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1 NVENTI ON Thi s invention gglates to radilo br oadcasting, and nore
particularly, to AMIn- Band-On-Channel “(1BOC) Digital Audio Broadcasting
(DAB), and_signal processing in AM 1BOC DAB transmtters. 5 Digital Audio
Br oadcast i W%god)m ARBARKATUS FQRRUESEiQ YERL AR PRE-EQMBENSABOINor t o
exi sting anal og br oadcasi¥ {JGITAKL MORUIBTEDMIGNALBe transnitted in a
hybrid format where it coexists with the AMsignal, or it can be

transmtted in an all-digi 0 e r val of the anal og
si gnal enabl es inproved dlé‘gbgd@@baé@%m i nterference. |BCC

requi res no new spegisfiddentibh paak mmyﬁs@%gﬁm E&g@hlah& th0AM In-

simul taneously transmitted within the sane spectral mas an“existing AM

channel Band-Gedthasnel (IROC) Higitad tAarlie Bovrieysting (BPdR)t pudrsighill roesssing iimg M
broadca%%ﬁs&éﬁsplﬁ rSQi gital quality audio to their present base of

| i steners. 5,588, 022 di scl oses a hybrid AM I BOC br oadcasti ng

mes hod for sinmul t pipgaUAMidBRAAEATIE 19 aahedid BPPréliiGhb digitl gnaks dRid

standard AM broadcasting 15 channel that includes the Steps of

br oadcasMPAROTate efiping aptombvadcesiant fadiats. AMJBENE DAB (panl bentmanisngtted fii ast

frequen : 1.0: j.he .appl i 1ud dul at ed radio. frequengy,. .Signal

i ncl ude%ﬁpﬁgéﬁ&&?%g&ﬁgl b ‘gl{%g}%b‘é/ﬁgﬁgﬁaxg?roﬁ B g% FARSIAIGE Y an Affigital

si nul t arfentst! wheter thedeativangf ahelabidlak i sighabfenghled idblovedndpitat @b efade! WRA

signal s %hin afbandvvi dt h which enconpasses the first freqbl;enc spectrum

edch of TEfusedinferigience. QT seauiretne pewspestighallesations brsavsscar DB pignal is

Py ti on & Rarbed S : fi g f - di gi I

ol ar SquBatib @l HrarR AP soffe dreBaP k] B o 1%isth: Aff chippel,

nodul at ediotationg UBCatprorsotes tehoroney foif rspectami nilele endbhiak . broedanersand sigply d

groups g{i, .gage dl'ktg,it I IX nodul at ed c?r,ri er signals lie outside of the first

f r equendyEEH LR R do thedr nreteat base @f HYERET$n- phase and in-quadrature with

the first carrier wisoRA No?5skeloisBOtABLRISATBOE LAAHERGKs ARMRIITLP de
Sp

| obe constraints together wth synbol ratée and sub-carrier cling
requi r erfRtléaneansly duaadcastyiggardlog wind edigitali signats tih a etedaabpiMgbmallestng The

AN trangih s BatCRRES T gtelt)sr aF %rggdcgsrtftngogloQ.r%lpli{uﬁgq'ggc?uq%eg ' i%)l B"Qquency

signal having a first frequency spectrum, wherein the amplitude modulated radio frequency

signal includes a first carrier modulated by an analog program signal, and simultaneously

broadcasting a plurality of digitally modulated carrier signals within a bandwidth which

. encompasses the first frequency spectrum, each of the digitally modulated carrier signals

- )) ' being modulated by a portion of a digital program signal. A first group of the digitally

modulated carrier signals lie within the Iﬁrst frequency spectrum and are modulated in-

quadrature with the first carrier signal. Second and third groups of the digitally modulated

carrier signals lie outside of the first frequency spectrum and are modulated both in-phase and
in-quadrature with the first carrier signal.

25 : In AM IBOC DAB systems, frequency domain side lobe constraints together

' with symbol rate and sub-carrier spacing requirements can lead to signal pulse trains with

overlapping pulses. The AM transmission comprises a train of orthogonal frequency division

multiplexed (OFDM) pulses. The pulses are made up of evenly spaced sub-carriers. The

digitized data is subdivided into “m” bit words, converted to amplitude and phase values and

30 ‘then assigned to the sub-carriers. The shape of the pulses is selected so that the sub-carriers

are orthogonal to one another when matched filtering is 'applied at the receiver. In this way,
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mul ti pl exed (OFDM pul ses. The pul ses are made up of evenly $pade06
sub-carriers. The digitized data is subdivided into "m' bit words,
converted to anplitude and phase val ues Zand 30 then assigned to the
sub-carriers., ,The.shape of the pulses.is selected_so that the sup-carriers
are. or t hog RPN I ERB ROy ot HE AR PG 100 Syl Y che

recei ver. Isgbichirfer WAY thekdblylrbddvet thVahukldtkadt dibdtatlbdel! T11TE TITT 1111
*@00002* 5 April 2006 2 matched filtering can recover the anplitude and
phase information forOeawayidddingingathe wgbirehprthegonahty isteruseyeetangnlar t he
val ue of e i.qital rd.. e f ur i the required orthogonality
o 1o Use: Pl g oot is G KBodh SRS P LatrtE spidh B rC B

sub- carri erovsflaspimg . retfadgulae ®ilsedOmas OwRr |dpiRiblg featika@ngul maximidisgstieas t he
desirable feature of maxim zing the transm ssign rate, The mai n drawback,
however, i draasmissionyetsi dhe |Bp8 Awpdeck, hapewsydy cxsewivevsidg lohe lgedsred
ort hogonal i uj . . n i r preservi ng
or t hogonal il\%re\[/)ﬁ}l éle&l‘r?eéﬂ |(réltgegslfegg)%ggée/naq&éegpggﬂggzgﬁ?ﬁﬁgwd%ﬁ}aﬁlgduaI t hat
was the subject of a THeapsbienpagfeprebgrviNgqoitkdgonaliyqwhie redicing Gitet ibe
Topics in Tel aph Transm ssi.o heory," Trans. Am |last Electyr. Eng.,

vol 47, Aplevelght a jme gomagydyal ﬁ%_“’?glt’ﬁ“f isal_we?tsoff b WAPERIPEhAY | R¥GHH of
the rectangNb@histdyl.secamsln aRipios & Télle%‘%gh CREAMGsHEH ARESRY TRNENAn] aad! t -
The transmitter and receiver-split the weighting with the transmtter and

recei ver e&dtrtmbpiyivel47hapr. d§R&rrp. 1603164d). Theesolwsioghis $o eterd Weevlehgthmfused

in one AMdigital gudiq broadcasting systemi.s the onvaol ut,i on of .

Nyqui st tygleeqrﬁﬁﬁg%& i lﬁs‘? %neda @?P&%f?é%da‘%eé’ﬁg‘ie&e‘glﬁfﬁ&tf’éﬁ? refﬁf'glthectﬁﬁwtge&i on
guar ant ees ahdaéceiVeg-shhideRNE¥hETRIR he dEmbARRS B ebchRe CablRlappBilg the

requi renents inposed by the FCC. The |l ength of the Nyqui st puf)se i's one
OFDM  synbé&fuasefFqabaf thegysightsit i on i ncreases the pulse length. As a result,
the pulses in the tr ] e WP 40 T .esence of .this
overl ap introduces di%gmv%%ﬁgﬁ Jr%% ?r%o%ugwfi lg\étgf l}r%ad?%grncgjgﬁq%é?%%&%és the

di st or ti oncomuwdetibrbyf pall Spquistetypappllgs with ehé eGhussiafii d@isity ofuhb@dn. 0OThisnoi se;
i.e. denodul ator outputs are displaced fromtheir assigned constellation

p nel r
| ocat i ons. “YIRERCHOR gugraniegsiihat te @%‘iﬂ?&ﬁyf sograin #dsphesa sels spetRhpsEd on a
gr aph, requirements imposed by the FCC. The length of the Nyquist pulse is one OFDM

symbol period. Convolution increases the pulse length. As a result, the pulses in the
transmitted pulse train overlap. The presence of this overlap introduces distortion in
me output of me demodulator.

The distortion caused by pulse overlap has an effect similar to that of
noise; i.e. demodulator outputs are displaced from their assigned constellation
locations. When a large number of demodulator outputs are superimposed on a graph,
they give a fuzz-like appearance to the demodulated signal constellation.

It would be desirable to reduce distortion caused by pulse overlap. This
invention seeks to provide a method for pre-compensating signal pulses of an AM

EBOC digital audio broadcasting system to reduce distortion.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the invention, there is provided a



they give a fuzz-like appearance to the denodul ated signal c®Agtilg2008t i on.

It would be desirable to reduce distortion caused by pul se overlap. This

i nvention seeks to provide a nethod for2pre-conpensating signal pul ses of
an AM EBCC digital audi o broadcasting systemto reduce distortion. SUMARY
OF THE | NVEiéthédNof praceapelanigs Yort pulse biérkdp aspeadifitaly mbulated esighadnthet her e
i's provided 5 April 2006 2a nethqd of pre-conpensating for pulse overlap
in a digi té’P‘?%Qp i the;stapsof: rteﬁrévm&@t%ewel@éﬁﬁ.sliggﬁlrigﬂ%eﬁemgqiléptsn&)ﬂle

receiving g gﬁgﬂb’tﬁg&etoﬁ;roéﬁc%rhahrcfggclﬂ@%gce gf@gg@ﬁ%ﬁ?&%&?ﬁéﬁ&ﬁ mguché ??stt 0

produce a fiITst sequence

seﬁuence ofscrercgwdc& af edoch}lults@tsputses [ q:dmthe;a aadff‘mstzsteqﬁ?mgedfc‘iﬁenwdudkafﬂﬁqb;ﬂﬁai ed

pul ses co irst se enc of de ed pul ses w e
sequence el thﬁ[}%?e?q“‘?”(?eﬁ eftiedilateq ppiss y&ﬁﬁ%ﬁf@uwe@f sigpalpplssss
nodul at i ngd |i5?ocfdcésat fir® GLGitnee Qf e’?(o?ﬁ{ lsepuhx%ﬁﬁlahf? REO G ese@uén'c? uence

of nodul ated error pul ses; and conb ng the |rs sequence | at ed
error pul seulsed tohprodeced a fist ssmpnemoérrmrﬂuhlndiudnatrqmml mﬂbcdmbmqngdhudiesta
first sequepnce of or dance ect of

|
the i nvent F%Wen?%gf@r?dgpaz% gug%SWE{"HB%%%Ft iﬁqggrtcgvn\%wg ‘letﬁ R ﬁ | se

overlap in ﬁ)d@bghtﬁ@gtlsynggg@&p&@,q,eﬁg ulsdshe nmethod conprising the steps:
of receiving a sequence of pul ses, ulating the pulses to produce a

sequence of nodul at ednrﬁsw@ésncesw@raﬁgcomdésmm thegdventiog cthere 1&$>r019ded

non- consecuyt al S of the uI ses to duce

first ordérhl\é&ro ?jr pre'ﬁ%mp%qsg{’m%g) tprlllz &ﬂ%é’éaoq"& ?llysl’ilo%ﬁ%fg‘fg’@wo eterm;
and subt r aghéthgd @dfiprisidk fhbestépsl SF r@ded\ﬂﬁgef k&@fueh& 65 plilsed) medulSSO id Ng
ones of the podul ated pul ses to Produce a first conpensated signal. In
accor dance RMSh tQ RIpdUE aspncop! madulaiedbpbisesn, stargr thej moglatesd dudsean

appar atus fifngi e CABSARE LAY of e ﬁuhagteequﬁéeéqo Rodhcllafeh@idck JFHfi at ed

signal, the §pparatus conprising: an I nput® recel ng a seguence si gnal
pul ses; a fordertermop thrinas nonngmesmpfbubabf figt bfder sirgn@imy uhd esbtiaotipg e@bhce a

first seque cg 2{5 gul ated pulses; a first, denodul ator for denodul ating
the first RAEY JrembRen Kras fom sesepanpingce o4 the madulatedopulaesetoot

denodul at eg)r&ucggq;rstacomﬂeggatmdper for conbining the first sequence of
denodul at ed pul ses with the sequence of signal pulses to produce a first
sequence of In accordance with a third aspect of the invention, there is provided an

apparatus for pre-compensating for pulse overlap in a digitally modulated signal, the
apparatus comprising: an input receiving a sequence of signal pulses; a first modulator
for modulating the signal pulses to produce a first sequence of modulated pulses; a first
demodulator for demodulating the first sequence of modulated pulses to produce a first
sequence of demodulated pulses; a first combiner for combining the first sequence of
demodulated pulses with the sequence of signal pulses to produce a first sequence of
error pulses; a second modulator for modulating the first sequence of error pulses to
produce a first sequence of modulated error pulses; and a second combiner for
combining the first sequence of modulated error pulses with the first sequence of
modulated pulses to produce a first sequence of compensated pulses.

In accordance with a fourth aspect of the invention, there is provided an
apparatus for pre-compensating for pulse overlap in a digitally modulated signal, the

apparatus comprising: an input for receiving a sequence of pulses; a first modulator for



error pul ses; a second nodul ator for nodul ating the first sefdenc®06f error
pul ses to produce a first sequence of nodul ated error pul ses; and a second
combi ner for conbining the first sequete of nodul ated error pul ses with
the first sequence of nodul at ed pul ses to produce a first sequence of
conpensat ed | ses. ccor dan e wth a fourth f the_invention,
there is pr'® %H‘ga'tli‘e %‘gﬁﬁirtﬁtﬂ@ POt apﬁegu‘??ﬁ n&g ‘l‘lgﬁg Hﬂ?seﬁu?sf;‘ersbﬁfalgﬁp in a
digitally t

Fecei ving & Qhat ARCuSRE flq mbBRacARR!d Rf ROREIRY ek Bl blipUghRting,
nodul at i ng paire opthesRsdul e peisksad peodieedeapened omdubxﬂbedr@uém a sécohdr st
storage elenent for storing the nodul ated fpuI ses; a first conbiner for

usi ng non- céHagec plemgat forastesngfthe wequeper lohtiast ﬁtﬂeéé%fof deprso i ea ée%)ééuence
of first order.ercor [ [a nt for storin

sequence o PRt K biFedie Pt G AR oG e et S i e R S act i ng
each of thend mbdhlaRlPalse®fd ;S}bdﬁ&ra”ﬁrsf ERPenSAtEEsipRaIdi ng ones of  the

nodul ated pul ses to produce a first conpensated signal. 5 April 2006 3

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic representation of
an AM hybrid 1 BOC DAB signal, showing relative |levels of AM and DAB
signals; Figure 2 is a sinplified block diagram of rel evant portions of an
IBOC DAB transmitter, which may incorporate the pre-conpensation nethod of
the present invention; Figure 3 is functional block diagramthat
illustrates the operation of the invention; and Figure 4 is a nore
detailed functional block diagramthat illustrates the operation of the

i nvention. DETAILED DESCRI PTI ON OF THE | NVENTI ON Referring to the draw ngs,
Figure 1 is a schematic representation of an AM hybrid | BOC DAE conposite
signal 10, showing relative |levels of the anal og nodul ated AM and
digitally nodul ated DAB signals. The hybrid format includes the

conventi onal



AM anal og signal 12 along with a DAB signal 14 transnitted HeApdt2006he AM
signal. The DAB signal includes a plurality of data carriers, evenly spaced
frequency. The digitally nodul ated carrkers are generated via orthogonal
frequency division nultiplexing (OFDM. This formal enables the spectra of
these carriers to be overlapped w thout any intervening guard bands,
thereby optim zing spectral utilization. However, a guard interval can be
used in the tine domain to conpensate for signal timng jitter. The O-FDM

nodul ati on techni que is extrenel beneficial for successful DAB operation
since bandwi dth is a pr3RIERDRE TN OF THE DRMAWANGS An addi ti onal
advantage is that there i 0 ed t.o isola the D igit LI 2006
20 03/ 055000 Per Uso3 6 It 2 REEMAlS kil ‘88c?a89§‘é‘?h¥%“é‘a *9&?@%% in
ei t her the sigmhshowingrelative Ro€els WEAM and B A Signals;t hogonal i ty condition of
OFDM mi nim zes such interference. As shown in Figure 1, the DAB carriers
are contained withi n F8¥R R smplifighblogly diagmamalyciavanigrortensqdan HQC

channel i splipi i r; : and
over 22 1 Posm SRR, SuRol L R orp S ARRE e Aot ion Rehned of RS breth (e
and enconpassasorf;r equencies lying within 5 kHz of the central frequency of
the channel. The up%er si,deb nd.eng@dE({jrom aBou@ +5 k fromthe central
frequency to about +T38WEL SeipgHqnAk blogk disgram that illystiate psitiengfgeband
extends fremg about -5 kHz fromthe central frequency to about -15 kHz from

the central frequency. The FCC em ssions mask is 10 represented by item
nunber 24. iMyeatiewmsdsi t e anal og and digital DAB waveformincludes a

plurality of nodul ated rriers a e ful oppliant with the FCC

b 5ot on skt Fg R b BT A0BledHhiridbe] Yol HRFL bt AIRS G O

posi ti oned operfatiomof tHerigopigiogy band illustrated by the envel ope | abeled 14
in Figure 1. Most of these signals are placed 30 to 40 dB | ower than the 15
| evel of the unnodul ated AM carrier signal in order to mnimze crosstalk

wth the anal og AV si ghalu EHOSBReRtpHEN UTgE IROAAEIANDY, Cncodi ng Lhis
igital information in lity with the

anal og AM wavef orm TRefesring/pehcddra®ingediifige il 3s £adhb@skic epiddneii@nbalhy AM

nodul ation, (. C | ementary BPSK, conplementary QPSK, or conplenentary

16 QAM B RS FQIRASLE Fierid Oupiiovees gaékveéevpﬁt% e ?@@!033?%@?@76. 20

Addi ti onal A8f,oMB%igtallf WasiuAtd A B WREdalsU §hie BPSHY bt idbidldsahe SoORAichar 27 €
AM analog signal 12 along with a DAB signal 14 transmitted beneath the AM

signal. The DAB signal includes a plurality of data carriers, evenly spaced
frequency. The digitally modulated carriers are generated via orthogonal frequency
division'multiplexing (OFDM). This formal enables the spectra of these carriers to
be overlapped without any intervening guard bands, thereby optimizing spectral
utilization. However, a guard interval can be used in the time domain to
compensate for signal timing jitter. The OFDM modulation technique is extremely
beneficial for successful DAB operation since bandwidth is a premium commodity in

the AM band. An additional advantage s that there is no need to isolate the DAB digital



pl aced outside the first group. The need for these digital SWMéRe0Gs to be
. in-quadrature with the analog signal is elimnated by restricting the

anal og AMGyIsa®90bandwi dth. United States Patent No. 5, 588TMUB#2/8H92% | oses
additional information relating to | BOC DAB waveforns and is hereby

i ncorporated by reference. 25 Figure 24s a block diagramof a portion of
an AM I BOC DAB transmtter 30 show ng the signal processing functions that
are rel gmdigts f@nt héagh | eentvio filtefingaimp | edtthen tte dransmifhal of gecedemi vimde dhe | i ne
32. An audi o encoder 34 converts the sanmpled audio into a digital signal.
Thi s di grthegonslityremditionaf B M aninimIZed sYEy RLEECFBFC-cor rect i on as il |l ustrat ed

in FEC encoder blgc il ' ESribRtRE | BaMERdASitHR WBhdthel 16 ,
A%S%ﬁo%emsgfg#@z@ fHeIPAR LaribRl KL |BAMARAIAGI e

i nterl eaver bl ock esulting i nterl eaved signal is nodul ated by a
'Fast Fohaving a baadwidth of A0 dilzaThe cidmebis dividdd io miventriEresugnesl band 18, 98d 42

T d th I [ I | i 46, | ed di ' A .

Sphl | cloR 2ot ovieh 22 ieinisny bip: gfisiee il eRuctry S te OB KR idg na
P . € B . a :

on Inegﬁ@ﬁ%gégﬁ%@@m@s BAERTR e+ POKIAY of fhd Qenft Dﬁ@%?_eﬂc Of CRBREIntIe

si gnal is 5 Apfil 2006 WD 03/052990 PCT/US02/38928 5
subsequ&he hppersiddband dxtoydsidmmbiantat DkHE froan theseniratdteguyneieto) apenieyl 1 kHz

antenna . 56. . The sjignal trapsmtted t,he  ant enna ha r
shown b?oph@e\ﬁ&wé?‘o‘??ﬂ“&fl%?lgﬁwgwf Slfj%'y eexﬁffﬁ%g sotmeﬁ?ou? r'ge%g{ezg%}g&g%rﬁllﬁ{ag de
| obe - copghicht® hsetns ks thbm sushRhthRfeq@dy S UThe HCC esmisfians nghsk is

requirements lfead to pulse trains with overlapping pulses. 5 Pulse overlap
i1t r odutepsesdnted bytiteonnember?4. out put of the receiver denodul ator. This

disstorti "fuzz" in the depndul aied |} AHQNS ol 3 is
funeti onal bf ook dtagreamost i fuf PIREL TAE wARIEH inAIaT pIbBy B 9

The f ungiddanged ¢drHsk tRitate iffllyt@pkand wian teeFCQ endisiomsdnask. cArfirsingroupnfwi t h
the nodul ator illlustrated by bl ock 40 of Fi %ure 2. As sho in Fc'w?urtg 3, a
pl ur al i the digitabpwngsiuiated chmiersharef pesifirnsdywillifed #eﬂ%emﬁcléma ugfrried X 9. 10
These pul ses ar l ' . r ' han th
modul ot S5 apeigR 1 RERRET. RIS UBATHRRS B AR IO B IS hmibey by
hkock 6GvellbetRvaithehnadd PV safiarsgnal énodidr db adnasize kowstatkywithdb& aé8ogand

bt ted f h i.gi.nal [ ; ' ; int 70. --Ti
ool ¢ ABsiensh Cselkes gier Btupsdy Sacadin s S tad AT ) ock
74 and g%ﬁgné&cﬁﬂﬂoéy%gﬂégﬁmﬂ 1t ARRAog OAM WaGefbfini STHEY Ryt Bboliirpmst dled i r St

nodul at signal at mmation pornt 78. This results in a first
conpensatmeplesiegtiay ardulatien8dj.e.c orgpiilemerfary BPYKal camplemenigipeR¥aKed or

Pul ses. o e ol RPN hE S RSy Bodckiv®y Bt stat AP HFRRAUL 350876,
- 20 Additional groups of quadrature amplitude modulated digital signals”are
placed outside the first group. The need for these digital waveforms to be in-quadrature with )
\) the analog signal is eliminated by restricting the analog AM signal bandwidth. United States }
Patent No. 5,588,022 discloses additional information relating to IBOC DAB waveforms and
is hereby incorporated by reference. ' _ -
25 Figure 2 is a block diagram of a portion of an AM IBOC DAB transmitter 30
showing the signal processing functions that are relevant to this invention. A sampled audio
signal is received on line 32. An audio encoder 34 converts the sampled audio into a digital
signal. This digital signal is subjected to forwarci error correction as illustrated in FEC ,
encoder block 36. The FEC signal is interleaved as shown by interleaver block 38. The
30 resulting interleaved signal is modulated by a Fast Fourier Transform modulator 40 to
produce the DAB signal on line 42. To produce the analog signal on line 46, a sampled'audio
~ signal is supplied by source 48. The analog signal on line 46 and the digital signal on line 42

are combined in summation point 50 to produce the composite signal on line 52, that is



output will still contajn distortion. So the process can bé& Amhea®@d unti |
. the di stgvréj)_?&zgg%aches an acceptable level. In Figure 3, one additional
denodul at'i on/ odul ati on sequence is shown. The conpensat"e%lT/Bmzé’é%mon l'ine
80 contain overlap as shown by bl ock 82 The conpensated 20 pul ses are
denodul ated as shown by bl ock 84 and subtracted fromthe original pulses in

summati o oi nt. 86. . The .res I nq .secqnd error si |l on |line 88 is then
nodul at égbggu?ﬁ]é Od‘-fliaﬁeﬂ By %@m@gﬂa‘}?&%? He r%%ﬁ%ﬁ’gggﬁ?f@dmn@g@“ﬁté& tl?egnal
on |'ine sl arhRitéBsy @ ahicRM hA81E bérkbal fdrme HRANBRIR Gy Ve Bial ofFi gt i on
point 94.7" This result’'s in a second conpensated signal output in the tinme

domai n that incl udestha At eysterpl frequdnty deinain esidso lgbeneanstrginguiogethenrwith ne
25 96. Sor‘rg fn‘S el dof overlap will still blg (ﬁ)ntlﬂi ngd i n.tﬁhe Iiu' ses on l'ine
96. The ST RURHAIGHICHREET I ATIRSauFerenes Tead o Rfat T4 g ROV FARPIRE R SSe f or
the di puneldverlap mtddaddsatiisrtioh at R Jufil SRt REsivérd ddafddulieor! rAHiddigfortion
over | appi ng pul ses can be denodul ated and subtracted fromthe denodul at or

i nput . TARCAEY poifuzghin thesdemadalaggd eanstelaonsh eFighen3 np uictierd Ylegkudiagmm
denodul I t r fr . - NP 0 form
oo SR s 0ol S BSLRE! LT RDREHLRL A e 0t
conput apedorihddyini ddhfbifdtion witlDthe dhddulAasitlustbaeld by bldek giraf Rgurt e AsibiRevn
over-|lap pre-conpensation of this invention can be inplenented. usin

f or mul a& Fae S R Rkt pf SN rimleen dn dbenbisarercygfPmpain di Fensived|aroling %By
r@- nodu | ' : / ki 1S a
et onap <o et A lotufede s H POk D« plidyEDs Sitdabu e B tile
ef-\]c i ci epdt. "ﬁmprprgdm:es ;ﬁmecmmslaplahgillhmmldhbﬁ aukr éﬁ.pdﬁwbngerllappﬁhpblséfﬁ);d
pul se i§ regeiv on line 100 and nodul at as shown. ock 102. The

i nput s flempga cPéI%‘PWBnb%Pééléé aaxdesugga%ts e gpeghpilsss Rotamatigles e

conpl ex, e 48, '%%,r@ﬁﬁtth% BB rrbOsigna & 18fe 72IsYReh bdAhIafdrd0 shdwh@h bidek #4n the

conpl ex plane. This lattice is often referred to as a constellation. The
bits of andéredsegbindimodiitatest sigminon Hae Tooisreebtrinted Apuot the dirsthmo@HBR symiakbah ar e

senbl ed into words of fixed |length. The word | ength corresponds .t.o the

SeD Fgmation o s ThissESuits AOR Hrs, Ompend a1 Ané S5 SHORr e o
conpl exphRilit§ of BatpéBafiipiies. NPinte e coRpeddtdimrilied twilbveil QS BfsSdenidiRiAdgi t al
words are used as addresses to a table of the constellation values. The

nodul at ewtppliwvebatilheentainidestertionnfo the pracdss carbe sapsated ppbl the Gistgrtionzeaches
an acceptable level. In Figure 3, one additional demodulation/modulation sequence is shown.
The compensated pulses on line 80 contain overlap as shown by block 82. The compensated
20 pulses are demodulated as shown by block 84 and subtracted from the original pulses in
summation poiﬁt 86. The resulting second error signal on line 88 1s then modulated as shown
o ) in block 90 and the resulting third modulated signal on line 92 is subtracted from the first
compensated signal at summation point 94. This results in a second compensated signal
output in the time domain that includes a second plurality of pre-compensated pulses on line
25 96. Some level of overlap will still be contained in the pulées on line 96.

The invention takes advantage of the fact that a quantitative value for the
distortion is available at the transmitter, since the train of overlapping pulses can be
demodulated and subtracted from the demodulator input. The error, that is, the difference
between modulator input and demodulator output, can be subtracted from the modulator input

30 to form a train of pre-compensated pulses.

Rather than implement the computationally intensive procedure described in

Figure 3, the pulse over-lap pre-compensation of this invention can be implemented psing

formulas that efficiently perform the demodulation function followed by re-modulation.



includes a plurality of mepmory |ocations 106, 108, 110 and S1April 2046

non- consecutive nodul ated pul ses (separated by one pul se) are conbined in
a process¥A&HBIRY by "Uv' in 15 block 114 of the di agramPCYYSPERRE a
plurality of first order error terns on_line 116. The "UV' process is
defined below. The first order error terﬁns are also stored in a shift

regi ster _type nmenory 118 having. a plurality of nenory Jocations 120, 122
and 124. Figpre4uv apfugictignal; oglk, %rqgam &apdi iHusienteshbgreRerption ok the Jpore; gfificiepf e
to the f;iéégacwder error terns, to obtain a plurality of second order
error ter on line 128. The second order error 20 terns are stored in

anot her shift regi Therohsteltativardataycat@Sponding togeack QFHYM mdst is oesivic@omime
134. Thi rogess, can be expanded  usi C i pat i ons of hi r order errors
Lo der tvEOCaRGmoiig or SR BY ik TPl fbfsale 8 popRBpm Prisees Slfmea
wi sh theg %e@%@&orﬁﬂfeﬁl’w&dét Thé&EBRpleRWdas Ble réstfcte@ Sl a kBeorvamiel tHal orm
signal online 138 I's summed wth the second order 25 error terns at

summat i oalatiidierin tHed@mflar ptassulThisrieftisé Frodien oefelmed & ddPcastellaiions an overl ap
as shown by block 144..In_.the transmtter, o ut, t.he conpe d pul ses
nust overlap si nce%h? ks 88?ﬂ?gﬂgléﬁe}ibbtﬁﬁﬁ?laélé%i?OEB%@_er}B?‘?tﬁggﬁ%@ﬁﬁ#@S}’%ﬁﬁtﬁﬁ% of
the i ndi ydseBled RitoSPSrds DRgixel THgBE DA HbRN cABVEbIeBpdTIdd Ub hetbd3E 2AUE @F the

outputs in blocks of 270 sanples (the synbol = period). But the pulse |ength
i s 349 smumbarof pPings bif the eongtelationode obtamythemempdex wards3atdomp thesaputda the

al 349 sanples of the . curre ulse. 1t .then add he $ir 79 of
F0 SCa PRt Biodet ufie LRl oPYesFe ik o3 WeRERS GRCubl 3t bl
pu se andhlgdst puts that sumtogether with the next 191 sanples of the 3
curent pulse (after conpensation). It then 5 ril 2006 WO 03/052990

PCT/ US02/ 38928 7 ‘Th¢apdujpted pulsesrge saiepidentep IeHEiFtPTetYPe dopmpRIY skt that

pul se foy i, N At (I e ey15Ih ' B .

bre: corpaLFE s AUl F hOBeR ha iR REL B 1 B s it BBegneopuive
conpensaimbdilaed pudses (8dpatatd b e GARSE atet ¢ontbiped $iea.proddss denated ap "6B/" in
"simulates" the distortion that occurs when the pul ses are assenbled into a
51pul se blpgk hl4 of the diagrar tejpeadyeq 3 Blyralituel firsk ordshp@piisine AR Bre 11 s

i nvention attenpt SThO T QYScesd RUARIPOMIORE AR ] ordér driir @61is a8k 419 SR
nodul ati on 74 produce the conpensation term /76 so that the subtraction 78
pr oducesiner shift régister typé swesnorui 8 hirvang e ptraktyaff méresry lpedtivns 129,i122 andxéed

the sy I | od. Therefore, the conpensated | ses.wi || overlap .one

anot har  ThinClY PREGE BRIRN A5 Tt PRk He BrokrisgosSt drictrpeaTy,
that ovegrhad) 1808tail'8 PhaAREMS BdekOfY order error terms on line 128. The second order error
20 terms are stored in another shift register type memory 130, having memory locations 132 and

134. This process can be expanded using combinations of higher order errors to derive error

e

) terms of any order.
The first order emor terms are summed with the modulator outputs at
summation point 136, and the resulting signal on line 138 is summed with the second order
25 error terms at summation point 140. The resulting signal on line 142 contains an overlap as
shown by block 144. In the transmitter output, the compensated pulses must overlap since -
the compensation process does not reduce the lengths of the individual pulses. The
implementation shown in Figure 4 produces outputs in blocks of 270 samples (the symbol
period). But the pulse length is 349 samples. Therefore, the processing applies the
30 compensation to all 349 samples of the current pulse. It then adds the first 79 samples of the
current pulse with the last 79 samples of the previous compensated pulse and outputs that

sum together with the next 191 samples of the current pulse (after compensation). It then



10 84, di fferenci ng 86,; nodul ation 90, and subtraction 94 &dnré&époq he
. second sSQY ngoerror i.e. the overlap 82. Now the results of the first
corrpensatlon 66, 68, 70, 74 and 78 produce error terns tHHURPE8from the
pul ses on either side of a given pulse;;i.e. for the n-th pulses, the (n-
1)-th, n-th =and (n+|) th puI ses af f ect the error term 76. Consequently,
t he out pu

t he (n I n u ses affec 80 for the n-th
pul se. Veésg‘@%ﬂ th79a &%‘%% OﬁéEe t° WG PERRT avlﬁ%f%m@égmf& it the Tk put
80 and tcbmpeﬁsatesa pu$seaf Tiectigs prd- b&xﬁ%@i@a&@ﬁul@&r RE oh®LIBn Kife 144y five
consecutive pulses. In this wa conpensation process extends beyond

the pul ses on ei tige §|S@9W§1Wha/ the vempenshisan propess alfﬁgotls inbhronseeutivecpybes f or m

the fun S d,,| Fi.gur.e crlbed [ reater
otai | i Ve 08T WSS e chbibBn huthosend Riiehythe PR sirpresmod Faa s 20
cénst el palst orasn. WidE ¢hi dib%tﬁbﬂ&hdth@e BothSeisIBHOST tha By Batich ﬁf&mﬂw%emwf
varies from1l to 256 ( IS non-zero only for 'those val ues

of m wHiteHemganlatonpd 418%@:10133 ﬂpu@dsm@duletsgnrl‘leprodm thdicompeisetiBPBKnAGd | DS
b- f t h
sub- car g @k -thd Byl B&? 7%2&8&\(106% frlbf g{)Fg)u'lseg %ﬁlu (?fc tilgie sesstill

sub-carri ers. A5|n|cate Int

active sxdwed tarsyndos pelﬂodmn&erdbﬁe tennpedftedpildes @an foveflap 6nd AndBiet, Shehat er
in the tran 'ntter rocessin 25 sequence. The outputs of the aldgorlthm
are 2703%98??% g 'Bﬁ9| se (nc hThegichap §é neeuatsdorthat pvrtapaandrtag deneidutasien| ap

Roe- conpg rtﬁﬁ%x%ﬁmﬂg |8§er'§10dl§§ﬁ$h 96 atnﬁgﬁ@rﬁ i8R @h%gﬂ%ct%é QéJctonﬁ’ %ut’rge op é’?o' NSe W' th

the 79 sanpl e oveFl apped porticn o nsecu

3| ses. thEh)eferlqrr&Z niNegv the resdispl g fokt doepeasagion i6EN6S, om; wmmvzepxbhecmr&o
averl ap ortlon of .1he second of the twp pre-conpensated pul ses. To be
nor e prge tpise gom |I1§e pylses on cither gidgofja ﬁB’teBé?u’(Sﬁel & fomtheieth|pafses, the (n-

e
n (k), (@) anubgs affect thgoourps 80 @mthlehmlr pplsea.t sTlat ot/dzﬁﬂp@:DIVbBﬂm‘i&@lthﬂeat e,
i 822%2402‘%%&1?196 %%/ggﬁ%ﬁzﬁ%?ut% andr}ﬁe ore 1S affe%];gde%t)rBXgeh ?h%teeg)tr tgx?gse%l s the
by five consecutlve pulses. In this way, the compensation process extends beyond the pulses
on either side of a given pulse.
The algorithm used to perform the functions illustrated in Figure 4 will now be
described in greater detail. The algorithm input is a sequence, {X,(m)}, of complex valued
20 constellations where n denotes the pulse number and m is an index that varies from 1 to 256.
'- For any n, X,(m) is non-zero only for those values of m, which correspond to an active sub-
) carrier including the BPSK and IDS sub-carriers. The table below, lists the indices of the
active sub-carriers. As indicated in that table, the number and location of the active sub-
carriers is mode dependent. The main carrier is inserted later in the transmitter processing
25 sequence. _
The outputs of the algorithm are 270 sample pulses, which, when
~ concatenated, form a train of overlap pre-compensated pulses. Each of these algorithm
output pulses begins with the 79 sample overlapped portion of two consecutive pre-
compensated pulses. The remaining 191 samples of the algorithm output are the un-
30 overlapped portion of the second of the two pre-compensated pulses. To be more precise, if
xn(k), k=1,2,...,349 denotes the n-th overlap pre-compensated. pulse, then the corresponding
algorithm output is: o



5 46512 Hz. The processing begins with OFDM nodul ation. Thé Awi@peg or

. output, x"(), is given by: xn()(k)= w(k)IN Xn(mexp 27c | (k-1+ N 8 (m1)
J m1 fOYREN0299 349 where X, ,(m denotes the conpl exPEHNSIZEIPH® i on

points and W k), "k=1,2,...,349, are the terns 10 of the root raised cosine

wi ndow. The pre-distorted pulse, x, is8given by x =Xt) etrl nnn C=1

where the terns, enare 349 point colum vectors defined next. For any

integer r > 1, defl ne ;lae k411bl)3rio(n<?t1@£m2‘ or,g3ne n-th pulse, en~~) as 15
foll ows: e, ~U>y~ % (Eg %@% 20 [U e() + V- e( ~ .~ wereU
and V are 349 by 349 nmat¥d 33 ()7 and xn_I') are |nterpreted as

colum n n+ 20 vegtors matrices UandV re db (u u—
271 age, v —ihes 2‘@{}1‘%‘“ S P Y SEE’% Xy‘)é‘%gl hate

- 270 @48833t7bﬁ3m7®%w@15%4~117;1,286 Hz., 79, V= U+270 V'V—

w(u) W(u-N), u=257, 258, , 335, v=u+270-N 0O, otherw se The 349 b

matrices defined Abowerage effoetinenowpit misr isribe AMovap] %Eﬂ*%)o%g)z%fﬁj’t) 24P &
cunbers (and unnecessary) for conputations. The followi ng steps eval uate
2453 Ty
+ fthere a and b are 349 point colum vectors. 5 April 2006

The processing begins with OFDM modulation. The modulator output, %2,

is given by:

xn(o)(k) W(k)N ZX (m) exp(Z w-j (k 1+82) (m 1))

o N
fork=12,...,349

) where X,(m) denotes the complex constellation points and w(k), k=1,2,...,349, are the terms
10 of the root raised cosine window.
The pre-distorted pulse, x,, is given by
x, =x0 -3l
r=l
where the terms, e, are 349 point column vectors defined next.
For any integer r > 1, define the r-th error term for the n-th pulse; en(r), as
15 follows:
0 =[u X+ v x®
and
) e = uee® + Vel 0

. where U and V are 349 by 349 matrices and x,,+1(°) and x4, are interpreted as CO_lumn

20 vectors. The matrices U and'V are defined by
w?(u),u =271,...349, v=u—270
U, = w(u)w(u + N), u=1516,...,93, v=u+N-270

0, otherwise

w(u)u=12,...,79, v=u+270
V,, ={wlu)w(u—N),u=257,258,...,335, v=u+270-N
0, otherwise
The 349 by 349 matrices defined above are convenient for notational purposes

but are cumbersome (and unnecessary) for computations. The following steps evaluate U-a +

25 Vb, where a and b are 349 point column vectors.



WD 03/ 052990 PCT/ US027 38928 9 c(k)=0,k = 1, 2, , 349 C (kP Apih200§ k) a(k

. - 270, for k = 271, 272, -, 349 c (k) = wMk) wk + 256). a(k -14), for k
=15, 16,W003/08990 () = c(k)+w2 (k) b(k + 270), for k = FCI/g502/389289 (k) =
c(k) +w( k) W( k- 256) b(k+14), fork=257, 258, -, 335 Mbdulator inputs that do

not correspond to active sub-carriers dre set to zero. The follow ng table

shows t he nodul at or, iqr:rguts that contain non-zero data together with the

rel ationshi p bet wsék)mBdulaio? imp@ nunber and sub-carrier index relative

to the position of (- p-_the rLa £ i ky®ii d-hbde Ayl Digital Mbde DFT
N

Qut put Sub-carrier Indici ub-carrier I’'ndices Nunbers Nunbers
W-

ut
2 through 53 +1 t kflelighwih wlkeaSelakk 534) 1 fere 5Ughl6+52, 88 t hr ough 82 +57
t hrough +81 205 t gh z t - 26 through 200 -81 through -57
205 t hr ough 256 -E?’?hr% QWE@}%@E%%) tor i 23, 5,170\

oSé Fr003ss cand be perforned in an
apparatus for precfehpentatiw) stk — 530)sbkovktl aforikr 25Hi2981 als1335modul at ed

ort hogonal frequency nultiplexed signal, the device conprising an input
recei ving a sequence of pulses, a first nodul ator for nodul ating the

pul ses to produceModujatest inpatyliaat de not comerprag dQ| aphifesBIR:Cagnqrs Akt SC Eh#del at or
for de | i 1 first
sequencalofots i bt dshe SRHERSnGlts T WA e n LB N ORERE b fre )
s equencelaifonstapbeinezh exbquidtsemput ridinlich and sulstarsier)index eclatife tpuhspssition of
produce_ a fi.rst sequence of error pulses, a second nodul ator for nodul ating
tRe fi MEMAURGHEREe of error pulses to produce a first sequence of
nodul at ed error pul ses, and a 15 second conbi ner for conbining the first
- sequence [Gf At ederror putses W itHe- i35, Sequence of —Tnodutat ed
puﬂses th%$b ucg&% first sequence of é€#%§ﬁ§Q¥§ epulses. The apparatus can
further q@Eri se GuipadEib-cefaduliztor | DeT demodub@pitngSub-beriéd halcesefluence
of conpernsat ed. pul ses {to produce a sefpond sequence of| denodul ated pul ses,
a third 4OWmPEEF for donbining the sepbiEbsesquence of| denodul at ed pul ses
w.t h the [2Q T TR, SeqUerncg of - puhSes } a-secjord S g of|error
pul ses, déﬁﬁﬁﬁﬁﬁﬁgdulafﬂH&?thH%b 2 thtotgh 55 Ty i
58 through 82 +57 through +81 - 205 through 256 -52 through -1

176 through 200 | -81 through -57
205 through 256 | -52 through -1

)

The above process can be performed in an apparatus for pre-compensating for
pulse overlap in a digitally modulated orthogonal frequency multiplexed signal, the device
comprising an input receiving a sequence of pulses, a first modulator for modulating the

) pulses to produce a first sequence of modulated pulses, a first demodulator for demodulating
the first sequence of modulated pulses to produce a first sequence of demodulated pulses, a
first combiner for combining the first sequence of demodulated pulses with the first sequence
of pulses to produce a first sequence of error pulses, a second modulator for modulating the
first sequence of error pulses to produce a first sequence of modulated error pulses, and a

15 second combiner for combining the first sequence of modulated error pulses with the first
sequence of modulated pulses to produce a first sequence of compensated pulses.

The apparatus can further comprise a second demodulator for demodullating
the first sequence of compensated pulses to produce a second sequence of demodulated
pulses, a third combiner for combining the second sequence of demodulated pulses with the

20 first sequence of pulses to produce a second sequence of error pulses, a third modulator for

modulating the second sequence of error pulses to produce a second sequence of modulated



nmodul ating the second sequyence of error pulses to produce & At 80P sequence
of nodulated 5 April 2006 WO 03/052990 PCT/US02/38928 10 error pulses, a |,
fourth cHiIABRI%or conbi ning the second sequence of noduPEl’B80268928r pul ses
with the first sequence of conpensated pul ses to produce a second sequence

of conpensated pulses. The invention ﬂﬁrther enconpasses an apparatus for
pre-conpensating for 5 pulse overlap in a digitally nodul ated orthogonal

f r equeneyronpilsésp b dxath sdrbiakr foepmbaiingthersecindequanse of axasiulatagdoereor &nce
of pul ses first nodul ator for dul ating ,the pul ses_ to rpdu
sequonce By BestiRaalch of sabpefeiTLedld phohis MR Srbfng R e
nmodul at gdisepul ses, a first conbiner for using non-consecutive pairs of the
modul at ed pul ses to produce a sequence of first order error terns, a
second storage el dikeninveriions firthen Enchmapassefu &n cappaiys) fogt Precogipgasating rigF

Lrm PO SRR RO GRRAMAGo MR b RES bah R Bin ki@ TS lobiihe B[ O,

conpensaimd foi edvelving heseqapir af palseqn fitst tihedulaomssr swdalating rthle palsbs ner
for using non-consecutive (E)ai rs of the first order error terns tocBEro uce
a sequeRtlugs agegusnge ofqapduated pulsss.ng firsh sfagpgegelemgniaips starngethe modyylat

St ori g phlgs, S9YRGRIAL BEGARE 8 I8heSRE Y phIFine AR BLGHID S pRLAEL T or

addi ng e secon er error terns to corresp ses in
t he firs¢quencepeint edes egonlerhs, a fpconllisterage shaond facipansttsdqnengnef firsThe

processing required for this invention can be perfor dotu_si ng digital
dPgnal prdsE sTer HgmsiiK iSpeondecamiings fer sytacies sch ﬂﬁs pherdsh eizgf terms

canbi ni . j i : 20"
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inadigitally nodulated signal, the nethod conprising the steps of:

15 . of the second order error terms to corresponding pulses in the first compensated signal to
produce a second compensated signal.

The processing required for this invention can be performed using digital
signal processing, wherein the various modulation, demodulation and combining functions
can be performed in one or more signal processors.

20 While the present invention has been described in terms of what are at present
believed to be its preferred embodiments, it should be understood that various changes may

) be made to the described embodiments without departing from the scope of the invention as = _ 3

defined by the claims.



receiving a sequence of signal pulses; nodul ating the signal® pafil86t o
produce a first sequence of nodul ated pulses; denodulating the first
sequence of nodul ated pul ses to produce a first sequence of denodul ated
pul ses; conbining the first sequence of denodul ated pul ses with the
sequence of si @daiIMAIl ses to produce a first sequence of error pul ses;
nodul ating the first ,se nce of error |ses to produce a first. sequence
of rmodul ated efror 5\,|I§§§95aﬁ3p%¢rﬂg}wpﬁa§1ﬂgh§orf P?lg‘? YEhER L2 ot BHBYUI at ed
err or nfydukes sisiah th@@eﬁ@g@gﬂ@gsm%thm@w@t ed pul ses to produce a first
sequence of conpensated pul ses. 2. The nethod of claim1, further

conprising the ${@R3nPf seqieRUsiinangulidie first sequence of conpensated
pul ses to produce a second sequence of denodul ated pul ses; conbining the

second sequence mgidubiéing the sigredi pplaesteproduch atfirst ss@epmeacfmoflulatdgnal pul ses

to produce a second sequence of error pul ses; nodul ating the second
sequeﬁce of error pulses to produce a second sequence of nodul ated error

pul ses; and confdeioddlating tBe MV sERRIHENGE MEJUIMEN A RY BF pRtuRULSESt W th
the first sequence of conpensated pul ses to produce a second sequence of

conpensecase pideseaslulated pulsast hod of pre-conpensating for pulse overlap in a
digitally nodul d.signa t he nethoed, co ising the.steps of: receiving
a sequence of pﬁ?@glsn;m%mc?ubgsttisﬁ%u?nﬁgo uc}e Ogig[aéedpplgla?fcg'tg tz‘gqsﬁ%eé‘&e

nodul aigadl puldes &S prodatedd firgsdquenssibn@t gdispyil ses; using non-consecutive
pairs of the nodul ated pul ses to produce a sequence of first order error
terns; storing fpdulaiingdhecErshpequense obeder pWpesde nrredues;a frsl seawsneset i ng

each f error ternms from correspondi ng ones of the
nmodul gioggmeﬁiu‘llrfsoztsou%ggbgduce a first conpensated signal. 5 April 2006 12

combining the first sequence of modulated error pulses with the sequence of
modulated pulses to produce a first sequence of compensated pulses.

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

demodulating the first sequence of compensated pulses to produce a second
sequence of demodulated pulses;

combining the second sequence of demodulated pulses with the sequence of
signal pulses to produce a second sequence of error pulses;

modulating the second sequence of error pulses to produce a second

sequence of modulated error pulses; and
combining the second sequence of modulated error pulses with the first

sequence of compensated pulses to produce a second sequence of compensated pulses.

3. A method of pre-compensating for pulse overlap in a digitally
modulated signal, the method comprising the steps of:

receiving a sequence of pulses;

modulating the pulses to produce a sequence of modulated pulses;
storing the modulated pulses;

using non-consecutive pairs of the modulated pulses to produce a sequence of

first order error terms;

storing the sequence of first order error terms; and
subtracting each of the first order error terms from corresponding ones of the modulated

pulses to produce a first compensated signal.



4. The nmethod of claim3, further conprising the steps of: uSiApgl 2006

non- consecutive pairs of the first order error terns to produce a sequence
of second order error terms; storinglZhe sequence of second order error
terns; and addi ng each of the second order error terns to correspondi ng

pul ses in the fifst cbhpexdwded cliingdafurthst poraprirdes hestkps®d conpensat ed

signal. 5. An app%gﬁ ql%ﬂ%%fn%%%]ﬁ(é@%ﬁﬂ?%?%ﬁé Hst! HlielP B 1 RES" thg}ﬁ‘oh&eaa

digitally nodul ated”signa pparatus conprising: an i t receiving a
sequenceedifensd @fivetorduiré@srroatdrinsst nodul at or for nodul ating the signal

pul ses to produce a first sequence of nodul ated pul ses; a first

denodul at or for detwpagthetseavenchef seooad oxler gaprcteras apddul at ed pul ses to

produce a first s 0 X i : imer. f
conbining the fi @?&'ﬁggﬁ%‘%&ggg& gg%%ﬁqgﬁ gidtsegrﬁf éogcsgﬁ‘g\/s\ﬁ%rh(ﬁx?%gmg%qlaetﬁ%e of
si gnal Mt sempemsaedaifuaktopréducsta ssamidasoapendatel digal.pul ses; a second

nodul at or for nodul ating the first sequence of error pulses to_ produce a
first sequence of >nmodufBta@Ba@RdPr Pri-cuapensieos ulss @veldarinne figtally

combi ni %dgg%%%z,é%@%g&% QmgiRsiy. ated error  pulses with the first

sequence o I'ses to produce a first sequence of conpensated
pul ses. 6. The appamptuscalinglasequdnce blisighdmputsestpri si ng: a second

denodul ator for denpdul at the first sequence of conpensated pulses to
produce a second 8 ﬁ%ﬂ?@“ggordgqfoﬂﬁﬂﬁltagag ?ssé%‘,ai) “fsﬁ? r'g @8%‘?%8rgrrsbr

conbi ni fguéde oferRtisagace of denodul ated pulses wth the sequence of
signal pulses to produce a second sequence of error pulses; a third
nmodul at or for nodalfasti dgmohdaterdondemeduletice tid fiestr saquendeses malulaggdoduce a

second sequence of dul ated error pulses; and a fourth conbiner for

conbi ni?@%sﬁ%péoéié‘S‘?lﬁr}%ESéa‘ﬁFé’ﬁE‘ée?ﬁ eﬁwgiﬂlaéfi YISy or  pulses with the first
sequence of conpepgpitebnibihe &8r LOMBIMAIAR Rrsb S&RBSteSAHUUINERIAE] paREPENsat ed
pul ses. 7. An apparatus for pre-conpensating for pulse overlap in a

di gi t al with theps¢qhence df signalgiu)ses tepragpes afitss sequenmeiof ierrgr pulses;
a second modulator for modulating the first sequence of error pulses to

produce a first sequence of modulated error pulses; and
a second combiner for combining the first sequence of modulated error
pulses with the first sequence of modulated pulses to produce a first sequence of
compensated pulses.
6. The apparatus of claim 5, further comprising:
a second demodulator for demodulating the first sequence of compensated

pulses to produce a second sequence of demodulated pulses;

a third combiner for combining the second sequence of demodulated pulses
with the sequence of signal pulses to produce a second sequence of error pulses;

a third modulator for modulating the second sequence of error pulses to
produce a second sequence of modulated error pulses; and

a fourth combiner for combining the second sequence of modulated error

pulses with the first sequence of compensated pulses to produce a second sequence of

compensated pulses.
7.  An apparatus for pre-compensating for pulse overlap in a digitally

modulated signal, the apparatus comprising +

an input for receiving a sequence of pulses;



an input for receiving a sequence of pulses; 5 April 2006 13Aarif3006t
nmodul at or for nodul ati ng the pul ses to produce a sequence of nodul at ed
pul ses; a first storage el ement for Btoring the nodul ated pul ses; a first

conbi ner for using_non-consecutive irs Qf the nodul ated pul ses to
produce a sequenébﬁ8¥'PP&gﬂobﬂ%éﬁnﬁﬁiﬁwgt&Pnﬁwgﬁ W PEYCE 1o PEYENE Sfrent for
storiﬁ&mpﬁ@xg@ﬁﬁéhce of first order error terns; and a second conbi ner for

subtracting each LOfirst 16rabié ElStnent B EtofhE Me hEdUTRed hoRRs; cOr r espondi ng ones of
t he nodul ated pul ses to produce a first conpensated signal. 8. The

appar at us of cl aianfirgt cmpinerelor gsing mosicagsequiitd pairscd s medulatad nydsen do
non- consecuti ve gakg%.qf he first order error terns to produce a sequence
T

of seRETHCH? fedhe CIOT{HMSY st orage el enent for storing the

sequence of secontkeesiEtokE Blendcht B storM@dh@sdqRbfide b fARNUIB&" erf R Nterdfddli Ng
each of the second order error terns to corresponding pulses in the first

conpefdt ed signal to produce a second conpensated signal

a second combiner for subtracting each of the first order error terms from
corresponding ones of the modulated pulses to produce a first compensated signal.

8.  The apparatus of claim 7, further comprising

a third combiner for using non-consecutive pairs of the first order error
terms to produce a sequence of second order error terms;

a third storage element for storing the sequence of second order error terms;
and

a fourth combiner for adding each of the second order error terms to

corresponding pulses in the first compensated signal to produce a second compensated

signal.



