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uponit paledatioharIBQE promotes ctorioatny of speaumnwhile eiBbling $R8dALERROBE pﬁw | BOC

br oadcastg ng, s emuses,a plurality of orthogonal frequency divisi

nul ti pl efé%gm%ﬁxa cﬁ?ﬁ’l‘@?gg’f"ﬁe‘?h’%ﬁ%ﬁteﬁ“&i gital signal. An OFDM signal

consi sts of the sumhefadedfesbf amdital SimiRu! at. di . eqgual k.

spaced 25 frequencies, Wn‘f%ﬁ ar.eit(&)rt hogg%%mt%ygg%lﬁ l%‘?héeér sét%g%@gln‘gdﬁklé's _

that di f "athdgss naisscand,widerdymgmigrange than Withr existingFM aedio chinarels. Tinitiatingie t ude

of the t MapSdFsed wd | . .occasional ly has very hi
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bel ow t’h(?ixﬂ Oﬁledfdtlinm t%. 'Iiglo% rDeEﬁul ts,in very expensive and inefficient

anpl i fier s.en'ﬁi'en 5 ! €, when - Teceivers are abundant, broadcasters may elect to
transmit the all-digital format. The goal of FM hybrid IBOC DAB is to provide virtual CD-

_ quality stereo digital audip (plus data) while simultaneously transmitting the existing FM
signal. The goal of FM all-digital IBOC DAB is to provide virtual CD-quality stereo audio .

20 along with a data channel with capacity of up to about 200 kbps, depending upon a particular
station’s interference environment. .
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need

One proposed FM IBOC broadcasting system uses a plurality of orthogonal
frequency division multiplexed (OFDM) carriers to transmit a digital signal. An OFDM
'signal consists of the sum of several carriers modulated at different equally spaced

25 frequencies, which are orthogonal to each other. This ensures that different subcarriers do not
interfere with each other. The magnitude of the transmitted signal 'in such a system
occasionally has very high peaks. Thus the linear power amplifiers used in IBOC DAB
transmitters need to operate with large power back-offs so fhat thé out-of-band power is
below the imposed limits. This results in very expensive and inefficient amplifiers. Hence,

30 there is a need to reduce the Peak to Average power Ratios (PAR) for an OFDM DAB signal.
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30 there is a need to reduce t he Péak to Average power Ra“#@e‘ﬁﬁAR) Oﬁr an

OFDM DAB si gnal . 3 February 2004 PCT/ US00/ 23184 -u , uuui

Il 3 February 2004 2 This invention provides an efficient scheme for

reducing the peak to average power ratlo of electronic signals using
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In accordance with a second aspect of the invention, there is provided a
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method for reducing peak to average power ratio in a radio frequency signal, the method
comprising the steps of modulating a plurality of subcarriers with a plurality of data symbol
vectors to produce a first modulated signal, a first group of said subcarriers lying in upper and
lower sidebands of a radio channel, and a second group of said subcarriers lying in a central
band of said radio channel; and limiting the magnitude of the first modulated signal to
produce a first limited modulated signal; characterized by the steps of: removing
intermodulation products in said first limited modulated signal; demodulating the first limited
modulated signal to recover constellation points; predistorting the data symbol vectors on
said first and second group of subcarriers to provide a minimum magnitude for in-phase and
quadrature components thereof to produce predistorted data symbol vectors; modulating the
plurality of carriers with the predistorted data symbol vectors to produce a second modulated
signal; limiting the magnitude said second modulated signal to produce a second limited
modulated signal; removing intermodulation products in said second limited modulated
signal; and predistorted the data symbol vectors on said second group of subcarriers to
provide a minimum magnitude for in-phase and quadrature components components thereof

to produce additional predistorted data symbol vectors.
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produce predistorted data synbol vectofs8; nodulating the plurality of
carriers with the predistorted data synbol vectors to produce a second
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second |imted nodul ated signal; means for reducing internodulation
products in said sBcissardaneg with anfeutth ssregt of thednvention athersrig predded 2 radio
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subcar ri Btegns fos tating the Airshlimitedymiodulateds signal rio perover eonsteliation apintss
conponentia ARk SRddidkGHiRE AEEdta symbol vectors on said first and second group of subcarriers
to provide a minimum magnitude for in-phase and quadrature components thereof to produce
predistorted data symbol vectors; means for modulating the plurality of carriers with the
predistorted data symbol vectors to produce a second modulated signal; means for limiting
the magnitude said second modulated signal to produce a second limited modulated signal;
means for removing intermodulation products in said second limited modulated signal; and
means for predistorting the data symbol vectors on said second group of subcarriers to
provide a minimum magnitude for in-phase and quadrature components thereof to produce

additional predistorted data symbol vectors.
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Figure 2 is a schematic representation of the frequency allocations an

rel at i vePovpsswaecteahdensitsiof thersignal caspanieatsSpranall-digitpldid ABOG DA Basignal;
all-digital FM 1B B,signal.. ..Eigure.3.is a sinplified black di agram of
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one type of limting that may be enployed in the nethod of this invention,
Figure 5 i s a schehigirect isspgeaphillugitagan one typs ofilivitiog dhatinsay bé employddim
synbol s s dEfish invention; Figure 6 is a flow chart of the

met hod o?lgt I'S |é1f3glr?t1§k(’)etrl?n§rsl’ applied to a hybrid digital audio broadcasting
system 3 Febr uar yFiaf45 4R thermhadd repRésthtalisx b 2di¢ Pedistortiof f Ehelddi® syaniilaph
illustration.apother type of limting that may be enployed in the nethod
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shows t héigsakaudia roadcasting systemt; he vari ous scenarios illustrated in Figure
8; Figure 10 is a graph of the results of a simulation of the power
spectr al




densjties of a nodul ated waveform processed according to t LaventiQan,
assuning a high 10 power anplifier using the limting func??EﬁbréigW%O@?xre 7;
Figure 11 shows the bit error rates for the various scenarigs i.Ih rat ed
in 15 Fi gWPIAB02F gure 12 is a flow chart of the method off CY¥YAN¥énti on
as applied to an all digital audio broadcasting transmtter, Figure 13 is
a graph of the results of a simul ation of the power spectral densities of a

nodul at ed wavef or 0 o _nvention,, using the.limting
function of Figur reTF %“&Eﬁ}ﬁfg' a?ﬁq@%gag&}%{{e&ﬂ%elp?ﬁeeror@}rﬁlrnggél%alff'balyqfcheﬂ?}gﬁ us

scenar i om the methodatfehis inveRfigur e 13; 20 Figure 15 is a graph of the results
of . a sinulation of.the power s tral densitjes of a nodul ated waveform

processed accor di nf ‘gPBe%%ea_ gﬁ%ﬁf' BFES“%%%Qﬁﬁl%la&%PéHWMF spefRlidengitieusi ng
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| BOC DABS8si gnal 10 in accordance with the present invention. The hybrid

format includes th .c.on\zlgn.tional Fl\g ﬁ%ereo anal og signal 12 having a power
r

30 spectral density'&Epresn @@p_by° resultsngfup Simulilipe of Ahp power spectral n a
central fdemiinstya RadiatedlRaRdbin Brocedsed R ?&ﬁg 8 lthe E{@@n&’&‘,ﬂ%ésuﬁﬁﬁ{mﬂgh
angul ar

Density (PSD) of a typical analog FM broadcast signal Is nearly tri
wi t h1% sipeper amplifins using thegmit ctionofFiguee Tenter frequency. A plurality

Febr uary. 2004 w0 01158503 Sots P IRD R o The HALFwE SEpaeto tisEHled i
si gnal , iHigmal®pper sideband 18 and a | ower sideband 20, and are :

transmtted concurrently.with.the ana FM sjgpal.. All ,of the carriers are
transnitted at a %?XFé%élrh"tvﬁ&]Pa‘? ﬁéﬁ‘g Wﬁﬂt‘?d ﬂp@rfelwtfoe&swah%tmeum

Conmuni ¢ digiRDsudi® Brda8&dsifg GRmsmigkr; mask 22.- The vertical axis in Figure 1
shows the peak power spectral density as opposed to a ,
15 Figure 13 is a graph of .the results of a simulation of the power spectral

densities of a modulated waveform processed according to the invention, using the limiting

s

- function of Figure 4, _
' Figure 14 shows the bit error rates for the various scenarios illustrated in
Figure 13; - - |
20 Figure 15 is a graph of the results of a simulation of the power spectral

densities of a mbdulated_waveform processed according to the invention, assuming a high
_ power amplifier using the limiting function of Figure 7; and
Figure 16 shows the bit error rates for the various scenarios illustrated in

| Figure 15. :
25 B . DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, Figure 1 is a schematic representation of the
frequency allocations (spectral placement) and relative power spectral density of the signal
components for a hybrid FM IBOC DAB signal 10 in accordance with the present invention.
The hybrid format includes the conventional FM stereo analog signal 12 having a power

30  spectral density represented by the triangular shape 14 positioned in a central frequency band,
16 portion of the channel. The Power Spectral Density (PSD) of a typical analog FM
- broadcast signal is nearly triangular with a slope of about -0.35 dB/kHz _from the center

frequency. A plurality of digitally modulated 'evenly spaced sub-carrieré are positioned on



5 nore conventional average power spectral density characte{h g orbooj‘n one
proposed nodul ation format, a plurality of evenly spaced or %@’

frequency division multiplexed (OFDM) sub-carriers are placed on each si de
of the hoWO 0HIS4020g FM si gnal occupyi ng the spectrum from aboryusi231d4Hz

t hrough about 199 kHz away fromthe host FM center frequency as
illustrated by the upper sideband 18 &hd the | ower 10 sideband 20' in

Figure 1, t he br i temihe total DAB power in the OFDM nodul at ed
sub-carrF g.#;%r Sl"% é’zﬁ%m&f@ﬁ%w‘? i UpRST é‘@é‘ﬂﬂﬂdJMBlﬂwbmldedOJ arsl drest
anal og Fidapsmitted ca'ﬁkﬂlrreﬂl‘?ﬁ“ﬁﬂhgﬂé"ani@g tFM" 1t tﬁﬁi o¥ %i%erg i gﬁ% E,tF‘ij aég of
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i n- phaseﬁgng quaﬁr ‘{H&reﬁ’%ase%mf Lé %“ﬁga 8? ROW S SPecina] density 35 PpROsed fron ed
(excéss marecmveﬁﬁdx%)wmgetﬁwwdm&alt&nglgpa{ae@&r;z Spectral sidel obes.
Thi s pul se shape r?sults In ort subcarrier frequency spaci ng of

i

0
363.3728 Hz. The d %|°P%PF%P°ﬁ§5’dm°§¥%éﬂ°lb8?ﬁnabra Dﬁlritlme ofigerilyl spaag,da:lrthlogorml

bset @'F%? t
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power deﬁgalpg KM vignal Qspunmg heBheatiugi frain abobt L2K Kl Goigh sbodf PPPERE awa
i,tem nunber 24 is shown in Fygure

|l - di || ustrat
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addi 10 onaldebanal 20 mfmﬁam In ke Kybrid ﬁﬁt&m the IS AB WS mtiﬁg &gﬁ@ﬁ@@}meﬂ

aII-dlglta]? signal 26, .Located in the central freduency
agai n evSRPVATHER Fa¢H lsé&FFq@Pgt#éin@éﬁtWGmgs hastanalog[ﬁ\ﬂ pewdretmad 30

25 and aD&mﬁgxm e hanshiddy offie DM Barfibrs 13818 op il Sae B B onpe

Figure 2 are wder than the S|de |gure
spect r al SpesiBm.yThedyAB syStemhincludes of t91t edmerb BE6ve aid)I catidRBES the hekt

about 10 lo th rid 1BOC sidebands. This.
provi des F(ilﬁepa -di gl ? ﬁ@%&%eﬁ ﬁaﬁ%\#ﬂﬂ“ﬁ’@éﬁﬁﬁ 3 skl rifeof 034525 H.

) 2 o et et e or AIMEE ORE labl w00 vk bonlld kb s ime -

al | -di gi I s abou el ow t hat of e

21 debanad 128 oL Hiiedeh Betbesesschr porreLadelnbes. Thisulss sbmsoregulitineorthogonal
adj acent shvduriét fRig ua{clysﬁwé@h@%;ggnal whi | e provi di ng additional
capacity for other didi servi ces February 2004 WO 01/ 15402 5

PCT/ US00/ 23184 The Tae| digiitadlyt mbdnﬂmsté Hostian bbgmcnybrelxmgmwm sdbsether theldni-d

node wher, [ v occupied the central
+-10 OkHnglygg%I% %l‘:ﬂ%lé%tlvgiﬂaog tP h the ﬁﬂalgytal I%O(E) DAB format. The spectral
20  placement and relative signal power denslty levels of the OFDM digital sub-carriers in a

proposed all-digital FM DAB format illustrated by item numbcr 24, is shown in Figure 2. The

analog FM signal of Figure 1 has been replaced by an optxonal additional group of OFDM
sub-carriers, referred tq as the extended all-digital signal 26, located in the central frequency
band 28. Once again evenly spaced OFDM sub-carriers are positions in an upper .s'ideband 30
25  and a lower sideband 32. The sidebands of the éll-digital format of Figure 2 are wider than
the sidebands of Figure 1. In addition, the power spectral density level of the all-digital
-IBOC signal sidebands is set about 10 dB higher than that allowed in the hybrid IBOC -
sidebands. This provides the all-digital IBOC signal with a significant performance
advantage. Furthermore the power spectral density of the extended all-digital signal is about
30 15 dB below that of the hybrid IBOC sidebands. This minimizes or eliminates any

interference problems to adjacent hybrid or all-digital IBOC sngnal while providing addltlonal
capacity for other dlgltal services.



leve] digital subcarriers. Located on either side of the Io:gvg]es%gb/ ﬁri ers
are two digital sidebands that differ fromthe hybrid node by i ncreasing

t he bandwi dth to about 100kHz and 5 increasing the power by about 10dB . A
proposed VO OHIHPEal DAB systemincludes 267 carriers in eachusbesiend and
559 carriers in the center. Each DAB subcarrier is QPSK nodul ated. The

i n-phase and quadrature phase pul se Shapes are root raised cosine tapered

(excess time = 7/i§§)ala&' %ﬁe e‘nges to suppress the spectral sidel obes.
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I nvent i ogidetana; PABmh ' r. A symbol generator 34 produces
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wherein ﬁlQJcHrs?cieib dof $€5PM 15 subcarriers are nodul ated to produce Fe DAB
si gnal (normali ze%ﬁl. and, 935 GASHER 4 it center) BacsDARa sicangier fie QRSKamsgulined s
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modul at egreséngriavention|innad EBOCNDAR IR Il ys d | ogk 40, then
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40. The. bpekicis a5l o naSRl SAMPDWH £, O |1 m 1 val ue KL AL any
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instant in time if e input signal p ds Kl it is clipped to KI.
Sinc® the 3 Febr uaBlpck(84s thentiin bioeld M herRIhé PelOtoZvatde power ratio reduction is

realized. The modulated output of DAB modulator 36 is passed as an input to this block. The

output of block 38 is the signal to be transmitted with a reduced PAR. To accomplish the
PAR reduction, the modulated signal is limited in amplitude as illustrated by Bléck 40, then it
is demodulated as in block 42, and the symbol vectors obtained from the demodulator are
predistorted, or constrained, to have a minimum in-phase and quadrature components in block
44. The constrained symbols are then modulated in block 46 to produce a second modulated

signal that is subjected to further limiting in block 48. This limiting results in unwanted

25

intermodulation products. The intermodulation products in the limited second modulated
signal are then reduced or eliminated in block 50 prior to passi

. ng the signal to a high power
30  amplifier 52 for bro_adcasting via antenna 54. '

Figure 4 is a graph that illustrates the operation of a limiter that may be used to
perform the function of block 40. The limiter is set to a certain threshold, or limit value, K1.

At any instant in time if the input signal power exceeds K1 it is clipped to K1. Since tht:



6 input signal is normalized, this ensures that the PAR of' L,anal t he
output of the limter is KIl. Thus the operation of the |i rﬁ?%lgu%yg?b?eal
Xx) can be illustrated as follows. If the value of the input signal (X) is

| ess t hanwoltlssdoben the output of the limter is set equal georusobhiigyf the

val ue of the input signal (X) is greater than Kl, t hen .t he out put of the
imter is set equal to 5 KI'; and if ®he input signal is between -K and

Ki, then the output signal is equal to the input signal. A KL of 1.58
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limted d ' ' . t o DAB denpd tor 42. In the

. DAB dermlggl. g%%ﬁ@ggﬁér?ﬁ@e?fstge ?:‘5@% @f% %?‘%ﬁ‘&“& ‘ﬁl‘ﬁfﬁé‘?ﬁoﬁéjﬁ%‘& M fthsrvalue of 1 st
per f or mgie gnput bignalr@)us Eesethanaky| then tHhowputof§ 1Bk iR ikt bhigal FRst 'FiPﬁ{ei er
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in ordeignd Addlietl-6impliesthatthopeak o avaageds setite 44B forl thizipe@tibh. t he

limter. The achi - 0] ' traint,. each DM synbol vector is in this
step forced to |i ﬁenﬁrgitéde%? %‘?‘%pc?&ﬁn& sdhen ‘5“6?‘%:‘38‘ h@?‘%@%ﬁ%ﬂ%&ﬁ n

Fi gure SDABrdenredulaber, moinséred bydlicqieBOind winkBwighpefatin i§ﬂx@§é&fdn%& OF the
points 62 an expected in-phase and quadrature nmagni tude

4, .66 d . ha
OF " aplsteq SnBles MHisds EIciad et ssuFourips Sramare gD torealiz GFDMS | he
regiion tdenvdtutdfioh."Ehél 8bmbinMIdH8f thedlfid tz[rﬁﬁ li f-‘llgfl ! QPSEE LoR O
constraining each el enent of the OFDM &ggl%sy 0 \}Segc{?éﬁccﬁ_tgq}epgﬁgﬁgf as
fol | ows. DAB demodulggare synbol (x) is: x = a + b*i, where "a', is the
i n- phase conmponentyyews@iih "B i .t uadr at ur e _cqonponent, then the output
(y) is defined. aslse’§/t gﬁiea' &’a%. gwg(ahg'lﬂgwﬁ' c%tﬂfﬂnggd pints, recqysredndn ke
f ol | ows: demddatetipn stepRite’constiainedto lve amiimdum ibifse aAd giadratire tfin = @
It abs(b) <= F Aif b.<0 b=_-(F*A i 1 pifhe ahd iadrafieeonPoffufin
order to reduce the distortion introduced due’ to clipping in the limiter. The achieve this
15 comnstraint, each OFDM symbol vector is in this step forced to lie m a certain region 54, 56,
58 or 60, as depicted in Figure 5, around the constellation point. In Figure 5, constellation
. points 62, 64, 66 and 68 have an expected in-phase and quadrature magnitude of “A”. Some
* predetermined fraction of “A™, designated as “F”, defines the region to which the data
symbols are constrained. Thus the operation of constraining: each element of the OFDM
20 symbol vector is illustrated as follows. '
_ If the input symbol (x) is: x = a + b*i, where “a’: is the in-phase cdmponcnt,
and “b” is the quadrature component, then the outptit (y) is defined as: y = a’ +b’*i, where a’
and b* are defined as follows:

. , Ifabs(a)<=F * A
25 ifa<o,

a'= -(F * A)
else, a’=F*A
elsea’=gq

Ifabs(b) <=Fe A
_ ifb<0, b’=(F * A)
30 else, b’=F*A
elseb’=b
With this constraint, it. can be seen that the in-phase and quadrature
components of the symbol constellation points are forced to have at least a minimum
magnitude equal to some predetermined fraction of the expected in-phase and quadrature
35 rnagnitude.



Wth this constraint, it can be seen that the in-phase and
conponents of the synbol constellation points are forced togﬁgt\%gr&gosﬂeast
a mni mum 6% i};éhfde equal to sonme predeterm ned fraction of the expected
i n-phase an ﬁ ature 35 magnitude. 3 February 2004 WO ORCT/UHEQH23134
PCT/ USOOR3184 7 Next, the constrai ned synbol vector is nodul ated through
the DAB nodul ator 46 and the nodul ated output is passed through the

limter 48. Limtege : 'rg]:',{ﬂh' unct i simlar fo that of Figure
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hybrid F f RS Rt LB A DPLhaving 2 eeshold; valus of K2. thissnsuuss iahtheout
t he non- dignal as thecatput of the linfitee 48 Bh$i PARI FFK I i | eani ng
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all the i tthe/ € o k12 L t 8j wo si del obes) to zerq. 10 Figure 6
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di scusseéPRibév DABARnistar 2 0The Gesuhing| frsemotileted Qipmhl 8h M 745 ThRkedVCt OF S
to produ I ignal on line 88. This second nodul ate

si gnal . i'g °|Er?18t%§ Fgl(lnﬂ;%dlﬁ{%‘ﬁggé ﬁ@?’? wagacegéd%&rdtfﬁstégmme«gm@nsma@ t he
l'i mitingtioés subsayneptydernedulited a1 BRI RO ed in
the fol | ow el st e&sﬂ. }?'he second lim tggtt?m?%alp%rﬁggEé%éer%fgpggﬁoﬁlﬁsﬁ%f@g%llﬁ{s%‘
passtd t SO0 YEHBE AR 82. nThe reeqvered, comstellationpoiritnire pradistanted inrblookisd Q6 i S

passed t ¢had thb¥ake ¢Bnsttfikdl lere.the.non-data subcarriers are
clipped to zer)g. The resul tfbnélggé)%ﬁg?e%gn 6 mimpm fagnitade, in-phasg| #ide 102

and the f ponents 95 gisalissed abovee DAB inddulatdt 86 dnodulbPe chAfrained
usi ng an LS (L old (K3). |n the preferred enbodi ment of the

i nvent i Og}:ﬁl? leé%{&e'pgo %ﬁ% e ﬁ%“((@ ,m@%“,lati‘g?gaﬂd’“lb@ 8$-e Thissacend) madylatddmes
using t hsigséldb timitad itelirititer 90 Havifigl fecdi¥Bthiedholl k. fi rst repetition. In the

secoi'bd repetition, Jimgter 106 is not used, but the signal is passed
_ Since the limiting operation produces intermodulation products, these are

reduced in the followigg steps. The second limited modulated signal on line 92 is passed to a
demodulator in block 94. The demodulated output on line 96 is passed to a clean-up step in

block 98 where the non-data subcarriers are clipped to zero. The resulting signal on line 100
js modulated in block 102 and the third modulated signal on line 104 is limited in block 106
using another limit threshold (K3). In the preferred embodiment of the invention, the steps in
blocks 94, 98, 102 and 106 are repeated two times, using threshold value K4 in limitér 106 in
the first repetition. In the second repetition, limiter 106 is not used, but the signal is passéd
on line 108 to a high power amplifier for broadcast.
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For simulation purposes two models were used for the HPA. Model 1 uses a
“Z curve” limit function as described in Figure 4. The limiter is set to a certain threshofd KS.
At any instant in time if the signal power exceeds K5 (for a normalized input signal) it is
clipped to K5. Model 2 uses an “S curve” limit function. In this case a scaled error function

10



on line 108 to a high power arrplifier for broadcast. For si |€tl0
purposes two nodels were used for the HPA. Mdel 1 uses a §oruny,
limt function as described in Figure 4. The limter is set to_acertaln

t hr eshol dwibei/15462 any instant in time if the signal power exepgsflsmse(for a
normal i zed input signal) it is clipped to KS. Mdel 2 uses an "S curve"

limt. function. In this case a scal edgerror function - 3 February 2004 WO
01/ 15402 PCT/ US00/ 23184 g 110 is used to nodel the HPA (as illustrated in
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I nvention for an all-digital sjignal. Block
OFDM sy ris8ketiongnethed and Bﬂm%@ﬁélamer of Fmatea7 fog allnghmow ammﬁnnnhuhabmpuﬂa{a

The 1ges | t |- 8 d,in ock 130
usi nlg aﬂ’%rﬂgﬁs@iﬁfiswg’%ﬁwﬁ‘gﬂg% uce %3' l%r?e jtosoi rlg? s%‘ﬁ%&éﬂpé’ﬂg & gnal
on |ine 332+1.0Asighs =s-18b§'eg1.ueritlIs‘tlo\ezlaiatim:dm>hzal;1mtilxdirig bit eedr rated forotheRCR¥Rrioshe

constel | i t he dat a,s vectors on line 136. The recovered
const el I'gs %ﬁ“ﬂg msgtg.f%rcgprgmog{haﬁggsatﬁn bl ock 138 so that they are

constrained to havmgarmzadeaeﬂdw RRSH ﬂﬂﬂtﬂllﬁ&&&&%@l‘&@%&d&heﬁ'%&h@d‘gf the
quadr at ur e corrp?nent s, as.di scussed above. In ad
nvention for an all-digital signal. Block 124 shows that thc DAB input OFDM symbol
20 vector of subcarrier data is input to DAB modulator 126. The resulting first modulated signal
~on line 128 is limited in block 130 using a first threshold K1, This produces a limited first
modulated signal on line 132 that is subsequently demodulated in block 134 to recover the
constellation points of the data symbol ‘vectors on line 136. The recovered constellation

. points are predistorted in block 138 so that they are constrained to have a predetermined

25 minimum magnitude in-phase and quadrature components as discussed above. In addition,
unwanted non-data subcarriers are also clipped to zero in this step. DAB modulator 140
modulates the constrained symbol vectors to produce a second modulated signal on line 142.
This second modulated signal is limited in limiter 144 having a second threshold K2.

Since the limiting operation produces intermodulation producté, these are

30  reduced in the following steps. The second limited modulated signal on line 146 is passed to
a demodulator in block 148. The demodulated output on line 150 is passed to block 152
~where data symbols from the central carriers are prcdistorted and the non-data subcarriers are

clipped to zero. The resulting signal on line 154 is modulated in block 156 and the third
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dB, 10 neShoses ipging aé|4i5p‘§i7§giﬁathns.168cshax7s dippingdt 5.04®:71 88, afidlise 170 howasul t s

for clipfer " O €x:14 0 the corresponding bit error
rates for ?%‘Z% ef&s%fgﬁxggia(t)gshkgg?ﬁig' p?l%%?iﬂn%ﬁ@?ge QEresRRdingsbib Fraer ater &yl ¢ .

Fi gur e 18iepesscanagicaphsing primedynurhieers forebaéspendiag dsuls, of t he power spectral
densities of the M bcarriers,in,a sanple digital audio broadcast
signal using linmit \Palcud® 1@ geph showingsthe @mulated;reguiisof the pawer speatrali on F

= 7/8, udensgiet bEtheiOFDMIsubdarfibg it £sdple didig] gL ; nd;si ng
the |im tgklo_f_ Fi,gure 7 for a hi %2 pol\s/ver égﬁpﬁ%ﬁser? n ttsl?%mgﬁ%lg%fm%fvah{ehe,
(rann t PEKT TRKEKS AubE A =4; gnd iiraption F k8, nsingdhoiimitenef Rigdre 4 initke PAR
shows. cl tdanétidh Mbthod htH usi Finf = 5+0.95 dB, and. Jine 176 shows
clipping at si" 2°%. Plhslglgzmgﬁ§1§$6€§§gmcf§} P&ﬁbﬂ%‘-‘f&ﬁ&%ﬁe{ Wthe output of
](c:or res poﬂ\?i tFPgSlpltter.e The :unclmpeé lsfgn_al is ltima&aejyamﬂwmz. Lﬁhg q78'sh6Re clil?pgnl 5%12 eDIrVI S
or corrgspondi re S ons were carrjed out using :
synbol s. §pP|glr$u méﬂsgﬁ'gﬁébe FQ& Eﬁ%ﬁ#&w@mm@&mm&m = 63BHAR8, K4
=4dB, F=UBS.Fife I shows1thecsorreohipeBit GRS raey e t
densi'oty {IPSPQT ?nd Bit Error te (BlgeR). Al so, tﬁ% e scRlilfds, %B‘ig prnﬂed
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All simulations were carried out using 512 OFDM symbols. The optimum
parameters chosen were K1=3dB, K2=4dB, K3=44B, _KMdB, F=7/8. The performance
measures considered were power spectral density (PSD) and Bit Error Rate (BER). Also, the

demodulated signal points were plotted to depict the distortion introduced.

In the last stage the sampling frequency can be doubled by zero padding the
signal in frequency domain. To reduce complexity of the PAR reducing scheme, the last
step could be done twice instead of three times. There would be a performance loss but the
PSDs are still within the Hybrid FM IBOC Mask. |

This invention describes a novel approach for Peak to Average Ratio (PAR)
30 reduction in OFDM for FM IBOC DAB systems. Simulation results (using Z and S curves
for power amplifier) for this approach show that the invention can achieve a PAR down to 4 -
7dB and still be within the FM mask. The distortion introduced due to this predistortion
scheme is minimal. In particular by using the parameters K1=3dB, K2=4dB, K3=4dB,



.denodul ated signal points were plotted to depict the distor 'F%Q%J 5; 0&%uced.
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r

PAR of the tr.an ted,si . The. PAR reductions in the optimzed ansm t
si gnal hd¥¥ WQBZ‘%EM&P“\&F@F of; ita praferred embodiments, \hshoeldtbeampesredt

i nvent i onhitasrieas t ferred enbodi .
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met hod arftPrs ythe eseons tafolie inwentioni whichf rsodcﬁxhﬂ By ope fllowie bl@ﬂxﬁsﬂtlhélﬁdxwg' ch
is degfin cl.ai i ncl equi val ents t hereof

ex arrp(f ee %ﬁ%&%@%%@% ‘HBPDEP? Lh?d%gﬁ“ Hiustrated in tepms ofiitsiapplieation  t o
di gi t al auddlglmr aaw@aﬁbmgsungubuﬂ it R&s niged %eﬁ&gﬁragtﬁlﬁﬂgﬁ 6 thé"s m}éfé{:ﬁt Po r
systens for tran ‘ngo g digital information by ticarrier 3t | 3
Febr uary ‘PH§RIE 36%’1“ Tmalionymulticamrier modwlation. f or reduci ng peak to

aver age power ratl oin aradio frequency signal, the nmethod conprising the
steps of nodulating a plurality of subcarriers vvith a plurality of data
synbol vectors to produce a first nodulated signal; limting the nagnitude
of the first nodul ated signal to produce a first Iimted nodul ated signal;
and denodul ating the first limted nodul ated signal. to recover the data
synbol vectors;- :




.characterized by the steps of: predistorting the data symboj F¥€rﬁ5|‘[9yr2?)011°
provide a m ni nrum magni tude for in- ph@tse and quadrature conponent's thereof
to produce predistorted data synbol vettors; nodulating the plurality of
carriers with the predistorted data synbol vectors to produce a second
nodul ated signal; limting the nmagnitude . said second nodul ated signal to
producewd’aé%ﬂﬂledwm ted nodul at ed signal; and reducing internodul ation

products in said second |jy modul ated signal. 2. The nmethod of claim1,
further charact er?'zed ?‘n r‘?%‘%“eg‘éﬁ d'eélicé'l? @Fglf QuRYHRES PRVVET (FBdRiI 18t # oRdio

pr oduct frequensyisignak e chektiodi desbrignehuiiat ﬁébsséﬂ%@bulmﬁip?&%ﬁﬁ'g@f ﬁfb@@ﬁifﬁf :

denodul at&t}]n fai d second nodul ated signal to produce a‘'seco deno at ed
si gnal ; ™ i%,ﬁ ety Rl dasm-symbal veasersrioi prodyce & dirstemodikateslasignalplinmiting the

denodul ' ; [ id d. denodul I I
o7 oduce aenpuegOF g, FAF AL if° @ RdiEs R Or S mt e mpsuisef el and

char act demedidating tle firste pintifed nidduiatddn@ighal do tfebéwer ”ﬁ@uhﬂge%nzﬁcﬂ Ndctoré: The
met hod qf cl ai mdi,yd&grt her characterized by the step of: de ulating said

third felee $tepsPfhr oduce a third denodul ated signal; clipping the

Todul at g sata « PERSREHR, difs Sbeh VBHofk SRR 35S ir Woes B o
si gnal . piiase Thd quastritort afimprnantstheredfus phatuce pRERRMI e yMb Rectsiep of :
limting said fourtg dul at ed j)gn |. 12 3 February 2004 6. The nethod of
claimb5, further BIf: P%P%r‘#%‘&"ﬁ@ Pﬁémﬁp\”t&h thejpredistartedidagp symbpl fvectorsh

nodul at %@Hﬁﬂé&ise&&x@jﬁ@é&lﬁﬁd&gfn%” h denodul ated signal; clipping the
non-data subcarriers to zero in said fourth denpdul ated signal; and

nodul ati ng sai d f Hmiting denbdghitudedsad gaednd: modulatbdcsigral f tiof prodocedul set@ll
limited modulated signal; and '
| reducing intermodulation products in said second limited modulated si gnal.
2. The method of ¢laim 1, further characterized in that said Step of reducing
interrnodulation products in said second limited modlilated signal comprises the steps of:

' 'demodulating said second modulated signal to produce a second demodulated

signal;
' - clipping the non-data subcarriers to zero in said second demodulated signai;

and '

modulating said second demodulated signal to produce a third modulated
signal. '

3. The method of claim 2, further characterized by the step of:

~ limiting said third modulated signal.

4. The method of claim 3, further characterized by the step of:

demodulating said third modulated signal to produce a third demodulated
signal; |

clipping the non-data subcarriers to zero in said third demodulated si gnal; and

modulating said third demodulated signal to produce a fourth modulated
signal. |

5. The method of claim 4, further characterized by the step of:
limiting said fourth modulated signal.



.signal. 7. The nethod of claim11, further characterized in | ata
synbol vectors include a plurality of .constellation point séggérr‘%@eﬂ}ogt Ive
of data synbols, said constellation pd?nts havi ng an i n- phase conponent
and a quadrature conponent, and said predistorting step conprises the
steps of. scaling gai d i n-phase conponent of each constellation point to a
magni tude gr eat er0-thhgmeihodefirdaimt » furthércharaprecided by thersep dfr act i on of t he

expect ed magni tud I, N P component ; scal i sai d quadrature
conponent of eac_he%é(ﬁlqsd:ug%lng&m éjnﬂ)g%ﬁrﬂm atﬁgﬁb%’ﬁf%a@%g&’r adowih dempduated qual
to a sesigml;a predetermnined fraction of the expected nmagnitude of the -
quadrature conponent. 8. The nethod of claim1, further characterized in
that said step of tneathe pn-data puhcatriery to zemuincsaid ifeurth dernbddated stgabl;t y
of data gggnbol s' to produce. a nodul ated signal conprises quadrature phase
shift keying nodul ation. 9. The nethod of claim8, further characterized in

that sai-d plurali tmodilathey shidr fourthr GerA6d1R@ Wknal BIHSAGY i Kif]
mul ti pl exed, carriers. 10. The method of claiml, further echara@tlg??lggtgdi n

that thé®¥kp of limting the magnitude of the first nodul ated signal to

produce a first-Iim P{gﬂﬁdg :Sign rises- the step. of: setting
the maxi num magni t-{Jnd'it;&g the ?f (r?:s ﬁng’dﬁ{ngt?g& g’iaﬁtﬁBFe @éﬁatpgé‘ggﬁ@rm
const antvep@gmiinaleds alpluratitg ofetdmscbllafiors | ints lreplesértheve ﬁf'ftfa?ackﬁlhb&ﬁd sdif

that th 'ting}the. nﬁl%nitude of the nodul ated signal to produce

f li.
a first %Iolﬁ%%g aé%"n%ém S YISy isPhass omBsRent and a guagragire componeny, ek said

maxi mumpredstoitigastaf cdnfiists thalsteppep! ated signal to a predetern ned
magni t ude defi ned egj; a scal ed Zeggurve. 3 February 2004 13 13. The net hod

of claim1, whereisaking sridtiephate croopdnani ofjeachptotrseliation @bint ub -aCAhgriRE

with a ' of t.a. ol, vectors tq prduce a first nodul at ed

si gnal @é%grtr% r t|h£s@<£ 3 g teﬂ'g&ﬁstf’1 éﬂpé%ggfegﬁtﬁmﬂﬁg ngﬂ‘ftlpﬁ \Pg e expestedmpagniwde pf shesinor m
t 0 sai d phaseecomypuneht;vectors; 5 applying a cyclic prefix to said data
synbol vectors; and applying a root raised cosine window to said data
synbol vectors: scaling sdid quadrature component of each constellation point to a magnitude

greater than or equal to a second a predetermihed fraction of the expected magnitude of the
quadrature component.

8. The method of claim 1, further characterized in that said step of modulating
a plurality of subcarriers with a plurality of data symbols to produce a modulated signal
comprises quadrature phase shift keying modulation.

9. The method of claim 8, further characterized in that said plurality of carriers
are orthogonal frequency division multiplexed carriers.

| 10. The method of claim 1, further characterized in that the step of limiting the

mlagnitu.de of the first modulated signal to produce a first-limited modulated si gnal comprises -

the step of:

setting the maximum magnitude of the first modulatéd. signal to a
predetermined constant magnitude.

: 11'. The method of claim 1, further characterized in that the step of limiting the
magnitude of the modulated signal to produce a first limited modulated signal comprises the

step of: :

setting ' the maximum magnitude of the first modulated signal to a
predetermined magnitude defined by a scaled Z curve.



14. A nethod for reducing peak to average power ratio in a radio frequency
signal, the nmethod conprising the steps of: nodulating a pl grbidary 2604
sub-carriers with a plurality of data synmbol vectors to produce a 10 first
nodul ated signal, a first group of said subcarriers lying in upper and

| ower sidebands of a radio channel, and a second group of said subcarriers
lying in a central band of said radio channel; 15 |imting the magnitude
of the first nodul bl.-ed Fhgmgthadofmlainiukevherdin said stépdf mddulating hafledlitsi ghal ;

renovi n '.rgagq- [ C in i irst limted dul at i.gnal ;
denodul gstdlbng t%gqﬂh?tgt ﬂ]ﬂ}a?ﬁﬁfgg &r?g%ﬁ?' g oZldglesc'lfwgr ;tP RrSQ?rw@c?)\;g?t wﬁgﬁﬂqu@p@n
poi nts; ¢uneptisss thetstapg ofthe data synbol vectors on said first and second
group of subcarri erpiyi ovi de, a m nj num nagni tude for in-phase and

to
quadr at ure conponeffiPsYifif rseigst Epusier drpnatopmdasaid gt ¥eadosbol
vectors; nodul ati | q ' | predi storted data
synbgl vectors tgﬁggggﬁggyg%s%%%ﬁéﬁ%%%%ﬁa@bﬁﬁgtgk%?%?m ting the
magni t ude sai d secapplyingdodadiraigeds¢ayinelwindowp twshid data sgmboinekctdrs;ni t ed
modul ated signal; 2o re x\ﬁ' ﬁ%di g&er%dul ation products in sajd.secon
limited modul ated i gnal’; PEHT 38 pFEYPLEoPTH N 1ATE 2§t BOESTnERSIC W& dpdoon
sai d secdbsgiegeydignad/the etk dogipRising thdsteps gfe @ mi ni num nagni t ude for
i n- phase a(gg guadr at ur e congonents t hereof to produce additional
predi st CRPBUALHE 4 PLFalHY) of \uprcgrriers path arplurality 1od dlats syambal ivegtors teheradhee 8ai d
st ey of ' i Aot &hi : : ol ' Ll l-at ed
Si ggoal cfgﬁtg?i&gﬂgteg ﬁit’agng’eps oﬁhﬁggﬁgﬁ%ﬁﬁg @gdgs%gﬁ%%n%ﬁ %ﬁég{ﬂé’igé rqal
to prodwcedip chaneesldanibansenond tesonpsofseid sut@aFiehy lying in20 0entmil hamd pf said radignal .

si gnal ; channel;
limiting the magnitude of the first modulated signal to produce a first limited
modulated signal,;
15 removing intermodulation products in said first limited modulated signal;
demodulating the first limited modulated signal to recover constellation
points;

predistorting the data symbol vectors on said first and second group of
subcarriers to provide a minimum magnitude for in-phase and quadrature components thereof
20 to produce predistorted data symbol vectors; | '
modulating the plurality of carriers with the predistorted data symbol vectors
to produce a second modulated signal;
limiting the magnitude said second modulated signal to produce a second
limited modulated signal;
25 removing intermodulation products in said second limiteci modulated signal;
and .
predistorting the data symbol vectors on said second group of subcarriers to
provide a minimum magnitude for in-phase and quadrature components thereof to produce
additional predistorted data symbol vectors.
30 15. The method of claim 14, whereih said step of removing
intermodulation products in said second limited modulated signal comprises the steps of:
demodulating said second modulated signal to produce a second demodulated

| signal;



.signal. signal; and signal. 14 denodul ating said second hgnal
to produce a second denodul ated cli ppEEg t he non-data sﬁgﬁpg'?sﬁtbg zero
in said second denodul ated signal; nodulating said second denodul at ed
signal to produce a third nodul ated 16. The nethod of claim 15, further
characterized by the step of: |imting said third nodul ated signal. 17.
The method of ci aidsmedulaing s3id seesmdmaedwated signilytotpredit apeodrid diweaiidad i Ng
sai d this{gqagodul ated signal to produce a third denodul-ated clipping the
non-data ™ subcarriers to zero in said third denodul ated signal; and

nmodul ati ng sai d t klipping eh® doh-ah@kubi ' . 18.
The net hod of cl ai mpgilg further cr?gtrzggte*esrtibglggé %Eﬁﬁég%{“ggdeﬁbﬁpﬁg‘famﬁﬁag
said fodPth nodul ated si ghal . 19. The method of claim 18, further

characterized by : denndyl at i aid fourth nodul ated signal to
produce a fourth 3‘2@6‘%@%%@“ ég?og]gi ﬁﬁ“‘f"?’rﬁgﬁ@ﬂ%‘ﬁl 40 rpduce 3 dhigd F@P@gﬁ*@'i n
sai d f osignhl. denodul at ed signal; nodul ating said fourth denodul ated si gnal
to produce a fi ftrl- rr_?dul ated 20. The method of claim 14, further
characterized in tRa hesmethod of glaim dfofurtherchapacterized bydlee stepofar al i ty of

constel I ation poi !E}ﬁﬁﬁ%%&ﬁﬁmﬁbhl\{l te8fsi&g1§f a synbols, said constellation
an '

poi nts havi ng an in-phase conponen quadr ature conponent, and said

predi storting step7cBimpmethed ofblairﬁtwpﬁirmfafcrﬁ%kltéﬁiﬂd%?itﬁe dtép phase conponent
magnitude greater fhan or equal to a

of each constell atdi ond'ﬁoi. nt %‘ﬁ @'F )

first a predeter mCHEGOPAURE SBid. third; Medulated. sigaal ntegproducte acthirdhdenodulaéths e
conponesignalscal i ng sai d quadrature conponent of each constellation point to
a magni tude greater than or equal to a second a predetermned fraction of
the expect ed magniclippiag gie nonedatajsitganiers © z2oipcarithird Yefmobiliedishdl4nd 5 21.

The met hod of cl ai . furt . characterized in that said step of,
modul ating a pl ur zlqudg]f/ahB% ssaffgié’rr&i%F?dﬂfaf‘?ﬁzélgﬁiﬂuf%lﬂ“ﬂ}‘cﬁfa deurth sgodulated t o
pr oduce s signalodul at ed _ _
18. The method of claim 17, further characterized by the step of:
limiting said fourth modulated signal.
19. The method of claim 18, further characterized by the step of:
- demodulating said fourth modulated signal to produce a fourth demodulated

signal;

clipping the non-data subcarriers to zero in said fourth demodulated signal;
and

modulating said fourth demodulated signal to produce a fifth modulated
signal.

20. The method of clajm 14, further characterized in that said data symbol

vectors inf:lude a plurality of constellation points representative of data symbols, said

- constellation points having an in-phase component and a quadrature component, and said
predistorting step comprises the steps of:

B scaling said in-phase component of each constellation point to a magnitude
greater than or equal to a first a predetermined fraction of the expected magnitude of the in-
phase component;

scaling said quadrature component of each constellation point to a magnitude

greater than or equal to a second a predetermined fraction of the expected magnitude of the
quadrature component. |



.si gnal conprises quadrature phase shift keying nodul ation. . hod
of claim2l1l, further characterized in that said plurality o?ge%rg??idgrag are
ort hogonal frequency division nmultipl eXéd carriers. 23. The nethod of claim
14, further characterized in that the step of Iimting the magnitude of
the first nodul ated signal to produce a first |imted nodul ated signal

conprises the step2lof The ahdthody dof helaimmxidmfortherg bhdracterizeds id hiatf §aid tstep of
nodul at ed ai gnal tlglﬁaj pfe' et erm ned constant magni tude. 24. The nmethod of
cl ai m 14MORYRnE3 Plupality Of sycamiers with gluraliy oftdatp Himbdlniorpragnceaaodilaadt ude

of the nygiHl 3bMfriss Ynadrature ﬁﬂﬁggﬁiﬁe&@yﬁMdﬂt{H& ed modul ated si gnal

conprises the step of: setting I mum magni tude of the first

modul at ed signal t22.alhepmethedesfintlaim 21 dunthen dhateferized! i yha saiapkehlify ofr ve.
25. The nmethod of .claim.14, furfher characterized in that said nodul at ed
carriersC%PESﬁﬁQ%Oﬂ?%ﬂ].ff%?nC? VISP RYUtRIEXed GRS further characterized
in that said step pf i lqu ' LIk S ]
plurality of data g%ﬁgpﬂ%&ggﬁjg;‘g]aﬁgﬁ&g .uﬂggﬁgﬁ%?tréfg?%%gﬁtl tgte\eéi(?b&fglnnélltmg
conpr i seteimagnitdpofothe figspnyddalatein signaletos prodasd aFfitst ilimnitelr aodilated signalai d

data synpql vectors: and applying a cyclic prefix to said data synbol
vectors %m%%sl%ﬁEh&gdg 03ynbol s. 27. Aradio frequency transmtter providing

reduced peak to aves@ge HOWRIaxitdhi Sndghitddd At @hd ! BRHERAGHuIEd"denall N6 a
transmtter conprising neans (36) for nodulating a plurality ofgn

subcar r i Bredetgmpipedicqnsianhmagyituge. dat a synbol vectors to produce a first

nodul ated signal; S NP the magnifude of the first.
nmodul at ed si gngl tgz)% ué@?g oﬁ%;a.é _lr%’hﬁﬂ%é&n%ﬁfﬁﬁﬁ‘%@ tg‘ﬁtg{k‘ﬁlspcf’a?fdnﬂ’éﬁ'ﬁs
(42) fortheenaghithde bhhetrhedulated bighalnb tpestuc® dUirsf Iited evdbilatddosi R eu@pritdie

dat a synhol vg@tors; characterized by: means (44) for predistorting the
data sy &t ors to provide a nmini num magnitude for in-phase and

quadrature conponeggtﬁ:n% hlﬁEe&{eaxfrﬁurHr ) ﬁ% g&l %grﬁg@_ﬁ@ﬁ@ﬁgﬁ%%p Vgetors;

means (46) for nodul ating t plurali arriers w storted
data sypisdetesnsipedmagnitnderdefivedbya seatai @ comdul at ed signal ; 3 February 2004 -

rlrg dulm':l? 23 For r edu%.n’?hé rr]rtle%lgég) gy Ic atill'no?4,p{u(l?tglglp tcﬁarlacr:]tersl%ddinS (tatfact) rlv.gldl Imrgdgl%(tjed

carriers are normalized. _
~ 26. The method of claim 14, further characterized in that said step of
modulating a plurality of subcarriers with a plurality of data symbol vectors to produce a first
modulated signal comprises the steps of: _
- applying an inverse Fast Fourier Transform to said data symbol vectors; and

applying a cyclic prefix to said data symbol vectors to said data symbols.

27. A radio frequency transmitter providing reduced peak to average power
ratio in a radio frequency signal, the transmitter comprising means (36) for modulating a
plurality of subcarriers with a plhrality of data symbol vectors to produce a first modulated
signal; means (40) for limiting the magnitude of the first modulated signal to produce a first
limited modulated signal; and means (42) for demodulating the first limited modulated si gnal

" to recover the data symbol vectors; characterized by:

means (44) for predistorting the data symbol vectors to provide a minimum
magnitude for in-phase and quadrature components thereof to produce predistorted data
symbol vectors; '

means (46) for modulating the plurality of carriers with the predistorted data

symbol vectors to produce a second modulated signal;



signal. 28. A radio frequency transmtter providing reduced peak to average
power ratio in a radio frequency signal, the transmtter cGQFybrsdrpao0p
means for nodulating a plurality of sub-carriers with a plurality of data
synbol vectors to produce a first nodul ated signal, a first group of said
subcarriers lying in upper and | ower 1eidebands of a radio channel, and a
second group of said subcarriers I'ying in a central band of said radio
channel ; neans f ormesarfer fedncihg mtermmoglutation peatuctsiin saidfsetdnd Hfritet modalaiedt ed
signal tp O produce a first limted nodul ated signal; means for renoving

i nt er nod ‘i on products in said first limted nodul ated signal; 15 20
nmeans for denmpdul aig.ng Ahgdib 'ﬁreéﬁerlc'yWahﬁﬂlﬁpﬁwlﬁgjreﬁhgé@ﬁcak% bF&GRYEpower
constellation points; neans predistorting the data synbol vectors on

said firatio MradaﬁmegpbasnalomeM@amr €QIBpPIENgsr ovi de a mi ni mum nmagni t ude

for J L
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the pregraduce taefirst aicalulagdighaly e dirstrgroiw op sad wobcarias dging inugpkabed iavegnal ;
f ti h d d . ul at ed |t d
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product §a1ﬂ'}a¢§6'cﬂa1§rﬁ;¢0nd limted nodulated signal; and neans for

predistorting the data symbol vectors on said second group of 25
subcarriers to praueate far meansriom liraiging tthel magoitudenoh theslersamodylatad sigual do

CO”BO”e%osducQSrf‘%&fhmﬁé’dzB ga%gs%gttlonal predi storted data synbol vectors.

means for removing intermodulation products in said first limited modulated

signal;
means for demodulating the first limited modulated signal to recover
~ constellation points;
15 ' means for predistorting the data symbol vectors on said first and second group

of subcarriers to providc a minimum magnitude for in-phase and quadrature components
thereof to pfoduce predistorted data symbol vectors;
means for modulating the plurality of carriers with the predistorted data
symbol vectors to produce a second modulated signal;
20 , means for limiting the magnitude said second modulated mgnal to produce a
| second limited modulated signal;
means for removing intermodulation products in said second limited
modulated signal; and -
means for predistorﬁng the data symbol vectors on said second group of
. 25 subcarriers to provide a minimum magnitude for in-phase and quadrature components thereof

to produce additional predistorted data symbol vectors.



