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occupi es approxi mately one hundredth of the
This ensures that different subcarriers do not interfere with each other under normal channel

conditions.

[0004] In conventional serial modulation (not OFDM), a number (e.g. 100) of QPSK
symbols (200 bits) is modulated in a sequence of 100 complex QPSK symbols over a total
time interval T. In contrast OFDM groups these symbols as a vector and transmits the QPSK
symbols in parallel as 100 subcarriers each modulating a single QPSK symbol. Each of the
parallel OFDM subcarriers in this example occupies approximately one hundredth of the
serial QPSK bandwidth and spans approximately the same time T. Both the bandwidth and

throughput of the serial and OFDM transmissions are approximately the same. Small
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[0014] FIG. 3 is a simplified functional block diagram of a transmitter system
including the PAR reduction algorithm.

[0015] FIG. 4 is a top-level flowchart of PAR reduction algorithm.

[0016] FIG. 5 is a flowchart of PAR reduction algorithm iterations block.

[0017] FIG. 6 is a graph showing magnitude clipping nonlinearity function.
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the imposed spectral mask for out-of-band emissions for HD Radio™ FM all-digital mode
MP4.

[0027] FIG. 16 is a graph showing simulated average PAR results for the PAR
reduction algorithm for HD Radio™ FM all-digital mode MP4 over a range of constraint
values (limits between 0.825 and 0.9).

[0028] FIG. 17 is a graph showing simulated peak PAR results for the PAR reduction
algorithm for HD Radio™ FM all-digital mode MP4 over a range of constraint values (limits
between 0.825 and:0.9).

[0029] FIG. 18 is an example of an AM/PM conversion characteristic.
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band 28. Once again evenly spaced OFDM subcarriers are positioned in an upper sideband
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a mddelamﬂMoWhttramdeaemCEDMwnﬂmﬂ datastectoe iscimontuleiet ¢d pitatuce the digital

time- cIfolrncétgneréggn % Enormahzed) This modulation includes passing the data

symbols through an Inverse Fast Fourier Transform (IFFT) to realize the OFDM modulation.
A cyclic prefix, along with a root raised cosine window, is applied to the modulated signal

(excess time=7/128). The combination of the IFFT and the windowing operation is referred



[0035] FIG 3 is a sinplified functional block diagram

of a transmtter systemincluding the PAR reduction
w@bk@snrdéskon i nserted bet ween t he OFDM nodul at or PERUS100%000925

HPA. The transm tter 40 includes a synbol generator 42

that produces OFDM synbol data vectors consisting of a
to lgnoefprtbfas QeadF@MimedPhtse TSI':i|nﬁ<1dul@é§adr wgp@@%Dmeadulator is passed

os GERBRLR GF LT PO LB PP oHfd SSGmRRIROYTS amplincd by

higRgoWRE dnfp] A0 hAd 9brniA theh@ERAl OGRS RrafdrhiMed Y0 la faheed PAR at

vector is nodulated to produce the digital tine-donmain
antsmgr@l sanpl es (normalized). This m)dul atl on i ncl udes

E@ﬁ%ﬂg 51\? 833?‘8’ #]S {*’”E%f)%f %%E%gg{h%d c 't:l%fcitsteps is presented in

FIGOAUlBid @ldwchar€ ¥edrisCatPBIBER %0 @IdOSHBWA ﬂhB SbefAdhs IR ififting OFDM
cosi ne wi ndow, is applied to the nodul ated signal

syngtot detgsthrough-ontmpeyg mprelated s PAR-Hiused time dorrin sigel samples for

eacbW Icil{ul n %ﬁltt %11)0%% fa?ée é&g%l c@?f%ﬁ&%&&%{ e input is a data

veciirMohiiBingi the Bﬂqﬁﬁ‘d f@rcadlh acthieUOPSK stﬂhﬁtﬁ%‘i&ﬁ"of SRUOFDNNsymbol. This
al gorithm46. The output, 48 of this block is anpllfled
cangRe Yipypd B%W@rfr%q\aﬁnwﬂ@mlea%fﬁﬁwaéWOE grehdifyin hin ¢spbqsgrier) prior to

t 0
OrpATR 3y S S AN GO i
comjplep Sreqsenpy esmpbacht |bﬂ1sﬁlrﬂonzﬂlly Siated Man\nhﬂ‘lmrﬂmlsiraeﬂﬁnamdth Each

actlgllg ?};ggp? g%%gs%n{eﬁ%\ﬁ athche g’hﬁ’? L onﬁgjg)m‘ ifj:é}'péi)ghdglOQ:latlon on that bin

du t | I
B LA R 4 A e 50, s

bmaﬂyasbtstdﬁ devielsp LInaqtsredmr&arasaze@zm conprising the bit

p@%a f ogfh? 35‘:(]&1 Ce%]:g\r/l\e/p%gansz on ﬁ)égclflﬁ? rgé u@{q@{;h% l{)&ﬂf\iﬂna} equalization
coﬂéﬁe%zﬁﬁ%mséb' onwien BAGR Hktbrid (fift rid QF kighific¥nt tfctor at the

DM nodul ati on, where the EFT converts a conpl ex
traltsnﬁéerc&)ompnt mtg'pekt (1P A cdutpuil, dh@onqﬂaéxatfqne@mmatlon can be used to

d h
pref R e o ttl Toe b s R RER O S Bbeti o BRI idsiiihe same size
as thé Bpiy vevisr) e6nthin gRSKedim e cH] dF tl@fboﬁ{pléMtFlﬁtl dain (hnear distortion) for

(subcarrier). Active bins with intentionally-reduced
eacbusgbmcrrevﬂesc%mi% gaigagsasiptedbwithieaeh binnig ycogenlex gpmber which, in

eff g\ljau;ftizpaltelgl g@}s&rﬁ% b[hgs Eals tmclil ff?ergﬁenc{ OQaﬁZ le {B%H | Each of the

ensa
elemalhtaldetéhEI1ﬁput00€m&&n&ahiuﬁfplﬁtlel$y eMheof kkhen eaﬂresqbbﬁdmgtal@ﬁent of the
(filtering) significant factor at the

equakizeion; eeteF twlaﬁ%ﬂquw&q%ﬁwt@mho PHYRSOL: t hen
j Za
SN, T O SRIHETIEON L BR0L RS APUEET Sl smbol
vectwés canvered o ¢ tinee doanain signel fas eacheOFDMLtymtedt dhjs transformation is

T T N st
pregﬂ{;lg’%?}&? gﬁérattﬁlqe ¥ SfbeR@G PR énd oF 1RO BRIpRX vBUBPBfior to tapering the
ends of the symbol with a root-Nyquist pulse shape. This guard time, cyclic prefix extension,
and windowing are used to improve the signal’s performance in the presence of multipath
interference, as well as suppress the frequency sidelobes of the subcarriers resulting in

reduced out-of-band emissions.



effect, nmultiplies (distorts) the original conplex
frequency sanple (bin). Each of the elenents of the
WO pat7esect or is multiplied by each of the PCT/US2005/000925
correspondi ng el ement of the equalization vector to
yield an equalized input synbol data vector. [0038]
T3/ duThe & ABFDMSYioD callgdmithmlot@&l(mdmclt ﬁatrepwsentmrdwt algonthms

sl e KR O SRR RO Pl s J880RPuese sz

are RIBSrBEARHerving iR fhel fIAPEHRE &mi &x fast Fourier
transform (1 FFT), then a cyclic ﬂbefl X Wwth a

pk08deL er The) Outnyd QEDY] $ymbed heake {ieetpuis thé&mendpradin 1samples of the
e B b R o Pl IR s

CBOOLII]C PASfl bR $id%iRE maRe dettl 1N dOMBAR! RAWGRA d18orithm iterations
nprove the signal's performance in the presence of

bIOﬁJg pBiof LG it eresented de FlEs Swelle igBUS Al disflowehart is a sequence of

e e i 4
oo RIS SFEHER s SIF RPN, ARELAAR iy o s
synﬂfocg@r | THIS ikdratiat afyosittrh antifiesr eprreiest het PAR of the symbol while

al gorithms used in reducing the PAR of the nodul ated
consfrpingythe drequeny Qfémam(gyreboltwe@@é) disigution prek owlref-band emissions to

acc%ﬁtﬁﬁl&%%gltsl a&:%{flg%ﬂ%%?“ oc&g’ 7%81%2 tg%ﬂ?fsm{: o%vel":gi;cre[goﬁg] acceptable

corplorai s Eﬁalknvﬂmls cohsttadEnPAR- digdtimado @ddbtabiegleadls. Then

t 0CEeSS nti nues for sub OFDM synbol s, .

[@gﬂ%]r ﬁchls&gﬁﬁl’lieses‘ﬁ%% ABH fgﬂg@MFP’%‘%‘f“{ iﬁﬁ function can be
useliqd ‘f)ﬁftiaHSJ c%hﬁb@ﬁéa@fﬁr'tﬁ@ PR %s%rﬂ@ﬂf 11§?bdﬁf:ed: b@theAfH!P% AM/PM is

presented in FIG 5. The tnput 72 to this flowhart 1s
genaraélefcphem@noéd by duslightedtl QFDMhs yimizodanaintsignel pdadss esitheutignal in the

is t ePAR—reducdve |on of se .S ols._This . . .

EpA apiodcEs SRBBHPEnaEd JHoISHBth Rootfelf S 1B FUR Jdityign terative
pro8esT At ANVPME dé; ?ﬁ&&fo@id&hr&grédi@edrequency domai n (synbol

vector) distortion and out-of-band em ssions to

a[&@é:ﬂt ale@e Cp Slignal Magnitudeslotk @B aeprosents a function that clips (limits)

o RALAL R FOAGE 8 APTE SPGB B rmind v

(e.d. VB kisnes [tﬂaél%]; 18/edClr 3B2rE@PPAFHNt Th@PeskPid BVErhge \DOWA reduction is
ensation. This function can be used to partially
accg@%

ghedadnechipning 198 Lantipgthe Sedy masnitydesy oHech@aswftq@éh sample is
pre%: ﬁed AM@{XLE;?&P? %E&%o nar%r?‘(‘iglgégsﬁdg%tg%fgéﬁagdgésﬁt t%ﬁ %Ialllcg Qltm%smns which are

latetr herrd:di?éki aphe Hragleasy ﬂamufnqirDangwmmdeieutegatiohl S ef f ect
Wi éhi n the PAR reduction i tergt ive $rocess t he AM PM

bk o TomDemadtiate QHOME §tembplask SBrlusrais tbr grapdulation process
thaﬁ\/’li"@ m‘% S fsﬁg&?mﬂlgén@ ges of 't es};g\%% ng(()b(%lg n%éggﬁb&ll hl%%louSly' The
den@%lﬁlmtmylrﬁmys iscngbd wslghung apd ddidirer of meobndal(wher(a ahg cydicSprefix was
apptgI > ttlﬂﬁ a%%n\go¢ eégéltlliag?p Is@p% op t%e syn)1b01 Tpnge tgen corgputlng an FFT to
yield a somewhat distorted version of the input symbol data vector.
[0045] The Remove Eq. (if Eq. Comp. active) block 82 shows that if the optional
frequency-domain equalization compensation of FIG. 4 was performed, then this equalization
must be temporarily removed for some of the next steps of the algorithm in this iteration.

The vector used to remove the equalization is similar to the original equalization vector, but

all the elements are reciprocals of the original equalization vector.



acconplished by clipping or limting the peak
magni t udes. The phase of each sanple is preserved.

wa keos/ozdseppi ng process i ntroduces distortion aPdI/us2005/000925
out - of - band em ssions whiclP are |ater corrected in the

frequency domain processing within the iteration.
[[!kMﬁ] Thie Mﬁ@maﬂgsﬁzﬂwsﬁegatmmb&oé\mho Miskubloglat8ds shows the

rerieat PErE gt SR TR pldns Ml iet feh e mgeess. The
intépiadiatiah i &ﬁoﬁmpﬁadsB@'W%llpﬁhg hinkroBuc8 dndi®d diR@r@dn) into all the
the ends (where the cyclic prefix was appended in the

fregieagy bins afshesambenvestasp)This funetion yﬁmalrtsu the distgrtipn components to

acchtn?J#t \r)%paprh ng q?tléfana?%l%\egcl? emf’mg(ﬁg}lﬁ#ﬁ ts%g eé%{L__o Id have the

undekirati€l -effeoiTBf r@s@éﬂﬂgeihebbwkk B3k ShoWhet it ddmdifiignal. Instead the
opt i onal frequen % domal n equal i zati on conpensati on

of
distortgon i madifipd if sidkedi Way 188 ko DHNENige thel degaadagan iy P SKedemodulation
perkdt aRE réddy sﬁ;ﬁﬁ@s\é e&p dthan@ iohd'%o %Xﬁcc%gngfo?ng%\%%ed upon a

al gor hm In eration. € vector us

preﬂd?fﬁlﬁq@mldf-bahd @misstorsi madkavectdr. t Merodegilnaf this process are presented
equal i zation vector, but all the elepents are )
latezfe cHy gEagess sgsuithan FPTt park semiawh, f thentipecdosaip sigpg]. Multiple

1terzp§ns08f]§ﬁcr r@ l’f;ﬁr\?ﬁfltbﬁl&# Q&\@r%ﬁeé ¥o MRAGKMPORE peaks while

A"Shows t e re signi ficant stortion
constrmnmguhemtdﬁmddhmtmn pwduuts te agreatabtd lepgds.ng process.

B0 CABS R Pl L i oms RSEPIock i bl B if he optional

fre(?ieﬂéy -@bmbirCeqiiBRlonVEsihRnsatiol Waf YoEbiR ﬁpﬁsﬁrEﬂbﬁ‘sg step, then this
he distortion conponents to acceptable |levels. This

equdlizatiomtrivest be sestared bipcasit twas e¢poesdi inian antexinesiiate step Ipiiisr to this one.

P ook MiRGIATEF P RERLPRE 58 530 ¥ ikl Sfge input symbol

dat8lv&dter ntPA tihfe-doREHiA sPHal fr SHHNOBDWRYy@Boll OrHit Blephd€been described
the degradation in SK denodul ati on performance, and

in theijslontend bingk-0bF1Gahd emi ssions to an acceptabl e | evel

AR, PR B FTNGY e BT SRR TR n e s

iterh@dre(a praddbtEnPRACRESbF 5, Wbt &x ahiplf) ) TdrethisPeak-réRGEQOIFDM symbol.
of the tinme domain si gnal Mul'tiple iterations of the

HRRSQI gofhe Hpedudatipnt mmneéﬁlaepg efieRs £ fHusitaed eby Kee following
onstraining the internodul ati on products
ag@%ﬂacc\g@tlé\gq g | evel s. [0047] The Restore Eq. (if Eq.
active) block 86 shows that if the optional

fr - I n._equalization conpensation was

%m%ﬁﬁ%ew ous step, then this equalization
OFRMst sylybolr pertoyrarputient@ DM symalw] yesionleed 2048 camplex elements)
sig Enppmw@mt SmpbERedsHOr to this one. [0048] The

B e T

eacchO:DM synbo?. | This step has been described in the
i deptical bl ock of FIG

sigout = . -sigext

4,
this is the time domain signal of the OFDM symbol
where w1is the root raised cosine window

0 Warze |



[0049] The Last Iter? Block 90 shows that the
iterative algorithmends on the last iteration (a
wee@deressin ned nunber of, for exanple, 4) for PEI/ES2005/000925
PAR-r educed OFDM synbol . [0050] The nodul ati on and
denodul ation steps are illustrated by the foll ow ng
DEMQPULARECOFPM S YMBOIns. MODULATEOFDVSYMBOL
szggftglﬂnﬁﬁf gbaloryRe §y‘ﬁ{boﬁhmu gﬁ&(&: % 2160 complex elements)
ynbolvectog . 9., 2048conpl exel enents) sig -
IF o OFDM _synbol vector) si gext =sig +append cyclic

extensivgn ; append]l 12 sa fromstart of si now
sighengt h 2160) 0 W Lo i gpsclh ef‘Fﬁéoﬁaﬁéﬁgﬂalgfﬁﬁg%FBMsymbol
the OFDM synbol sigout=" si gzt wis the vdoeraised @ink véndoaot
railsed cosine wi ngow 0 2 179. DEMODULATE OFDM SYMBOL
i gdut =i nput wgx{ OFDM symbol time sanples (e.g.,

szg%@ﬁc?&% % gﬁﬂeﬁs‘l@m&ﬁ evl\llhr&f %é:bg g{ljchﬁ'g ﬁl\%\{?g?@%\/\;ﬁg H}e%ﬂgﬂ ?ggg (2048)
OF&% séy&”bé’ @ywﬁ%c%%g ig =fold cyclic prefix

extension fronmend of sig by adding these sanples to
the start of sig (2048) OFDM _ synbol _ vector =

HO05El g) The aiding preocedsiapisiupgn p)]na)nﬁgﬁ;mﬁlet of tlﬁQf(bIﬁpﬂ@( OFDM symbol

udes of the co np sanpl es or
sangfiy ik ERRIETISOHS INOHTHAR] RS VALY ol OF 1IN cpmplax OFDM time dormain
sigrad sOADM AlddT % dRRRI ApS bﬂé@ivesmé &% ih§ u%gﬁ#ig%glttﬁ)de level was

one. effective value of the clip magnit
expaameriefgrdatentizdd jo detaboni déd (3.6 dId RARUt TheSur(iB. &rediB magnitude

AR) . . The units.are in. m |tude | tage).. of the
(VOF%%% B o o P OB Y lﬁr@s}’%@w Bt 8 mpg magnitude of
1. dhe rsaﬁlfmgwuﬁ wilgnRhdel. belb\e 1S9aR! ﬁﬁafmctéa NBgRLdSnples above 1.5
below 1.5 are unaffected. However, sanpl es above %

magrigAr eiriest 4p d-Swhile pregergingtthe ehpteeafcthe inpyt streplph a&aeecunrng samples

o} 50 PS5 e PG EETE ghRB S S Shies o i

conﬁﬁfﬁﬁoﬁ§ of ther¥yidrBr@®R. TABPsIIRHihS ﬁﬁgoﬁfhrﬁ B BObRARS bR @kample
The follow ng algorithmcan be used as an exanpl e:

s, =Re{s,}+ j-Im{s,} ; input next complex signal sample
magsq, =Re{s,}> +Im{s,} ; compute magnitude squared

. s
if (magsq, >2.25) thenlet s, = ——2— ;clipif mag >1.5 (equiv.)
Jmagsq,

Although both soft and hard limiting functions can be used for clipping, the hard limiting
function illustrated in the plot of FIG. 6 has been shown to be simple and effective for this
example. If the final PAR-reduced time domain signal applied to the HPA is still expected to
experience some compression at these reduced peaks, then a soft clipping or compression
modeling the HPA should be included in this clipping process. By inclusion of additional
HPA compression, the PAR iterations will result in reducing the effects of this distortion.
[0052]  Soft clipping is a more gradual limiting function than hard clipping. Some
HPAs tend to gradually compress the peaks as they approach high values as opposed to hard
limiting where the signal is linear up to the limiting value. If the compression of the HPA

can be accurately modeled, then this type of clipping may be more effective in some cases.



Sn =Re{s n}+] -m{sn} ; input next conplex signha

sanpl e magsqn = Re{Sn}2 +In{Sn}2 ; conpute nagnitude
waquwanaded f (magsgn > 2. 25) thenlet Sn ; cli pi PCTYES§2005/000925

1.5 (equiv.) Although bothigoft and hard limting

functions can be used for clipping, the hard limting

f[umss] onThda kassits af € dhlppir1|gq3rp¢a5$ afiér dfi@ itGath@as d:f&ﬁdﬂ PAR reduction

s be si npl e an ec for.thi exanp] e.
alg%fgmf issRpWpAR theeplg dffﬁ@ dsg ﬁngﬁggﬁﬁdnglaﬁb\fq the SAR (instead of
ma%lh nliRaild PARCKPALED dRPaffIRRE PAIE FeRiPfiBh ?ltgorlthm. The OFDM
onpréssion at these reduced peaks, then a so
synn‘bdl pp:ilsm:gs of 2 Hfhpmegdes @fiemodwdlicrpgefixexteidors froml 20488 The three plots

e b A R TE BAR LA UG o
sigltia?gH{’vEr 10m. rme%ets{ﬁlaﬁﬁév?&t@e(ﬁfal this distortion.

52] Soft clipping is a nore gradual limting
f I00E4]i onSIgthrcahhdldtomcnplptm@ucegdwethﬂmal dipgingoprocess is removed by

dual th th hi o
corflifite QEsEp FRLEIR, abG BTN A ker d hErargpgipign distortion,
cau%%ms&rchyﬁntgonitMu&dsmdlsd]ghs\t@luuﬁ) idtd alln@e qmaj@&&%sbﬂa @fthe symbol

e

PA can be accurately nodeled, then thi's type of
vecar pihisg funsiion econsiraine i disterion reompenenta stes ac[csmablje levels.  This
I 0 0 rei

s B34 by 5 S ISP St i e it o
restolifg pheopsakefbabk @to Ahe Hn@nd@dmain eiggiak s Insfedid ahé idiktoreibn i @odified in

PAR (instead of magnitudes) indicate a PAR of about 4
suchg Vet asrto myaimmARthedegradataon iy QB K demodlgtiompenpiaiarpe (and suppress

t i ..
outgogtrf)éiﬁg ?al?)mrl]s%iorng %ng ggigggéltaﬁi efe@ lrlgaee@fqg(%(ﬁ: L:p dleﬁgéd ?Lhteof band emissions
masknpeaoes Seds Qrddeks ir@;nhl; id Qfytidl h;&aaK’ARgrcﬁ'dh cefdthei gimal domain signal.
02, .and the averag gnal power, 104. The avera? o

Muly étpraﬁg% |teni%lstogl portv(grgfnccf %gm]‘ungg% the peaksiwhile constraining the
inteBUREAOR: ouﬁ&ts RsHCEtab% 1826, ST gnal clipping process

'S reane constral ning QPSK constel | ati ons and

a{]ﬂﬂﬁ@ﬂi n(ﬂ' lee QR§K conktellativing rofitiebudcditve subadiridre atei apnstrained to minimize

uces n dlstor |on

decfitiioin FFSGUBRESbii reiotRgcey dbare eencs of Airand Atortion the

ided1u '@Sl@nc&@féﬂﬁﬁé‘ﬁ NSonkRB B S EGHpIeRN cEAMRMBAT %oifn% (nomlahzed for
acceptable levels. This distortion cannot be entirely

congenignashred-1st Ince1t-h). - wd kel Gy &) dapending epom tisl two bits each symbol

Con il A Ok G S0 RO bA! THEO Ot GBSl PSS alep e pere each of the

BPSK Gompoénts d5rie® ofit BitNTThe RATE rélReti el algofthnh,Mn %t&ular the clipping,
denodul ati on performance, and suppress out-of-ba

adds ppise fQ S qoasta%atwdamt&bﬁém @m ocsweﬂlqnﬁbﬁ a@dltlve n01se changes the

pol%{tg %? foh@ %‘f{ th%ﬁ%ltso TfOIb&gﬂlp p e a r S5 g \ﬁﬁtgt ? " 4n 01se component is

cess resu

-1.1doirahie @ls@nalTheM:ﬂa&mﬂl @ddst b8 nolks toerd fe@m&ﬂ 31gnal and the BER
convergence to mnjmze the peaks while constraining

performanGers 2 fuctiont of she prassin of wettaana%t&@t Agad @ngwords if an ideal

trarlsgngcge?]r éqé? gc%;ﬁéleglg -rl]-z Pﬁg IL(.?]}% dﬂf{lgb}?n{hﬁtﬁ)ﬁ{ Q&Bhﬁﬁn to output +0.5, then the

system loses 6 dB of margin for that particular bit. However other bits in the PAR reduction
process can actually be enhanced since some of the distortion components will increase the
+1.0 value (e.g. +1.2, or 3.5 dB improvement). Even with Forward Error Correction (FEC)
improving the output BER at the receiver, the performance is degraded by the code bits that

decrease the margih. Therefore the PAR reduction algorithm constrains the loss in margin to



degradation in BER (Bit error rate) performance. In
t he absence of noise and distortion the ideal QPSK
w@omshaisb@t i on consi sts of conpl ex constel | at i POT/PS100$/600925
(normalized for conveniencd} at (+1,+1), (+1,-1),
(-1,-1) and (-1,-1) depending upon the two bits each
an ggaepabledevel eslstivaOIKO ¢ag., A8SH e whbe thedbragioas plippingprocess distorts

oo oK a2 S SRR 05, or 085 for
ne%'hl;‘.]igé’ rpbrabm)i fHRnRAE tb&bh & agphA@prfakélp RoRdraiRedS Me ifistidld (+0.85, or -

constel I ation points. bit error occurs when t
0.88ddi né¢gative pblety)hakhgesitst with pohagnituge gfeatamghaf 0:.8Agemain unchanged.
bits. for exanple if a +1.0 is corrupted to -0. the . .
i Bt At s of i e FRRL R Sk g g Baricutar bt

whé d8usiRY 6nlphsRst ?ea!krh?gr{a@ Q@gfrwaﬂl %l 88 dmABEnAiARi SR The process of

performance is a function of the margin of the
constraining the &PSK eanatellation peintsris ilbwuated ik FEp. §, ddwire the threshold in this

transmtt i gnal conponent .+1.0. |S.corru d
exi P 3 b 610,83 PR ERTRROGRE A pinls 1ok GYeRL Rpfite THBx symbors.
AltHBugf softey i the bied adthaly fx@etiérdladindtédse ildoMayaha@il) @e overall loss in

bits in the PAR reduction process can actually be
BERiie#ieemancsiineunis®he of the distortion components will ,

[ se + I . 0
RSB0 T Soreprasst TR epCond kel 0 eolnpioife perppsn Joss of BE
maigip aod pex repreweiut put exBiiplatif theehesadd vedet td 095, then the BER margin
{)erfor nce i s degraded by the code bits that decrease .
10s§ e WER A DUt RS PETOTSETHE TP ARRaeE d QUEFESH VanigEtiops i the clipping and
QAR pRIBSed Bshdnps o rigH j e i i
cob ISt pgeRs! e o rofB il PARCRIR SEAC IS Sl rion constainis
as it copyeigey tps@ue sBnidisn BARSvaudi An epappleedfthd QPSKwahsteaint algorithm
. of less than a predeterm ned threshold (e.g. +0.85, or
15 .0.85 for negative polarity), then the vector is
j %B"Q%»’CRQ th@ﬁRQafé L - r
Ut&@é(]){r Slﬁ”gr neeéatigjé}go ar i(ty ."rPThdéhg(%flgpvy\CndE @;gs %{d”c}
if AaysIRSEde >dhecat bnid,hanND gmi{dehsiOn theelehngedrestdindd, }
otHe PRSE Q@d’vegptggsn vnBRargbiect of minimzing the worst case
margin | oss for any particular bit, while causing only
nodest peak signal regrowth in the tinme domain signal.
TiesPr oCRStheOflgsiahnt ARl BYid R IPRbprive 8b@bleRtdl&ent of the input
oints is illustrated in HG 8, where the threshold in
OFPM symkeingate viegtos ethery dp igthe emuplex fpossipho staled)t bisary data for the

' l. ough _Sone.
el OPsR3YFER) THOLSBe SOTSNRELT g BARSUARSA GBI of
elemmitgifter clippingvemdaddnstraigsitemtiBisR BeA@r sCalldws active subcarriers at
.mnimal. [0056] The appropriate value for the
differepplenels yssdkindhe elirgigita Qriignediseuased|lgfss of BER nargin
eak Eor j.f 1.S: 1
J00S95 7 G 4B LR sy BEATIAS: eyt B (b'hid in coherent
siginlttrackia g pemaktor exgitoind bharmel saat ifornfation €SIy €or subsequent FEC soft-

o S B Pl B 57 o A B g5 8 a scuson
SR A TOT RS ! IR e BB consclions
to exlagby ithehonigisal OFDM symbol data vector values. Since the number of reference
subcarriers is typically small relative to the data bearing subcarriers, the regrowth of time
domain peaks in the modulated signal is minimal.

[0059] The nonactive subcarriers are also constrained to suppress out-of-band

emissions within an acceptable predetermined mask level. An out-of-band emission mask is



if (Ref[QPSKn }<thres Re[d n }) AND (Re(J }> 0, then
let x =thres Re[d n } if Qi QSKn }>thres Jnidn}) AND
W@ ngod/omspe<0, then let x =thres nfd n } otherw BEI/US2005/000925
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follopfingldgonthnyachiaves thisimesk edsiswaihtsr t hese subcarriers to
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mags,r ele{X hbsbh@éK} c orighess Xat=igadivedineyalue foy OFRM symbol vect.
ori gi nal OFDM synbol data Vifsk OF val ues. Since the
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relative to the data bearvi8dbcarriers, the regrowth

otifwisk q@a@m@hﬂ%hs in the nodul ated si gnal i's
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af9086L e phadpeetrdlrpotesfethaimedhlares kighsvaiter the PAR reductdnggorithm is
em ssion mask isa yqector of the same size as the OFDM

shog¥piBo TG, de t AP, Rygher esystans prachriogdeasibcyariong modgs @s discussed in the
pregl%ﬁ 'ﬁérﬁﬁm\@ﬁ s aphRxi de'l?@ﬂ§ k4 BOR ]l Hgl‘? 1967 HRE D Ie?éersents an FM

i'nactive subcapl Re inactive Subcarriers
Hybdd mode[MPIY odiliting actﬁ*&r s@banefmatthafm@cbnbp rage cxpp@ctimately 129
t he mask mag m%ude (or. magni tude squared

throushnl O QB citbey $16¢ of dh copigrfeM fregurney; b?gigliei s8¢ 1 Fysybearriers on
eac@\hsg%ebgﬁ% el { oAl 3\% ;f%:?gerxa oy %tﬁﬁrﬁm & 196 RWERS {SKrier. The FM

I N exceeas nitude i1 s
anamg’ls'gmedlispmkuhi i3 dnhiétedrirs this pimeWhamldnday fheatigitalipogidnhELO of the signal

sp q]ﬁlrg 1§n§ %&Eglﬁ&lggﬂ;}%{g %h%gélléeg\(l)mﬁtg]%eaé% %t}vtfh ?q%%%r%\ég gnstramed to be
undM#e8naskN 131 nactive bin value for OFDM synbol vect. if

magsg n < mask*, then et Xn = Xn -Jmagsq,, otherw se

| [QQGE] XnTmeABrmfﬂmnpwa@]ingﬂﬂm pgoritlahs jﬂdeesoﬁbuhwas simulated with

| ated s ductlo orlth
the SEith BieREneBlostd Bhat I FIG T Stkbo o dfe kishlbd Ryerage AR
resmesrﬂo@ufe PWH@&iu@ﬁoﬂ la%@ﬁﬁﬁﬁ gorl FID R T Mefw.qm}aﬂrw WBa MP1esVer a range
U. S. Patent 9,544. The signal in FIG 9

of ¢@pﬁr@i§bml§eSaﬂn@m bepeeni OfBaand I0F) TG 11ilzis rgztaph shawing simulated
peait;{gﬁ% rbdufit Jor e PHR HEARHER Ghookitld FoPEDPRRAS™ FRE Bly¥rid mode MP1
over a range of constraint values (limits between 0.825 and 0.9).

[0062] The simulations span 64 OFDM symbols where the resulting PAR values were
shown as average or peak over the 64 OFDM symbols in the two plots. The PAR reduction
shows improvement as it tends to converge over eight iterations. A good value for the QPSK
constraint (limit) seems to be about 0.85. In this case the average PAR achieved is less than 5

dB within four iterations of the algorithm. This compares to an initial PAR of roughly 10 dB.



through 199 kHz on either side of the center FM
frequency. There are 191 subcarriers on each sideband
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F FIG. 12, 13
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si deband. The réesults here are simlar to the
incigpsed relative digtortAR r eduction is slightly |ess due to

AR oRMoneb, AV Ep6 W RO TqBHobiRE agRar i i, secondary
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Constrali ni g\%@@lu constellations in an all-digital
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as piahauslﬁldbstmbgdh forhthe $>al’rmr?,§ﬂ)damh1§t Aonadalitgmial tdi¥traint is imposed on
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the GERGRRRY SRR OUET e RO o WOk ErRF A GREAE i 8F average of the
nevdéi gbl{ikgfafrﬁgedﬁtpupéhé th"MHEABEDM s§fbal dE vELiSE OFhis WetaFing reduces
the large distortion values so that the resulting distortion is similar (proportional) to the
primary subcarriers. A weighted average can further be used to adjust the degree of

distortion reduction. Simulations have shown this to be effective. The results of the

simulations are presented in FIGs. 15, 16 and 17. In FIG. 15, the digitally modulated signal



i nt ernodul ation products of the nearby primary
subcarriers that are 20 dB higher in level. An
w@dashreseal constraint is placed upon these sePONUS2095/000925
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[0068] The equalization compensation uses a vector (the same size as the OFDM

symbol input vector) containing the reciprocal of the complex output gain (linear distortion)
values for each subcarrier (active or inactive). Each of the elements of the input vector is
multiplied by each of the corresponding elements of the equalization vector to yield an
equalized input OFDM symbol data vector. The OFDM modulation and demodulation steps
in the above algorithm remain unchanged, although the resulting OFDM symbol time domain
samples are somewhat different due to the equalization. The equalization within the PAR

reduction algorithm is either removed or restored at several steps in the algorithm such that



Li near distortion at the transmtter output can result
fromlimted HPA bandwi dth and additional filtering at

w0 b@sontsput net wor k due to ant enna conbi ni ng oPCT/UR20051@00925
reduction of out-of-band efbssions. A linear equalizer
coul d be placed before the HPA to conpensate for these

the &¥RSd¢ censtriamigineposed an ghe @Eﬂé/hmb@rwesym doasusit ngdd the equalization.
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equal i zation prior| to thth previ ously-descri bed PAR
EQalOgo t fymbok vadtgo=|i nef f ect ieve si nce|- ORBMPARnBAIQOEddrhm
wi Il undo the equglization. Kowever| a nodification to
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denodul ati on stleps in the abf)ve al gcrl thm renain

unchanged, al though the resu OHDM synbol tine

domai n sanpl es |are sonewhat dif§ zog t due to the

equal i zat i on. e equalization wthin the PAR

reduction algorithmis either renmoved or restored at

UGN o el T o FREr OPDMIL hubnicvioceans Bisasaks with cach

iter{40h MNGR dabiR ﬁﬁHﬁé | £ OPAREaﬂ B
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equEaiEn BATECNCAVRENSATIRORAR@EdIMti 08 yndreks. Slmﬂatmn resuhys ¢onfirm that

the Ea%{mctlgén%%*o\fﬁétg%{ 8\&&1_%&@ 2048 Co%' 4 ellseucaﬁy identical to the

perfoEMMcBISATH dulN.eqEaizabiM THY R he ¥RFCRId Shew Hfst(ﬂ'ﬁéﬁs and peaks are
OFDMVsynbol vect or (e.g., 2048 conplexel ements) [0069] .

iteratiyelyedorigeted jand cppyerghin the gane nramnei. | However lPrz?dbrddcctlon with severe

amp?;ﬁ%éééﬁu%%% El? %EXF?\QA F)glgr%i%?ﬁqaffe\xf flra%{f{% Iagg{llpfgﬁ%ﬁhe effective power

in thowauaizedt hiep@gdedchdiagi On the seVEBe rdfe:ﬂlbkél{u@ﬁg IfilteARy Féﬁ%cts For
reduct| on process. Sinulation results contfirmthat the

exarpplR, @dﬂgm@eﬁntmb?r Pk sEcapjiars aphaitraualgd dlyi 20.¢B g thesHPA output,
the Se ﬁglﬁz%hbﬁ alVIOMI ].lCC %ir (}:)t gtlcgrﬁﬁ P fré) rg&wﬂ%g t(W é hou %%Sfor these

I zation.
subcarruiarpedklsa mtﬁactlon of the 1ntermodulat10n dlstortlon over all the subcarriers of

different equalized levels may have some effect on the potential PAR reduction.
Furthermore, severe linear distortion can result in OFDM intercarrier interference as well as
intersymbol interference which are not compensated in this algorithm. However,
equalization for severely filtered HPA output signals should be used with caution.

[0070] In some applications the desired equalization may not be a predetermined

fixed vector. Filtering and antenna/HPA output network impedance matching may change
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function of the sample magnitude. An example of the AM/PM conversion is shown in FIG.
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. coefficients are a dynam ¢_function of the
Si mt@ﬁlelé%r 5ve that tf@&é}gnsfmm ¥ lmm?m SPNYETARICE to achieve a lower
0 d [
DA na e, BEM BT RYERN JRBHFRE ShG regt shere an cxample
AM/BELenwetsiontphosort omgh ke thel nggemi tb et ute d tdf #F1G hBh@ivsed. peak s
wWth each iteration of the algorithm and its affect
on convergence to an acceptabl e PAR reduction. To
AM/kiyt COBNFURMEN A€ )R M aWFBHOUAWCON VIBRIGENEIE CRITERIA :
gr adugll.y;d.ncr e?se the effect of the AMIPMconversion
amping, b Agae%—f—(—e @0H3Undeterntihesthéanalg viatuerfad thisisampkr e
the fUr¥ dfFect is |rrposed This can be achi eved by
s, F(l -t iwppii NG, Hampact ugl | yahee sehpleoRMeRSERh SYarbhiB,
present |teration nun“oer by the final iteration
nunber. Sinulation results reveal that this

g0074]f i clanbing ajppmanroﬁmmaremeech@WBM ORI BMRnEbehH may not be
PAR. An exanple of the nodified AMIPM al gorithmis

a DB RATES TERe RECHeR. exAnfsedagisanat SR espisd 10 Update the AM/PM

SR AP Sk et rony s

perfoRhdMeR] for :this texamiplegrthe 3ctoal, charactdristiopinay nedd further modification to

determ ne smearing_ val uefor this sa
yleld goog results with a particular la-ﬁ> g It may be the case whererrﬁe AM/PM conversion

may not be sufficiently stable or accurately characterized to achieve good performance.
Therefore, it should be tested for any particular HPA type.

[0075] This invention provides a method for reducing peak to average power ratio
(PAR) in a radio frequency signal modulated with OFDM (Orthogonal Frequency Division
Multiplexed) symbols. The method comprises an iterative process including the steps of

modulating a set of subcarriers with a set of data symbol vectors (OFDM modulation) to



final _iter Sn = (1-anpm) - sn +wnpmm_ sn_ ; snear

sanples as a function of anpm [0074] In sone
wWa@ppkioo@sd ons t he desired AMIPMconver si on conpROBEEE10051000925

may not be a predeterm ned1fi xed function. A feedback

signal can be used to update the AMIPM function or a
prodacaaetodn]atad sigreal;flimiting ore mAgtihwle i tiei st abdolatedestgriat ® produce a
firs? E\gn\/\% tngr%ie u?q?}?é?ilgﬁqlgggrg?tﬁ)ﬁg% € E&%&L‘gj{ﬁc{ q%lgaulgégnglngl to recover the
distPRRH il R S{APols Geonkslishi {5 T8hdtFaithk et RAmpLEREymbol vect
lsHPA. IIt;L@rr%y be@ct he caé(seipl\%\{,hqrelrs}e3 t he Al\/rl'%’l\/bonverni)i on rrasglm o vectors
in svoh domasnef fas ¢ enininyizs thebhegative alfeais af dleylimhmgaotoducedonstrained

to achi ev 00 erformance...Therefore, i.t should b .
datf églpggl ¥e8forgrﬂpaﬁﬁpgrpﬁsm%?utr_ﬁgﬂeap 6 _ka%%&?g]reqaﬂgéatmg I%e constrained
OFDM @9hbOINd4e4 08dt6ke STHas BRICBQds fpeffoFRstiby BitbsBkt [terations of the above

average power ratio (PAR) in a radio frequency signal
algomidan e Buthel raducr v ¥ &Rt iabgo ddthopgle yadelsymeiheils have been proposed,

.Mul tiplexed) s al s, The t had .conpri, Sgs..a . .
g P ofE g B2 Befrorrititosg ot HaOG SRR BRR ik coprraping undesirable
outStba@fl eslif@s! i1eaBoWhdlNde dhlifiiod abithis YROPARVREL&IGH algorithm to

( OFDM nodul ati on) toproduce a nodul ated signal;
compapsgte Agr the etfiealy of dinger Bitertlike distpgionrpsgsaddiethedilyn Autput network,

o5 BB, GrirehShioh, Bt Sl 5 4 36 FopbRGb and AMPPM conversion
belowalypgakt bethdiPAREd¢dded signdl. synbol s (constel | ation
poi nts); _constraining the new i nput data synpol o .
viO76k s Thisgapkentign 3R herappiied &0 ﬁ?qﬂ%ﬂzee%%%@@%nq% signals using
FBM & f Wy N t R :
O o e S e S Rap L R lfiBhhuso provides o
meansdfor equalivingtthe gighdlewitlninshe BARertd@Hiok dgoriihin tdabmpensate for linear
. vector. This. process is perfornped by subsequent . .
disipriianugn Py e HICS AHIRAE TaPy: PR CFUREIEY RembretigR techniques for
norfl#8arrhiftoftfink Osuchlal OBV BRI Gen "EBE hedSaifaN&dP &S Rimization in PAR
proposed, this nmethod offers inproved perforpmance for .
redngghucpeniprinheceFARIBibuitye Degital C@mdratg)mmﬂl@sRacabT% system is discussed as
out -?f- band..eni ssi Eﬁs hrtn al so includes equalization
an Ganple, aqd ppHRetgn.of 106 feg ‘@¥Ggorithm to conpensate for
tlE'ﬁT?]f f eThS alorithe Herd islh@htet 4 gioWear fddNp&BstERAc®Y Improved
the HPA output network, as well as partial
featusespinebudei provissm fynkn mugpf-barth spectighpnasks imprayad performance for
AM PM conver si on I t k f..the PAR-r.educ .
secQMA S GRAEGE T A PP A5 B 4frd PO RS option for
equiligatiBART die HPAGutmIb netwiirkliald A MANIGodobibn st@Berdati oMy
be used in FM HD Radi o(tn) systens. This invention
0888l oThigelgventifa AENtls RHGEDPRY fRceird YRigHans Wiokelh use of a
¢ . f _ .
spelf?l iR, T SHE OBl el 81 LAMRE ARSI icld (ERF performance
RefEtenté esubc amjee nsaisietiatidresc lvan qbe sréswiredonith neggligible peak regrowth.

distortions, such as AM.PM conversi on, .are al so
Eq‘%ﬁl@@&%g%fgﬂnmﬂlﬁ&?@gmcaﬂ beninpaguced Ry HP dnoyavk BitaFe e Convergence

critb@4 cénB&&ﬁ’é.segﬁo agscﬁ.l:é file SFRERRNAR 1QRerSie TR sBRFIGR! B c S¥ELC Fhe effects

I's discus
of AM/PM distortion can be suppressed. All of these improvements can be performed within

the PAR correction iterations instead of after the PAR algorithm, which would have resulted
in peak regrowth.
[0079] While the present invention has been described in terms of several

embodiments, it will be apparent to those skilled in the art that various changes can be made



an exanpl e and application of the technique. [0077]
The al gorithnms were sinmulated and showed good
w@esosoresemce. | nproved features include provi SPORURIINSG/000925
an out - of - band spectral magk, inproved performnce for
secondary subcarriers in an all-digital systemwth
to tie disetosed embbdizentsewithaey departing fopt therscdbpe of the invention, as set forth
i zati fn of the HPA out put network, and AM PM
]ntﬁ%ﬁa “QP%H aBHpensation. [0078] This invention
control s out-of-band spectral em ssions through use of
a spectral mask. In one enbodi nent, inproved al gorithm
paraneters yield better performance. Reference
subcarrier constellations can be restored with
negligi bl e peak regrowth. Equalization of |inear
di stortion can be introduced by HPA output network.
Convergence criteria can be used to reduce the
distortion in | ower-|evel secondary subcarriers. The
effects of AMPM distortion can be suppressed. Al of
t hese i nprovenents can be perforned within the PAR
correction iterations instead of after the PAR
al gorithm which would have resulted in peak regrowh
[0079] While the present invention has been descri bed
in .terns of several enbodinents, it will be apparent
to those skilled in the art that various changes can ,
be madeto the discl osed enbodi nents wi thout departing
fromthe scope of the invention, as set forth in the
following clains.Wiat is clainmed is: 1. A nethod of
reduci ng peak-to-average power ratio in an OFDM
signal, the nethod conprising the steps of: nodul ating J
a set of subcarriers with a set of data synmbol vectors
to produce a first nodulated signal; limting the
magni tude of the first nodul ated signal to produce a
first limted nodul ated signal; denodul ating the first
limted nodul ated signal to recover distorted input
synbol vectors; constraining the distorted input
synbol vectors to values greater than or equal to a
m ni mum t hreshol d val ue to produce constrai ned data
synbol vectors; constraining out-of-band spectra
conponents to lie within a predeterm ned mask; and
renodul ati ng the constrai ned data synbol vectors. 2.
The nmethod of claim1, wherein the steps of claiml
are repeated to



further reduce peak to average power ratio of the OFDM

signal. 3. The nethod of claim1l, wherein the step of
wa@ensrasmi ng the di storted i nput synbol vect oPGT/US2005/000925

conprises the step of: assi2gning the threshol d val ue

to bits of the distorted i nput vector having val ues
Whaessldimad is:he t hreshol d value. 4. The nethod of claim

1, wherein th constrai.ni ng the out-of pband
spectral 1 conpgrf@ﬁ‘?@df)gﬁdﬂ‘élpg%%tq 8 ELAFIROV &I an OFDM signal,
the%?é%hé/d mnﬁﬁg@ngtﬁglgtebgoponact ive subcarriers. 5. The

hod of" claim 1, further conprising the steps of:
equal i zi mpdulating atsetodf arhcarisssrith aveicefotata gyt vecdtotshe produce a

. dul ati.,ng step; renoving equalization of the set of

ﬁrsgg]tog @Eﬁﬁ‘t?gg ectors followi ng the denpdul ating step;
and 1 est Qg BGAldALe BURTDAOBTucATsial 5B a first limited
vectors prior to the renodul ating step. The" net hod

modilatglsignal, wherein the equal i zi ng step uses a vect or

Cont e o B e I BRRed MocBRIR! S toPiepf) fistorted input

syn§suIREEtSEsNg the step of adapt i vely updating the
equal i zation vector.8. The nethod of claim1, further

conpri si pRSiTR@Ing i ditorted g ppesyaiol ﬁgcttnrs d0 Rkugg greater than or equal
o PGPS RN B LSRR BSSROMERLL, o,

of nodul adristiginings eiit-affband epactedl efosnpunéﬂits ao 91t withindatpredetermined
synbol vectors, conprises the steps of: passing the
Y synbol vectors through an inverse fast ‘Fourier

transfor f&ndgﬂijau‘ﬁg Rhe/dMrAnEy gét'h §¥IBB§1fdeétorsa guard band,

and a ral sed root cosi ne w ndow t he nodul at ed
signal . 20. Thhe metlmldofoélaimh di mh@reinvtier gieps dhelaim 1 are repeated to

enpodul at i ste ri ses e s.of ; weighting

fu“g B%WE%? ﬁ‘éefg%ﬁcﬂ’q T B ‘i’f;tﬂe Q}Eﬁ@étﬁ%h ng the fast
Fourier sransfps Mepfod decIsa! & %M&*éﬁf th\é%&i)ocﬁscongt}amlﬂ She distorted
met hod of claim1, wherein the Iimting step conpri

inpgtofymbol vectors comprises the step of:

assigning the threshold value to bits of the distorted input vector having values
less than the threshold value.

4. The method of claim 1, wherein the step of constraining the out-of-
band spectral components further comprises'the step of:

applying the mask to nonactive subcarriers.

5. The method of claim 1, further comprising the steps of:

equalizing the set of data symbol vectors prior to the modulating step;

removing equalization of the set of data symbol vectors following the
demodulating step; and

restoring equalization of the set of data symbol vectors prior to the
remodulating step.

6. The method of claim 5, wherein the equalizing step uses a vector
containing the reciprocal of the complex output gain for each subcarrier.

7. The method of claim 6, further comprising the step of:

adaptively updating the equalization vector.



clipping or conpression nodeling. 12. The nethod of
claim1l, wherein the step of constraining the

waoele@sorésed i nput symbol vectors conprises the BCEPSWDS/000925
pl acing a m ni num val ue on2teal and i magi nary
conmponents of the synbol vectors. 13. The nethod of
cl ai m 1, 8wher &ha ntethwdsdiclaim & dintlzar compsising cheidep ot a

subcarriers_and.ref.erence su rrie and.t he step of .
comerr ai RyRBe PR L GRC SediRRS il Son 0Bl hd FRa modulation
disoPig.i ses the step of: placing a m nimum val ue on rea

and i magi nary conponents of the synbol vectors carried
on the dita stbeanethed f elaidn dorwheeinnther gap afnotodulating a set of

[ Lnar, nt. he synbol vectors carried on

st RPN RO R S PRy 6in iRk B oF 1 i m 1
further paukite dga E}gﬁb@tv%bto@g thrétiBraaGhWsd £t Fourier transform; and
‘constrai ned data SK ol vectors and the distorted

i nput  syARIAYing 8yeke prefis, a grardrranfomndos raidedirppticpsine window to the

[ e average is a weighted average. 16. The
moz@n@?ﬁgé%l%‘hcl aim1l, wherein the OFDM si gnal includes

ref er ence0.subThe hieglicl einelaiihe, Whedaothe WeltRlilagiapRidpS®inprises the
the step of: restoring reference signals on the
stepsefiter ence subcarriers to original val ues of the

ref er encgeshgnaki flanfuld ARREDILSLphor T educi ng

peak-t o-av power Tatio 1n an signal, the
transm t ¢cempuwmgphé fisnBourier ankfban of thieaiatagyshbod iédigrs a

set of supcarrjers h_a set of data synhol vectors i
to pr odugg a ﬂ“f Zpethor of Alam i gHgreingthe; hmiting sigp comprises soft

Clip{p}ﬂggriceglpqggioﬁqggﬂeqiﬁg_e of the first nodul ated signal
0 produce a first ITmted nodul ated signal; a

)
denodul atdr fBhe oethoduifatlainglt Weerkinrthe steipnoftedstraining the distorted
ed _ si ecove% di storted i nput synbol
n

. dul | .
mpvé}gsgﬁm&%gyecéoﬂﬁ?gﬁggéegrtﬁq YPP Bbnst rai ning the distorted

i nput  sypIRcthg \be@ti@feind OalM@loH &8 aldaRPiedeindt 3 ofpofAH@bf the symbol
to a mninmumthreshold value to produce const |Pa| ned

vecwat-a synmbol vectors, and for constraining out-of-band
spectral lfonpﬁ?eelqlteﬁlotdooi! Icl%n}’lm lt, h“i/}?erginptli'ng ds% %% rsnllllg]c%griers include data

subcarriers and reference subcarriers, and the step of constraining the distorted input symbol
vectors comprises the step of:

placing a minimum value on real and imaginary components of the symbol
vectors carried on the data subcarriers; and

correcting real and imaginafy components of the symbol vectors carried on the
reference subcarriers.

14.  The method of claim 1, further comprising the step of:

averaging the constrained data symbol vectors and the distorted input symbol
vectors.

15.  The method of claim 14, wherein the average is a weighted average.

16.  The method of claim 1, wherein the OFDM signal includes reference
subcarriers and the method further comprises the step of:

restoring reference signals on the reference subcarriers to original values of

the reference signals.



mask; and a renodul ator for renodul ating the

constrai ned data synbol vectors. 18. The transmtter
wo@toosloaiseo 17, further conprising: an equal i zerP€DUS2005/000925

equal i zing the set of data28ynbol vectors prior to the

nodul ating step. 19. The transmtter of claim

1,7, furthér cAnpanssiitier foa redumpen perketo-dverage gopensatio ngan OFDM

. the first nodul ated signal for anplitude and phase
Slg??ﬁo‘&?&@?%“&?%‘f%ﬁ”i‘ﬁl%. 20. Atransmtter for reducing

peak- t 0- auRERIRoP Beholi@kiify aNseRbf QEBMAELAN@th o &2 of data symbol
transmtter conprising: neans for nodulating a set of

vectarb teaprodeeesa fiist modulgted signaliat a synbol vectors to
roduce a.,fi.rs dul ated si gnal ; ans for limtin
Ito he magnfth %:r i?rnl? ng;t %fnaﬁglﬁ‘ﬂf*ea(l’fgtge Eﬁrﬂﬁﬁ?d‘flﬁ%ﬁﬁﬂaég produce a

firsBlifnited inddulkddegemmpdul ated signal ; , means for
denodul ating the first limted nodul ated signal to

recover didsmodylawr ferpdamaedpiislg the dirsirlimiterbmoduliated signal to recover
. nstraini th storted input synmbol vectors to
dlSt\%)g[F%Een?%?yerg%érve gsh or equal to a mninmumthreshold

val ue t oa preshses fRNhk@dinied et disyrBahpMesiabs, vadbsts to values
for constraining out-of-band spectral conponents to
greqtei thgnt o qupl e o BYRPWITH é‘éfeﬂ@zkﬂe vahigdtonpigeacef epnstrained data symbol

vecfo%mldl 3t E&%tﬁﬁl?r;é: 815@515{@211118989(3&951 %oﬁ%gﬁé}lts VEAL Yithiin 2 predetermined

mask; and

a remodulator for remodulating the constrained data symbol vectors.

18.  The transmitter of claim 17, further comprising:

an equalizer for equalizing the set of data symbol vectors prior to the
modulating step.

19.  The transmitter of claim 17, further comprising:

a compensator for compensating the first modulated signal for amplitude and
phase modulation distortion.

20. A transmitter for reducing peak-to-average power ratio in an. OFDM
signal, the transmitter comprising:

means for modulating a set of subcarriers with a set of data symbol vectors to
produce a first modulated signal;

means for limiting the magnitude of the first modulated signal to produce a
first limited modulated signal; ,

means for demodulating the first limited modulated signal to recover distorted
input symbol vectors;

means for constraining the distorted input symbol vectors to values greater
than or equal to a minimum threshold value to produce constrained data symbol vectors, and
for constraining out-of-band spectral components to lie within a predetermined mask; and

means for remodulating the constrained data symbol vectors.



