequency-domain symbols that are additional to these generated by encoding
the stream of input bits. The additional frequency-domain symbols compensate
for out-of-band frequency components generated by the non-linear transfer
characteristic of the power amplifier.
{0076} In 507, the time-domain waveform samples are converted into an
25  analog waveform fo drive a power amplifier in order to transmit the analog
waveform over a commmunications channel.
[0077] In 508, the flowchart ends. It will be undexstood that the methods
may be continuously or intermittently performed.
[0078] It should also be noted that the methods described herein do not
30  have to be executed in the order described, or in any particular order. Moreover,
various activities described with respect to the methods identified herein can be
executed in serial or parallel fashion. Some activities may be repeated

indefinitely, and others may occur only once. For the purposes of this document,
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criterion. As an exanple, the mnimzed criterion may conprise a
nmean-square difference between an ideally anplified i nput signal and an
out put of the power 5 anplifier. O the mnimzed criterion nmay conprise a
nmean-square difference between a sanple of the tinme-domai n waveform and a
corresponding digitized sanple of the output of the power anplifier. As
yet another alternative, the mnmnimzed criterion nay conprise a
mean- square di fference between a frequency-donmain synbol and a
cor r espondibedersy fibblmation band fdah fuizg e tided inlddchoudephly. mfognaionpf t he power
anplifier. f folpe-VHy) gare nodified by
deri ving ?ngﬁégﬁégﬁgg%dﬁﬁgﬁﬁ“%ggﬁﬁggﬁ?@1on sﬁﬁ% Bl%h accordance with a
f r equency- regeYfsiihihe SRFSI aRg Wrmopesafrisy Wevgs-on t he frequency- domai n synbols

The frequeaney- dorrangpmc@twﬁ@wmannm ﬂﬁapﬂa@;ﬂsogy@{%as Rya an -

|nverse di scret e-Fourier é tran& orm aﬁgu H}é{pllcat on of the tlne domai n
si gnal , @ anBRoHiof (FrerLorhsdrreat of the xeiye HRIPEY951 i cation of the

ti me- donai ele@iogin aircuhteyant @ompeinks wediwithin 2 vardeaf Bigettanico a | ook-up table. The
| ook- up ta BYor [ ¢ tion indexed by val ues
of the tine= g%naln gﬂ%% ngh @T%'Qw%égﬁﬂ?%%hahpnhé%na in sanples are

pr edi storté’éidl?ﬂj?ﬂ@tﬂé&’kﬁ@asezs@tlﬁiﬁse@fuénfdﬁﬁmW%W@#Ss that are additional to
t hose gene&a&aﬂmmron%@aﬁghaq coaﬁaerssijéraama@gua! aaamntfbb& 5, 1he addi tional
frequency-donai n synbol's conpensate out - of - band frequency conponents
gener at'®d B?‘kftﬁ@“ﬁéwlqsi Vidsgrand pugdiocparprs, t‘éﬁ‘éﬁ’%t%‘ﬁ%‘i“?@”&?eni he power

anplifier. d%ﬂﬁﬂ@ﬂu&ﬁ:5ﬂ3ﬂmﬁhEm%ﬁﬁﬁmﬂﬁﬁ@h&o%ﬁﬁﬁﬁQfﬁhﬁﬁﬂﬁhﬁﬁ are converted
ifier.in order to transmt

into an d\?\i&%l essm cmcu o&lems inte atQé) mrcu {g'rllt))ceissormgu}vzﬁ In 508, the

t he analog er a Connunic Fons ch
fl owchart @W&@ﬂ%mvaPWP%bECmﬂﬂeﬂéﬁﬁeﬁmvhawmtﬁ@i%ﬁ@h@d@d may be continuously
or interni Mpﬁahwsp@amaro&m inbI08{Bhutlibyes Motk @uhe sppt ed that the

nmet hods des i bed herein do not 0 have to be executed in the order

descri bed, ° “rfe?“HOdarﬁS’}“Sp‘B?B{‘?edEﬂ“a‘?d SPofBrmPifgray fabodimsplyindiie aact i vi ti es

descri bed wirkfyofespedst to the methods identified herein can-be executed in
serial or B (ﬁ" | el ;\ﬁh Pp@elnggr{trg%s%]e%t a&ér% &%Xdescqbe?ﬁeat ed indefinitely,

and ot hers" may occur oses I s docunent,
conjunction with the: foregmng specific embodlments many alternatives,

variations, and modifications will be apparent to those of ordinary skill in the art,

20  Such alternatives, variations, and modifications are intended to fall within the
scope of the following appended claims. For example, it will be understood that
the inventive subject matter may be applied to other multiple-carrier wireless
communication systerns utilizing multiplexing techniques, such as, but not
limited to, discrete multi-tone (DMT) systems.

25  [0081] The accompanying drawings that form a part hereof, show by
way of illustration, and not of limitation, specific embodiments in which the
subject matter may be practiced. The embodiments illustrated are described in
sufficient detail to enable those skilled in the art to practice the teachings
disclosed herein. Other embodiments may be utilized and derived therefrom,

30 such that structural and logical substitutions and changes may be made without
departing ftom the scope of this disclosure. This Detailed Description, therefore,

is not to be taken in a limiting sense, and the scope of vatious embodiments is
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13 the terns "information" and "data" may be used interchangeably.

I nformation, including paraneters, commands, operands, and other data, can
be sent and received in the formof one or nore carrier waves. [00791
Applications that may include the apparatus, systens, and 5 nethods of

vari ous enbodi ments of the inventive subject matter include electronic
circuitry and conponents used within a variety of electronic equi pnent or
systens at 1 I i i but ot %ed to wreless
etvor ks omed SN Abilod G tonP Bkl B8 i ol

conmuni cat PE4RE @ﬁﬂ*ﬁﬁ%ﬁ?aﬂébﬁputers per sonal dlgltal assi stants, pagers,

10 wor kst afoosss, ra@hgﬁgmb\éﬂ%gtsgpﬂeﬂ”ghgembﬁx% ,h fVi si ons, other

entertai nne icles ers Iments nay al so be used

in conmuni 52%'T (Slr‘i0 heé"rﬁ} ‘%q“@ﬁ?iyﬁ}d&ﬁég%qc%‘@lycw eforp yinventio®hs, i ntegrated
circuits, protetsanvenatd £8 withbRGdithinago ki PiRE 88 SQpe 6PI PS) , enbedded

processors,, ches, .and l.i cati on-speci fic nodul es, including
nul til ayer, %&’Wb X}#O SO R ’ﬂgem@?&l’?vei%"e&??féw ibRyséanere’s nay be realized.

For exanpl & famﬁylowdbﬁhhsnzémlghlsmeMbadmmmaeé yeelfilliRithrga. [ 00801
Al t hough t hg kM ek ] t has been escrl bed in conjunction
o in Sh%khg bggﬁr%&%&ed%hat &Y ™ 5‘? t gf‘ﬁ%{?‘ﬁ?es

with the foregoing speci nent vari ations,
and nodi f i EHVSHE SIRg numese mippphersobstituted f@d’tbfsgecmfﬁc outdiingnt skill in the art.

20 Sucho al #iWAATHY BScloMA ik Rlch@ASo c@@ﬂang%’d aﬁ ét89§or IZau%at{om ended to fall
wi thin the colg fthefollovmn pende al ns. For exarrple it will be

under st ood®+A% & ‘TnW%rﬁWé“ag?}ﬁj"é a*PPé{F P@?Odfm?lfﬂg@da;ﬁml ed to ot her
nul tipl e- cantrqdenfenmnmpeﬁiscauﬁmmuan Beérkih, 0N BY &ip@idht (biHobd &isk@l Mul ti pl exing

t echni ques;, 4SS mtedto di screte multi-tone (DM)
systens. 2b loghf?t?h%%a? glc?ab%vr? VWP ani ngs that forma part hereof, show

by way of[0P#3lyst ra"fhleo‘\sbstr@hqf th@@lsci@sutampxbatiedampmﬁgﬂjae;ﬁtﬁBta enmbodi ments in

whi ch the cswrbiseeimMRELRA ments illustrated are
described in j§ ff(I)CI gnl g%ﬁst&%ﬁ%?ﬁ%ﬁf@ ?%;mﬁr 1A gfé’d inthe art to

practice taﬁ‘ée"f“é‘ Ao ot th tesbipigd disclrere Ihis sebited veithifodi ment s maybe uti | i zed
and der i veddérsterdafortnmye @@nﬁmehseﬁlﬂaqhteﬁiréﬂdﬂhﬂﬂi ak sapdol fGLG@! substitutions

and c hang%% tl‘fpc}{eurgs In acgdetxon int I11&L{L'(1%nreg01n g Detailed Description, it can be seen

that various features are grouped together in a single embodiment for the

20 purpose of streamlining the disclosure. This method of disclosure is not to be
interpreted as reflecting an intention that the claimed embodiments require more
features than are expressly recited in each claim. Rather, as the following claims
reflect, inventive subject matter lies in less than all features of a single disclosed
embodiment. Thus the following claims are hereby incorporated into the

25  Detailed Description, with each claim standing on its own as a separate
embodiment,
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departing fromthe scope of this disclosure. This Detail ed Description,
therefore, 1is not to be taken in a limting sense, and the scope of
various enbodinments is 14 defined only by the appended clains, along with
the full range of equivalents to which such clains-are entitled. [0082]
Such enbodi ments of the inventive subject matter nmaybe referred to herein,
i ndividually and/or collectively, dtyAtl®s term"invention" 5 nerely for
conveni ence and without intending to voluntarily Iimt the scope of this
application to any single invention or inventive concept if nore than one
is inf I $G . Thus, al though specific enbodi nents have been
iIIustra?éltgcﬁﬁﬁﬁgggribed herein, it should be appreciated that any
arrangenent calculated to achieve the sane purpose may be substituted for
t he specjfic enbodi ments 10 shown. This disclosure is intended to cover any
and al | %daptgﬂpﬁ Qd BRMREATRGIt i ons  of various enmbodi ments. Conbinations of

t he above enb@g'- - t i £ call.yy: cri bed
herein, wll eﬂgﬁﬁgé%ﬁ?qggﬁiﬂgég1§P93%?¥FQ&ﬁﬂﬁﬁﬁégggﬁh%%%hh#ggﬁgaﬁng t he
above desgputpthopredide8384 bEme phdtmedt inofthet frequdinsy |dosaie bysmpdidyinded t o

comply with 37 15 CF. R . 1.72(b), requiri. an abstract that will allow
Che’r adurecydoBrR v bolsared R PoHulafcrahaty S e gt tetilosar e 1
i's subm fiRdn dilisidiemukpigestansi ng that it will not be used to interpret
or limt the scope or neaning of the clainms. In addition, in the foregoing

Det ai | ed Descwhgeingnodiiying the fesuseesndompatsymhelsowmpiiges wpksingranegrouped
together_in singl e enbodi pent .for the 2 urpose of.stre i ning the
i ST oot Sgbiehe SorBiR SRS el s R AR PR S B Siish s iPBlea ac

reflecting an intention that the clained enbodi ments require nore features

than are expressly recited in each claim Rather, as the follow ng clains
refl ect,2i nvehitd wethagbpl elaimat. t wherpingtic] inpplesignal nepnprises faeplbtalids odf a

single di iﬁﬁ?o i t.h MW, N | TR -her.eb
incorpoggﬁgggfﬁﬂgnt e %%Hﬁg%gﬁgggébgs%PﬁﬁgkgﬁP %f@kq%ac &%ﬁ%ﬂﬁﬁgtgnding on
its own raspeati sephrainder, embetémiiniredidthriGligAdoMiprises:

performing a polynomial approximation of an inverse function of an amplitude

transfer characteristic of the power amplifier.

3. The method of claim I, further comprising:
inverse-discrete-Fourier transforming the frequency-domain symbols to
generate samples of a time-domain waveform representing a sam of orthogonal

carrier waveforms.

4. The method of claim 3, wherein each carrier waveform is modulated by a

frequency-domain symbol.

5. A method comprising:

encoding a stream of input bits into a plurality of frequency-domain symbols,
wherein each symbol comprises a complex number representing a plurality of the
input bits;

transforming a block of the frequency-domain symbols into a time domain to
generate samples of a time-domain waveform representing a sum of orthogonal

16




What is clainmed is: 1. A nmethod conprising: predistorting an input signal

to a power anplifier generating a non-linear output, the predistortion
bei ng perforned in the frequency domain by nodi fying frequency-domain
synbol s used to nodul ate individual sub-carriers of an orthogona

frequency division nultiplexed signal; wherein nodifying the

f r equencyardeniancfoyniolih GapcatRs woRfaE Din@N@odilated e af fr@EeALY- donai n
symbol s with freguency-donain predistortion synbols. 2. The nethod of claim
1, wher ef4M#REYIRRLL signal conprises a plurality of conplex nunbers each

representing @o g@ﬁﬁg%le%ﬁé’@ th“&rax?éi%ﬁr‘?%ﬁﬂﬁk rfﬂtotéh alé%%@gfohﬁ

sub-carrier, rern predi stortlng conpfi ses: ng a pgpynonia
apprOX|nGMWnnlqb“am ampkfiae i uader oo @ﬁnanﬁaﬂmlmhﬂdg whvefosh eover a
characteristic of th r anplifier. 3. The nethod of claim11, further
conpri si HFRMpRGAnS © gwgﬁxete Fourier transformng the frequency-domain

synbol s to gﬁ@@lfsﬁaﬁﬁngsﬁﬁmn?éd&ﬁmﬂ WA VER O e VB &Th ﬂ{ér %\iﬁ@ﬁé 19 a sum

of orthogonal carrier waveforns. 4. The ne od of clal in each
carrier dwnaheymbols befodeiranséeiniayion intd thegumen dymdirrand synbol 5. A nethod

conprising: encodi.n stream of ut bi lurality o

frequency- doﬂ@?ﬁq?§gb§} 3é“%ﬁ%%@@ﬁn§acﬁ ﬂ%olyc6ﬁﬁ$F%%smﬁsznﬂ?%§ nunber
I epr esentrédi@néy- a&ﬁﬁlﬁlswﬁ%omwﬁmﬁe deﬁ@}iﬁoﬂaﬁﬁpre&ﬁﬁﬁﬁﬁﬁyﬂ%& a block of the
frequency-domain synbols into a % domain to generate sanples of a

time-domain maveforn1represent|ng a sun1of orthogonal 16 carrier waveforns,

with each car ef.orm bei ng nodul at Feguenc donai,n , synbol
conver t1ig.« nihs el S, ST bR e A S B 1o

drive a cpﬁm@hsﬂéﬁ)ﬂot i n@f-linBarar e fer bl@arh@taﬂi@mdfﬂﬁmmaahqglﬁeavef ormover a
comruni cati ons channel ;
7. ‘The method of claim 5, wherein the predistortion symbols comprise complex
numbers that predistort both the amplitude and phase of the frequency-domain
symbols.

8. The method of claim 7 further comprising modifying the frequency-domain
symbols by deriving the frequency-domain predistortion symbols in accordance with

a frequency-domain convolution performed on the frequency-domain symbols.

9. The method of claim 8 further comprising performing the frequency-domain
convolution by an inverse-discrete-Fourier transform, multiplication of the time-

domain signal, and a discrete Fourier transform.

10.  The method of claim 9 further comprising performing the multiplication of the
time-domain signal by indexing into a look-up table, where the look-up table contains

products of the multiplication indexed by values of the time-domain signal.

11.  The method of claim 5 further comprising predistorting the time-domain
waveform samples by adding frequency-domain symbols additional to those
generated by encoding the stream of input bits.
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predi storting the tinme-domai n wavef orm sanpl es by nodifying the frequency-
domai n synbols before transformation into the tinme domain; and nodi fying

t he frequency-domai n synbols by replacing one or nore frequency-donain
synbols with frequency-donain predistortion synbols. 6. The method of claim
5, wherein predistorting is perforned in a manner that conpensates for a

non- | i ne&t. trahshesthahaf api@rilstWlieradh thdeddiowed Ruakidy@fmaid symbglsmet hod of
claim5, wherein the predistortion synbols conprise conplex nunbers that
pr edi st of YMPRISHet fE aviirland elragiengn omnoncnts egerise hey théoreR-hinedy mbol s.

8. The ngéﬂﬁgcﬂgﬂa%ﬁgﬁ%g?%ggg@ggmﬁ@ﬂﬂﬁjsing nodi fyi ng the frequency-donain

synbol s errving t uency-domai n predistortion synbols in
accordance with a frequency-domai n convol uti on perforned on the
frequency:donmgjn s ols, .9._The nmethod of claim8 further conprising

per f or ni ¢ F’é’ﬁ@gr&fﬂ%i ergip ﬁ%ﬁﬁﬂqeaw- Gmai SYRpeserisRutddPe- Four i er

transf OrEﬂnsfalhﬁé)rpﬁéiﬁ%toifg@u@éra&@—aﬁ%ﬂﬁdeMidﬁoﬁis?ﬂ%z and a discrete
Fourier transform 10. The method o0f claim9 further conprising perform ng
the nultiplication of the tinme-domain signal by indexing into a | ook-up

t abl e, re e | gok- t.abl e .,contain rodycts. of the nmultiplication
ndeved 1 valteweptatBafos ki PlrupBh O G i mpe e G m o
further enRRIESINELIREThJuldhhRIphle-shifnByaonmbiula@Vekenn sanpl es by

addi ng frequency-domai n synbols additional to those denerated by encoding
the streamof input bits. 17 12. The nethod of claim 11, wherein the

addi tion frequ -.d i. N ol.s.. C ensate f.or out:of -band .frequency
conmpone nﬁs‘ geﬁ@er %t%g%d 5)3 %? e fﬁ)(g“ﬁrﬁ%ﬁlrrll éhae r fre PRk ?l%rpalgh%@(? ISeCrOFI?Fﬁ’O@d()tP t he

power angnsfellgtion gduts D@ bireiNplhsefshid ladymOmowdileni&@i §ystdae f requency-domai n
synbol s correspond to constellation points of a quadrature-anplitude
nodul ation system 14. The nethod of claimb5, wherein the frequency-domain

synbol s rr St el ' e f1..8 r D -shi ft
ceyi ng oAUl arronieR, o ARLS! GRRE RS oGl AL LR PIRE
f r equencymdohaincsyrboteswithrar pdpandat ppradmatieh bétifonctjpaiintasofo tebi nary
phase-shi ft ke iqg nn%glatLon sy%ten1 .

non-lineaf tranisfer characteristic of the power amplifier.

17. The method of claim 16 further comprising updating the polynomial

approximation by comparing an input and an output of the power amplifier.

18. The method of claim 17 further comprising updating the polynomial
approximation by optimizing the coefficients of the polynomial approximation in

order to minimize a selected criterion.

19.  The method of claim 18, wherein the minimized criterion comprises a mean-
square difference between an ideally amplified input signal and an output of the

power amplifier.
20, The method of claim 18, wherein the minimized criterion comprises a mean-
square difference between a sample of the time-domain waveform and a

corresponding digitized sample of the output of the power amplifier.
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16. The method of claim5 further conprising nodifying the frequency-domain
synbol s in accordance with a pol ynom al approxi mation of a function inverse
to the non-linear transfer characteristic of the power anplifier. 17. The
met hod of claim 16 further conprising updating the pol ynom al

approxi mati on by conparing an input and an output of the power anplifier.
18. The 2kt hoth®metodi o claind U8, thigdreit QR fiiGintgedugilatid gorhiesep ol veani al
approxi mation_by optim zing the coefficients of the pol ynom al

appr oxi nigvpEsndifigrense depvees nfrequensedamaia smbed aad ja @irresppnding symlolnet hod of

claim 18 ERt 1 -ﬁ%ﬁ i I : rises a nmean- square
differen%%Mﬂﬁ%ﬁggﬁigﬁoﬁﬁg% y?gﬁpeﬁ%ﬁggggﬂgﬁgpsignal and an out put of the
power anplifier. j 20. The nmethod of claim 18, wherein the m nim zed

criterio coagrises a nean square difference between a sanple of the
time- dome'n WRVESBPFCHIRESE: cor r espondi ng di gi ti zed sanple of the output of

the power anpjifghRE -antlitict 1oTHE 0 O %?r@g%&al%@t{ﬁh&/ (dagsigh NI M zed

criterion conprises a mean- square differenc ween a freguency-domain

synbol amultiplaxed igsp sizdalnapdsty rgsotrater acaniputetrfal bamiog e novtljipesr tsangfeal of t he
power anplifier, 22. A systemconprising: a power anplifier to be
r esponsi YEASTSH or t hogonal frequency division nultiplexed input signa

and to gener agifudfy RHbiMucs bRty lofShimpaP sishNe e prcdRB86n being
characteristic, circuitry to produce predistortion of” the input signal, the
pr edi st cperfosmedét g frespehor dasdain rbytm@ﬁfwwﬁemcmdmw syynhedsiideditag
frequeng%agqgghgfg%ﬂggh%{ygﬁgstpmﬂquHgatgfEﬂgividual sub-carriers of the

i nput signéf; andVEn* o g eyt RAIP Al eEhng coupled to the power anplifier

to receive thg ofuiditectisngnakénnwheugicd @othel yowig &hplificrequenei=dasai n
synbol s conprises replacing one or nore frequency-domain synbols with
frequendVﬁﬂﬁﬁﬁmﬁhpredistortion synbol s. 23. The system of claim 22, wherein

the circui try,predi ﬁ&&%]ﬁ%?ﬂ%ﬁfﬁéﬁgﬂéyﬁéﬂﬁﬁlsyﬁ?oghcgﬂggi\?\greﬁﬁ%g%%%?nsat es

for the non-linear tra acteristic o
more frequency-domain symbols with frequency-domain predistortion symbols.

23.  The system of claim 22, wherein the circuitry predistorts the input signal in a
manner that compensates for the non-linear transfer characteristic of the power

amplifier.

24.  The system of claim 22, wherein the apparatus comprises one of a base
station, cellular telephone, personal computer, personal digital assistant, and

entertainment device,

25. A system comprising:

a modulator to encode a stream of input bits into a plurality of frequency-
domain symbols, wherein each symbol comprises a complex number representing a
plurality of the input bits;

an inverse-discrete-Fourier transformer to process a block of the frequency-
domain symbols to generate samples of a time-domain waveform representing a sum
of orthogonal carrier waveforms, with each carrier waveform being modulated by a
frequency-domain symbol;

19




anplifier. 24. The systemof claim 22, wherein the apparatus conprises one
of a base station, cellular tel ephone, personal conputer, personal digital
assistant, and entertainnent device. 25. A system conprising: a nodul ator
to encode a streamof input bits into a plurality of frequency- domain
synbol s, wherein each synbol conprises a conpl ex nunber representing a

plurality of higitaMotandlog Sonediter MY @bEertl HECHigk oMM Wk clobanshplaer to
process a bl ock of the frequency- domain synbols to generate sanples of a
ti me- donHith AP S AYHRBesent i ng a sum of orthogonal carrier waveforns,

W th each cargi @ J I f e - .0 synbol ;
19 a digital-53$§ﬁalogmgggbgﬁ?ggnﬁgﬂ%gﬁéggt ﬁ§"¥ﬁ§§9 oﬁ%ﬁ%g§g€% orm
sanpl es chanhel; aml anal og waveform a power anplifier to transmt the anal og
wavef orm over a conmmuni cati ons %ES nel ; and a,prediskfrter to nodify the
fr equency- donfi e ?Hﬁ@{§0bgﬂgﬁ¥ fhgy Grequencyidopai symbalsi before HR¥essmat i on i n

a_manner gihdte- CATRE S AEI RN iR a Bkt MGALhSARRES or (GRALRRELLLAELC of the
power anplifier, wherein the predistorter 1s to np |?y t he

f r equencehadanteristic syfirthel powyr meplifier, nghenm dre poxdéstdrteeqgisenc ymaddfyaihe synmbol s
with fr uenci-donaig?@l? istO{tion synbol s.. 26. Tqﬁﬁﬁ%iten%ﬁf g%ain125,
wher ei n FRECBFEPLAE PR SRISBIASINEAMG OF LUPTE Svppaney- PRSPy edi st or t
bot h t hefrafRhtj-déRamedbBff O nibdg. f requency-domain  synbols. 27. The
system of claim 26, wherein thé predistorter is to nodify the frequency-

domai n synbol s by deriving the frequency-domain predistortion synbols in

Rl Ak MR S TR MRS A

f requency-donai h € sVysS

pr edi st ofidigers ShitopRalst@t Motihehd neglienizy and gimaid of GHY Trdifue 85y -BYmAR
inverse-diﬁfﬁete-Fourier transform nultiplication of the
symbols.

27. The system of claim 26, wherein the predistorter is to modify the frequency-
domain symbols by deriving the frequency-domain predistortion symbols in
accordance with a frequency-domain convolution performed on the frequency-domain

symbols.

28. The system of claim 27, wherein the predistorter is to perform the frequency-
domain convolution by an inverse-discrete-Fourier transform, multiplication of the

time-domain signal, and a discrete Fourier transform.

29. The system of claim 28, wherein the predistorter is to perform the
multiplication of the time-domain signal by indexing into a look-up table, where the
look-up table contains products of the multiplication indexed by values of the time-

domain signal.

30.  The system of claim 27, wherein the predistorter is to add frequency-domain

symbols additional to those generated by encoding the stream of input bits.

31. The system of claim 30, wherein the additional frequency-domain symbols
20




ti me-domain signal, and a discrete Fourier transform 29. The system of
claim28, wherein the predistorter is to performthe nultiplication of the
ti me-domai n signal by indexing into a | ook-up table, where the |ook-up
tabl e contains products of the nmultiplication indexed by val ues of the

ti me- domain signal. 30. The system of claim 27, wherein the predistorter

i s to adebrfipegatentty - crafiband sfrahehsy adeigonemal génerdtdtiode grnasatiacarby
encodi ng t r eam of i ut bits. fl The system of claim 30, wherein the
addltlonEWm%?é%@@ﬁ€9me APV conpensate for out - of - band
frequency conponents generated by the non-linear transfer characteristic
of the power anplifier. 32. The systemof claim27, wherein the

predi st o32.er The systamaif felaimiy, fv&rkerpilelﬁwpredistmieniswmodﬁfy ite aapendance with

a polyno imation of a fungtion jnverse non- L i near
At o CuTEP SRRBOS<R Aecobfntha Bl thrernedos oht ReyEre i GReel ai m 32
further @anPhéMIiAEkrFraRSey M @iBBRE e JHRkr @fplifedul € to update the
pol ynom al approxi mati on by conparing an |npup and an output of the power

anplifier. 34. The systemof claim33, wherein the polynomn al approximation
nodule ig, to date th oly rOX|nat|on timzi t he
coeff|C|%%ts SH%GBOP§ﬁ% BQ”@%%F ﬁﬂpﬁgﬁ ?ﬂ’é?%@PBt WP%V?E a

sel ect edmefilk €6 ipdute 8fe- poT)hﬁnﬁMSép%Fﬁ)@rfnaﬁérﬁbﬁb&ﬁg art¥edEinPut 4@ 44 figritzed

criterion conprises a nean- square difference between an ideally anplified

i nput si Yfria¢ pawer apldisrput of the power anplifier. 36. The systemof claim
34, wherein the mnimzed criterion conprises a nean- square difference

bet ween a sanple of the time-donmain waveformand a corresponding digitized

sanpl e o#4.t heTlougystdm of clahe 330wekreid Hdl @omidl apptbeintyish emdele Bltai m 34,
wherein the mnimzed criterjon conprises the nean- square difference

bet ween WIIauBACYOREIEPRIOS RGN bamtlanélag thessosHeriens elthsaplynpmedyer ed
fromthe, 6@%{9&5&3 gcr% Nenpovnetic-ampbifeigh: 38 An article conprising a
e

machi ne- accessi um havi ng associated information, wherein the
i nformati on, when accessed, results in the machine

35.  The system of claim 34, wherein the minimized criterion comprises a mean-
- square difference between an ideally amplified input signal and an output of the

power amplifier.

36.  The system of claim 34, wherein the minimized criterion comprises a mean-
square difference between a sample of the time-domain waveform and a

corresponding digitized sample of the output of the power amplifier.

37.  The system of claim 34, wherein the minimized criterion comprises the mean-
square difference between a frequency-domain symbol and a corresponding symbol

recovered from the output signal of the power amplifier.

38. An article comprising a machine-accessible medium having associated
information, wherein the information, when accessed, results in the machine
performing:

encoding a stream of input bits into a plurality of frequency-domain symbols,
wherein each symbol comprises a complex number representing a plurality of the
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perform ng: encoding a streamof input bits into a plurality of
frequency-domai n synbols, wherein each synbol conprises a conpl ex nunber
representing a plurality of the 21 input bits; inverse-discrete-Fourier
transform ng a bl ock of the frequency-domain synbols to generate sanples
of a time-domain waveformrepresenting a sumof orthogonal carrier
wavef or mypunbitd) each carrier waveform bei ng nodul ated by a

frequency- dongai n s%ggpl; and predistorting the time-dopmai n sanpl es by
modi f yi ng t hel™FE§ c-FeHEsn trapsiopBIng @eflﬂ?@ i Hyv &l elrepuepetenpidur i er

/ : : . e f
transf or gRLa A0 1 NheReTR Bahpitd & fgg%@%gﬁﬁa\fﬁgﬁn? r&i}@sehhggadr sirh &St er

characteristic of” a pomerjghpllf yi'ng t frequency-domai n
synbol s adlmpoingle sarriep vasefognenwithr eachumaidrr eausdomy -baogaimodsigtddobs awi t h
frequency- donai redi stortiqn synbols. 39. The nachi ne-accessi bl e medi um
of cl ai ?@FmﬁﬁBPg?ﬁ”i OLF@aistortion symbol s conpri se conpl ex nunbers

that predi st Og;_ﬁedié&irﬁng g arRlddniide aRPIRMNRS uddlfyiddh el frE&AMERR Yo AHARI N
synbol s. 40. The machi ne-accessi bl e nmedi um of clai'm 39, wherein the

nmachi ne- sieeteds béfbre inwerdé-drrcfate-toereritrioblodestidminor matieyihatwoinplensabesn
accessed.by the. machin esul t.s. i t he machi.ne perform ng: nodifying the
frequenc§¥§6W8§Hm?yﬁggﬁgCh?aég?ﬁvVﬂanFﬁﬁﬂFF%E&@Hcy-donain predi stortion
synbol s in acgBedangediihp tie frécﬁ%ﬁ aymeRBhibokibiitbs RplRelf @e®md on the
frequency-domain synbo¥2l54l. The ﬁgchine-accessigﬁt neg?un1§% cl ai m 40,

wher ei n DRee fiegsneiedamaasymbpl wilefeaienexfomen nradpiadin syrtbelsat i on, whi ch
when accessed by the machine, results in the machi ne perform ng:
perform ng the frequency-donmain convol ution by an inverse-discrete-Fourier
transfor3g. nmulhé¢ phadhirid-aesiblé haediun®e of oilBinh 3R, gRAdreinaniet giradistett@®nFouri er
transform _ 42. A nethod conprising: predistorting an input_signal_ to a
power anPiialerorgems, complex aulﬁéﬁ‘fmtﬁﬂéaﬁdwtemw the yeplpdeped phasedd bei ng

perfornqgem%qﬁggy&ﬁﬁgmggﬁﬂhggnain by nodi fyi ng

40. The machine-accessible medium of claim 39, wherein the machine-accessible
medium further includes information, which when accessed by the machine, results in
the machine performing:

modifying the frequency-domain symbols by deriving the frequency-domain
predistortion symbols in accordance with a frequency-domain convolution performed

on the frequency-domain symbols.

47, The machine-accessible medium of claim 40, wherein the machine-accessible
medium further includes information, which when accessed by the machine, results in
the machine performing:

performing the frequency-domain convolution by an inverse-discrete-Fourier

transform, multiplication of the time-domain signal, and discrete Fourier transform.

42. A method comprising: _

predistorting an input signal to a power amplifier generating a non-linear
output, the predistortion being performed in the frequency domain by modifying
frequency-domain symbols used to modulate individual sub-carriers of a multi-carrier
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frequency-domai n synbols used to nodul ate individual sub-carriers of a
multi-carrier 22 wireless comuni cations channel; wherein nodifying the
frequency-donai n synbols conprises replacing one or nore frequency-domain
synbols with frequency-donmain predistortion synbols. 43. The nethod of
claim42, wherein the input signal conprises a plurality of conplex
nunber s eaclesy epnmagiohtiony chagehst el | ati on poi nt corresponding to a
respective sub-carrier, and mgerein predj storting conprises; performng a
pol ynoni al appEescrhaefEingthaiequsper-dempiinombels SMpeaplacigde A ansf er
char act efj.sd 4 4 |} : - Of iin 42, further
conpri si %8% %%ﬂ}%%%%ag?g@%g% oulrl:; iérr@(ﬁl%epgﬁg?%@% ﬁr%&lgtﬁgm?]rsggll@#?y- domai n
synbols to generate sanples of a tine-domain waveformrepresenting a sum
of orthogonal, carrie veforns., 45. The nethod of claim44, wherein each
Qarrier ver SPRnehodal FETE 12y hercth B (R IERGh AP RPESFGLIUTAEY Ofne ot hod
of cl ai mdtdpledflifbdls  dh MHIphésehi@td | £TcobERARRS pRAMMH&AbAERRS tochannel is
one of an orthogonal frequency-division multiplexing chahnel and a

di scr et ereaprctive swneargbimand Whe@d predistorting comprises:

performing a polynomial approximation of an inverse function of an amplitude

transfer characteristic of the power amplifier.

44.  The method of claim 42, further comprising:
inverse-discrete-Fourier transforming the frequency-domain symbols to
generate samples of a time-domain waveform representing a sum of orthogonal

carrier waveforms.

45. The method of claim 44, wherein each carrier waveform is modulated by a

frequency-domain symbol.
46. The method of claim 42, wherein the multi-carrier wireless communications

channel is one of an orthogonal frequency-division multiplexing channel and a

discrete multi-tone channel.
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