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POVNER AMPLI FI ER LI NEARI ZATI ON METHODS AND APPARATUS

USI NG PREDI STORTI ON | N THE FREQUENCY DOVAI N Techni cal
Wo-2@bd1130001] Vari ous enbodi ments descri bed heP@i/nsS2005/022512

relate to wirel ess conmuni cati ons generally and, nore

specifically, to power anplifier linearization nethods

P@ﬁﬂmm ARV EING NN BION MRTHODS REND ASRERATUS USING
donai n. &*@ﬂﬁﬂim Hﬁmﬁﬁ&h%NWﬁommer

nodul ati on n| ques, such as orthogonal
frequency-di VI sion multiplexing (OFDM), are now w dely
used for high-speed conTeshinéail Fogl@ over bandpass

communi cati ons channel s. Exanpl es of their, lIISG i ncl ude
[00pHe br oaMereds arpagimenty dessribed bareingplgtep Jetslestgagrmunications
t
genpliily A, 6 I LR, MBS dniicf oSty ReBls L iparatus
usifgd pretisioztdn @artte Ele@&mbpdomsmEngl neers (I EEE) standards
802.11la, g, j , n, and 802.16. [0003] An OFDM system
uses several lowrate sub-carriers to transmt data.

The frequenci es of tﬁ}‘%ﬁg%_ﬂg%%ﬁﬁﬁ“ﬁpd the synbol
period are chosen s iers are
[0002} hogonmultiaeter tniveludativhdéchpapies duetnas (dﬂlqgonallfrﬁqacﬁmévision
ith.on ot her he data i.s s
o5 COShe Y GriCHY S5 hih Hrdeer O LB BRRTS

baxﬂggslél c%ﬁﬁnﬁl&%@h&y clﬁxﬁﬁ@l@dEﬁé{ﬁpl%éibf ihefr ubé RUHRBhEBroRdcasting of
nes in parallel. I'n the applications nmentioned

digtticandio andividaoy iheafinyhes dnadwdenimpemertiations e thermbysical layer for

i RPER RB PSLIERR, LB P ERFEL Sl P Tor i

(IEEE?E@H&r&bSﬁ)zaﬂal pven seddosawet e- Fourier transform
i pl enented as an i nverse Fast Fourier Transform or

[0003FT) t oAg@Fé?Mtserstams@n@s@@ral &vsirEn Sldif-cai’ﬂé]ér’f@@@n%f@lt data. The
n SI

froQ T h oL OFO PAACS PP et SR IOHE hidp s B ThEB orrers

are o n’&gm@fth@‘yamompaﬁo@ammcenaamerfare vﬁ&dmeaetﬂo&mi sn an OFDM
the Tonger Sll?Yrrbol period faor gl ven data rate,

systerh éhfe@ﬁta i spiit mgpdlssrepms, évhlglws hen yied fq @@@p@@em modulate
clogelll 4 Ql% §ér¥1 &fc@ﬂ&%? f’mh&qﬂg)a%\él. Ng thQaf iR Midnstflentioned
e e equa echni ques.

above, N is typlcally 64 or more. The frequency separation between the sub-carriers is
1/T, where T is the OFDM symbol time duration.

[0004] Practical systems use an inverse-discrete-Fourier transform (implemented
as an inverse Fast Fourier Transform or IFFT) 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, which inherently mitigates inter-symbol
interference in time-dispersive channels without having to resort to elaborate equalization
techniques.

[0005] However, because an OFDM signal is the sum of multiple sinusoidal
waves, high-amplitude peaks in the composite time-domain signal occur when the signals
from different tones add constructively. Compared with the average signal power, the

instantaneous power of these peaks is high, which means that the signal has a high peak-
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[ 0005] However, because an OFDM signal is the sum of
mul ti pl e sinusoidal waves, high-anplitude peaks in the
W@ vposi3de ti me-domai n signal occur when the sPOHEE®05/022512
fromdifferent tones add constructively. Conpared wth
the average signal power, the instantaneous power of
to-A RS W?aticﬁ(m THH 'o@éhrf@l@é@f t‘h@tﬁzt éaﬁ?m%& g8dusiAsntber
hi gh” peakt o-average power ratio ﬁ) The” occurrence
pragfical irplsmsatakisnsrand is geievalbl @Dnﬁmlnpaérto |b¢ acignéfadant challenge of
OF?i(gl enmentations and is generally considered to be a
nificant challenge of OFDM [0006] In order to

© [000sRNSM t IiderdeH M SisBiitan, ORIl SR die aﬁer%rﬁ 6f the MB1A@dTRAIN signal

signal nust be increased by a power anplifier
mupidweinetieased by @vamramphtﬁah eweert i SlOEPWRs ing#rsl thitghe OFDM
s1g?z?ﬁg§s] gqt;lé%fﬁle trté; VA %f(g} nga,l[m'ggse ?aXr Ill:z}l’t@%lsb \ité«? 'trg}rlrs;f? hayarc%enls ic of the

poR@SEhiliflert & i§ pesae thedRARR: E&&PR&iyl’lgung@@mai c&ﬁh@g ﬂ&@hmques for
techni ques for encoding the data that_result in

encoriigigaihe doip thatzesubin PABRY sigalstifls? oeBARB: bl thidae 0
CIHIEF@%QB{O%@% ,Brief _Descrl ption of the Draw ngs [0007]

Bl ock di agramillustrating a known OFDM
transmtter including a power anplifier; [0008] FIG 2

illustrates an input signal being predistorted-in a
manner conpl emnt@ﬁ-ﬂm&!@lﬂ%sfer
[00&9{“ act egii‘%ti fs aorfloﬁi (%HQ 1 iAREakhE §'no WMM&%M including

h an odi ment e inventTve subject matter
appoeOahplHie 3 illustrates an OFDM transnitter
[ donmai n

| tort i
OFEE or HanEEovet THS G DR BYITE R 54t P ect
lﬂﬁEfn%ﬁtarﬁ 01 n-Frhder tréndfs cﬁaﬁk@ﬁﬁghéjbﬁg% 3 I1Qlfrn1ﬁ1"fie§‘ ih b&ddBdance

accordi ng to vari ous enbodi nents of nventi ve
with abjesthodmegnt of theam:bn[u@@&tlb]lecwlrr@ﬁr 5A, 5B, 5C, and 5D

o BEEt o REPRE AL SR LOM SRR AbIHDbAAruReygomain

prefiR€ortidy, 8 Eédb?da‘i%@]v@tﬁtanréﬁ{kioﬁfmen%f el iB6bnes 61l Bit n@hter;
[0012] In the foll ow ng detail ed description of

[00dBbodi mehlS. bt attieck diogramiof en suflsjleeccording torvariogs embpdigments of
thehleeén%?fgsﬁb?egtlﬁ%t%ﬁca Jppanyi ng drawi ngs that forma part
[0011] FIGS. 5A, 5B, 5C, and 5D together constitute a flow diagram illustrating

several methods according to various embodiments of the inventive subject matter.

Detailed Description

[0012] In the following detailed description of embodiments of the inventive
subject matter, reference is made to the accompanying drawings that form a part hereof,
and in which are shown by way of illustration specific preferred embodiments in which
the inventive subject matter may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the inventive subject matter. It
is to be understood that other embodiments may be utilized and that structural,
mechanical, compositional, electrical, and procedural changes may be made without

departing from the spirit and scope of the inventive subject matter. The following detailed
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and in which are shown by way of illustration specific

preferred enbodi nents in which the inventive subject
woreaos®e123nmy be practiced. These enbodi nents arBCT/US2005/022512

described in sufficient detail to enable those skilled

in the art to practice the inventive subject matter.

desh{i;lat{icﬁl f%,gtha%fd%@ dgdt 3¢ 00BbNRL: BhiRE BAROSh BB SopBRf tikEinventive

i zed and that structural, mechanical,
subjestrprget isdafihed eile by theapendeddlgpmecedur al changes may

made wi t hout .depar.ting.from.1he LI S
[005319 i nv eﬁ(ﬁ"&elséltpg?‘g%{la I?‘fﬁ?‘%%ﬂ%#%ﬁ 3v(\; Fr%{)ﬂ rib§ffer 20
incHRld 4 Seifa@seiiget om s, therefore, not to be taken in
a limting sense, and the scope of the inventive

[003dbj ect PEDMirangmidiet 1 %eemprifiey agrialtie-papblehersyereral 2 convert

0013}. I ol L '
oL N T b ST LU A1
are[tB ko ¥diMd 4 Blaskbi Neyomplxcwitpsd syathoss by ercoder/modulator 16,

serial-to-parallel converter 12 to convert a streamof |
whetgshe cosmplexvalugd Ryphelaresrsprerd W4ng constdiahen gping fe modulation

sysﬁ%n% %}L‘:ﬂ gg %@g@g%&@%@a@@ggﬁé@yﬁg%%@@. Headedndse EQmﬁlex-valued

syrehdl€ md eisédnodistatnite the ampligide ahdh phaso b b @articalan edb-carrier, they are
synpol s correspond to the constellation points of a
ref"rﬁfditfpéiﬂ%‘hassf%ﬁ?@’ug%n%@ S@Q}?lﬁ quadr at ure anplitude

[o0f5pul ati gﬂé N %&ﬁgﬂaﬁd&ﬂﬁﬁ SyHi8IR |af‘exéa\‘,ﬂ|a‘<':‘§ﬂ1p¥e¥ﬂ§9ﬁb%r,%ﬁresenting

used to deter t'he anplitude and phase o
a paaltty ofitherinsuithitscanditeey, are rpyt btean M pointeidverse fast Boumieas

trans AU EL) HonEH S0 consrda et ebrprestnu g by parallel

to-de8Bl &sfbtiédy a plurality of the input bits, and they
are Input into an N-point inverse fast Fourier

[00d6nsf or Bhe fesfTing I8 crdigesime signelthas eonstfnesr N gamplgs af a time-
serial discrete-tinme Si | .b ral lLel.to- serial .

oA PTI6PFOBBF STRE PELEFYThg G AEF ol 8T P vith cach sub-

carfibiGR@ eféiABeif® Arldulatddesy ANreReRte8odhinaybbE dDiERE N samples are
wavef ormrepresenting a sumof ort hogonal sub-carri er

refemaslth @ o8 “ORDI swabol” su5OEPM BlockiavieF B esebegare sometimes

L T

whithakinpuBMssiirboy sappal. soneti mes referred to as
net a- synbols, to be distinguished fromthe

[0047quencyheiBrai denearivey o sappr ehate1seny s driniaananplos
b PR 0K o B A0 YY) Bl 4
transmit the time-domain waveform over a communications channel using, for example,
an antenna 26.

[0018] At a suitable receiver (not illustrated), the time-domain waveform are then
re-sampled and discrete-Fourier-transformed to recover the frequency-domain symbols,
which symbols are decoded to generate the input data stream.

[0019] In practice, the number of frequency-domain symbols, or data sub-carriers,
is somewhat less than the total number of sub-carriers. This is done both to prevent
aliasing and to provide pilot carriers that may be used for synchronization.

[0020] Also, a guard interval may be provided for each OFDM symbol, in order to

provide enhanced immunity to multi-path distortion. To preserve the orthogonality of the
3
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waveform by digital -to-anal og converter 22 in order to
drive a power anplifier 24 and to transmt the
wao 2ese/tBn@i N wavef orm over a communi cati ons che@mek2005/022512
usi ng, for exanple, an antenna 26. [0018] At a
sui tabl e receiver (not illustrated), the tine-domain
subv‘@a\fﬁé@ M 8h&dGRER -l ﬁla? BER 84 &R of a cyclic Br eﬁx The cyclic prefix
di'screte- Pourier-transformed to recover
maf be gsieblished mcasp;sgﬁtb@last pawhéfcin @lillmvbd;}mlml@ndéb@d@atwmmay be

ene ut. data_str pract i .
maflE s GrE DAY PSR S Tn Ty e SRt PR The cyelic
pre%H Bad e teRbSed AShe %%%11&&5 AistRAT SR Lahsbriatvaemd

sub-carriers. This is done both to prevent aliasing
lﬁcawﬂybﬁﬂpdﬁmpdgnﬁdmnmneﬁmbwérs t hat nay be used for

OIS Bt BB B S SR e

amBIiaNE 86 OFDM Y mitr Mblytihtr QR didtdtion tit® the tﬂ'dhsmltted signal.
preserve the orthogonal ity of thesub-carriers, the

Amplifiets ma efoyip apdigeasleviqes wsler spaH gna coydifipes. prefhey may
bec{ggga rﬁ%d 'oﬁ lﬁlre%f ar rtf?l%bvﬂ?ht ﬂpllegsﬁ[]% %pg‘? si 1ﬁ§%’eﬁ§f&ngjﬁ)M

sigh®Eldesdnkisilve kadhg ey ndrhﬁﬁbqt dBtoMiseneY O S Wd@lgaya@efblé &revelope,
mul ti-path channel. The Céd ic prefix may be renoved
whigh depends aipen theringpntaneous PRFss yplie OF parly Gagiier.
nsf or u
[OOtZE oI S E‘F%%Igﬁ 11‘?%5 é}}:&?%\{/glrﬁél ?/fberljlé(l?uec];eﬁ%? hgaﬂ%gérl] gﬁ"% Hutlgate the
pro‘blem]?oheﬂns:ﬂnay stk fin sedicedodffiaiepoyend/anpdictd eovarmgeaenea for the
DMtransmtter, i ntroduce. distorti on i.nt
tronsa g AiBE Ingppsigpal oy I‘Cﬁ‘ﬂlé‘?dsfohﬁ‘g?c%ﬁi baftalidh, Thdrieg, the non-
lln% Y, G G8r dfﬁpa%[erﬁ{ffl bfa gb‘g&admﬁl%g hﬁtfoQiﬂ§es cﬁé’cErtfolﬂebfr dHR¥ equivalent
econe nore non-linear and distorting w |ncrea3|ng
noiké b tlse gamhnittelegnal ARhOBRDMr 8oy veales wssthstlan ampiltleietorﬁ the input

sig{} e_ bang)?sglr{{yg %%gom aijh{fgﬁié%@%a 2‘%&?@ % and pFas)é distortion
(“AMﬁiM RO rl‘f’%ﬁﬁl WP Lt t@@ﬁé}ae‘ﬁﬁﬁ df)(ﬁf the [a%?iﬁ]demﬂle input

anpl | f| er sighal Tevels may be reduce "backed off
sighd. mi ti gate the problen1 but this may result in

reduced and/ or. red d.cover.age area
0QRE " £ anlg- LB ST i S RO st R ey
cothPlemRh@ast foGalonORefaatrhfer dhhRERfistEof 4 Hevét@mpliTRain accordance

transfer characteristic of a power anplifier

Wlthﬁinre@‘dl@dé@enﬁ pEthsrinyesiiye sbjew matteyul hagwetal paneiple i fiap

amg ﬁ:rtrgre?}grzl g;r%o?s%en%a%l n%eﬁ%hm&—lh%d%tﬁ%g{ptu't ggnﬁﬁg Bree% Cf%rEeIa ih B%nanner
colipleheataB)} fotthelgordiistp tiaheer {aflderANE bf tircbophaseplifier.

[00(:;4]8t ort! ?nnFIG. 2, an input signal S; is input to a predistorter 50 with a non-linear
transfer characteristic F to result in a predistorted signal S, which is then input to a power
amplifier 60 with non-linear transfer characteristic G to produce an output signal S, that

may be transmitted from an antenna 70.

[0025] Ideally, the transfer characteristic F of the predistorter 50 is such that:
[0026] G(F(S)) =K-S;, when S; < (Si)max, and
[0027] G(F(S)) = K-(S)max, When S; > (Si)max »
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("AMPM') of the output signal to an extent that
depends upon the anplitude of the input signal. [0023]
wO-2@s/0R2306 | ustrates an input signal S; being PCT/US2005/022512
predi storted in a manner conplenentary to a non-Ilinear
transfer characteristic of a power anplifier, in
[0038F 0" da”%ﬁel‘é"é&ﬁmi‘ RORRAE PRNE 1R GRS thdWSNH e FHePbeGhL to a
natter. e general principle is that
satanipdn fevel; agbRes tieedimdilsie, thagombingtipmpfithe éeo inpnlinearities results

. input _signal i edi stor,ted in a er_c |

in st A kR iR B v e P T PR oS (e

[0029P! i fi epred[sRBRG tebhniih&a tha had® attdtipted & Ad@dve Fae id8al result
input to a predistorter 50 with a non-linear transfer

illustiatedby EFG st hayepredousés bten implemepiasdin shotimedlosiaghaln agfgital

.. wWhjch.is then input to,a power;: i f] it .
timf oS P Pl AR BTE eES, Pegbh by sompte s
adj@bPBéfo R codVerkidito AMBMg ernt s@niapit theke Hévedn aaiplifier.

antenna 70. [0025] |deall % the transfer )
[0030kr act eTherorelireasistorEon by dipewsr teplifiey g alsgds madeled by its

o308 L e, P By A i

intobaBoedity 4 fravdr apiplifieamdeiféskeitsetiiih vesfréduengodenain as amplitude and
amplifier output to a saturation | ?vel and Kis tgg
phage distortipsssProeH EMOBRIAT RO GRIGH B NEhardiangincrtoaf peitignal
' oL . nsf i i h
spel B oo By ARl b SRR B G o o g e
amplitedé sidphadse disteeddhmodphe suli-batietsdy a-aridefigiointtioat is responsible

hi t.he i deal It illustrated by FlI 2
for e ) i saie: PPt gut BY (R @op EaatRsrs ! (e pawer
amgl'ririg%r} ?lgggbﬁ@am AR B %E%&l%ﬁmp&%ntsﬁé‘aﬁmoergsﬁlhﬁ out-of-band

and phase of each 1 nput sanple is adjusted

distoeti@r, evhii may moarfeee véttl adinceamaoogmingratioanichannglst to t he

O 2Bl et 930k, TOB NGOl IREE k8t LA By
by Pertibthiing PRAfIRGMERCYe dRHRInGy ddRGinD etk asmBin SOOI Snbols

noi se in an OFDM signal i nttoduced % a_power
aregmglistoitest bynmnilifesg ¢he fremiency-domaia symbelgdne ynagoasilat as

corfsttt £ R o E s e S BnArRS nO R ot o

[003PECt I al PRONBANERIuSsi GBS the G exdngl@feitedithentasbrief
"inter-nodul ation distortion". The anplitude and phase

expanstion of Gaqushcy-Hemsigredistortinsnag embopigiat af 4t @FDM system in
that 1s. i - ' n bit error rate

o Bbghy AR R R T ERRE RS | R pover

[0033] In such an embodiment, data encoded as symbols corresponding to the

constellation points of a modulation system such as QAM (quadrature amplitude
modulation), QPSK (quadriphase shift keying), or BPSK (binary phase shift keying) is
transmitted on parallel-modulated sub-carriers.

[0034] The modulated sub-carriers are summed together to form a transmittable
composite signal 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 of the sub-carriers and recoverability
of the symbols. Orthogonality of the sub-carriers can be achieved if the symbol period

contains an integer number of cycles of each sub-carrier.
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anplifier. The generation of additional spectral
conponents can also result in out-of-band distortion,
wokioeh123ay i nterfere with adjacent comuni cat i BEEUS2005/022512
channel s. [0031] In the inventive subject matter, both
of these effects are dealt with directly by performng
di St Olb,i 9 hEAHERAY%HEQ DehelshPRAARIPEM b
[00 EM synbol s a%]m%{r]lz&{lsltorted Ey g%b&%??ngem ©
profinemgia tios/foblowii gnmsiyren oLt W be shemmmeer of hiat-cardenseles afldor k=0
far t enonllner transfer characteristic of .the
to Wl B FPiec sy mOplo BB e o6 T I UG B Ang i NT: be
the 61@)M%y%2b%[@ur%ﬁ¥n ePROGIREL SR £h tEXPI é\ﬂ"@édlﬁ}ﬂeﬁfenveloped
frequency- donai n predlstortlon in an enbodi nent” of an
OFDRDbhsspendesigihal S4 tadeen ane sammling nenied iofiTeavdr vee sympelgnterval NT;

W Il now be given. [0033] In such an
cangﬁ%g?mstse@gs(a encoded as symbol s corresponding to
the constell atlmn poi of a nodul ati on system such
[0036] QAM (é‘lﬁrab:rgﬁ r €[/l Ttude nmodul ati on), QPSK
(quadri phase (Pt keying), or BPSK (binary phase

00 B AR R P AR ST e e

Fosidmesfoag, einh%fdﬁc@etfa Cott& thanafosiiit Leddl te renrpose (Ek] symbols.
signal t hat can be denodul ated at a recei ver.

The pskogenal kesisdpngtigas aiithe alrﬁereéer Koyges trgpsiapp é@iﬂséléut? Hﬁ’t sub-

carhlf?r% g‘r#ﬁ%u%afa & 'ie%hglr ﬁ%so e U or gené&te% real ﬁl&%gg‘?‘)m] signal
from\/tﬁé b@(ﬁpl@f{-vfahﬁd Smlkbmﬁﬁaﬂs elke é]lsckefedirmmer ’abnslfmmyamf it¢ ingerse are

[s. Orthogona of the _sub-car can be
preéeémmlemnteﬁ y ouaerrﬁr% %ﬁlg\?rﬁ@mﬁ iTht eger

[003 S'];‘Der ObreR¥tdrfsn R s gglf‘él"lllpe&ﬁrtﬁé ﬁéc}deg%?’érlmﬁﬁ b Mifying the

wthom nfnal paci ng between the sub-carriers
freqeencp-domamcyadbdlsi prior hetheolHeo usgd mamnéurlate lthe¢ sud-drerierhend to

unber of sub-carriers, k] for k =0 to NI be
ngﬁ%ﬁ tg‘Sﬁﬁ@EQ“@%%ﬁ%“W%é’f”ﬁﬁ%“‘t 0 be transnitted

fooSoyrul t anﬁpéf?éﬁémp?en? nlnﬁltenﬁlﬁ—t%ﬁ@n ttﬂ@n%@Mﬁééf@@—h?ounel transform is

duration. The sanples Y n] n=0to
usedcmptceim@swmwnﬁdhm@ds élbma@brsalg N‘QIIV el‘S(m)frqna k@wfrfatueacY-
of.. Ts,.ov

dorfl('l]l ﬁyﬂggléx%}detg% Brc?dggqunbgé%lf tune 91§}a11(1 w&a@%@%t\é%ccurs pr1or &b

invMReuitdt@r offier GRabMosh AR $hilSingbé FrafleyicP 86t Methe Ryigatl
i nverse-di screte- Fourier transform and a discrete

frequsney-dompinaystboksrare teplased Wil predigioded symebody whickyvben s.

transformed to the time-domain, compensate for the amplitude and phase errors introduced
by the non-linear power amplifier. The predistortion symbols may be derived from
multiple convolutions of frequency-domain symbols multiplied by coefficients of a
polynomial approximation to a transfer characteristic that is inverse to that of the power
amplifier.

[0040] The modification of the frequency-domain symbols may be 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:

[0041] S, =F(S)=¢5, +¢, SIS + .+, SIS
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The orthogonal basis functions of the discrete Fourier
transform constitute the subcarriers, and quadrature
wo ewbnies are used to generate a real - val uedPCT/US2005/022512
ti me-domai n signal fromthe conpl ex-val ued
exponentials. The discrete Fourier transformand its
ypperse f laMAlRABA {sadpiRYerfe U d@fiplex si
[00lt4 ?]\a/msf or rEnﬁbgll d{gégﬂlr%ioi? E%%(%E%Fm [ 513388]%@% edi s({ %f{lrll %% may pb?e signal
S; ipdtiplediexdthierabsdlatefvabgod Hrsyinpetrainplayysignad rdisadrig everepower, and

regyency-domai n nbols prior to their being used to
m‘lﬁ&%@ﬁﬁ?é‘?ﬁ@%@?ﬁ%@?ﬂ?&s and to produce the conposite
[00kB - dOMELE tiMRAVE RN brel RB280n tebmary, S%P%HDJ 128),..., L, may be
i npl enentation, the I nverse-discrete-Fourjer transform

realizedubeigh dregnadyedonsampledistagfion panmpanepissd, €441 as
ti me-domai n waveform fromthe frequencydonai n synbol s,

LA O e Ml

transformation while“"n the frequency domain. The

[00a5] gi nal wherguwenoys)deimi n synbol s are replaced with
predi storted synbols which, when transfornmed to the

- dorg )1 _CORP anpt i d phase
[00};? ors mpgduméﬂ%%ﬁ? nglﬂg@n(?mépég?“ tc)@\/\lkc_\éfe[/ jrl'pl ifier.
The predistortion synbols may be derived fromnultiple

vol utions ﬁjf eguency~donai n,syphol s | tiplied by
[Oogggf ficienyg-o& a g’rynon? 'ar'r@ﬁprko&ggn‘at'i"oj{r?ut ?)‘ a
transfer chardtlelistic that is inverse to that of the

[00@?}2‘3 r amﬂlé ﬂﬁ@ﬁeﬁl(:g%g%gfn Sp-l;?rcgi)s;t%gggng gﬁ?}tg?s?‘éﬁc?fnﬁgf he applied to any

uency- dg _ _ :
set ??Fh%r n E {I‘gh éhtcgéd{%ﬂa}iﬁ%@ls, APREANEABY AR cObf Rin the range from

unct i I's I'nverse to the non |Inear
k=1 todlrNleN. rar@acha@eios theorigina freqpowgrdoarmpl $yftenls arf GidustEplaced

S1'[0Q42 ach .termof polynom.al.function i .
by FarfrsebBRbBrgiF alHoF ATCLe BT gae Gtk Rpmpiggmay also
invgb({etaﬁﬁin? Bl -ddhae sphbd1H8ddiARIA tERBR Soneflt@ B} encoding the
rai sed to even power, and nultiplied by a corI[pI ex
streapedfinpitents peior fo hoe4aististe-Foureer tonsiprmaiioad 1de othearwise empty
t hrou

terns 1=3 o real iz .
sty FERrs et o ket e dfe A6 Reb e man agnbots
diséusBéd above are used for this purpose. The additional frequency-domain symbols may
be used to compensate for in-band and/or out-of-band frequency components generated by
the non-linear transfer characteristic of the power amplifier.

[0049] Various algorithms may be used to calculate the frequency-domain
predistortion symbols 5’,[k]. For example, the predistortion symbols may be derived from

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

[0050] In order for the predistortion to adapt to changes in the amplifier’s transfer
characteristic over time, such as changes caused by aging and temperature shifts, the
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[0044] O] =- C[I xp(2 pjnk/M , M =0 [0045] where
Mel (N-1), and [0046] Cl[lc] = Clc] (r) (dZc] (X)) C
WO kJop/01230C] k] (r) C [Zc]) [0047] =1 - - Ck_nPCHTR2005/022512
Ci , kO, ..., M- L [0048] The frequency-domain
predi stortion synbols Cl[k] may be applied to any set
polgﬁmﬁllaleaﬁﬂibﬂiﬂ&ﬁbn et ?%Qﬁ%@éﬁ’e&i B?Bblﬁpéiv‘r[g)eﬁi o) utCH?lfinthulﬂﬁﬁ of the
y choice of he range om k=l One or
powaragpdifiiet. hBoromxiagiphe khefpoéy}wndwpﬁwmtl@ymby) bg updaied byian

s S SRR DS SR b B s

ordef@imhRihiz8 AueReMd @ﬁf@ioﬁ sSOHAA] Beadefuatodisterdnoe bétosen an 1dea11y
generated by encoding the stream of input bits

amplofigdrinputsegndl sk @t eutpeiuafites pavwe sstpbifigat Tlmsel cr 1t§r§0n that is
mu}lglluggvll\@letsyﬁaa% rr? Tﬁ:ﬁn éﬁaarlé ?S"#e?en@é Bgt%gg akﬁm?fé JffE Fl'lzr&)tlline domain

requency-

watife@n 85Ps cabayending digseadiamnplehif $hep(b1rtp|ﬂ3ﬁ‘ theTﬂStﬁver amplifier or a
addi tional frequency-domain synbols bg used to_.

megoppErsdiieranse betesandreaprncydopin SRl £ CEFERPREYNE

rGRIRERSALR FRBSLAKEf, D g 00 L 1801 o TBHEL amplitr
[008igor i t hRKS. rB&ﬂ(lukt&ttt&ﬁﬂOFDl\/b’ahr[snh’attréOlOI’mqploylng frequency-domain
frequency-domai n predi st t jon ngml S

. . F
Pregistantifte 0 2HRETHEY PN GPE ﬁ%xﬁnezé a@m S om
[00% ti pI eIn Rk Hﬁ#b?ﬁ'l?ne‘ﬂfs fh %ﬁﬂ pﬁ%c&@ﬁg elscMHHsoﬂo%e described

tipl |ed y coefficients of the poly

belawmiay e foomed by aaxtdmmmélmuuqhmchmmqnsnusc Otrl’nlmy dosld be
|nvea§e to that of wer . a

S EERRFST I GRS Y B e P gl bgoied i+ BoCeor

r%ﬁgﬂ@ﬁégmg{screte- Fourier transform multiplication of
the tinme-donmain signal, and a discrete Fourier
[0068knsf or In arléebystimduic OFTHM tlmsmuttpt 3 Wreanaprisen an REFDIN meodulator

30 agred Ol tnaBRen 0y Rad e Bredbh FAlS i Form
(IFFT%KH to aldd Q%%dl tedv %(GI)f £ tightheroPsrRti gSdodk &k @MDIAT)BUBPA first

to ch anges inth eani) fier's transfer characteristic
mizxsy 810,t4 loeal ogwil;lhtoaéL@ Ay epowaaeplify (BY) Adt-amcgntenna 316, a

secRRPAR 28 e Splo o AR RO AP ERPAG ER TR vl e fi P

aprReMBiatignBlock 3e2.. For exanple t he pol ynom a
roxi mati on _may be updated by an _ adaptive al gorithm

[005|4£t opt The PEDM W@d@&?é@lﬁoélt@ﬁﬁ 18§ therb@l%b S¢/ied Ayt data into
glouBsP LERE (%51’6%- 64 in this example) complex numbers that constitute the

frequency-domain symbols. Each 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.

[0055] The N complex numbers go in parallel to the predistortion block 304,
which performs the amplitude and phase modifications of the frequency-domain symbols.
This predistortion is done on the basis of a polynomial approximation to an inverse
function of the power amplifier’s transfer characteristics. The operation 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.
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order to mnimze a selected criterion such as a

mean- square di fference between an ideally anplified
wo ppan1sdgnal and an output of the power anpliPCEUS20051€22512

selected criterion that is mnimzed my al so be a

mean- square di fference between a sanple of the
[ootssg; don?h@ M@M@éﬂﬁyb@aﬁt@u&%me@ 9@@glmré&gbﬁteczeﬂnplex

of the out put” of the power amplifier or a

numbeas,-veljdacarapbidioghe & ﬁ)@tume/hdqmim egubols yaaishied with respect to

o R RS D T ¥TER s g

thaAMP| Pd‘réﬁéters[l@ Qlléé-}\/[ fdfend 3nitd 1u§1tlﬁrﬂ:bﬁ%/ @Ardokdatics of the power
transmtter n(gl oyi ng frequency-donai n

ampliféeti3d toand tbw Shom b dradeinesed tiaderofa hetsiepn therpsAwragy ragyements

i nven ubj ect I n var
of aéwt%)af f‘%ﬁ‘? ita 43}{% (gigg ; WB%I glgglgs]éeicn% 1na§glt8¢1‘esand tr%nsmbt spectrum
ma§le%68 chaputagbow omyldrayper f or med by har dwar e circuitry
and conponents. O they could be performed

[0057bcessi Hdt smendastts aglgre exweellation jof QWerclﬁnéﬁ@n -linear distortion,

can
e P OB R S 2B R OBl ot n
baﬂmwo%t-ﬁf b@Pfrequepsiedi Béraxtinple, ﬁﬂeqméthﬁ@ﬂmn&lﬂdﬂkc&% rﬁ@Gtake in
to performinverse Fast Fouri er Tr ansf ogm (1

N=pt complex agphifsiesiius ivaty quepyt Mz6 FS £eg é%@ﬁtudes
f
BB ARG S Lt
[0058] enna "B]i@predlsfretedrdﬂglml QOFDNA Bgmbalncoanaé:ogurhisrd legﬁet thie IFFT

e haing blotf G0 47 Hrh B GNP RO HEBF TSBBL FACR Bt
coﬂré}goﬁlﬂg‘&%e ? ef | 4 oml ﬂ}%l)'t TH@IFF"F Q{&}E{l&ﬁn?%b@t:k o6 ?Va@so%sert a

eXanpl e) “conpl ex nunbers at constifute
gudrtl mténvek(@ﬂh mgze t:]mrfarmeds@agb@il GEDMasymbpot acthe Itil@}ﬁ- dhonen-n

[Oﬂgg the tcn*te glﬂ;}ﬁ)‘?@l@ sym%&],\}ﬁelg%%e% ﬂ'ﬁis(g tgi—tg-%nalog

corVREtkH m)asoeaﬁﬁd ﬁlals@rgoem t@pblyBEmP apfiexiSkbivh sydted 322,
[ 0055] The N conpl ex nunbers go in parallel to the

[006PEdi st okt the digitabitdkaiBldg copEiEe (Eé*r@)o%%ﬂleméecbﬁprted digital
Or N BRI R €81 SRR MEn B SRR rggingres

and)§d HPDM HymBgIpr oxi mation to an inverse functl on of the
power anplifier's transfer characteristics. The
@%@br at i ohh¢ BregistaripdrmaalogPFDM 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. The resulting RF signal is 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 is transmitted over a suitable antenna
316. The antenna 316 may include an omnidirectional, monopole, dipole, patch, or
directional antenna, among others.

[0062] In an embodiment, feedback may be used to provide updating 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 oscillator (LO) 312, and converted from

analog to digital by analog-to-digital converter (ADC) 320.
9
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the frequency domain, but it is equivalent to
processing the input synbol in the tine domain by
wGewsMiI3ee i ng it into the polynom al function F¢(BUSWN5/022512
order L.[0056] The output of the predistortion block
304 is Mpredistorted conpl ex nunbers, which
[0065 ' eSPofgL Je&%lgH% ﬂigitalf ﬁg&g&@ Ry tRONEY R4 M%@i@oﬁ@alabp@&imaﬁon
as

W't h respect se and anplitude, as wel ' .
modude B22,ommire fheenuresecindomeiithsympliiude whesfervbagciprighgse 6 (KS),

e e TSy IR 0B A o
funSUEE) BEoGBOS e Tha o ikl el pddaionaain:t betimeRat@Gknimize

requirements of any applicabl e standards (e.g., L
song driseviah. dif p orcanequaed pagnititeden dnded, thandhe go;g petor mipize the

meﬁ%%ﬁ%@%{lﬂffgrgﬁ?eet gxgv:e:egﬂtglg Iicfegﬁ? élﬁlég#ie\,{%ﬂ%%g?ﬂ% gl%e&dérﬁodu?ated output

of JAQRr hfn?ﬁﬁér Hi4s tetih BmatidiorPthe dbtindfetipoty nohislicodfiisntythen
generate conpensati nﬁ spectral conponents for both
goep ot dretidonign bifckiZd4d frequenci es. For exanple, the

edi stoytion bl ock - [
100BHET £ b B 2 R b B Dy 55 TR R, one of
ord AR} $KiN tete agGrillesdeneint thd Matrtee iswhhafsoftherd frbgraanchn be
A -addi ng bl ock 306 that foll ows. [OOSg] The
laupghed ifionbi maghige-greeatibIornmiEy i a CORBRIT-BasCH gHEemdo gxgcyte the
he | - ' C f .
b BT Lok BR L acs 08t e et gt
undestand the Ggriouf peogrihimimninGlagasthatgap be ckapRY6d tayreatesne or
mog%%%ﬁ%ggr% %ﬁ% %:sm}(ﬂ’ qnlﬁ 2}-1(? B%%Trrt%%g&q;hgds%istc%sed herein.
Theoligr%g}aﬁjfs%%?ge g{u@hﬁ@rﬁ in%%é&)f—%ﬁ@ﬁta@eh §5rng 88ink AnloBRct-oriented
digrtal -to-anal og converter (DAC) 308, and I't also
langegs stch dsevpal Ghoniddkrmppelpxthentdgomnudliesti3gred in a
[0060] .In the digital-to-anal converter (DAQ, 30
Prob AN PEGER T CHIGE £ 210CROM SYRIBF 168 BofUErPEPhGy The
sofﬁhég@g%eggwanallﬁno glﬁ%r%%%lk él)b/lg%tglli‘f oiE %g%?&_%‘ énechamsms well
kngwreidi theserskBldd am tieagt, ORDMs sppitestion progesn infpriaess we iteigrocess

cory e BEL R Sp L SERARH T SRl s o v
emBSREAk ak R linf&dlo asE partiatiler prok@nndihg langegd @Sdhviron@ent.
RF signal is then anplified by the power anplifier
Th@lﬂtlleﬁmqumﬂ?tﬁ mgydicitealéaed314 t he RF signal may be
cesse further..ci [ 0 ' .
10088 C eesar b e SRR b LR e Pl S8 e fvergrs,
emBEHiRBAR of the inventive subject matter. Article 400, according to various

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., a memory including an
electrical, optical, or electromagnetic conductor) having associated information 407 (e.g.,
computer program instructions and/or data), which, when accessed, results in a machine
(e.g., the processors 403 and/or 404) performing such actions as power amplifier

linearization methods using predistortion in the frequency domain.
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316. The antenna 316 may include an omi directional,
nmonopol e, di pole, patch, or directional antenna, anong
wo@rivens2304 0062] In an enbodi nent, feedback nmayPOEUSXEN022512
to provide updating information for the non-Ilinear
characteristic of the power anplifier 314. A snall

rt of t put i f 1
[00 gpp ed, Qm 4 \p t\/ rI]t'l{Ié’ dllﬂgl e?g%ﬂ%ﬁlg l:[111‘% (éyn[@nﬂ )?{%ﬁafollm and re-
sanipmingian@ disdrete- F\bﬁﬁ‘britﬂﬁsf@hgmght torrocivee thefyeqibrecyl dumadin symbols,

osci || ator émo 312, and converted fromanalog to
whigh gymhels e dasafeshioresneritEaiPRb#Ri® FERM. ( ADC)

0. [ 0068];Tha Easkht By diften300
[Ooﬁld i nt gﬁﬂﬁ I;%‘éagaﬁéa%%%oﬂ;f(%at ?%)%&iﬁg a ,Rﬂ& where
illugthreinigiseearslemétiiodd dcoordofg t Ivanaurspémlbmhheemts aﬁﬁl‘eenventlve subject

characteristics, G (KS), of the power anplifier 314,
mafifier e K represents the gain, is approximted with
[00@@' ynom 50‘1”&%& AofA (1?& s, 195&%%&1116 Q%hﬁ'éﬂ?{ﬁ/fo&‘ﬁ'e@@&y-
t he po ynoma are optimzed to mnimze Sone
dongain smbds Eh¢h synitedmag qoaipeise &comples mumber weprasentingedplurality
s to mnim ze

of igpy i bt MmOt S PoL TPt Bsl atgppoints ofa
Qabeysienduirtie dhoaulnbh spfeQoREmampbidib&l. 314. The

I nformation on the optim zed pol ynom al coefficients
[006%en goek 103, & hinckoédestasenonddasnae By Bbals if @@Eﬁ]mlgéewo a time

donaarugg %]ﬂag ngg (r)?e aet?%: @gpltaﬂle\ﬁg‘fei%r%{] }elpﬁ geltétr 3.5y of orthogonal

cardQdesvet@ne. tHaeh Hz&ﬂ@ﬁﬁ/a‘l'dfm\ﬁhhﬁﬁl ba nidfutaear @ft@@diemﬂy-@aﬁlain
be | aunched from a machi ne-accessible nediumin a

SYTdm}rputer-based systemto execute the functions defined

[OOZ{ﬁ[ the Sﬂqf 0. f % tl% &ﬁg} V&%@]{Oﬁé‘l s%ﬁ%ﬁégaﬁé’ s theﬁrﬂ)xtlﬂﬁmfymg

wi i ous ror

the |ﬁ®qg¢iﬁgﬁﬁ)rﬂdﬂ@§y1ﬂlﬁﬂs bﬁom"fpin@ﬁoeldaﬁ@l mltceﬁlta emMmmnntF he
software prograns designed to inp nt an per f or
prediiorig K OEHORTS R dSEHE el ?Pmm%léats% Waezr trRaster

cha?z{)c'iéffs%lb' 9&16#3“%{9?8@ ggt-orientated for rmt usi ng an

orie guage such as Java or C++.
[007}\1]t er nat Invidy thetfme{umo@'gdmn sanbdle astmaditied byl réplacing one or

pr ocedure-orienta ed f t usi procedur al
moreaﬁﬁwa%y- YBRA S5 %ﬂusPcycqgl? 8 PugsigtogioB symbols. The
DRI an@litude and
T L 1 14 B i
the phate cfshafpduenat-lonaiprsygbaln iThe éiwqa@@s'-dmmaumssenlml@msbe
ues i ncl udi

oS AT A 20 LSS OELASLG S0 RE OSSN i non.
lindat FhAGE dharaRRYisP@bt the Bbaer RhSISHRMTHE golyabsAdSp@kimation may
be I?pnd\gllterdobr;/rrc%?nparmg an input and an output of the power amplifier.

[0072] The polynomial approximation may be updated by optimizing the
coefficients of the polynomial approximation in order to minimize a selected criterion. As
an example, the minimized criterion may comprise a mean-square difference between an
ideally amplified input signal and an output of the power amplifier. Or the minimized
criterion may comprise a mean-square difference between a sample of the time-domain

waveform and a corresponding digitized sample of the output of the power amplifier. As

yet another alternative, the minimized criterion may comprise a mean-square difference
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Thus, other enbodi nents may be realized. [0065] FIG 4

is a block diagram of an article 400 according to
wae 20060WLs0€enbodi ments of the inventive subject PEI/US2005/022512

Article 400, according to various enbodi nents, may

conprise a conputer, a nmenory system a magnetic or

| ’ .

e A LB RN, S Rk T paTRiethe
outsy Stgaal ofAht powver afiflifiemy i ncl ude at | east one processor

o0 1 0 SRUBLES o TGRS RS o

frecﬁllglﬁ@l—&érﬁﬁh profRitbAdh 's%/fﬂ[)ol% e Qédo%ﬁ?gé‘ §4ithG ERpELEL &nhain

vi'ng associ ated 1 nfornmation (e.g., conputer

conpolagpapeiforsiadunt the frsqamdy-demait syymbolshi Te, fregduency-domain
accessed, .results [n a machine .9, .t e s
con O AU AORP e Ferhimg EOah Pl HedBfier Allibticaton
of 1B RhdefdoBaih EBEA! hi7Pd digdeEohadstratstdieh. PTiRdhsitiplitdtion df the
~ the frequency donmai n.[0066] Other activities na
tim¢-domatiesigsd alayibegetfhened bieindoxag intoavedorniablen dly hedook-up table

mag ER St o Bl C e A p R bR et Bompin sigmal.
[0024]e decCOmesh6! thegRmedahgintsheplies prétpreldittartsd beadding Geudncy-

FI'GS. 5A, 5B, 5C, and 5D together constifute a flow,_,
dorgfiingymhels gmt prd agditions] tﬁ@l@é@é}ﬂ@&ﬂ@ﬁ@ﬂ%@%@@ﬁ&?% of gput
vaci . ; ' . ; oot
i 3 TECHLERL gt U Y BRSSP enes
congpoplehis gendryted by filieneieapd ramifer chyrabiekistic &athh pewabahplifier.

o, oA, b e RS S S B
Wa\%g@éf %Wa% ]?ovgé? %ﬁgﬁlﬁleﬁﬂl' cﬁ’ﬁeﬁ@ i3k $hi® thePanM wRRIm Ser a

on system schene, or protocol. [0069] In
conn@@picatidns chdnmef. t he frequency-domain synbols is

0B O o B ST By b T BT ATy e
001195{15\%9596‘1aﬂr1te‘fﬁ!’t{énﬁg phavefQr ms. Each carrier waveform
may be nodul ated by a f

requency-domai n synbol . [0070]
[007F] 503, Eishoulilmsodomated thwivis wethodadqscdbedlesein do not have to be

ex R BTN, DRl e Mg B By Rk
desBREH whRFdshEd té theRRSthQIsNBShtifiRd AefBRNEEI bel dX@tuted in serial or parallel
conpensates for a non-linear transfer
fashion. Some activities may be repeated indefinitely, and others may occur only once.
For the purposes of this document, the terms “information” and “data” may be used
interchangeably. Information, including parameters, commands, operands, and other data,
can be sent and received in the form of one or more carrier waves.
[0078] Applications that may include the apparatus, systems, and methods of
various embodiments of the inventive subject matter include electronic circuitry and
components used within a variety of electronic equipment or systems at any hierarchical
level, including but not limited to wireless networks, base stations, cellular telephones,
other wireless communications equipment, computers, personal digital assistants, pagers,
workstations, radios, video and audio players, televisions, other entertainment devices,

vehicles, and others. Embodiments may also be used in communication and signal

processing circuitry, modems, integrated circuits, processor modules (including multi-
12
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characteristic of the power anplifier. [0071] I n 504,

the frequency-domain synbols are nodified by replacing
woe@eo1230®r e frequency-domain synbols with PCT/US2005/022512

frequency-domai n predistortion synbols. The

predi stortion synbols conprise conpl ex nunbers that

proPdsSst ch r%g?/ gg%g?%& Qr% nﬁs%lls | dpdgyiaddds te apPR&Eioffspédiic modules,

requenc The frequency-donaln synmbol s
incdingheultitager, madt1+ch1panc©11@barﬁilé1 atherrenzbodohenie riax|be realized. For
of a.function._in dtSo the non |inear

t
exa{q%gr g%(aéyn%gi@:aﬁ TEs }D§F‘|ﬁ8 R (e Bbe%eor anplifier. The

[0opey ynom Alih &pprieX ifRhiMhdi¥ebeesdbad @ictoRyimenemaith Mg
an i nput and an out put of the power anpllfler 0072]

foregoingrppyifio mréioda@qyl’c&ymanmﬂlt@maw Yraiatigns pad megifications will be

orfB) B SR RSSIILF B0, S SBARLEP IR . e

mo@ﬂf'cﬁt%ﬂs@i[’e iféhdad teRanfitien tlief‘seopﬁ ofl the Zebvang bEFended diiaiyns
nprise_a nean-square difference between an_ ideal
[00§%p| i i eBhe #isamPRGREFragAREsIhatoRER A PABMCIRE SHOWSY wiy of

i11u@TRl okl &8l ot hﬁfﬁum %E%ﬁ? gm%éhhl%ﬁjcsqﬂ i 01f tﬁtg %} E&Gndier may

msan S uar e ween a sanp
be pﬂaa@cedo Mak embatefarsillastchtal ao des&slbeah ifi sdficienfi detailetd enable those

s e 74 0 BRRAE De cof HET A IO B oLk | Qe GioRRyients may be
utllfz%mﬁﬁﬁ abritk Wﬁé@ﬁ%ﬁw ér}g:‘ﬁ s gﬁ&ﬁfb@ ehelo T‘SLﬁ)stltunrgr%s aiuld changes

gquency- onal a correspondi ng sy
maj‘/ e made &dthbubdnphhmgcﬂmip tlte ssolgmﬂ thisfdigchesupowdris Detailed
nplifier. [0Q73 5 5, .the frequenc mai n_ s ol s
Dey@u%dhqrp@ae By ép i 2%511 ha EW%‘E&?@HE@; %Hgﬁjé" sgope ant%mous
embPSEbRls 4 JdRIRI KPR Bie 'aﬁ‘l?éi‘igg@ Elgﬁﬁ‘sc ﬁlo‘Ngtvﬂtlﬁ’che full range of

requency- domai n "convol ution performed on the
equivademuetocwhido seibrelsiynsiaod entitifhe f r equency- donmai n

1008F0er s - BRI Rel PLRerTenlYs fibjocs Tt Y PeAyTpaRe to herein

lndﬁfldﬁa ahll/ %8 CS’I‘PJ&WV& Slb}Ql!lh@|ternﬁfiﬁivs'ﬁt16h’$ﬁ{eﬁﬂ? fdr@ehi@fience and
transform The nultiplication of the tinme-domain

w1thotgnaﬂendtag th'eolpJeﬁaflbfr lmam ﬂtwscppm@fxﬁhwgapph@aéloa tp gBKk Siggle invention

or lﬁu?rit’lvﬁ ICOE%CPF gﬁll?lﬁ gléas? Odlet%@/l va uéé{sgl or é{?% #ﬁ%&a%‘ nglgér;{ﬁc

emBb@dhts th@BéHn il18stR@4), arldliesdribee -hdﬁim IltrBhSﬁ]airﬂee@pwcmted that any
predi storted by addi ng frequencydomai_n synpol s th?

arrangemsHcRaldubaied (o ashicvb dis i YR SNERTEE MY b@ﬁé%ﬁ}%f@d fgrethe specific

emgg(%%ﬂ%ﬁ@s Liotl plfﬁs%ﬁcfosu;mg Pf‘t‘&% g L PORAler by q)ﬁ GULAE YaPBhSor

conmpensate nd frequency
vare@igRe 6erdug eﬁhebdiihfbﬁtsb)cdnhﬂna“IMS bf mealbotfdf aﬂbcﬁchments and other

enﬂc):(l)q(%rrn%gtts%rolt ggelcfﬁcgt{ly tdlgsem 1ggc\1l\§erre1% Wlll be apparent to those of skill in the art
upon reviewing the above description.

[0082] The Abstract of the Disclosure is provided to comply with 37 C.F.R.
§1.72(b), requiring an abstract that will allow the reader to quickly ascertain the nature of
the technical disclosure. It is submitted with the understanding that it will not be used to
interpret or limit the scope or meaning of the claims. In addition, in the foregoing
Detailed Description, it can be seen that various features are grouped together in a single

embodiment for the purpose of streamlining the disclosure. This method of disclosure is

not to be interpreted as reflecting an intention that the claimed embodiments require more
13



[0075] In 507, the time-domain waveform sanples are

converted into an anal og waveformto drive a power
wa@pgpbiofizes in order to transmit the anal og waveE¢DU#2005/022512

over a communi cations channel. [0076] In 508, the

flowchart ends. It will be understood that the nethods
feallRYs f&n %@xﬁf&‘éﬁy%é{te@ hn bAthIAnt ReMtdrYashBE EQI0WRES claims reflect,

[0077] It should al so be noted that the nethods
invgeisersubjedt metteilies diolaspthah all deatured of xiogigtdastlosad embodiment.

order. descriped, or, in an arti.cul ar qrder, Mreover,.
T oItaEE el o8 gt AR Thet it B, BE 6554 DRERRSE with cach
cla{fﬁgtﬁﬁ&iﬁFioﬂ@t@toivsfd 26 epnetdendddiRetexecuted in serial or

paral |l el fashion. Sohe activities may be repeated

indefinitely, and others may occur only once. For the

pur poses of this docunent, the terns "information" and

"data" nmay be used interchangeably. Information,

i ncl udi ng paraneters, commands, operands, and ot her

data, can be sent and received in the formof one or

nore carrier waves. [0078] Applications that nmay

i nclude the apparatus, systens, and nethods of various

enbodi nents of the inventive subject matter include

el ectronic circuitry and conponents used within a

variety of electronic equi pnent or systens at any

hi erarchical level, including but not limted to

wi rel ess networks, base stations, cellular tel ephones,

ot her wirel ess comruni cati ons equi pnment, conputers,

personal digital assistants, pagers, workstations,

radi os, video and audi o pl ayers, televisions, other

entertai nnent devices, vehicles, and others.

Enbodi nents may al so be used in comuni cati on and

signal processing circuitry, nodens, integrated

circuits, processor nodul es (including multiprocessor

chi ps), enbedded processors, data sw tches, and

appl i cation-specific nodules, including nmultilayer,

multi-chip nodules. Still other enbodi nents may be

reali zed. For exanple, many enbodi ments include a

variety of methods. [0079] Although the invention has

been described in conjunction with the foregoing

speci fic enbodi nents, many alternatives, variations,

and nodifications will be apparent to those of

ordinary skill in the art. Such alternatives,

variations, and nodifications are intended to fal

within the scope of the foll ow ng appended cl ai ns.

[ 0080] The acconpanyi ng drawi ngs that forma part

her eof, show by way of

14
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illustration, and not of limtation, specific
enbodi nents in which the subject matter nay be
wee@ehised. The enbodinents illustrated are deBCTUR®AS/022512
in sufficient detail to enable those skilled in the
art to practice the teachings disclosed herein. Oher
enbodi ments may be utili zg@m@ derived therefrom
such that structural and Togical substitutions and
changes may be nmade without departing fromthe scope
of . thi.s disclosure. This Detailed Description,
Whahis,clamPL1S'i s not to be taken in a liniting sense, and
the scope of various enbodi nments is defined only by
t he appended clains, along with the full range of
1. equA\zattthmsom}miamg ch such clains are entitled. [0081]
ventive

e, PERBPENE ThrREr a1 WA Rnicy! B oy A outpu,

the peddig6rtiod Beig poyfobh&l fehetrequdne Hb@Rin HEhediyyih@ frequency-
conveni ence and wi thout intending to voluntari Fimt

domaia sgmbpﬂé ugdd tormedudgp iidiwdra sub-6amiegs ofiangireoBARA HepewCy
cept if nore than one is in fact
legilosc slgagxgiﬁl%%l al t hough specific enbodi nents have
been illustrated and described herein, it should be

appreci ated that any_ arrangenent, cal cuI ated to achlg
2. t heThawethedobelsen rlmy/h@@nsfusélm sigad coBpriseies BlyERdity pecomplex

nurf B9 g i I’%S%ﬂﬁ%‘? cor ﬁéﬂ;atg % LR S EspbRdih 'i(%‘ije%?eétﬂfe_sub carrier,
cover an ap atl ns or v rlat ons of various
andewhﬁdinlmémﬁortﬁgrmmpm&ewns of the above enbodi nents,
and ot her enbaodi nents not, s e(:lflcall %Iclescr Ogd itud
her BSTFIM{HG frp%n%&a R ioR G580 Bvoisg FyTotoR of g amplitude
trarPORRESYCRWINE OIS0 BRNSIdRRCr i Pti o, [0082] The
stract of the sclosure is provided to conply with
37 C F.R 1.72(b), requiring an abstract that wll

al | d q ascertain the nature of
he%v% boggfc ]g?l’%érﬁgﬂlrebomﬁﬂﬁ%g subnitted with the

undgk sisaatticRge-F@ierittanWolthinBGhe B8RS dbMain&bRIED goferate
limt the scope or nmeaning of the clains. In addition,

sanipies ¢fer tiroe-dgohmgvefain wereSeyng el orthogers cowies san eforms.
that various features are grouped together in a single
enbodi nent for the purpose of stream ining the

4. di SThOFKIRA of Blatm BEHReRir0dacHicai€le® Sy eohiB i@bdilateddy a
interpreted as reflecti ng an intention that the

frequearyrdemeiissaibaent s require norefeatures than are
expressly recited in each claim Rather, as the
following clainms reflect, inventive subject matter

5. |'i eg rhéthb®ssmphwg:al | features of a single disclosed
enbodi nent. Thus the follow ng1 cl ai rr§r are hereby

i ncOIPBIEIASICRRGS I DR inP P @BTBEE Of Eﬂﬁ‘e@ﬁy'd@mﬁﬁl YHDPls,

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 carrier
waveforms, with each carrier waveform being modulated by a frequency-domain symbol;
converting the time-domain waveform samples into an analog waveform to drive a
power amplifier in order to transmit the analog waveform over a communications channel;

and,
15
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claimstanding on its own as a separate

enbodi ment . CLAIMS What is clained is: 1. A nethod
w@owpoisieng: predistorting an i nput signal to BCPUSENSG/022512

anplifier generating a non-linear output, the

predistortion being performed in the frequency domain

by WA requ _
T e AT e i ey
dordain isginbols haforé phesfedhasiogmeb the2timddemaiet hod of claim 1,
wherein the input signal conprises a plurality of
conpl ex nunbers each representing a constellation
6. p0| The ﬁl@ﬂf’o@?@ engh Bwhoreth $regBREHE p §1lf9fn§‘éﬁr1h|a%am@f‘ that
wherel n predi storting conprises: per ormng a
compenyatenfoa b nappinea treesfep nhayhctemisticraféhespowarnetlidier.of an
anplitude transfer characteristic of the power
anplifier. 3. The nmethod of claim1, further
7. CONMPRd HiehBd off BMEh SEufh&WostpeisinguhoBfyidd @6 ﬁe@amdygddnlr@n
frequency-domai n synbols to generate sanpl es of
symbokebyiteplicing e et otoie FlegraasEdomay: oty with éﬁeﬂh@;@m@maln
I. veforns. 4. The nmethod of claim3, wherein
I”eéﬁgﬁu?ﬂﬂque Swaveformis modul ated by a
frequency-domai n synbol. 5. A nethod conpri sing:

encoding a streamof input bits into a plurality of
8. f r efbemethod ofaiann dy rheres, thm@rdéﬁtwﬁeaéﬁngvﬁ%mprlse complex
e R 4R PO I QYRR LS GRER AR Bl
frequency- dormi n syrrbol sinto atine donain to

generate sanpl e a time-domai n wavef or )
9. repFesitiongt alagn&faﬂh%rctow@éw&m@ﬁ%mge@l %\ﬁé?wf@,mam
t .
Sy R P O Wt S ¥ gBndance witha
ﬁeqx&uej—dommmmpﬁcﬂstlomp@fc&meérmalthrgfrmméy}dnmmm sgmibets. a

power anplifier in order to transmt the anal og
wavef orm over a conmuni cati ons channel ;

10.an dTl% &@ﬂl%a %"f(:laﬁﬁ otfiRnds c%ﬁfp@'@ﬁ&%‘ﬁ%rﬂiﬁﬂi%% W EARRER IoRYin
nodi fyi ng the frequencydomain
convolution by an inverse-discrete-Fourier transform, multiplication of the time-domain

signal, and a discrete Fourier transform.

11.  The method of claim 10 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.

12. The method of claim 7 further comprising predistorting the time-domain waveform
samples by adding frequency-domain symbols additional to those generated by encoding

the stream of input bits.

13.  The method of claim 12, wherein the additional frequency-domain symbols
compensate for out-of-band frequency components generated by the non-linear transfer

characteristic of the power amplifier.

16
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synbol s before transformation into the tine domain. 6.
The nmethod of claim5, wherein predistorting is
w@eebot12sedl i n a manner that conpensates for a PCT/US2005/022512
non-linear transfer characteristic of the power
amplifier. 7. The nethod of claim5 further conprising
14,MO0fY fn@ﬂmﬁ%? olaif3UGAES ilmg@egu%g%lnﬁirp%ylﬁlﬁﬁé 8&tdifond to
one or nore frequency-domain sy l's wt
conktefiqii@npyind afraignagmmeck-smoelitiide mesiytdioh syst@n. The net hod
of claim7, wherein the predistortion synbols conprise
conpl ex nunbers that predistort both the anplitude and
15.Phagge REHBrLIEHUC REYrHOMBIRSMEY otnaiPsynlhisls B&FdIEEnd to
of claim8 further conprising nodifying the
confsteﬁqﬂimnmims@dfaiqraa@tywmp]@sbyhiﬁtekdymmgwtgeﬁon system.
frequency-domai n predistortion synbols in accordance
with a frequency-domain convol ution perfornmed on the
16.f I eURERSH0E QT BIaNn SY WhSles thd FreqUdiR yRMOEsy@hbls drfsBond to
further conprising perform ng the frequency-domain
congisHeddnpeiot dby barry phasesbiftreyarseemeddatien wstent ansf or m
mul tiplication of the tine-domain signal, and a
di screte Fourier transform 11. The nethod of claim10
17.f ur ThemethRART cBING Mahéompiginghtoditliig fkifeqtiery-dfmain
the time-domai n_signal by indexing into a |ook-up
synibeiy i@, acaprdprcerwidh ¢ polyneipial apprax Biokh 8 figrchign apverssrto the non-
.t pld I: | d .val ues of the
hneta??r%- %J%B#acgﬁ?%{ﬁ(gpfﬂlggs%gdh%rgﬁ%ﬁﬂﬁbd of claim7 further
conprising predistorting the tinme-domain waveform

sanmpl es hy addj ng frequency-domai n_synmbol s additi onal
18. 0 h%%’éﬁ’@éﬁgfc #Bd’ 6911'1@%&8@&%@% ﬁ@d@¥%§wwn?lﬁ&&t
it. . . f i I i .
ol ety TRy gl U A POSLRLS: S,

out - of - band frequency conmponents generated by the

non-J i near transfer character.istic.of the power.
19 3o Ths Mot of i Uil SarbEraEpatingHar BF AT Rl
appr&,8HHEHE ¥y SRR SHBERELS AT F IRyt dnie PAsHh & ihdtib®th order to

poi nts of” a quadrature-anplitude nodul ati on system
mirfifjzeTheelevtgdoderofn. cl ai m 5, wherein the

frequency-domai n synbols correspond to constellation

poi nts of a quadrature phase-shift keying nodul ation

20.SYSTESeddd of BRIMEDNHeref thé BlifinizeddiBE I cdniRises a mean-square
frequency-domai n synbols correspond to .
difference between an ideally amplified input signal and an output of the power amplifier.

21.  The method of claim 19, 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.

22.  The method of claim 19, wherein the minimized criterion comprises a mean-square
difference between a frequency-domain symbol and a corresponding symbol recovered

from the output signal of the power amplifier.

23.  Apparatus comprising:

17
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constellation points of a binary phase-shift keying

nmodul ation system 17. The nethod of claim?5 further
weowpioisieg nodi fyi ng the frequency-domai n synmpol/ES1005/022512

accordance with a pol ynom al approxi mation of a

function inverse to the non |inear transfer

C h ap ?6‘5&/@1" A 7]51'1&1 96 bt RRpBQNRIto ARk Wb LGl frbuenth @ivigbMAfItiplexed

aim 17 further conprising updating the polynom al
1npap:pgml andtd ganetaje awnpani signebhaving anoadhidearrirapsicp oharagteristic;
I|f er od of

fur EReE T SR iy T C g b P <dstition being

perﬂﬁﬁfe@Xﬂl R Qe @RbdiNLY ntdify e fapbhdycdaniis spibbResed to
ol ynom al approximation in order to mnimze a

m0§@ta&edn@dl®|al Fubragiicrs 26 the Tt ﬁ’ﬂlhbén‘bf cl ai m 19,
V\,hegne bl%nfg]l%cmlﬁ g‘lt%ﬁgt g{ ﬁrté ﬁﬁ JOWeL a ibﬁﬁelato rlecefnlfeet(l}e output

mean- square y anpli
sighalput signal and an output of the power anplifier. 2

1. The nethod of claim19, wherein the m nimzed

criterion conprises a nmean-square difference between a

sa
24, ”’?{ﬂ? Z@Jdarit[ﬂﬁojf élEﬁ‘ﬁ% %@e&k&%{\’ﬂt\&ﬁf@ H}l)ﬂ:{}gdlgtv(\)eﬁ? "ttgeﬁ%?&’b 13¥in a
maﬁﬁ?et tHat eon@bﬂmatbs dbr the abmlih&sr tmheﬁeec]:[amdnﬁmmlcmf thezmaver amphﬁer

criterion conprises a nean-square difference between a

frequency-domai n synbol and a correspondi ng synbol
25.f eC?H? 5}35%11&1{1@6@ dhieh 23 LR HRNAbadustcBRpRS¥Edne of a base station,

. Apparatus conprising :a power anplifier

celtudm beleplempopssore] tamaricoperbambdiital assigiaeh epd diteitsingment device.

mul ti pl exed i nput signal and to generate an out put

signal having a non-linear transfer characteristic;

26.C rﬁ@lyﬁtéﬁﬁéo%ﬂ%fsﬁ guce predistortion of the input
si gna the predistortion being perfornmed in the

fr eq mdqutctmncwdw sﬁ@@mmﬁ tmpglt glrtse@uem pbarfd'ttmf frecswbbtdgmain
synéjl? 3% ﬂh%regﬁ ggcgtﬁstygmg? 8?1}1]%1 éﬁes 8 ﬁ:g npge nurr]rhbeer ieéjg%ﬁent i1 %p]?lﬁathty of the
inppowey anplifier to receive the output signal. 24. The

apparat us of claim 23, wherein the circui trg

pr edh B¥ersesliscrrie- Fﬁputl ‘gngiernet ta PaoqeshhBlock Rhthe frequency-domain

syn?t? T{)ﬁ) egs %El%‘f’e Ja%ﬁ;p% (%% alfifle- Qgﬂgﬁ%%gogt}{ rgg)rljas g{n%%]t S%H Zdé'ﬁnogonal
caﬂiﬁt&ﬁ@dﬁoﬁﬂ@wﬂﬁQﬁdﬂﬁéalﬁetcwmfurﬁﬁbelﬁ)glﬁlodﬁlaﬁbdhﬁ&efrsqtﬂhd;}oﬁomam
symbol;

a digital-to-analog converter to convert the time-domain waveform samples into an
analog waveform,;

a power amplifier to transmit the analog waveform over a communications
channel; and,

a predistorter to modify the frequency-domain symbols before inverse-discrete-
Fourier transformation in a manner that compensates for a non-linear transfer

characteristic of the power amplifier.

27.  The system of claim 26, wherein the predistorter is to modify the frequency-
domain symbols by replacing one or more frequency-domain symbols with frequency-

domain predistortion symbols.
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cel lul ar tel ephone, personal conputer, persona
digital assistant, and entertai nnent device. 26. A
W@ y®bem3eonpri si ng: a nodul ator to encode a stPEHDSWN5/022512
input bits into a plurality of frequency-domain
synbol s, wherein each synbol conprises a conpl ex
nunber representing a plurality of the input bits; an
i nverse-di screte-Fourier transforner to process a
28.bl 0Tke gyfsteninef flnimg RENelyereiotiad predigiobiainssyndofgerrenzrise complex

sanpl.es of . a tine-domai.n vef orm representing, a sum
nurgher ok BIGAISEATt BRI BRI e GSaYEg o Symbols.
wavef or m bei ng nodul ated by a frequency-domai n synbol ;
a digital-to-analog converter to convert the
29 t i nFhasystimofelviet 23, mwlsaeip ltespredisiortanis 4o alodify Wae BE@reney-

a .powe ljfier to.transm.t the anal wavef or.m_qver.
A A R A
withRGtdgMeddReddni A6 YoMt PrEYIOte Relefd-domain symbols.

i nverse-di screte- Fourier transformation in a manner

t hat conpensates for a non-linear transfer

charact eri st j i f..er.
D N A e A R P G
dorh#ie QUEVHE®R} M BiyeReldkchye-Fepiaciangomnemoltipiivatéon of the time-
frequency-domain synbols with frequencydomain
dorpeia gigaelo prd BHissy ugiep gransfy@l.syst em of cl ai m 27,
wherein the predistortion synbols conprise conpl ex
nunbers that predistort both the anplitude and phase
31.0f Thesysteagubeiaiyn Banmidteis yiratdisto28r Ehe pefaietheafiultiplication of

the?t#%@ngﬁgi; @ngg{l%lf g}}(}tﬁggg g{tggll(g(t}é{?ﬁ/%ﬁg, ?vﬁ‘ér% tﬁg ﬂ)loﬁcyupt tggle contains

prov]:im{lt&ﬁ Ugmgxﬁlﬁegwagoﬂ Eetksd 0F 1108 o%xﬁ@ﬁﬂnad'foﬁqa@& gerslance

requency-domal n convol ution perforned on the
frequency-domai n synbols. 30. The system of claim 29,
wherein the predistorter. is to.performth .
32, eﬁiﬁ“eﬁ’é%‘b (Flﬁlnbé%@%]?%?l}lé]}? Qﬁdlgtrqrter 1sr:[% adg frequency-domain

sy¢%2§5m1&ia§ﬁ{ﬁ5§e: ge%e{ak&g% rRPSHO T8 stdtint d R gtk on of

ti1 medonai n signal, a discrete Fourier
transform 31. The system of claim 30, wherein the

33.P' e&ihes éy%{eiﬁlegf élg’in% 92,%{611‘81{1 rﬁ‘let ahd%it%laf fr@cllule%gytf-'dgr%aﬁfsymbols
compensate for out-of-band frequency components generated by the non-linear transfer

characteristic of the power amplifier.

34.  The system of claim 29, wherein the predistorter is to modify the frequency-
domain symbols in accordance with a polynomial approximation of a function inverse to

the non-linear transfer characteristic of the power amplifier.
35.  The system of claim 34 further comprising a polynomial approximation module to

update the polynomial approximation by comparing an input and an output of the power

amplifier.
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the time-domain signal by indexing into a | ook-up
tabl e, where the | ook-up table contains products of
W b@etd3vé pl i cati on i ndexed by val ues of the PCT/US2005/022512
ti me-domain signal. 32. The system of cl ai m 29,
wherein the predistorter is to add frequency-domain
36SY et sysadf bt ERNAR S WhdrBiasBe BEPEsAtaEEbRYxaRESH nitduldie to
stream’of input bits. 33. The Systemof claim 32, )
updetetheipolynomialdgiptoxonationt byeepimnzing dehedenligyrtd of Hie polynomial

conpensate for, out-of-ban reguency conponents
ap;gggigr}agpgén Bvioe{ Wemﬂl&lwlﬁeiar?ggelg{e rcggesnfoér characteristic of

the power anplifier. 34. The system of claim 29,

wherein the predistorter is to nodify the .
37% r edbie AesjIB AEFIBIE Y AbBheeintheminy pdred CEitequreogprises a mean-square

. nom al . . . . . .

B S i B

anplifier. 35. The systemof claim 34 further

conprising a _polynom al approximation npdule to update ,
381 he IB® sxﬁtfaﬁpﬁpla%ééow%pitg%mwm%#ﬁmrw CORDTISHLE MeARrsquare
it PR iocta hIBIRTNRS LRk e o Y EoEb Blding diitoed
sarjsle bdthepdgiue of the poeley mapiifitr. appr oxi mati on by

optim zing the coefficients of the pol ynom al

approximation in order to mnimze a sel ected
39CT I TRE bem 3f clailh 86 SYRLEIMRE méi iz 3GiterMRedotigRistN®e mean-

mnimZzed criterion conprises a nmean-square difference
squaedt differenambéteat b yreguguicy fdoemin symlttol sidymabrrespdnding symbol

out gﬂ%h_ of .t he gl%)wer 2 lifier. SF The system of claim
TeCgRSIS BT OF B! TRl W L T FRPIBR conpri ses a

mean- square difference between a sanple of the

ti me-domai n waveform and a corresponding digitized
40.s anpingrigdle corapiasing amaghingaecqseihermedipin ey gig asg@iatTthe
e QPR LA PR R St toming

fr ewcr%rmfmmrbﬁym Blits Nl a pLEGLY SF BehikHeg-E@yixdbymbols,

recovered fromthe output signal of the power )
whegeyt ¢ach symbaloconmisas @ Peneleg sMpppisienigsenting a plurality of the input
bitéTaChi ne- accessi bl e nedi um havi ng associ at ed

I’nf ormati on, wherein the information, when accessed,

r esifivesseidisctdie Foatdi tiiasfoeningrablogk ofthe 6diinghca-ddhtagiaspmbols to

of input bits.into a plurality of frequency-domain

gengyatp sAaplesypies @ing-deman woyasem {e@pﬁgplptggsa g Bhpithegonal carrier
Wa{;é}fﬂﬂﬁg, wifbatR @ﬁﬁ‘iiepglaéef&ln"ﬂ{)é’ihg trﬁ/odgfaté(ﬂ%/ 4 ﬁ@&fﬁency—domain symbol;
and,

predistorting the time-domain samples by modifying the frequency-domain
symbols before inverse-discrete-Fourier transformation in a manner that compensates for a

non-linear transfer characteristic of a power amplifier.

41, 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:

modifying the frequency-domain symbols by replacing one or more frequency-

domain symbols with frequency-domain predistortion symbols.
20



10

bits; inverse-discrete-Fourier transformng a bl ock of
the frequency-domain synbols to generate sanples of a

wo 2oveAHtBM@i N wavef orm representing a sum of orP¢DYSIV85/022512
carrier wavefornms, with each earner waveform being
nodul ated by a frequency-domai n synbol; and,
predi storting the tinme-domain sanples by nodifying the
frequency-domai n synbol s before

42 nv@&he madhisenetasibunedumtof ahshdil nwherem the peedisiention symbols
t hat conpensat es n-1i

COTERLSE eXRuIRbels Ih%{ B‘%\ﬂ)g?"“a?&ﬁﬁ alraéxﬁprlﬁﬁcig e?nrflfpélase of the frequency-
dmﬁ%ﬁ@?ﬁ@bggcessible medi um of cl ai m 40, wherein the
machi ne- accessi bl e medi um further incl udes

i nformati on, which when accessed by the machi ne,

resylts in the machi ne,.perf.orm ng: di fyin he .
31 T oA e RS DA R Ly By B et g corge SPchiEgcocssivi
mebl Qg HLMeY FeReHinTyiitobs, Wwhith whes de@Rsd-tdaR@fachine, results in the

predi stortion synbols.42. The machi ne-accessible
magkige perfermisg:ai m 41, wherein the predistortion synbols

CONMprise. . that _predi .
R S R R
predi@torfibe syrisdis itacaeeiRAsH Witk a fedicmtyafoneliacsnvéitiontperfeimed on

t he machi ne-accessi bl e nedi um further includes
thej fifaye Ryt ORI HRBPSWhen accessed by the machi ne,
results in the machine performng: nodifying the
frequency-domai n synbols by deriving the
44f r eqQe nmyhideaniassiplreadt dtuaroficnm sig mybérsin the acchimdancessible
with_ a frequency-donmai n convol ution performed on the .
mef g fethey gBidas iuumabionsviigh Whep acqrgzedi lydhe freigpgeghlts in the
i .cl.aim43, wherein the machi ne-accessi bl e
nm%@%%ﬁ%? uf?’er i ncl udes i nformation, which when
ac c pes@thiby thelfee quenndyt- drenain esasolgionrbyt dneinwersdridiserete-Fourier

rform.ng. perfarmng the fre ncy-.domai .
traR o IR Bgn G 1o U R Se AR SEaD A0E0iPicGs F Qs SPpyaRm.
mul tiplication of the tinme-domain signal, and discrete
Fourier transform
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