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processed conponent signals are sumred to recover the non-conpl enentary
data. The received nulti-carrier signal requires equalization in the
presence of dynam ¢ channel response variations. Wthout such equalization,
a very di st ¥QWF98Pgnal 20 woul d be detected and the digi tP&T W@gd?:‘asti ng
signal information would be unrecoverable. An equalizer enhances the
recoverability of the digital audio broad%asti ng signal infornmation. One
such equalizer is disclosed in United States Patent No. 5 559 830. The
equal i zer discl ose L8 i faor rec atlble
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30 vector location closest to the stored waveform vector. Preferably, the equalizer includes

means for updating the equalizer coefficients using the waveform vector, the processed



WO 001 79710 4 PCT/ US00/ 17171 In the preferred enbodi nent, the carriers are
processed to produce an equalizer output for each of the earners, and the
equal i zer owWdshimotig Processed to produce a synbol decisiopcrafsopaefi of the
carriers. The equalizer output is subtracted fromthe synbol decision when
a data baud is received to produce a first difference 5 value, and the
first difference value is squared to prodaice a first SNR estimate. The
equal i zer output is also subtracted from predeternm ned training data when a
trai ni ng baugaveforfeeeion add i sired uaecfans eatsido Grdviderienamity a ueise and t he
second di fference val ue i,s squared t rqduce a second SNR estimate. The

i nvention aIr§?°8ﬁé%%ﬁ§?é%thfﬂé°p8¥?gp’é&%ﬂe of radio frequency 10 receivers

that utilise the aboven thetdalzerast Hor) Ratehs NaIEEB AV6 nd Prtdnt Mer 9500880t he above
met hod and radi o frequency receivers that include the apparatus. BRI EF
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15 Figure 1 is a diagrammatic, representation of Ior art conposite

. . . ..a prio, )
anal og AM anPragcgiRy Veserghaeiptichy spiyrlity ofepvalice cocffigients.plberesyiingyr am of a
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DESCRI PTI ON @GHMFteE cHREMERREDIERB RIS Sha hiate (9§ Isp¢fticient-updatd dsteroimannel
(1BOC) digital., ' - A6 Shi R6n L E&MRE Ok Siersk : t m ssi on
of anal og an%hal%ﬂlgf%j{/ encgdlég au‘%?/g;e ‘ger(;?asi gnatﬁglellﬁnwfj 121%{5}29 éh‘{aﬁ% . The
transmitted mingmady baepdatiesatt diffensutr ratest deperalinggonAkhavilefigal of thamdiitartiont ed t o an
audi o ndwi a <Al 118l ' X out 15
(o ot neTapsm 8,5 TSy, SRSy, SHAHCRS. rBla e iegh
001 79710 PChhtisp@Ated bykfdereacoded audi o, the digital carriers also
periodically carry kn dat a traini ng _sequence. i s hrpadcasting
i s acconplished by tr %rﬁr?qof%dggiéj @?’g\fyasfemw‘és\% Sﬁan%Bye%v\%’?/d“-o{%lmg °|%|t fality of
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nodul at ed i n-guadrature .w th.the anal og AM.signal and .ar ositi.oned 5
Wi thin the oEBREPEI Mg t5iporite FuPn Bedeaid AR 5R RS B R gecifa nas
si gni fi20ant This is especially true in OFDM systems where the SNR for some of the carriers may

be much different than the SNR of the other carriers duc to frequency selective fading

or interference that affects only part of the frequency band. Therefore, there is a need

for accurate SNR estimates in In-Band On-Channel (IBOC) DAB systems using

orthogonal frequency division multiplexing.
25 SUMMARY OF THE INVENTION
The present invention provides a method of estimating SNR for a
plurality of carriers modulated with digital information, wherein the digital information
includes data baud and training baud, comprising the steps of: receiving the plurality of
carriers; determining a first SNR for the data baud; determining a second SNR for the
30 training baud; comparing at least one of the first and second SNRs to predetermined
selection criteria; and selecting one of the first and second SNRs based on the

comparison step.



energy. The remamining digital carriers are nodul ated both in-phase and
in-quadrature with the anal og AM signal and are positioned in the sane
channel as tfgee9Rbod AM signal, but in spectral regions weansodiverianal og
AM si gnal does not have significant energy. In the United States, the

em ssions of AM broadcasting stations are restricted 10 in accordance with
Federal Communi cations Comm ssion (FCC) regulations to lie within a signal

| evel mask defined such that: emi ssions 10.2 kHz to 20 kHz renoved fromthe
anal og earner nust belmiht @idfartcickniiodingas tthe’Eanildss bR Prvéckdee téproaadd at ed

anal og carrier |evel, atgiéssi onﬁs 20 kHz to 30 kHz renoved fromthe anal og

carrier mustCdpRiZE: PURY thy sqarrges, fBd Hhe govaliFRe Qb dLPReesEedifal og

earner | evelprodiBé a bpmBuTids&éion for 3chkdiidhd eardilds. ktite &, qﬁsmlesh Ut Mubhsetanal og
ear ner nust be attenuated at least [35 dB + 1 dB/ kHz] bel ogw the unnodul at ed

anal og car néfom gigelymbpl degisionjwhagpdaty H@‘dslﬁé?,"ﬁt"ﬁ‘i‘ﬁ‘bf’f°éwem\/ﬁﬂi gifferenceaudi o
broadcast i ng,aficOfl th@kirsd difeR@cs Dahe GAQuPEd 1t prbdied MM INTE eRMBKE Mhe
invention. Curve 10 represents the magnitude spectrum of a standard

br oadcast i ngfas#FEy ool isslse suttegted ifigappredsiprainey rafrang data when pdiainings a
frequency Ofp, p&ns J&?veﬁ%px%mc%s.t settfndrméfedcé vme@raﬁ@ﬁtatse&n@mffeteﬁea {uiwer 12
The OFDM waveformi1s conposed a series of data carnets spaced at f, =
59. 535 106I1€i@l@ﬁqumdmeabwndmeﬂznam first group of twenty four of the

6ol ol o oagRinagte BRSLHIGRRL IR B SN R

extending from (fo - strate

| abel ed014 imceiNjeguthet utilizetetabove @§thohes evedli ayrrbyatas thappateds BQ.aJlmﬂB | ower

than the le rﬁ‘%] ﬁanﬁbfdl#’ﬂgﬂﬁ%%ﬂéc%@eﬁ%a&ﬁ{cfdd@ﬁtesabliga%'{g in order to mnimze

crosstal k wi e anal og ossta urther reduced by

encoding this digital yusr ant ees orthogonal ity

with the anal og AM waygf ttﬂuogg;é@b ot gtdhga &astng%e%ﬁhttgg et ement ary

SI gna

encodi ng (i.e. conplenen ary conple ary enent ary
32 QAM and m&rqrmcrte tiadcbymuhegiog diaeihgs whetem: pr evi ousl y di scussed Un| ted
States  Patent No. 5,859, 87 Conmpl enent.ar lation is e oyed on
the i nrligr nost digital ? rr?el? ap‘g??algpabc rgﬂ“reset%'ﬂl aC| ifat eant compgg“recovery

These WO mmgmmgm&m&akﬁﬂgﬁmmrs are set at a level of -28 dBc.

Al'l other earners in this firs eve 39..4 dBc d are
nodul at ed usi ng conpl éHEHt Hi,a%?%w& fﬁé'ecfévcé ﬁykﬂﬁgdc tﬁfﬁ& g rates.
Conpl enent argstidafRSomuig ivaditionn i s used on carriers ranging from(fo - 11 f,

t fo- 2f, d_f f + 2f the 16_kb
)encgdi(ng rate. 5) FgP gfglr“’q é‘gﬁ"e‘t%? ?Jblﬂj}‘%éf’é@g‘wt“ﬁ 11@5‘5?%‘?@‘5%{’[“3?’?“ of 1gsf )

and (fQ@o+ 12a fdempddasd dnd dpphieseqhaiy: dahd da SNRRYstReiom drdtaidedf uas ng
conplenentary 32 QAM Additional groups of digital carriers are pl aced
out si de t he ¥ %gr oup. The need for these digital waveforrns to be
in-quadrature with thejgrad @0a Singitdlal biscieliagramaliach DyistfAstihd fkihbd of he
anal og AM si gnal bandw @g%h The earners in a second 10 and a third group,
enconpassed gsiatgn et dnvaRlPny ad especti vel y, may be nodul at ed usi ng,

for exanple, 32 QAM f gigutdles 4fd @Ak cﬁzgrtsﬁp&owge&e pawer s%eRﬁKd&ﬁrnet ke 16 kbps
rate. The earners are set at levels of -30 dBc for all encoding rates. .

Fi gure2d is BiepPisase sarggpuor trbagd perehanpeldigighandia kreadgastine pigpals that ceme

conposi te d'ISHﬁr@éesé@qsﬂé‘ﬁle%th%ﬂﬁﬁkﬁip%aﬁfusEFﬁit&ﬁﬁvcilattorAn antenna 110 receives
the 15 conposite vvaveform cont al ni ng d| qi ta a%d anal 0gQ SI gnal s and

passes the signallk ER B CIBIRITON O3 TEPRY 2

BYYS 'ncl ude a
radio frequency pr eselmettgrbndatﬂ bﬁﬂ&"dnfdh%cl Slméﬁﬂngﬂﬂlda@dﬂ) QpeHachaeg | | ator.
An internedi ate frequency ‘signal is produced by the input stages on |ine
114. This i ntystemeasratie sipelippaonsytraismission of Prlogesndt Wﬁﬁﬂb’he%d%ﬂ%%tl c gain
cont rolzaCir CH%r;als]ﬂ'JQhé &n@tﬂa{tﬂt srrg@atnsgﬁaef Kl mtﬂu%es t%Q cifiént lah b S a2l

gener ator produces an In-p hase signal on line 120 and a quadr ature signal

on |ine 122.sighé bandlpma@emcq@aﬂﬁet agwplik oéﬁbquit rﬁekfizz@nti élaltqbtzﬂmtr@) thah

anal og-todi g v ut put on
e 3221 s Pl ARO[ Rhe i AN Bloile, W RaA0 L iy R Blap L R
signals on lines 120 and 122 are used to control the automatic gain control
circuit 116. The signal on line 120 includes 25 the anal og AM si gnal which
is separated out as illustrated by block 140 and passed to an out put stage
142 and subsequently to a speaker | 44 or other output device. An optional
hi ghpass filter 146 may be used to filter the in-phase




conponents on line 128 to elimnate the energy of the anal og AM signal and
to provide a filtered signal on line 148. if the highpass filter is not
used, the sixgwhoRs 30 line 148 is the sane as that on |i perddéirin

denodul ator 1 SO receives the digital signals on Iines 148 and 130, and
produces output signals on |ines 154. These output signals are passed to an
equal i zer 156 and to a swtch 158. To obtain higher signal-to WO 001 99710
PCT/ US00/ 17171 7 noise ratios (SNR) for the conplenentary carriers, the FFT
out puts for epeddes andio,aheicitatemtiarsyalsoperiodicaly zaey kaivin daedcalléd e trainingut of t he

switch is sent to dei nterl.eaving circuit and f.orwar rror correction
Gocoder 164 BTGP STEOIFHEE S HRpRPiTeL by MG g e i e e

gei né erl ig\éex"efl}_/fdﬂa\pWrdit? bf ?ﬁ‘hoﬁﬁﬂaﬂ frequeney dii/i&ighl hto_dhlste5l(<pals§9garﬁer_s,asoﬁ@ur clz 28
ecoder : e out put. of the source decoder i el aye circuit to
conpensate f¥M ﬂleara%c’&y‘aﬁfi "E'ﬂ‘éadéaﬁ‘érfidﬂg‘stf‘ﬁ;ﬁnﬁloga #1874 andainopidipnedng t o
time alsgn tyigni 0l spectanteidn Gitedd the s@Rd® ABL bloh@astBEaighar has BRifuhmdut of
delay circuit 168 is converted to an anal og signal by a digital-to-anal og
converter 160y Bhotrnaaing dpital sprist ai@srgos%ﬂ?t%bﬁ%ésp}taae mdnsyedpirest age

142. Additi qpa] the apdisPAM ﬁ?xﬁdﬂ@ﬁ‘&ax@ﬁﬁsiﬂi@neﬁﬁ@\ﬂe%ﬁgléb(anﬂel%dﬁe Rl A and data
synchroni zati on %r ocessor 163 and a normal /traini ngq synchroni zati on bl ock
I

165. Mode coifinebbubiicpersehregipRe hersitbatmalng dMotanskenes reBhayesimmificent t he
control i nfQpemti eNmansies@lel tRemibicnsat AN bRASAN MG diRhard Rekridh
boundaries of the inner interleaver. Normal/training synchronization block
det er nilPes iin acepsdanse avithekrdpral FomanugicatgnsePonyaigtion (FGCY reghlations tBdisd. 15

Figure 3 is mﬁwaegﬁm% RlaQCle b AR Thd NBhisdids UBLNA1AS JoNGIARREA On of a
denodul at or 150 and an adaptive equalizer 156 in accordance with the

present i nvern die anping QNEeraBest P taEsnuated 4hdeags &Y dBobaton theonnmerulateshver gence
factors of o fivell @miSloRl bo ifiRitd I0AILORFSVELHE when
the SNR is ﬂa{ﬂaﬁQ%ﬂ !efgert‘)’alétw%glg agail nstt noi se WE%?] d’?ﬁeﬁ%%%%aslg gi\[/}vggzl so, the
SNR est i mat gsust &n abenuated it 29sti 1 dB delow e vomeddeted eneles owdesiend, e obt ai n
i mprov per s : [ r are
provi dgg on elfrrlﬂ%g% @%géd—gﬁg%%g{ Zgljsgﬂlﬁgcp(ﬁ#ém? géj?arﬂv}e%ggég{vay rﬁrgl Sg%atgéﬁlg%} ?tnt erval
renoval cirdedst [334B.+ THB&EzEbejom il ummpdblatep puplogiadidnjevalsi ng down convert er
elenents simlar tot h i [ QUr - i ndo houl e applied
such that the digital r}géu?? ﬁeér?'\é@rs éﬁ%?é\egg?‘ﬁh%g%lngﬁ m&? glla “d?c’eg}sjotag‘fa%én% ack 25
of ort hogonadigralofantypgythathean de giitizad bydhe presest ingersionl CusedOgbpresetsitie | npact -
syst em per f aor mance. 9 Q { re_synchroni he transmtted
baud inter varf’%gné‘ﬁ% sé’géc}ﬁ"%gﬁg 'S a?dn%%? (llct%1 %tﬁgnan%éﬁ’%gin}o@hﬁﬁqf;ﬁ%?ﬁ MMSOme cases
it nay20e aduaniragehassa frequereyf of fon tThe RUGh coissions masdt igweprebehad dy rienmpv al
operations prior ro in hi ghpass,firlter 146. The outputs fromthe
o ndovi ng. el f PACGERN “heltimls 98P0 ol bes B e (PRl SR Be Py
172. The outfput 50535t ha0FET1072),i axpebbutds 4y of fitsi presp bb4wény fhe ofalef f i ci ent
multiplier 174, The coefficient nultiplier. adjusts th i tude and phase
of the dat a GEILAEKS ARG Ay Fbton! wifip ity b iioe farr Bt s v
?0/ 79710 ECTJ ﬂz]@p@]/c(%,ﬁl?ﬂf]ﬁ ab flaRekd gﬁfheéﬁﬂdelﬁﬁlﬁ'd)e\}'firlﬂ inlKiguré ng ,Ivécikg_df ot hler
actorg_that_can, affect t gni t ude and phase t he receiy igita
D or 231 on. DERGIEBlS A R O BH ICHET BN G IBH of G seBgegeT AL Ceprbol
deci si ons, Wbl rtigmiteneoss@kstiel thatahflog AM §pndl h@losvvalk it Fhesi tt ed.
Processor |76 determ nes, whi %2% of .t pe_ freq{’,uﬁencgl domai n constel |l ati on points
was 5 transriff4eed. byrhensedipe ey shgtal JpETgatgm 1 t hempIneT olhia) gupmptees

const el | ati ognebmlisy amd thbenRloVARIUS aVabieS THis bR SUbbitiaeris GAREd i ci ents
are used to update the equalizer coefficients as illustrated ¥ bl ock 178.

b
Bl ock 178 caforplmensasy £neoiiign (- opiplemmRnians PR « rannlemeat Kqbhr es
(LM5) gp re lofeent @R Sd GAMI 88 i{ Ro® fll) dBERLe il MR HYVidhdl¥ /scussed

coefficients. 10 This invention is particul arI;i a%)llcabl_e to recejivers

that use trePnifed Syerleions o adPOR7aneomplRBeRiFY medulpliongs employed
information af thEhﬁnénﬂQé’Jtdiéin t8er pair at f; £ f; to facilitate timing recovery. These



trellis decoder. The invention includes a nethod in which two estimates of
the SNRs for the corners in au OFDM digital audio broadcasting systemare
cal cul ated, one based on the received digitally encoded a#g' i nf grmation
and one bas¥@WA%Mhe 15 received traini ng sequences. The lﬂ'&s 0Zalﬁl{ébl e one
of the SNR estimates is chosen and used to perform hypot heses testing for
typical interference scenarios and possibly inprove the estimtes so that
the nmore reliable estimates can be used in the trellis decoder. The nore

cquatizer - SoMO wE R aP A RREPE 2086 | B B (B ERONE AR NS IBE B1el 0 2N
olper at ![ ﬁnm f '?']kf eﬂ]‘t :Euaﬂd aremoﬁuiwemgmmogmlﬁhem 3Z0aM :fQ;Itlmgtf8 ?ﬁgaﬂ(bﬂsal o
al gori dg%% B €s, do enridéafgy g%ﬁ 1% ulatg)% i H edaotn capncrs[ %anglgﬁ%%

and equal i z&€F™? FCi ent |nat|n
illustrated (fn lblfgak (f480Q f.)lhd)frkmmzr 2f|)|tu$ﬁ) ﬁatlefs) fbl’rthe 16 ldﬁ)SShRdé@tramat es are

used to adj equal i,zer on ercence 5 Th NR,esti mates can

al so be’use qroatl ﬁﬁ?e Facoding rﬁ‘ ngHEES 8{ %ﬁ’ 1'1% fz) ofnde &P ?’e?@ b)nciipocesm ng.
Er(rjolr cor re%hp}qanéxha’lfy du&eafad&awsimﬂmlmahsﬁ@g cdmpl@nerta 83 QAM, t[)el | i sdcoded

nmodul ati on are exanpl es, .of cases e the, SNR est e e used to

i nprove the error cor r&dfiog gﬁ‘é@Fm’Pﬁ’ﬁ%‘é’aW gﬁBﬁ?}ﬁ ‘{mtsli%g@? LZWAd 3, the
cor ner SER gﬂ{eirreg% ergr M@m@mmvafgﬂn@foebd ﬁlmil iadltaaua\g&mgfl@bhkﬂ%g%gmcﬁﬁ the ]
current baud js eterm.ned to be a nor a oc the switc

passes the cAHpaed @NF?SE@P%&‘%‘EMP% él%ﬁwgwﬁg‘a hefaias PECSSSPRtessi ng

bl ock 164. anWQ QRtd LfhD, B%nig&ﬁ&@& o6l &vefbpls 15N@aN18 ReshEAMER, Inayt e synbol

decision information and the equalized frequency donmain data are used to

estimte t hé“@?&lb‘?‘bﬁ‘s“iﬂaéc’rcﬁx@m?]&i 32QAM for dhe 48 andnigdkbRs r45es. #d § ReKdfaF ri er SNR
estimate prageseid rhte. @lﬁé@drﬂl&@lmb@et%tmwm@oﬂ-solage f&@ankneidtigtrdtes.carrier, the
equal i zer out put, shown as bei r{qulrJngl ied on lines 184 and 186, is 5
subtracted fromthe syiet 2deaibicsriagran o84 Eeeiv opsiwsted 48 reesye 180, when a
normal data éa%@m;é diefsChneshdds agmg BE Fikd qheﬁnl&zenamlé%m@s thé om t he
known training information, supplred on I1nes 196 and 198, when a training
baud i d5rec eqovrmswwweﬁgmrﬁgn@wrtgdh@@gm@né aeplogopgnalstaad passed the gignal i

subt racti on, 0 d.to give
n csti mat o SPVpRBnSmbl Gl PO WIS ELARP adab et pRAHETE 04 206,
208 and 210.anNdifer,t & anixeh etrd tahl@cadyfrrﬁbtblhtoaecﬁslmmnedvée drgpensy snmﬂzhs as wll

be the case i gh nor mal
data baud r eFyyg ﬁ&e& 'ﬂﬁ ﬁlgq@og%gdgg\lﬁ%athge o t hgﬁlgmé%o%e%%&gvégeng%ﬁggsynbol
deci si ons armssedtthoogh emautomm; gaif omtnat cipgwitf Y6t rhd/Che gned [gemtadter b@u_d can be
unr ol 981 e oA 001 b el RN LOAD S A9 BNE o Sighige ' " 2

i nformati on signal patiser 22. eBhenmspbaderchgymehoutyuttondime t1RQ istinprité nlgamﬁdagim-

|01 1 L1 O, bt Sy 8! LAYk 08 0B Bk 8B Y3 1R T e
esti mat es t haopenenalad- tot-dlgltahomsenelbl% i Feedtrek diggals ah lipey hl()r@dané are

E‘]I)ﬁg[]nz ;E Iegnat ??({ cr%ng‘opt%e alrl-{t a 1c ra?‘x'pcong‘glv\grc%uttl ?%Sﬁ%\{g Oézx\ﬁponblerﬁdﬁhgﬁec %{égd by
filter25212,theidalo@ AM gipmhl @h&hcmphretedlsedashbummdby bidck lm\l&cbgmssedab es. The

paramet ers Oz];n chtgpeut IstO V\ép?& aniistlﬂgs%cliuent‘il toa speaker 144 or other output device.

An optional highpass filter 146 may be used to filter the in-phase
components on line 128 to eliminate the energy of the analog AM signal and to
provide a filtered signal on line 148. If the highpass filter is not used, the signal on

30 line 148 is the same as that on line 128. A demodulator 150 receives the digital
signals on lines 148 and 130, and produces output signals on lines 154. These output

signals are passed to an equalizer 156 and to a switch 158. To obtain higher signal-to-



adj usted such that the | owpass filter bandw dth is decreased as the nunber
of SNR estimates is increased. Follow ng | owass filtering, the normal and
traini ng bayd,gPbgsti mates fromall carriers are input tecgylypeifieses
testing circuit 220. 25 The hypot heses testing circuit 220 processes the
SNR i nformation, determnes the nost likely interference scenari o based on
known typical interference scenarios in the AM band, and can inprove the
estimates based on the nost likely interference scenario. One of the npst
l'i kel y scenatdiesraiiss {INR) 0k tEecomplendhtaseirialaRoeAFT bitpitt 6epgifs of i gure 5
shows the spectral overlap that occurs g&nen a second 30 adj acent

interfering RPBITENAGICERE S8 PRI dc ALE T HPK i Ynthe SZ‘Z'Qﬁt‘ﬁaﬁen‘ 40 |1%wer in

frequency i sicpht@Raithg cAnCHA BEvEHERFor bdtectbrOidcalier OB ih 8fder T AMprbRe
interfering signal 222 overl ag\e'%he digital carriers fromthe desired hybrid

digi tal audi GbnGedbasPREUPHN 6t FYReteaertiRISTyd PreY $oIBlag GHaYt 224 in the
region 826 fy.quabauiourctckéder 166 abBHtoutput lokihe Dult¥RREARS IS dél@y%rd By0

determ ne the presence of a second adjacent interferes has been devel oped

and si mul at edrcuif 68 foseompspsgteels thy dekpy ofme wnalogpignakatithe Easmitesapd icof about
10 kHz, withihberidi¥Re G At @.ﬂqigﬂas of Q:aRRE Tﬂéodﬁm otfgeﬁfghq:mt'5 kHz

and about 5 kHz to 5 abou to detect a second acent station that
is | ower or }ﬁSQhecrnvmﬁsdrtpeqa@ﬂ@g/Slgrr%bbeehawabth;ﬂnalpsrzoré/aﬁﬁ 16840 predugere aver age
SNR, in dB, £8h G82 MGE: odeb 14 BR QNGH A0 1@2'6' d'dﬁ h§is® a5 et

t hreshol d, t %aestl mat ed S%'\Ie ftrom hlgﬁtr |en| ng 195 3{5@3@?@?9% of the
carried in prhvided éyi anmbéx spgsieolt h@d edata mcérpngmpm rnmessne ¥dr aed Haud may

b t t
10 thr eshol d "TRALES Snthrobimal ARIBICIAACMoRY ol off S Enchififiqholl Prese
advant age ofpressyarid prdsesses e agetr@Noguaionznd Qlelehizinesele andiveneoditg eshol d
instead of Compali A9 RAGTRE" ?%flehﬂr&e? A &S80 %@ﬂg&i&@ﬁ%'@@%ﬁmﬂizﬁé&oﬂd

adj acent interferes is presen € average over region gives an
SNR est i mat eblwktdctmninosr\érthwawlwddaeud iSianiofraat bhuytmtahmsﬂ'm bagdt s can be

devel OH?d for other t¥pl xceaii Is ur?crtioez{l%f'ocgm 2 a7 thit Jlus?rateg opgrsétutr)%?{ a

adj acen first adj acent’ co-channe Erierence. exa Fi gure
6 shows the @mmltlhaa)k 1(50eemlda1m uhaﬁlvecbquulszewh@m il af:mrdﬁncea@thattenpresent erfering
hybrid digit.al ﬂl dct?stén%?sb na tc)2@8 I5 aRresent . Bec %tlflse there is
no di gital cﬁ?’?” TG o7 & & |rs QUYAEBRT RIHL 8 P er woul d

be | ocat ed, dquelizer &spemrm wipidstegpuinké mamaneaeuhgygeawktchlthae SNBcisrtagh btat i on

coul d be used as an 20 j ndi cat or st a

Seation 1 BhRlaest RO ARE ERNR IR RED B SR Ry el Hedpel

i ncreages fon tbaérnﬁrcs:rédmah peocessirartd Ioblramflmpmvfeﬂlp&fdrﬂmmel @Buth inppHage @pout 5
kHz away, this wo her indicate. t pr.esengce first adjacent
interferes. #Adsfua Ldfﬁ(a‘ﬁe Qé%sé%rﬁisnﬁrteegmf”gfe [’ P@a?n‘%a\??laér@p'ﬁﬁdjﬂtaﬁ kHz
to about 5 k\bﬁ\déwm@ahm@uMﬁﬁd’r@d nﬁﬁﬂ\&aﬁfduﬁﬂ700’llﬂxd§e Eigna%/ﬁﬁﬁg@ﬁo{qﬁcdiﬁﬁ erm ne
the presence 0 1t]he 25 d %I tla ﬁ{)ortll%n of a first agijace nterfering
station. |f ‘és“fﬁ Gt SVELE Rt ePSE FRiRR o | l'éos?jélfoé"fnrﬁ“ guie Prds SNR
estimates fOéhoﬁiaQ)e(h@ﬁlidd@h&l fietithe abgdt calc@erkkanaﬁ:xowﬂd)gbmQﬁlaewbatt&chaaased on
t he SNE esti Ehe carrlerg {,If’g t he reglo alE are about 5 kHz away
fromtHe int ? PRpliRg pRARg the DIgIRY GRRISR Batyrel ‘Fn‘”a’ ypi Bal™REseXStH | ope

of the anal ogermﬁucenm:fl ahd Q\Mgﬁilﬁhte@?nc}ﬂ:&ﬁzéﬂdum @gemifed bl ® indrpa19ach i s
that the 30 SNRs for the dlt%:t carrjers ihat are about 5({<Hz away from
the int erf er #dFagiipaegdris ingpt eC“E‘EP’éH@% hiQMercaies fHaapy? V&‘Pta%"‘&f“?l ers

| ocat ed near totfReroin tiRiddwigg AMd g@e&d b&d reMbhi op&atrnepriosRaibéRingBnSi ti es
for different, AMstations is simla
highpass filter 146. The outputs from the windowing and guard interval removal
30 circuit 170 are input to the FFT 172. The output of the FFT is input by way of lines
154 to the coefficient multiplier 174. The coefficient multiplier adjusts the magnitude

and phase of the data for each digital carrier to compensate for channel effects,



WO 00/ 79710 PCT/US00/17171 11 Processing in this manner could inprove the
SNR estimates in'the region near the interfering AMearner. As described
above for t{e meerRd adjacent interferer, the hypothesis tpegiusih7equl d use
only the training baud estimates if the data baud estinmates are bel ow a
threshold. 5 The carrier SNR estimates are used to control the convergence
factor, or adaptation constant, for the efualizer update al gorithm Each
digital carrier has two associ ated equalizer convergence factors, one for
nor mal baud taRshiteeaddecdiverifitierige, had dtherlfaetorqtatl dai affedt Aef mhgiivAé sndcan be

updat ed using an ori.t h as |.east, nea uar or cursive

| east squar é’g‘a f@jegre‘fﬂe%% %B}f?':frf?ﬂﬁ ht%coﬁ%fﬁg E%%e?uq%"ﬁéstusé Mrols the
response ti Bake@y@balngtisigns; Rahealetetrnined ﬂhb Gdilfétellﬁﬁﬁltpo[r@ﬂﬁﬁﬁ'ﬁﬁuaxﬁﬂitfcas pondi ng
to a |l arge conver ge e, factor, E}gro&‘l% |d tracki ng of channel

condi ti ons. HAOEFhEY rdé?BBWg%Wh d ‘bgﬁ Hey fmain SoRttellatan paffeee fact or,

al | ows §or e (rapbfied PahbR dRRTAS, dlogh@itip BRSAPegualikedinsRHatidh poit@¥and N Fi gure
3, the carrier SNR estinmates are ysed tg adjust the equalizer convergence

factors. Whehe Praiops valyes @& the gtushses cogtticients;ass uped ?Oeméatcv@wqm BB its

conver gence Jo@ﬁ%cehts%nub@rabar@ebloaﬁﬂmquﬁickzm caR QfifitCh %ﬂ&wﬁﬁ%ﬁﬁu@ gorithm
relies on correct s deci Si on i nf ornat|on Because

i nf or mati on sugh Ry eaF"ofl’ﬂ"-fé‘<5§éll=1afﬁ~°r diMPIRy reraidve lgast squpEss (Bbﬁi/@r‘g@n@éhﬁf act or
can be used Jq%hz%f@deﬁ&c”&tsba‘ld than for normal baud because the synbol
decisions will not be reliable if the carrier SNRis |ow The use of this
20 equdfizer conver gedbs inetion inaptistipbnerplicgde ite mereiniershthatheseelgllier SNR

estimate al qQpld nqrm%ualew ;naedus@tmﬁe BRR HERD ihRMtoh At Eresl&{}n;t thipd MPr oved

performance over systems that utilize a constant convergence factor or do
not use hypdtdhleﬂswotiees'fhenqun@oremcluﬁa@t emethed GNRhigh tw estatiatstedtheeSNRer s. 1 n

an al ternatlfgpée b QEDL? cﬁ:[ﬁ?@?éd&?%ﬁcﬁ? bRfadlddnd YWRteR| 8 Icﬁx&té&gg e ratio

estimates can orm on€e sl gna to-nolse rati1 o 25 estl Thi s
resul ting sulgmd o ghenvicsiged digitallye snioded gudianinfosnativedandcoreobrsed bn tthe

conver gence LaGIA ity YaREhAD TERBH AafOLKESH OB Q5ERRLNI Tl ©

i nvention ve equa} i zing an
anpl i tude nmlhxiluaedetd perfumhyﬂoltlesaﬂngptmgforanﬂwb 1rto¢r&ad1cas¢cnmcgraaﬂ podsibly he

f or egoi ng speC|f|ct| n cerd referr racti.ces nde s of this
i nvention hal® PESAC § oeﬁ'tsoath%v\gvg%om ret(i:l"lblB ?t aetcsu‘n [detsts dn;aha él[

i‘'nventi on madechder. oTlnaennWesehaeld:esnimtd cav 4lkn be dshétosenhe cafvetgancef fadibrow ng

cl ai ns. WO 00/ 797I 0 12 CLAIMS: PCf/US00/ 17171 1. A method of estinating
si gnal - t o- notE% %0 (SNR) for a 5 plurality of earners nodul ated with

di gi t akoi nf or mati on, $1m:tlad Cﬁt@;lci Hatenn FNurmitedr | §859, ml ddilcﬂgesdah:a hedsd ofind

7oL nO, Dot L SR 9GBS YePBaF B U1
second SNR fgesefindeitionl ehhf@ed &isdiperation of the equalizer and cquahzer coefficient
update algorithm by estimating the SNR as illustrated in block 180. Block 182
illustrates that the SNR estimates are used to adjust the equalizer convergence factor.
25 The SNR estimates can also be used to improve the performance of the error
correction processing. Error correction that uses convolutional or turbo codes and
trellis coded modulation are examples of cases where the SNR estimates can be used
to improve the error correction performance. As shown in Figures 2 and 3, the carrier
SNR estimates from block 180 are input to a switch 158. When the current baud is
30 determined to be a normal baud by block 165, the switch passes the carrier SNR

estimates to the deinterleaving and FEC processing block 164.



conparing at |east one of said first SNR and said second SNRto

predet erm ned sel ection criteria; selecting one of said first SNR and said
second SNR {67 said 10 conparison step. 2. The net hodcpismhaizm 1,
wherein said step of determining a first SNR for said data baud conprises
the step of estimating the noise power for said data baud and normali zi ng

t he data baud noi se power; and wherein sa?d step of determ ning a second
SNR for said training baud 15 20 conprises the step of estimating the noise
power for said trai ni Ag dhawd mnHigner dpklicz symgpol hiecikivali mfdmgatlnmudnmmlhese power .

3. The rrethod Ialmlfurthr conprising th ng a .sel ected
one of said equl? ggﬁiﬂleg% Os“éa}”(ljg t%érggpedéﬂﬁs ‘Egﬁ%ﬁ‘ﬁff"é%@ 5‘?6%8@ fact or
in an equal i Beroperationl Sfetheredri@tENH estineateprocesdiey @ idetaiial id Figursd. BiRadls

sel ected, and fiirther comrising the step .of usi.ng a,comhina of said
Trrot SR arisilCBHE: SRROPEAEORIS! S aan DerG ipLT ot e 184 bt 8 dual | zer.
ﬁ ghe fnlet hosdbgicrt]eal f?drﬁntl'ge DO dAisfoRb, d;;lﬁ;ﬂfé‘d@)h@ﬁ@ﬁﬁ%&cegﬁg@() ‘fvfti))d’n ﬁﬁdrglgt g ai th ng
aud is larger than sai ence factor sai at au e
met hod of cl‘gltarr]i’ai‘%flﬂf?cﬁ‘éF‘fg ﬁgﬁsggus 5%%&%%%%# Oﬁsff%th&%‘é'éWEé‘Eaéﬂn%ne of
said first ShBrafebnS hshlis€ ©aANeheSNBs tadd AOBAREES &tFadin I\%S%lfdeﬁtﬂeémveﬂfbﬁal d data
baud. 7. The nethod of claim6 wherein said first SNRis selected, and

fizrther confiPsng fittcheie?00mag 203 The wgltof tampbRagtiopnviyeh sdhgnormafithng and

second SNR t@c3 aemaamsesqaalwfo £0¢ 526tk FhheSRindr 8fthanbigd) ds illus¥:0/ 79710
PCTNS00/ 17171 13 8. The nethod of claim1l, wherein said step of conparing

at | eadf onendfockaizeh.f30psT08ad Qdﬁd Notg H‘aéé’é@hﬁlesmb?‘cﬂeﬁﬁs@ﬂé?@rcﬁrﬁ‘éd

sel ection criteht & YERA eRe WiRE (% fRei0d SRRMSMLS, 8R! idfokhiin FMR ho 2
presel ected threshold |evel. 5 9. The method of claim1, further conprising

the steps ofnommaldsishand remitslincmgqddesimatg opthe fFe Howesguarherahe smbelit f or
each of the &e%fs{o'n%%mmeg{ QR8RS IMios Hoth G L 8512 BMIaRYL bE gmeﬁ%@yce a

synbol decision for each of the carriers; 10 wherein said stcg
det er ni ni ng andfonlyghe ENRrrh‘ab@n frem dhedzainingbavd resubs desood Reimteqf th¢ SNBbt r act i ng

sai d_equal i zgp,, QM m&al{sé M Stindt S¥TBRA lqg%aamsmﬁgmae@%?e F}@ck{fénﬂf

recei ved to producde a first difference value, squaring said
di fference vibkughe traipingdoayd mfdrmatien, ribilss desitablie nfat ese téﬁdlonmln@ﬂtf# dewdy t he

first noise ggll e dn E)Q{s bgé 973 RRWELdORG! gé gk&?aflaanﬁ'&a?ﬁ n?'ﬂ%&‘s“ mat e;

and 15 wherel n sail ep o etermning a secon sal ral ni ng baud
actually estlmates the power of the noise, but if the digital carriers are transmitted at a ‘

constant average powecr, the SNR can be determined by normalization of the noise

20 power estimate. As shown in Figure 4, lowpass [ilters 212, 214, 216 and 218 can be
used to smooth the SNR estimates. The parameters of the lowpass filter can be
adjusted such that the lowpass filter bandwidth is decreased as the number of SNR
estimates is increased. Following lowpass filtering, the normal and training baud
SNR estimates from all carriers are input to a hypotheses testing circuit 220.

25 The hypotheses testing circuit 220 processes the SNR information,
determines the most likely interference scenario based on known typical interference
scenarios in the AM band, and can improve the estimates based on the most likely
interference scenario. One of the most likely scenarios is that of second adjacent
channel interference. Figure 5 shows the spectral overlap that occurs when a second

30 adjacent interfering hybrid digital audio broadcasting signal 222 that is lower in
frequency is present. As can be seen, the digital carriers from the interfering signal

222 overlap the digital carriers from the desired hybrid digital audio broadcasting



i ncludes the step of subtracting said equalizer output from predeterm ned
training data when a training baud is received to produce a second

di fference val ue, squaring said second difference value t a second
noi se est i nOPY %Y "nor mal'i zi ng the second noi se estimat e(}ﬁgﬁ’gﬁnzﬁglgnal
power to determ ne a second SNR estimate. 20 10. The nethod of claim1,
further conprising the step of: | ow pass fitltering said first and second
SNRs prior to the step of conparing at |east one of said first SNR and said
second SNR t g, pi oal HdTeBeH 256k66LbAR - & ki Aol Bout LI kTINE HIRLRAN 0fi 151 &1 m |

0, further co%‘rr%r I'sing thgs step %?: 25 r.e%ﬁ?nago% hekga'nﬁv]\}r}gttﬁ oft étfow pass
filter used determiriedthe ovessaes of ial seeptidngdisteap interfaxekdhas beeal deShl@ped and

determ nati o . 1 ?h{l : (T%% sai t f.
determ ni ng %%P tlagegt qﬁ%&s}%rgceg%epgw at a&glg&tjaféf:siqll}lgi' u egpstﬁgg%‘ielgglig‘fw%hsti mat i ng
SNR f or dat athbawd graups ektendiegl fromesbowtf - 18§ &itlk tplabowt -5 thHzcandrabeutsS BHz ltyi ng

baud | nSsai IPD!T Ik RO B RRE Yo RaP Gl 1hH Pl B bR rendipg, %'
00/ 79710 PCTresfsofvelyl 17dr chéh tegiongths avetage/SNROA dBNR ¢alcutaedd I tiemvefageonpari ng

at | east one of .said first R an ai d. sec NR t o predeterm ne

sel ection crie¥Y@r §§S tE%’?aWée%%?s%@’@Fe t}rﬁaﬁ?ﬂoé}g?‘%m%&t ﬁ‘%ﬁ??“ﬁa ettt ncy
bands are eafhalbpthe cifielsHz thit ekionSbclduse THeestitaatbd INBRS frath #eMokmalfband her
conprising the %tFeig of : detectin fjfrﬁé adlj acent signal eper at
frequenci es 'PB%PEi AR SRVESTROTKRS 3FIBRT A°VEb it Sreaeh AMRe e Mettiency .
15. Thgomet hgekspdld,Cthai SNH estirst @bmC@EMotBAl Nhull Nee k@D The adMBiagiong sai d
first SNR for data haud on carnets itioned Witl[lml 10 a@out 5 kHz froma
center chann®MmRragheesraee g IR PrE egipn 9 ihggshold sl Pheapagngt ep of

determ ni ng ghch icktHer BNR thi@nokhisCthatokBend Wekbohd GHdEkRS irkthiEer&r! 18 RFesOit: the
estimati ng SNR for data baud on carnets EOSI_'[I oned in a first frequency

band from ab®i§tase exerEhey 1G 12581Gh sives; FHBRRtE WHB AdQYer YREATRRI  f r equency,

and on 15 carriers posjihii@§fothéteteseeaUt del AEMRATEYoth@Rghiddl frRlbRdL +5 KHz
to about + 15 kHz from a center channel frequency; and averagi ng the SNRs
for thdSdat asoseaites sHclt 45 Meitds adipeeaifist adiacenta aed seebrmack mtgfremey dands. 17.
An appar at USeLah1 L SiihiRld Hhwhl BRApedt RObEp Rl beoukONWREn faOfirs? adfdcih Ural ity
of carnets nodulfated wth digital information, such dlngl tal infoormation

i ncl udi ng dainterfsring hybrit digial udig baeadeasting signal Z38 iapigsent o Bprausd thgre ifeans f or
recei ving saj . :.Ly..0 LYo ; r r ¥ e | SNR f or
sai d data b%%?%g%&l%ro?t %’gtﬁ{;r—m ﬁ?%’gwggg;%g%g a%ﬁ%é@?ﬁrﬁ%‘#ﬁiﬁ%g baud,;
25 means f or locodhdlnd prgseate dfegmificanteneay sttht sheatist logitlanandd baustdsseond SNR
to predgterm ned selection criteria:. . for ecti. . id first
SNR ang%s ai dmsalé:%l(())ﬁa% %Rlﬁr %%%gakégiriéggjag%g%%%% s%r?aélﬁ g%.lp%ggﬂ%l%i%%%gr at us of
claim 17, whfordhendigitil damemniscreaes thetcamisrsithatcpra f8Mer froptthiSRafiar, upaod dat a
baud conpri ses for estimati.ng. the .nai se power for sai.d data baud and
nor mal i zi ng %?gpggﬁ?iﬂ%ﬁ‘dﬁy ’nt%‘iss‘go'ﬂgﬁq?erdﬂﬁcae\}% BEPRsT ) & 5T ca%/aﬁ%rgoml?l
wher ei n sai dinflefRs. fAko, died SNRI esfifi@eafos ek0digditSdINRrriety atoat & kMAatnabegt paud

kHz from the desired AM carrier could be averaged to determine the presence of the

25 digital portion of a first adjacent interfering station. If a first adjacent interferer is
determined to be present, SNR estimates for the carriers near about +10 kHz could be
calculated based on the SNR estimate of the carriers in the regions that are about 5
kHz away from the interfering AM carrier and knowledge of a typical spcctral slope
of the analog portion of an AM station. The advantage of this approach is that the

30 SNRs for the digital carriers that are about 5 kHz away from the interfering AM
carrier will be higher than for the digital carriers located near the interfering AM

carrier, and the power spectral densities for different AM stations is similar.



conprises neans for estimating the noise power for said training baud and
normal i zing the training baud noi se power. 19. The apparahis of claim17,
further comg@% means for using a 5 sel ected one of sapérikdeti7DNR and
sai d second to control a convergence factor in an equalizer. 20. The
apparatus of claim 19, further conprising nmeans for using a conbination of
said first SNR and said second SNR to contirol a convergence factor in said
equalizer. 10 21. The apparatus of claim 19, wherein said convergence

factor for gabebsSRCNGisSHRnes chdd GaprovdIaR SR dstiRuidseih GRe égidrhdaPkne Or sai d
first SNR 22. The apparat us of clg' i si

aim17, further conprising means for
using a sel dBCEENEMbFAES; ¢Af dpscribes\eboyp dorsthe gecont GACaskinterdere ignce error

correction afypsbgk @atidg Rawd . usé Sordy thel Min&goea@t bitinfates Cif ahéN dath, bhddr t her
conprising means for using a conbination of said first SNR and second SNR

to enhance estigpteedepeleviadhredrldaj d data baud. 24. The apparatus of claim

17, whesein said meanghf SfriGRWREiRhtAlart 88tto SO froPtheSBhebridnts FactR and
said second SNR to predeternined selection criteria 20 conprises. neans for

conparing saircdaptptian cRrantofes ty eyelizes tpdate pleediiol dEachvdigital zarrierhas
appar at us ofy.gl AldAds ekt elonCQPRIE ShAGs, BRARY fhmaPHARESH BE. S8 d

carriers to produce an equalizer output for each of the earners; and 25
means for prtodwsgbang. skhecqeadlizan ¢oetficianis qpntbe tupdgiedoeningeanaalggritho|suekeas si on f or

each of the (AT LRl SnathANG @k APRAS sfidles ORE 6 MHRLIG@i Dl Al IR for

sai d data bau ans for subtracting sai'd eq zer output from
sai d syfbol memietdrothatnwbratrols datrasponsedtiing tp exbeigyeg] channglr eadisiona fHastst

di fference v i ig. L 3 i.f.f n I to

pr oduce o f 11T, (ERRBobdhe RUALIRCeR ekl oRtor Reflls BRAGEIR M, (21 e by
t he signal pibamrel tandd@ner Aistreven rdsponst, wirgspahdin®torpinsatl wavérgence facemd WO

00! 79710 16 FCINSO0! L1A b MISIEL 1AL BLJRR0S: 1. B! S0 Ak SGond SI ==

for said training es neans racting said €q izer out put
fi-om predetarridr SOR dstimites ag udat ta adivetrthacquabieon conyelgannd fagonse Sdieunditt t 0

produceca Seﬁﬁl@d difference val Jor i i econ
di fferg%ce value™ n?)atebg)(r) e era%srég%vﬁgﬁﬂg?’sl%%8%%%{%@83%%“g)eri%r fral 1%i ng the
second noi secqasliderrededfidignt ihdats algodhmpelsaront crrdd@tsgmholnieciaios anfonaatengnal t o

noi se estimte 26 eThe adqplaroantn%onofiscllgni m 1z ‘;ééilt prelgﬁnco urdi Si ng;,.means for
| ow pass fma}%eec??sﬁgthsa%m?l r Dformation. 5 g §N@s pTiorecompari ng a%gFreast one
of sai d fir sdon®idperaa dactaiocdn be medtdfoBMRinting mud dimefomaorect! daldeledcawna the i teri a.
symbol decisions will not be reliable if the carrier SNR is low. The use of this
20 equalizer convergence factor adjustment algorithm with the carrier SNR estimate
algorithm as described above has been shown to result in improved performance over
systems that utilize a constant convergence factor or do not use hypotheses testing to
estimate the SNR of the digital carriers. In an alternative embodiment, a combination
of the two signal-to-noise ratio estimates can be used to form one signal-to-noise ratio
25 estimate. This resulting signal-to-noise ratio estimate can be used to control the
convergence factor and used in the error correction processing.
This invention provides a system for estimating SNR and adaptively
equalizing an amplitude modulated compatible digital audio broadcast signal. In the
foregoing specification certain preferred practices and embodiments of this invention
have been set out, however, it will be understood that the invention may be otherwise

embodied within the scope of the following claims.



10 27. The apparatus of claim 26, further conprising: means for reducing

t he bandwi dth of" a | ow pass filter used in said |ow pass filtering step as
addi tional SNR determ nations are made. 28. The apparatus %"%g@'&mlll

wher ei n sai ¥HEREO¢ or determining a first SNR for said dal i'ncl udes:
15 nmeans for estimating SNR for data baud in selected ones of said
plurality earners lying with two predetery ned frequency bands; neans for
averaging the SNRs for the data baud in said two frequency bands to produce
an aver age Avifld neans for using said average SNR in said neans for
conparing at [east 20 one of said first SNR and said second SNR to

predet er mi ned sel ectidn cr it arcthad 00 estifting pyignahtotrisef ratid a(SMRY 8for wher ei n
said fieque n e e a1 - W de. 3 The.apparatys of claim
17, further rﬁ%ﬁ‘%ﬁi%ﬁﬁ%&%ﬁe@ﬁ@@%@%@t g‘é@lj‘f\%’ |f§%n’ %‘d?“a?‘ t?l En?%nr?él ner gy at
frequenci es iB8ugiogdita bavdcnd training beud] Shidiezthdd compising titesstepebiannel  fr equency.
31. The apparatus of (%el %gwnr} ]sZitl Eu%htthgfrc c%rnépri sing: neans for averaging said
first SNR for data baud Onecar i ersyposaﬂ|0ned wi thin about 5 kHz from a
center 6hannel. 32. Tleteayipiagafins SHR foit aiddatbbaudgai d nmeans for determining a
first 30 SNR for said data baud inﬁ%@g«%s: nmeans for _estinmating SNR for data
baud on carriers posi CPSHERTE A SEOP ?rrsélg‘&'éwbﬁﬁﬁlld from about -15 kHz to
about - 5 kHz from a cewmpsingchiaeselond p€ghidntyt SNR MQ &M 2&6a0 SRETNS00/ 17171
17 and on carrjers. positioned in a second frequency band from about +5 kHz
to about + 1%e%ﬁmwgﬁ?l%?t‘8‘éf‘ﬁt8?a’channel frequency; and means for averaging
the SNRs for the dat aséleditig e @Arshidefirst SR Saatl Gaildi de6dndaSIR BRCANGh Ediequency
bands. ,Ay!LL.Af,.Af "2 .AS .A@ .AS!'.ASI" .Al".ASLE . Ay. ASH . AS. AyLY

 Ayse. AD. Af . RIPRUSRFRP 4

2. The method of claim 1, whercin said step of determining a first

SNR for said data baud comprises the step of estimating the noise power for said data
baud and normalizing the data baud noise power; and

wherein said step of determining a second SNR for said training baud

15 comprises the step of estimating the noise power for said training baud and normalizing
the training baud noise power.

3. The method of claim 1 further comprising the step of using a
selected one of said first SNR and said second SNR to control a convergence factor in
an equalizer.

20 4, The method of claim 3 wherein said first SNR is selected, and
further comprising the step of using a combination of said first SNR and second SNR to
control a convergence factor in said equalizer.

5. The method of claim 3 wherein said convergence factor for said
training baud is larger than said convergence factor for said data baud.,

25 6. The method of claim 1 further comprising the step of?

using a selected one of said first SNR and said second SNR to enhance
error correction of said data baud.

7. The method of claim 6 wherein said first SNR is selected, and
further comprising the step of using a combination of said first SNR and second SNR to

30 enhance error corrcction of said data baud.



¥| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] cal] ca] cRa] ca] ca] ca] ca] ca] ca] (':a] ca] ca] ca] ca]

ca] ca] ca] cqld qabfmayl cal cal] ca] cal ca PCT/US00/17171
- #r SF?27/ x| 3, | wnhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU]ca]c
a]calca]l calca]ca]calcalcalcalcalcalcalcalcajcal” ' ) 8 ~

| 1) """ F###3S] $$SS@ARRERNME~Yt 0] e [ V] ca]lBa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
~a] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca! M&&& " T((
((0))l*+c, -T---+..)//%00n122233h3Bs8dfivpkfvetel] eid steg eBdonhtnd htdedsca)] cal cal
cal cal cal cal cal cplgaleal erhegleahe dbahoabe alanrhbal sl cahgig) oal cat 4
]@@S]AKBFCCi DEa]Elpﬁ@fmﬁé‘s)@ddfca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
cal] ca] ca] ca] ca] ca] ca] ca] ca] cal.cal.ca] ca] ca] cal.ca! EAFFGEEHHI | 7JJJ>KKK2L3W
MV NN Op OOPQOQ) Q] Q ] W‘;‘?‘ﬁ{s%\? %%#Eg}t%ékﬂeééﬁgéél}rﬁﬁ@dﬂ?é] ca] ca] ca] ca] ca] ca
] ca] ca] ga] ca] ca] ca] cagca] caheataad 6ed6m]ic altaldbeplisad ke JRXRSWESW TTMIUOV
VVWAEXXXE YYZZ[ [[8\\)]] 0 "% w | wmhc™Y] | ] ca] ca] ca] ca] ca] ca] ca] ca] ca] calU]ca -
] ca] ca] ca] ca] ca] ca] ca]PE"&f%i‘g‘Fé\chcé]’Féﬂ ‘Bdif‘l‘lk’]-“cé‘} eapligr oupraics spdgfche w7
aabbbcdf ddee)findrz h@! gggxhhi giijijkk
I [I'|wmhc”Y]]]ca]ca] ca]ca]ca]ca]calcalcalcal ca%';a] ca] ca] ca] ca] cal] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] PHCERINE S SABHPEAURY (HhFIRPEES AP YIRS SPBXYPEFaqq;
r>rrrsasdsgsgddikidigd: gb] X] 1] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cal] ca] ca] cal] ca] ca] ca] cal ca] ca] cal%cagca ca! KuuW{ vvwFw wcwwx Cxxx
y]-y(]ZZZI@BI | 1% }}%~~) D”J’?W’hii‘tfi 3qP] 9f datPenipieg efies SeR] fenjaihanbavdjindyden] ca) ca) ¢
al ca] ca - i eIy : b
WU el ca calf caf car e EE A 31“%24?5 e 4L o) cal o
a] ca] ca] ca] cedudad readivalp peddues a s ek syahaing|sefd|frst|diffrenst valug ca] ca] ca
} gg} ca] ca] cal,qalfidd & Bk AbicdlaitheahrPlSRbEA LRl ARl FLRlinakG3likedigal cal cal ca
j P%IT_G(&) } xpavre rodetriningjadiat SARcstifpata] avd] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal c
o cal Sapoal oo oo oo ool pakeabs o oLk bl AR Lo GB0%.
L GLOYEW=w&! (yxclmewcmﬂsx@é@f guptracting sdid eqaligeyRuipht- fpapn Poadetermingd tadoigs @ta 2y 109%& (-

50,100 ) A O ) I 4 1

MLOY& () - | Prdc@ottiEfférpnce valug @ moBwe e@ecohd noista@timam, lahd hdrodizing the SIONE () -

Toog: () 1171 TOSE PRt Y Pkt poptos gy s oo s b2 O -1

109%& ()20SF?aB~ @ !y3. 10%&' (The fctho@e®eldid I, ArGOtRofmprifihShe 6oL ) - | f FU%8 109& () -
Sy#10%&' ()-27uj =1L Z1090IN& ()= 10, .

1)(Sy510%&'( % ) Sy 3T 100 (%SV-V !@%ﬁg‘%ﬁé %)a}ql%f%‘%‘ FFGNR PEPT & fisogen ©f 1~ 1 1006
: & () - zf 109Bednyparidgd Q¥/@eakt) orts] OF/@did Yirst SNR/Gind )said epord! SNIDto predetermined

Z10%& ()-f&lgz&'. okl 0% () -S, 109%& ()-of | 10%& () - S10% ()-g, a?j _=!!!Xy-10
%E! ()-gf@lof¢°E‘§-‘§}“,‘fri‘"‘ocy&' ()-g! f$! 109 ()-f,#10%&' ()-f!10%& ()-" ')

~ @1 &S109& ()-Z10%& (1) - T8e ABthHOyBABHEIO Forthst3bhPAA the gyHADYE ()-g) 8 ~

1) "dEx @ ! ! S109%&' ()-@ ! 10%& () - @.109& ()- Q@LOYE: () - « . .
e B srovr () yeducing e ead R &, § 1o e Bndsdiseq i spid ol pis
e (] Sea o sl 00 S
1098 ()-f  10%& ()-fS! 1Q%&' ()- 0R () - o0& () - . ~
*109%& ()-fS)F 100& ()?ﬁ 10%" (’3‘3&&"4&{%&“ %S-aﬁf‘%@ﬁé gymining At SR for
%%Zgl/e(&)i) Ifsﬁﬁlﬁ(()%a?k@fdfesm”tep/s“: £ £/ 7109%& ()-f- 10% S, 1109%&' () - (((

y6109%& ()-!f3!10%& ()-f! o0& ()-f, oR' ()-f-10% ()-SS,! 109%&' ()-
(0)) 1 * +gH@ 10@0%& () -%ﬁ.‘m?“lj\f%oa?éﬂ? f‘(’fé‘@f&%{ ) selec 68/%'0%)5?%!?%‘3%6%5%{8( -~ 10
10+c, - B0 - +. 8@ ithin two predetermined frequency bands;

averaging the SNRs for the data baud in said two frequency bands to

produce an average SNR; and



10 @

31008 ()-51'0%& ()’ S, 1 109& ()- @O%& ()-S109%& ()-g! S! 10%& ()-g+..)//x00n1aBH@
10S- 10% () fo3@ubAf%& () - S@ 10%& ()-fS, &10%& ()-g! @ #! 10%& ) usBi @ 10%&: () -
N1222222303A210 TL0%&' () - ! *ml0%& ()- 10 10

10f 610%& ()-! S31 10%& () -1 f010%& () - f 033544555aB~\ =

10S109& () -!kSL109%& ()- S109& ()-s! 109& ()-18LO% () - g@LO% () - 567288&9{ 9z X9~\
= 10S3"! 10%&! ()-Iss | 1098 ()-f 109& ()-!f !109& ()-!1f !109%& ()-!f

ABE QL (st (s Sk ot
+ e<<g=h=i =j === - Pp
10 10 10y5108%tY ﬁfivg i 35900 SNR tSPiQ‘j‘@/é&“%l)ﬂedfsecs Me@B @

51@?\%8& ES%O%& ()-4B, ! mt%nct%o& bf A@HPPE Whkre slan"/ﬁeq(lénc%Qr/d& akd each

10f 1 109&' () - erwomobmd%?)wm@ 10%& ()-S@Oo%& ()-ff!10%& ()- f@O%& () - CC/ DD| EE#F
?_@ method of c1a1m1 further comp nsm the ste

10y@10%& ()-lf*l 10%& ()-lf*l 109%& ()-f' 109%& () - fyS 7 (5’ S§! 100&' () - #FFGG

GGGHHr S4@L0% & () - ~ nmidgtpidng(frst ady;g:m@%x;ul&nergy at frequenries positioned at about

éf)llgo?’/;; /1 g%(&) (%@%}%‘ %%°@?§%‘§9@eq§'§% & ()-2s! 10% & () - @L0% & () - >KKK2L3MV

M\?2r S4@ @10% & () - ! H'15%4 0%h¢ mediod £ dlaim 1, further comprising the step of:

Lowa () 1o e () STIRE (314 Rith & (e B AR etd iy o e

SGLO%& 10) - 1&Youfl6d kHz from a center channel frequency. . _
10/y@210% & ()- 10! 10 (5 10,10%1 £ (- @IUE L) ok DT @0 11
mLO%& () - t 108MRR (R daldf dhO%MBud IncIONE ISPV Ej @D S109%&' () - 510%& ()-f 1 109%&' ()-S
109%& () - SS10%&’ () - SLO%&. ( @B3$! 109%& ()-f!: $10%& () - of

109%&' () - S10%& ()-!f! 1@@&“?‘)‘1’\3/5@% dpty | %@@GW%}(‘P in 7&2 gy 1008 () -
%' f*1109%& () baHd) Y @bdv: ~T3 1Y 4bouf 83 QU ttom ¥Zeih] {Habde} BRQIENANLAYRLE () - 10

0
10! f 2! 100 (ya-ﬂ@*rrf pesifipgd (1) 2 @@eﬁ%@&luel}c—‘/f?%%&m( gbopigt kHiz prabopts1s KHEOf 100& (
)-T10%& () - ! 8¥m'a k@& dhhinidel B {dmdof 109&' () - nlO%& () - ""%W " T dEaSl! AmO
| 109&' () - le%& ()-yl0%& () - flO%E y! 109&' ()-fyl0%& ()- "\ aabbbcdEaS1! Arl
0y&10%& ()- yy3% 100/& @vegag@g)o}mSﬁRsfor the data baud on camers in said first and second

109 () - Y1088 fehe d0%&' () - cdf ddeeYf Zf aB71!
105109 ()-T'y2!1 %& (P gY110%&' ()-/10%& ()-Y.109%& ()-vy,!10%& ) Zf[f\fzffg
| ggj Ki! 103310%& () - @WOYR Am) arpaawg foy estimatipggignyl- toquW@a@ -fon @
10ggxhhji i dEl carriers modulated with di tal information, such dl%ltal informatiop
108@.0%& () 10%& () S@ 0% () - S109& 8 -S109%&' ()-z, '10%& ()-iji])Kkk
| [ aBK1! including data baud and training baud, said apparatus comprising:

10f, #109& () - S! 109& ()méﬂmg%&r&;}wﬁl %1&9?@‘&114}) off c@RY& () - S10%& () - [ | mmnnaBK
1!

means for determining a first SNR for said data baud,

means for determining a second SNR for said training baud,
25 means for comparing at least one of said first SNR and said second SNR
to predetermined selection criteria;
means for selecting one of said first SNR and said sccond SNR based on
said comparison step.
18.  The apparatus of claim 17, wherein said means for determining a
30 first SNR for said data baud comprises means for estimating the noise power for said

data baud and normalizing the data baud noise power; and
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10 21.  The apparatus of claim 19, wherein said convergence factor for

said second SNR is larger than said convergence factor for said first SNR.

22.  The apparatus of claim 17, further comprising means for using
a selected one of said first SNR and said second SNR to enhance error correction of
said data baud.

15 23.  The apparatus of claim 22, further comprising means for using
a combination of said first SNR and second SNR to enhance error correction of said
data baud.

24.  The apparatus of claim 17, wherein said means for comparing at
least one of said first SNR and said second SNR to predetermined selection criteria

20 comprises:

means for comparing said first SNR to a preselected threshold level.

25. The apparatus of claim 17, further comprising:

means for processing said carriers to produce an equalizer output for
each of the carriers; and

25 means for processing said equalizer output to produce a symbol decision
for each of the carriers;

wherein said means for determining a first SNR for said data baud
includes means for subtracting said equalizer output from said symbol decision when a
data baud is received to produce a first diffcrence valuc, means for squaring said first

30 difference value to produce a first noise estimate, and normalizing the first noise

estimate by the signal power to determine a first signal to noise estimate; and
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5 normalizing the second noise estimate by the signal power to determine a second signal
to noise estimate.
26.  The apparatus of claim 17, further comprising;:
means for low pass filtering said first and second SNRs prior comparing
at least one of said first SNR and said second SNR to predetermined selection criteria.
10 27. The apparatus of claim 26, further comprising:
means for reducing the bandwidth of a low pass filter used in said low
pass filtering step as additional SNR determinations are made.
28.  The apparatus of claim 17, wherein said means for determining a
first SNR for said data baud includes:
15 means for estimating SNR for data baud in selected ones of said
plurality carriers lying with two predetermined frequency bands;
means for averaging the SNRs for the data baud in said two frequency
bands to produce an average SNR; and
means for using said average SNR in said means for comparing at least
20 one of said first SNR and said second SNR to predetermined selection criteria.
29.  The apparatus of claim 28, wherein said frequency bands are
each about 10 kHz wide.
30. The apparatus of claim 17, further comprising:
means for detecting first adjacent signal energy at frequencies
25 positioned at about 10 kHz from a center channel frequency.
31.  The apparatus of claim 17, further comprising:
means for averaging said first SNR for data baud on carriers positioned
within about +5 kHz from a center channel.
32. The apparatus of claim 17, said means for determining a first
30 SNR for said data baud includes:
means for estimating SNR for data baud on carriers positioned in a first

frequency band from about -15 kHz to about - 5 kHz from a center channel frequency ,
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means for averaging the SNRs for the data baud on carriers in said first

and second frequency bands.



