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- 35 3,4, 6 and 7 in the telecommunications industry. Category 3 cables are the poorest quality (and
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- 2- 35 impairment signal is produced by each transmitter on the receiver contained within the same
© transceiver as the transmitter. The echo impairment signal encountered by the receiver in each
transceiver is showh in FIG. 4. The crosstalk signals from transmitters appear as noise to the

receivers, which are attempting to detect the signal from the transmitter at the opposite end of
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35 adequate level of cancellation of these sources of interference, “long” echo and NEXT cancellers

are required. The term “long” is used to describe a canceller having a large number of taps as

necessitated by the characteristics of the cable. For example, FIG. 7 shows the echo impuise

response for a 100m cable with a characteristic impedance of 85 ohm and 100 ohm terminations.
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35 A disadvantage of such a startup is that there is a high level of interaction among the various
- adaptation and acqulsmon algorithms within the transceiver. This high level of interaction
reduces the reliability of the convergence and synchronization operations which occur during
startup.
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Cfmb' lnat ' onf $édiitdibn gbﬁeﬁ&l%&hecfo (:nsmg at leabto@ietof th&eddpﬁvsﬁlt&sglﬁhiemmsacédxmﬂon
plurality o r-end: cr i 2he m
each of the ﬂ'si‘?% 08?%3%% pposant ?&I‘%“'@%ﬁeﬁ%&@ ﬁmm catl?igﬁgmfm s1§nE:P
except for t Flaesystemalso mdmsmhwaémmﬁ eviges, 9%%9‘11@343?{3}154" TPRETVER effice
pai r wi t h whijg hedpdfisive &6 ithe combinaisio sighil edceivedd by 3bch rectiver ami sle repiice tmoise

Locl ud
o gl A e 6 eS8 Bt 5
anot her as pe@tleQﬂY removing at legstone 9f@ﬁ apise ﬂ%ﬂ%ﬁ%‘ng‘%ﬂ%ﬁ igpal, é‘h?n‘é]i‘ﬁ’j

crosstal k ( Nfaxck}, thenéisé sipmils atlgdeh pluraliteof funendarodstatk (FEXT) mpélrmm signals, one
transmtters tl?t Nén SAHR t&ggnﬂ{erstal? heCSHPOMRY éndlof WS cdniiicaRbhS ke, | ceft'Tor the

transmtter i3
-5- _ transmitter at the opposite end of the twisted wire pair with which the receiver is associated, and

35 the noise reduction system includes a FEXT cancellation system for providing, as one of the
replica noise impairment signals, a replica FEXT impairment signal. In yet another aspect, the
noise sxgnals include a plurality of near-end crosstalk (NEXT) impairment signals, one from each
of the transmitters at the same end of the communications line, except for the transmitter at the
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same end of the twisted wire pair ‘Wi'th which the receiver is associ at ed,

and the naoj se redu7ct I on system i ncl udes a NEXT cance%lcg ﬁ% 5§X:St em °
for provi dwlgg9,9/4g§6 one of the replica noise | mpai r men P a
replica NEXT inpairment signal. In still another aspect, the noise signals

i ncl ude an echo inpairment signal received fromthe transmtter at the sane
end of the Lﬂe%ﬁ&df&e twisted Mﬁmm wﬂch'ﬂxé’i‘ééés@er‘ié’@s&c?&&i &%mﬁoﬁégaﬁeﬁned
and the noise red uf}}dp ] %Udes an (‘fetb

provi di ng, SYECBICGIFHS E%f’c Y W%né??neé’ 5I¢E‘§ae%§?

i npai r ment impairment stgu;lmalrepﬁcnmﬁf hmmmaslm Isstil anothetaspeats the noiseckignalse
'nf' Uf'ets MEACadd & ecitstutn %&%&@&ﬁb&th 1Pdd P66 he uansmxtterfﬁt&ﬁe saMRAENA Jfﬂfett?]vlsted
cal cul_atin n r,or_for e s means Lor, conpar in e
reser i pargpinieh U e i ekt nd e ol Ry S S RPR e e S, o
for setti ngandellefbeprevidingaohe ofthe eplidangise lmpmrmenmés,fadcplmpsehd ippaiyment ap
threshol d f q& Jﬂﬂa?detﬁﬁeﬂ’ﬁpé&,rth&éﬁﬁﬁ%l ﬂé\ﬂcéxﬁélu&%@ﬁbahﬁ&r%éiﬁn@ﬁ&@iat&ﬁeach

val ue ofthe [ f wth reshol d ans_f.or
deacti vati 8P ffg 'ﬁ 'esen en'orafg‘% Pgwstfﬁ?%“%&%ﬂﬁm
| ess than tdmrtoethemmsml&m haﬁmherfacet themeam@rmmeatgﬁseﬁpachtwmmcludes

i nventpon l;ﬁ@ﬁsﬁﬁ- %&E&Eﬁdl&f& |theéank fo? @6mPatirietfot each tap the deiuid 2

ot A et LA @ﬁ%@m@%ﬁ%@%‘%@%ﬁe@ t

Each transmmﬁcxemw&m@beolufewﬂuelessthmmgmsm tter. Each receiver’
receives a conbipatdefdhdSasgect) th&hﬂ&enuasky@la&m%ﬂ uﬁg@fb%hmfnﬁﬂéﬁhons

the transmtter at _the I te th he
recei ver isPBYARg A ‘é"[“é'ﬂumg&l ﬁn é}n‘%f‘{%?%‘% ite] se ?l gnars? Eﬁ@ﬁ'&}q of
t r ansdéi vertransegiviess, ang @t erFb S 0}5%’ fheytwigted:yixp paitse Barh transgeiver has a receiver

responsi ve 4nd d thashitet) iBach fedsiver xgmi'es aEaﬁmmﬁamxgm tHatt irichidefi@ direct pilghdl dont v

f
et e anq. s HAHERes o opposifekalt of Bletpatii bt whith' 3B sV
speci fyi ng andapluralisy of noisesienalsy Eﬁﬂe‘rwsqufmﬂ nstydesip plaralify a@eqmw@%e
transfer responsiveltt @lid cdmbiiatioh sigasls Eachnlaptve! fileer hakoepplsadityl of tapsreacbiaving a

sel eotiove! Vedlaathl Wik 18 i ichABCuMId oy SN i inactive sathFhe o cides

t he syStem not~ exc error

det ai | ed fa@etstensrﬁsmm athrasheld errarfog W@r@d’&Wﬁl‘E@B’ﬂﬂé‘Pﬂn@H@

of 25 ghmeticn dfatieast oheolthe aduptivefilters by melyrdpamwmgthstammmmunng

conbi ni ng tﬁﬁ ﬁﬁ: *‘rﬁf’éﬁt %‘éteﬁf&ﬂe'sﬁ@texceedthe et,gpal rment signal with the
0

conbi nati on si gna pr. e_an oqut tia devqi d
of at |east one IBfe meE ¢ Q??‘gél 'g'F wb?ffgg'ﬁleﬁgl"ﬂﬂﬁ%gg hé’g‘éﬁ‘\?&%s‘eps of
adj ustisng t aneﬁ'it&igszfteeast one rephcafnnmeumpalmwntlsmmnﬁhembimgﬂm fat leesttone geplice
state of ea
conpari ng t ﬁ]g%en %i lvﬂﬁnﬁ%@&‘n resc{{’%méﬂ@ﬁdﬁ%&%ngn gégrgn?*ﬁét e
transcei ver 8‘(91‘1 a%fﬁéee Fséégnﬁlﬁ paqther, f’%f@f’éh’a step,0 glﬁouans
anot her t r afimetion duclades shensteps| afisetting slgehstate of each tap,rcalvalating arprésest exron forcthe
reduction SM:hn e%@ééﬁféﬁo‘i!&ﬁx@@&r@éﬂél@éndreﬁ% fheefaeety @ddt?ﬁ&c
The rreﬁlod rt er‘ﬁ?ér%ﬁgggthe steps 0 ,ﬁr}ﬁt a fi ?st st ﬁga ﬁ;
whi ch the tP qUUpRRyEqtpns syste ‘E‘?ﬁ?‘fi {he Efq'ﬁ%{FF%‘?‘ V&
ar e trai nedtranst¢eiviehasa msermMn@wt@},sﬂ tinringfrecdveryrsystemrand at least one equalizer.
trgl ?ﬁd eXQ‘rﬁHfdeﬂﬁdﬁmﬁx@ﬁﬁaﬁdéMpQ?féﬂ%&x 'aGﬂ}stt e i B%B’tﬁﬁﬁi 3‘%?
an e equalizer ster,_ar educ |.on
st em of 't REER et eciizen e SRy S Ay g e eduction syafeat Bt AGht
whi ch the n@amd;mmmemtsagadﬁnmgwm&wmmg recevery Systamn and\thyequaémmﬁer
fac tet /35 . ﬂxe?asﬂa?ﬁtietuﬁﬁ@&&ﬂtﬁéﬁmﬁreaﬁlﬁoﬁ SySEM bfthé hﬁ{?&xs&ég{ea Bhd eketutivip #third
mast er and a . tr ive sl a C SC
navi ng & noBee ABting HAIH 1S s At vy ot e R L eraRne 1 A St Hhoct,
-6- one transceiver of the communications system acts as a master and another transceiver acts as

' slave. Each transceiver havirig a noise reduction system, a timing recovery system and at least
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one equalizer. The nethod further includes the steps of executing a first

stage duri i t he timng recovery system-and the Its%;ng
of t he sl avggtapgh ?Zi ned and the noise reduct i on system P&#"ﬁ; Mster

is trained, executing a second stage during which the timng recovery
system of t he master is trained in both frequency and phase the

Che silave | qeAGIDE: nedtgﬁ{g‘:g‘:%“i‘%" ﬁ‘t‘“.“ﬁﬁma‘“dgf tfgﬁﬁﬁﬁﬁﬁﬁé sg&m
reduction sYSHRSIFGY eeﬂa reco‘\‘?ee" syélt f
t he master oﬁmmam@dnedexwmgasemmgadmmmmmmawme

the slave i &&&ﬁ&ﬁn'baﬂltﬁ%hﬁbnﬁywv Muﬂhz’tﬁ@fthemasterlsu'mnedandtﬁbxﬁlse

third facet YShe n
commum cat | g;,@upﬁx%sys m éﬁh%é@ Mﬁ%@lew AW stéag Wi b8 d;i?h the poise
plurality ommmmef&emrmmﬂ&emnemvw]m of the magigt R retiginsde d

}[M ret pg' I agfbihsOinid @k biﬂnﬁécé\ﬁﬁﬁsyéﬁﬁﬁoftﬁlﬁa\feﬁﬁm’dﬁkd hﬁbdth fiequéncy asd pliaseach
W ste W I & aC recel

i ncluding a di r&?@{‘gﬁ%ﬂ"*"r'ﬁm@ﬂ%m bttt %iﬁt%fler a Eﬁ%%&?ée end
of the tw shavingiapdurpliyrof fwvisted\wirepairshe pluslisy M@%e@? #dit each '
a plurg ity opfach awiseddire paissddal ;hufaﬁisd Of récePRis! DR receivenislas eachrend fof eavhawistedof

commint cat | SHE Pihe Eah SXeyat kceh® hed |W63Wurm pltect signal o the

cancel | ati ommtta'msthemm%%%t) higl the reeeiyer igaggociated and
.can;:el ! ?t i og p luralxI %fﬁéﬁ@moﬁitﬂklmmm&&sw onerfrom eath of theakmaihivg .
system furier inclu r 48 GlaR
let h each r &GRRIHFS éﬁ%wpgﬁ*é@daﬁé?%m‘.“émﬁ%s n3n3| ve %%g"ﬁﬁﬁs‘) iffa b
conbi nki i i on of IFFGT canselatipapyyms. ene as&catqﬂewh@ac @pawngﬁacﬁé’%mf&llm
si gnal . ! d ét@xﬁ' G‘ﬁﬂes arephcaFEKExﬁpﬁhnEmbighal The fysteni finithet inelideson plurality of
associ at e ach recei i e
\é\f ifgl ivl%févggea%gémeﬁ% acht %mﬂ%{' Cfach Sdel &%ﬂ%‘ i\éere nsweﬁ@tﬁé‘

out put ofth assocl at

such recelv [ r JC
FEXT i npai r reombination signal serejyed by sucheeriver fQr delsxing ghereo Pé’ﬁ’ﬁ‘n ég%lnéﬁ’f‘“
associ at ed \sird dipifitdli ofﬁfsedmes;‘me assdommwummecewer Each 6instdevige isiresppasioe

|rrpa|r nt %' aI dﬁ%@h&gg 128 with3A@! receiver and the rep caFE&YT%}ﬂ‘rkﬁh
stantiplls

aplur |ty canc atlons ens whi c erate
i npai r ment ggn!mr@w YlB‘F"W%F&% g’rﬁFﬁE&F it f"éﬁ'l’
| mpai r nent %omgmmpﬁrmmsm&mtthmnﬁ:mhmgnﬂhe i nvention

substantially ca encellgion sysichs SAALE ghidhie rifica FEXT |
conbi nation si gnaageﬂ“?ﬂus SI Y3 t"aﬁ‘

Lan t 0, Noi.se |
communi cat i grpairpent gignals 2g L?d%lﬂfagg'd" &F@’?r%&hﬁ?‘f‘@'& #ﬁ? ?‘E:PFT gifment
mor e rgbi ablsignals w1th the combimatior signals, the invention substantmll)epamleﬂ&m bopainnent |

the FEXT Ca%ﬁgﬁ Sﬁﬁﬁbbﬁﬁdd“lfg%al”eaﬁﬁsf QFndle&ﬁréﬂaﬁSn adue3to n01§%| §i0 ahe
from each of e receivers at e‘FS ?rre e d of %,é)t{)nmm catlorgg 512Celiabl
except for tepEmmunications Sy¥eR; Ge RAAHOR, gy Y

associ at ed. rbeweFdaXT cancel I ation system aI SO I ncl udes rreans for
generating an i ngj yifialdetafl &hﬁﬁﬁ)ﬁ'%cém% s?sltéiﬂﬁlchidé& neRAAHfor @eivingla
si gnal and rreans or c&nb%ﬁ]ll rll_g | vi dual | ca FEXT | ﬂﬁal reg% for the
si gnal $0t o gH&RAldrom ef cervers a1 the, same-spd, of; LN

anot her aspembelvehwnhhﬁucldﬂmeEEXBcglmlleralsraSMMt mmﬁﬁ%mwer
the FEXT i Mpajoiieitesis30idcheralii® a&ﬁidﬁxdm 562 FEX T Vifipdifientt SigRAlToF ¢a2h rédelyed|
by an armunt bst apt L al ual ne _del a

arrival, ?‘ﬁ‘?l%@?%? f', ‘bé@‘f‘m Hﬁ*ﬂfﬁ* e‘é nggpa&e
direct si gnateplmaFE}éfumamMNMénmmchhmﬁ@ﬁusﬂwﬂ%mw% SFECRYRE

relcel vy, 5. @Eaxs d?d&nc& delBp the corinatedruigiie by &amount
de ays the C%mﬁ o to hbet\gereg%e arrival, at the receiver, of the FEXT impairment

signals and the direct signal. In yet another facet, when the direct signal arrives at the receiver
after the FEXT impairment signals, the delay device delays the combination signal by the greater
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of the followi ng: an anount substantially equal to the tine delay between

the arrival, at the receiver, of the FEXT inpairnent signals and
t he direct é‘f%ﬂ%{““'énd ~an amount - so that such comnbi na!’ﬁ:!gjh’s%ﬂl‘lj%ﬂ i s
in sync with the conbination signals from other receivers. -

In a fourth aspect, the invention is related to a nethod for redu0|ng noi se

: |nn2 he}w g %‘C'S‘Fnﬁl cat | ons %f@@a&% s%gtﬁ)r%l ncl ucge?s a co #Fclg%onthe

i ncludes a pn‘euﬂutno@th@ ammmﬁenalamthcdnmm:ands at each end of
each of the JiNmbaf s sk dofnbinht6n Sighdl 9Minfsyhd WRR tetolbitRiEom sighalé fbintothe?!

receivers, one.receiver at each end of each of the twisted wire
pairs. Each rreg?,’%?tt?er recei ves a conbi nati on signal: . including a direct
si gnal §rom t he dnznSourth @speat, thtdnvspponsiis eelated| tofa modvﬁ)sn‘@hwmgrmlmm a

with rficdtiofs syas:ﬁl msystanm PoRiiniafichtion Bhé haVirigla/pleialifyd vofdied
crosstal k (FEXT

Lr n qne om each of t.he remai g
Cr anam 1 er SVAY Pt 1H ot oS e o plurlity of ARG S, Poé Rt g chdilEd b
met hod i ncl u@wbofﬂmwgtedmrea@é‘sv&e smgmmmg@pMWmeoan :
i mpai rment  satgékeh eihElef each of theQWisidd Wite phif® E&B! re€eiver Festives'R 2bmbatiors sighd!

seun o i “EE A o iy g it 2ok o L O 501l

i nventi on i nwhich e recaiver #msqceﬂtedrv@émlwghtmﬁ@r-e@n@g (F@Pmmmnmnent signals, a

Clommlm tcat l ?ﬁ&fﬁiﬁ%&f{bﬂﬁ& rdmzﬂngliﬂﬁxﬂittbfsht ﬁé entboffthd éo@ﬁﬁuﬁ&bdubn@hne The
ural i 0

Pnactive st fn%ﬂé o35 it ecsiver the B F dRlRcind SR PR T St aﬁ[%@%”we

steps of a) eqmekiningthegeplisa p@mn@ianelmﬂﬁhe ¢orabisation signalyp c@ax:qmtput

active gsap, ﬁ@nalsummmdmiwmmrﬁenmgﬁm each active tap

deact i vat th

leas than the tiéﬁ hreiﬁﬁ%d seﬁ?ﬁ’%ﬁ‘%éﬂgg b or redping pil WS Battel il

error, a cCoramUuBisAtieNs éi?%mm leeh%%éaps,aﬁap latap

system glr I or switghable lbdwemmd and an macuwm;reaehmavmg 2 doeﬁ‘mehh aThé frthod

acceptable s Sjts%

tap; P and g)éhr%g%e&éﬁénaggs“% s%; EEE %let{&q@%%a ¢ u?@ sys em erta%r

appr oacifes t FRAIDG ient with
accept abl e smabsoimvaiuelessthanthetap threshold setﬂ)rﬂwdcﬁve‘mp;ei)pompmngm@stemmor

i nvol ves a [
communi catlgﬁi S Jtr%%lth tllngépg% Si FHJ())I?]@ %ﬁtéﬁ ve, iﬁ%r&rﬁ ;f?fthg comXmety
of taps, eac Tror 1s less iEni € BSteeRITPTRCTEASIY o}d for¢ é"“"e :
state, each tapp ahd\g) rrg:atmg)stfeps ¢) emoughTi) aintib tteocomputed systeim efron approdebesstheps

of a) ¢ ut | /e tap, setting a
tap 30 2)'Srmerror ? ;jj‘%? &%’g%f: %C?%S/éceeﬁ{abﬁ eelgg%?vat :ﬁpsg t hose.
ty

having a coef i cil e invention Inyp}ussya methodfor ednelng paver disSpaton ithin Ao
threshol d setorhomnidationssyistem baxing af Jeasoons adaptiyedfilten withquplntality of taps , eggls tapm
POy )y o Sk 5 s AA G5 ) B o
the tap, of r oPYiER e eps o8 ) eargpmtng ap jritel spstéey crOE B) for cach! iV tap, pqfing 2 1
c) thr omg h eprromthreshold c)iiforfeack nwemp,mmvam thobss tags baning psoefficient mthaand
1Syt S8 il s i 0 i b
communi cat i oﬁ?%m%e%e‘ﬁ \?#N’ﬁaéﬁ’ﬁﬁ'é “‘B? dg ¢ ““318#&’%?“%‘
twisted wireiplesy thand prespeeified valus drcstasing ﬂaettap legor threshold fayeacls agtive dapd and )
the tw sted vigeatilRiteps JJUEBugl &) UREPhY Alffeh@ite BethRa the @ﬁbs@@ieﬁ?sy’s&ﬂ#&idr%ﬁd the
systemzg initial system error exceeds the prespecified value.
In a seventh aspect, the invention is a startup protocol for use in a communications system
having a master transceiver at one end of a twisted wire pair and a slave transceiver at the
opposite end of the twisted wire pair. Each transceiver has a near-end noise reduction system,
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1 far-end noi se reduction system a timng recovery systemand at |east

one-equal 7 ZWQ%}J—#& protocol includes the step of, duri @'&%%/Bilﬁs

phase, nain the master in a hal f-duplex node during
transmts a signal but does not receive any signals, maintaining the slave
in a hal f - dupl ex node during which it receives the signal fromthe

noar - erd o Lo r“‘%‘*r‘@“ﬁ?‘“‘%%m@&“ﬁi rﬁﬁw*"‘&s‘“&mﬂf The
S L o e b
synchroni ze ®
by Ithg g&st efgarllf&.ﬂﬂe)&xﬂt a&@d%;@@vmaﬁt faaei&és the Elgnal from the@ﬁasfeh@uﬁioﬁ%:otlnﬁhﬁﬁtan
II’]CU% 'S e,ste uril n a’bﬁ%‘}fp lge[ag milr'{al%ﬁ%ng avelgw?
hal f - PiSG TeSHEan 575 Ergiency,
recei ve any pbamtbemMM\redlbm etslaue ugh that thefreguency and phdse axgsyhchronizedewith
during whic hhbtﬁerqaawy\éﬁa philR oFitl Nignal traEniified by mumw adaesmegmg the equalizer
Comvor o ng- L HabCHsS ARl b BHERE oS0l BORE Tl bl ok i Gup et
t he phase ofdtmmmdgrdanngw&vmt&mw&oesmmma@nyﬁsnals maintainjrigrtbe
i s synqproni &sﬁemnt bhﬂhauﬂaaﬁ@deﬁuﬁ&gewﬁica rﬂecém%rtﬁahgﬁ@dmhvthbfmvs bt foesHat

5758178 Sy e A e e L0900 B ot

i-

such t hat th%ldsbm tgaagsalrmmdbymemmmbtbmhe
Inda full- ﬁélsrygd@mﬁmmetph&emmﬁgdgrmﬁ @ﬂmbﬁc@bﬁgﬂg&h&
an reconver | 0[“ n

' an e ght et ofths pagtsr, ﬁ?@%ﬁm&“ széh ol Bhasp Tp@ianipd e slave.
communiléat i o Rfisiuplex mode such that th trensmits amimswe sigals, Jpaintgining the giaster

Cﬁmm ni cati OfSa hﬂp&lqﬂéaanad@éuah ¢hat th%fiﬁﬁwrﬁﬁiri]snﬁts dnkl @ecéfie s1gnﬁgpeﬁﬂl re@no the
t he com‘rum C oNns -EIQF ES%& ver avil ng a near-en noi se reducti on
Rt AEno RIS, "

system a fa ofse re ¥m a'timn recovery system and at
| east one equal|:I%Fnelghthfacet’ﬂﬂ1§wﬁp8¥§&ﬁtwm% forrnse in agpryypunigations gystem
first phase, hmnmmasteagaﬁdaavmbﬁsendnfad@adﬁuukmbﬁsmne mdaslavemﬁscémmhe

the’ o1 A0 " "6hMshi2 eﬁd%*ﬁﬁaéf’“@w”rééﬁgﬁs%&t ot e §?§’ve offe el
from the mastysteny & fagedngiss red ‘l‘%‘ﬁgﬁ}"lte% WW@F@W*‘E Atleastions, eﬂ‘ﬁ’g‘z"‘

mﬁster PeaL Thel maeurcmsthempw,shmrgaﬁbt@hﬂemaht&xﬁg&mmteymﬂalf-duplex
phase of thepys %J"% qgng% gﬂﬁﬁmﬁél@, e
are synchron] ?g% %‘gﬁﬁhﬁ i q%gﬁé&yﬁ&cfg RS g}g}‘aﬁe SI% eEQ@é
transmitted Byhak mdedaﬂesw r&f%@ﬁﬁfeﬂ&erﬁ P p master but ddgs gt frgnsmi

sl ave. Zbhe pamtsignals, dottverging themasmdnsar{ehénememdndnondmem@dﬁxsangthedrenhmmd

mei ntai ni ng Lhge o the signal &L&y wslé%ek&ch H.i:a%sqaé.gcg%a g& Herzed with
transnmits a I us r ruynni n oes n t recel V.
any signals, ?ﬂ“&?‘??ﬂ’%l’?‘ﬁ\? ‘?efég? ggnql canysrEigs (e qayalizer

receives t heoﬁthgrshive.f Therptokeokfusther xhcludetahsstep)bf tuskmgsaseromd phase, guaihtaining the
converging t gy égﬁy firtt @lex mode dyrin Ppich 46} NusiifpSd 88 Tidckbut
RS

t he freguenc 1;heq :Igﬁ %EI ved %ha g'd?ﬂl@hﬁ’éﬂﬁn?ﬁ rv%’h%h

that t fre
of the recewegthal mgnahfremthet ﬂdvethut {lors not transmitzmyt sigoals,eogverging the slave near-
oG o ¢ i chd oitBdtictio e Aladig BT eﬁél a“#‘ BfpsdciTing Sgndl rERIAG by the,
uring i S ini s| av | X

the lave r s b hah e dravs %?%ﬂ?ﬁ et Begengy e pipst ob 12
ful | -dupl ex sigoal temsthitted by the slave, and qugmehe equahmlnof theanastere Jbe protocol also
si gnal s35 recﬁéﬁﬁfeﬁltﬂ&te&:hﬁ, dusag S ﬂf‘ﬁasé tﬁ@éﬂ%ﬁhﬁ%ﬂl-duple:ﬁmoaé/ Sdchithat
adj usti ng thctehestl]ase of "t he si .y The master

(D

el ve
ave transmits and re 1ve s1 s, mainf g the masterina ﬁ.ﬁf-j&uplex moge such that

the master transmits and receive signals, reconverging the master near-end noise reduction
.System, adjusting the phase of the signal received by the master such that the phase is

phase is -
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synchroni zed with the phase of the signal transmtted by the sl ave,

adj usting the frequency and phase of the signal received by the

sl ave suchwiomiesdre frequency and phase are synchroni zed wi tRCT/US99/05145he
frequency and phase of the signal transmtted by the naster.

By partitoningthe startup protocol into three stages the convergence of the

equal i zer and 5 the timng recovery systemi arate, fro t he
converigencémhmm&e%mg‘eﬂ’l?%@f% %mmﬁedrgytﬁei%‘@ cy and

interactio hﬁé@wmets@al\tafeivedlbyﬁdﬂmautmahdﬁmmmmerWMnne&\Mthl n

t he C :ﬁ%aﬂ?&sﬁﬁﬁ‘er of the convergence
and synchr&h?%ﬁi‘*eg#y eﬂh%fl ons ‘ - T gse

ot her aspects aBMP@P@P@FﬂF& WH‘WB"%F@QW ‘?%ﬂ%‘f’\“ﬂ%%ﬁ% 2 nt
10 5f r om th& &intifg revovery symm misdparateeﬁloniethe; ronvergence offtbe npisk eeduction system.

conj uncti on wa
J %’.V_'ﬁ&ﬁ}#y ?‘er s the varioys addpatibAI&R Adhuisition hlhyﬁﬁ:ﬁﬁtvﬁthxﬁ’the y

DESCR PTI Ghageceive ioped R W R —

di agram of jgmpeeveduni cat i ons syst emproviding a plurality 15 of conputers

connect ed 102 HiiBudha NGRS b hdvahlaBiof e hid inveAcH will Bébofde ot

(LAN); schematl c ock stm%ﬁamw%
commurifcat |%‘?¥§ﬂ§)f§111‘éﬂ¥'$ﬂnﬁ’§ﬁd8'ﬂlf’éi HPH;h e tak AfGuppanying
interface (dbwings whighHjlsstmte, byway ofipxsmpleathe Mﬂ@)en&ndmlﬁﬂ@ ipvention.

unshi el ded twisted pairs of ‘wires, each with a transceiver at each end;
FIG 3 1is sch portion of the comunications

syst em of F?@E bﬁﬁ@W#ﬁ%‘m{mﬁF i npai rment signals received b
recei ver A f r omFAGJREds a schematieiblock disgm of a communigations systom providing a plurali

FIG 434 f Flﬁé&?ﬁﬁ?&ge &ﬁk&%@hﬁg 'b?%bxﬁfnuﬁlcﬁﬁﬁﬂsllﬂes tofforh£lcealniiietwsk QDAN);
system o t he e §!IQH AY

recei ver A f rommgaﬁé?ﬁ‘ls?bgpﬁhc blodd diagrant %chom&ﬁ:&[cﬁﬁél{s ?ko&x&@ﬁc %ga ‘ﬁli
di agram of meginm indeperidentriateioen(GMBhta physical eading C3 and ayplualitycef ng
the FEXT | Npginfdi&a ttw%témﬁﬁéofﬁﬁ@d a@ﬁvhmarmemraﬁaémam opp05| te

t i tt F, )
dlrggfre?m o?rz cormﬁn?ésaﬁcgﬁg&% ook diagra Sgaﬁm°n°Furaf’§’{ﬂ“§“ 16 S’ of FIGOC
t ransc) ver 2 depigtibg WQNW@mm eg WVW%‘F %nemqu’ a

f eed forward; and D; equal i zer, digital adaptive filter systemincluding

one detector, }ﬁg"ﬁ s o sche et?qncﬁx&r &ﬁzrlé'%xﬁ%lfhgmmoﬁ%ﬁthe cog:mumcatlgﬁﬁysthQﬁﬂ’IGt S

an'inpul se resp,
conmuni cat i @idepictipgthe echo impairment signakre ‘EE“’ é’ﬁ‘?eé‘feg “i‘ﬁm terfsponse for

an NEXT si gnal PFEIG: 51iga Edhémuﬁlblacldﬁ@g‘am of a portionwditive coirmamications system of FIG.
FIG 9 sghe ?ﬁ%'ﬁf gcem,_qrgg RS ¥, 2
pl ur al ?éy of2 eg"fggéh}%ranscel RIErS 6 hav % %*g‘?é‘g?‘ﬁﬁ%n system an

echo cancel bendHad a FEXT cancel l ation system a digital adaptive
filter system i nEIG.6isagchengdtic bidck djagnin ofd exnimumications syststdncluding a plurality of

adj uster, a%&eﬂe@, NG RARNEL WEKT Cobdeilation system, an echo canceller, a feed forward
"0 equahzer digital adaptive filter system including one detector, and a timing recovery circuit;
30 FIG. 7 depicts an impulse response for an echo signal passmg through a 100m
communications line;
FIG. 8 depicts an impulse’ response for an NEXT signal passing through a 100m
communications line;
FIG. 9 is a schematic block diagram of a commumcatlons system including a plurality of
35 transceivers each having a NEXT cancellation system, an echo canceller, and a FEXT '
cancellation system, a digital adaptive filter system including a plurality of detectors and a skew
adjuster, and a timing recovery circuit;
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FIG 10 is a schematic block diagramof a synbol-by-synbol detector of FIG

9, each ° cluding a plurality of slicers, feedback filters and
adders and r‘?é?@?’\if‘t‘?g as input a soft decision; PCTAISI9/05MS | o
a schematic bl ock diagram of the NEXT cancellation systenms of FIG 9, each

including a plurality of adaptive transversal fil ters (ATF) and adders and

receiving as lnpU‘FIG fo is a scheRRRBIbEIEGiagrafi ¥ aSsybibBbyR inftof e

FIG 12 is a .scl %mitlf: 1s|a0s§k di a&gﬁfgfgtaﬁle ceI ers e%tsli’;?ﬁ 9T9 L'éch

i ncl udi ng an ""’iﬁf’ e H@’é m&@dﬂ@tgﬁaﬂeemem

- same transnittersFIG. llxsaschemaucblockmaganlgfth daneallation $yisteuds of FIG 1% eachf

the FEXT cancigih@ingod adbptitd Qans%rsﬁaﬂl’fbrs (ATF) and adw@hbkf!tr&gwﬁ, as input
ed signha

pluralit y of ATFs d an de nd eceL ng as input transm
from éﬂ’ﬁ@é‘?{a %’ pqiagent trans Sloed FIG 14 depicts a
direct i rrpul se reﬂﬁrﬂé’esawhemahgbbpkﬂhsraneqféhwhoamcdﬂeraom9mpmmhxdmgan

LE;_FI)_WSG | ATFandrecewmgasﬁipﬁtmitﬁnﬁiﬁélsiénﬁlsffroﬁi§aﬁiéttrahﬁitlieﬁi;3 rezp?nse alnfj
i mpul se resp e, ALl r..at _subs

the sane o me. - R0 19" sthelghibidel Aparae pt g FERT 0ol oRttpRaR R ) cdon
arriving at t ineluding-s whyraliss fof ATFs angan adden Andgreceiving as input wansmitiest signals from
FIG 17 1ps a @yagwﬁ-m@gk di agram of a communications systemin

i ncludi ng a pluralgty . ' . ' N . '
cancel | ation syst & Lhdent aggﬁ(ge b gﬁd&%&@&g%&em@a@e&ﬁ?ﬁgwwﬁe
system di gi tEFPORSRIPL | | ve filter system I'ncl udi ng one detector, and a timng
recovery 20 FIGE U5 depicts a direct 1mpulse respofdeGand FEXTSi tﬁﬁh@éﬁiﬁ&axﬂbﬁl laf e
of an ATF, |n é{ érrlg @Wﬁqﬁe% present in the

cancel l ation System o e ec’ho cancellers of FIG 12, and the
FEXT carldel | at i on FIG. 16 depicts agljzectimpylse paspgnsq arriving at the receiver before aFEXT ingpulss
a flow chart jekpansé;r ati ng one enbodi nent of ‘a power dissipation reduction

25 t hod
to si gggl (r)at [ o asl,:I % 1f unc?chmclii@‘d%&a&?&r??mmgﬁ%%| nﬁ{ll.ﬁinr pl%g)
conver gence off Hanseeikerh ¢agh bawiag & NEKH cancellation system, an echp|qanceller, and; & FEXT

the taps of acanesilation systesd, dipitalddaptiver ffiter systeacincluding bhedeteniory aidietiingdécovery
a commiqgati o ystem having an error threshold of 24 dB; 30

FIG 22 depictst s of _an echo canceller Whl remain active after
conver gence of Ho: i3 bmmﬁe&emaﬁ W&B%Qasﬁ#‘é?frtﬂs’l’m%%

of 26 dB; NEXT cancellauon sysken(f FIG. 115tha eéliocmn@ﬂa's of FIG. 12 andtthe \BEXT o#riveliation

enbodi nment of §S| pation reduction met hod;

FI G 24|sas di,agr.am depi-ctin ter-slaye, )
rel ati onshi p bet wggﬁ E?\ %ég’ ﬁ‘éﬁ?ﬁ’gg %‘gb‘?ﬂé%t? &fP"t“FFé%fﬁs’A’ﬁg%te%‘?mn
channel 250f Fingthod; and FIG 25 is a timng diagram

depl cti ng t he stageg. ®fdepic ﬂ%ﬁ%‘sﬁﬁ&&d SorVSER o siihalfaflb 86 R Function of time durf3d
the initial convergence of a communications system;
FIG. 21 depicts the taps of an echo canceller which remain active after convergence of
a communications system having an error threshold of 24 dB;
30 FIG. 22 depicts the taps of an echo canceller which remain active aﬁer convergence of
* acommunications system having an error threshold of 26 dB;
FIG. 23 is a flow chart ﬁlustratmg another embodiment of a power dissipation reduction
method; :
_ FIG.24isa schemauc block diagram depicting the master-slave relationship between the
35 transceivers of each of the transceiver channels of FIG. 2; and -
FIG. 25 is a timing diagram depicting the stages of one embodiment of a startup protocol;
and
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FIG 26 is a timng diagramdepicting the stages of another enbodi ment of a
startup pr ot ocol . DETAI LED DESCRI PTI ON OF THE PREFERRED -
EVMBODI MENTSWO 99/46867 The di scussion in this specificati oRCTASIVES14S
considered to relate specifically to a G gabit Et hernet for the

pur poses of explanation and understandi ng of the invention. However, it
will . be u Oodthat.thecncets of this i nyention_and the scope .
of thelcl ains ap%ﬂg fé)‘so‘f Heying 9‘6@‘?“‘ ep“’ﬁ% ke Stases ot ipatheem @}@F@rﬁ%ﬁ%ﬂm

G gabit Et heprotetol. 10 Comuni cati ons System Overvi ew.

comuni cati ons system incorporating the features of this invention is
generally |ncludes a hub 12
and a pl uralppwéﬁmmgfﬂggﬁhw a local area
networ ¥ (LAN). Fdbe dmsouqsumanmxpeaﬂieatuhrmwbycomﬁemﬂ to felatesspeeiffically to a Gigabit
but a di f f er @@t bt He RirpSsedBtdxPlahatitt andntSSEnth, Lﬂ@ﬂg&& dﬂawy& T Hilf

f th th t
from the hu awdwoa%&a%smig ‘%m eation and'the gco e Bt B8 AP O G Bl

meters (100 mﬁcpmnﬁhmwonpm%mmwlaalatE&emmpl aced from each

ot her . The hub 12 is cennected to each of the conputers 14 by
a co |catbons IJne 1q he . comunication line 16 conprises a
pl ural ity of=eHfSFierded patt s of wiges or . cables. 20 General ly,

the wires or cabIAesomanit@hn@dS}fSteommmomgFthmfeallmhDélthiednvmnesl genérally
?L ethgs l%ﬂlm@s@omm degnd @skﬂﬂﬁﬁ&h&é?aﬂb%taﬁ&g?gﬁ]ﬂgg W&ﬁ?}bﬂt&é g&ér?'gi:éed
cat egori es. ofY &ﬁ%ﬁ gﬂ‘gb’a‘f ?e%‘fe“gg%lm&?‘ﬁr‘fﬁp@ﬂm?gl @ﬁé’@&ﬁ@sw@' SfA]Y on
6 and 7 in tbw a differatmumberniof computersi aeayrbe. used vdthonty dépatting foom the sedpe of the
poor estysqual in¥nticH) dEach ofthe cdnﬂi&b‘ié 1485} be aPlasA RAR the h@bqadaﬂa SRR s B

canl og, esarokiier) dﬁ%‘)fa%t%rfgfae‘%%? ’ﬁhEt P é‘gﬁ‘SHSP??FPMﬁagO“Xh

cormmuni cat i opthersyst em of FI G 1 including 3 ' one comuni cations line .
16 and loogtlonsI Ithe BEB 12fis donBectsl B he ¢F tHlcomifhtdrd 4 bcé‘xﬁmuﬂi@@tl%nslme 16. The
comuni cations_line e airs Wi T

operati ng at ufifRard6h hgﬁ%/bgsecgl"%'lg aﬁ&%@*yé dl?’?@ﬁ‘i%:‘@g\?g WH'E'T ﬂﬁfﬂ’ées

t r ansnid0t er by, thegwirescaricgbles grRfgrmed fropscopper. Foppunshi GWWdEI&GTHOlereS

- unshi el ded eﬂé hdea&hhésysehad)uameenaa%hcaﬁ werethd e lubt 120 'The & @ﬁsﬂ&vxﬁiia-‘IGts
assoctat ed URgll SL il b Al BB s Bl S,

interface to
bi di rect i onaf» aaﬁérmﬁhsﬁelmwca\tmsm ustry Q"Fméé’?‘ﬁé’i grethe &fmrea

“the comuni clestiesst) indeateddre6 ayd7 cablalasothe bestt;uﬂma(ahd highestebst).t Gigabit Ethemet
transm ter sociated with the transceiver, from each other.
3 ﬁé&g £tg%%n? git ions systemincludes a st andard connect or

deS| gnated as a gngabillusiralgs n detail, a portioppf S epmmunieations systerny efFIG. 2 gncludiag
GM 28 may beneicormamphications liviedks atmlt porarisiofione loftlie ¢ongputers 14 and thiclnsb1i2. Thel

G e e s iy

suitabl e rat eppdper paip frifeniels and recej
-12- 30 ‘positioned at each unshielded end of each twisted pair 18. Between each transceiver 20 and its

associated unshielded twisted pair 18 is a hybrid 26, The hybrid 26 is the interface to the
communication line 16 which allows for full-duplex bidirectional operation between the
transceivers 20 at each end of the communications line. The hybrid also functions to isolate the
transmitter and receiver associated with the transceiver, from each other.

35 The communications system includes a standard connector designated as a gigabit media
independent interface (GMII) 28. The GMII 28 may be an eight bit wide data path in both the
transmit and receive directions. Clocked at a suitable frequency, such as 125 MHz, the GMII
results in a net throughput in both directions of data at a suitable rate such as 250 Mb/second per
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pair. The GMI| provides a symmetrical interface in both the transmt and
receive directions. A physi cal codi ng subl ayer (PCS) |V

and transmWQ9¥4687pet ween the GM | 28 and the transcgg\’é‘%&%%me
PCS 30 perforns such functions as scranbling and encodi ng/ decodi ng data
before forwarding the data to either the transceiver or the GMI. The PCS

encodeil bi t s, fr ¥ E}Pﬁ] growd %mb@#&lﬁf th?Jtﬁgu'MHdgqch fxé_x%pA

PA P -
(TheMPcs gPi‘mwmmss@p en (PESHhéE? r@ﬁe'ew fransmits datacbetween ‘hgﬂr@ﬂﬁ and ghe
contr ol transceivers@0p The PESI 30 pérforms such functionTassemubling andencodingfdecodiny data
Four of the gf%f m&g&@&&am&#w&a&&a@em X, The PCS@ncéles Rﬁfromkthe

corrponents transceil ver.s 20 own erl

with each |;§§Mﬂl@te§rle%ebawa? srgp e medyipion F'AM) signals. The v ool Levelpgre

28, PCS 30, (pitl dag o) The BCHhlshkontrdls memkﬁm@staﬁﬂtdtmnﬁ&iﬂers,ﬁ@ﬁasaknwcomml -
hybri d of FI exn&aﬁﬁﬁb@fo% considered to be separate fromthe transceiver.
The conbi nat1 o transcei ver 20 and hybrid 26 forns one
"channel " of the conmmuni catlons system Accordingly, 15 FIG 9

i I'lustrat es Tramsceiven@iraliy: each of which operate in a sinilar nmanner.

The ”%@;m“ef B8LS bP&eg&mﬁe& HRARE te@&aaﬁiupﬂ%@ I!Hé%@mﬁ&iéﬂtsrtﬁ‘the

filter and tal to, ana verter -

preferred erfRngseEsTs 28 are wF‘r‘?v?é’HF‘il@R og A it S58 ly%&ﬁwpé‘}m&?%‘ffe‘?fép%s“
at 125 MHz qumesemmmgs;msw 8@ hybrid 26 o§ Fih @ comrespandrtsithe GMIL, RGS, and -

D) synbol fr [
m%erg PO ] @nﬁfﬁ Eae%oﬁaw@éﬂmb% EfAritE BRfh ﬂxeua%cavé}xﬁ%ta?&gﬁgﬁgi gﬁﬁe

The TXDat ax TAREISH! ef%%&%g‘g?bé ﬁ%rres S thantlet” O 8

one 1- D5syntFLG. Déllustmtes fair chmeksrmhefwhmmmpem;mmsmtarm

c hzzi n nFI gfes thr gyg ftfﬁsam&tpbman%mmeaﬂsbé&&rzoq%cm a‘ﬂnéa dhaging filter 32 and a
zierr € pu M.SSi Qns W n

FCC requir eréﬁ’t‘g @% 8°$’°ftfre?4 SF% E ‘H"ﬁﬁ%&tﬁ invention fhe, b/A

out put of t heonverten3#ioperates sol 25Htzi The mdsnshampeﬁltq:réﬂ repeivss pye ong-dimensional (1-

that of CO”“E él%‘in%%e PCS S ¥hisymbePR réfelred s alwmsgﬁmam@rwﬁem: is 1

airs qf cat - tvvls The s

Ponver 80 sBylticn B W‘ﬁﬁ@%&%ﬁi@%’@?ﬁxwﬁﬁ Rhents 2 bits
a Iowpass ofdata. ’fhel P@$ gemratenorg b@wwforgwh@fﬂ@m o Theosymhoifen each
L \rI]MeSE :ge:os'e {eﬁ%ﬁﬁl O%s gﬁé@gh rﬁlter of the féril 6.5 H(yzsw at the pulse%sal:ilmg
D conver o2 TSt 'aﬁaeééfﬂﬂﬁ%&“ qvfrﬁﬁ o oo ier ﬁﬁ%@%@t setrunri
tinmng rec ov&pyumhmfmhetmmﬂﬁtﬂoéhﬂ atéaawi PR denSIWfalléufué%ﬂEW Wﬂ%@%ﬂ&
adapt i vg equ o mgmmommﬁndaoﬁmaimfm@ogquwmpﬂrﬁﬁas Zhe synioo}
deutced 50, 8 s a6 B vl V8. 74 S6IAES: SRl o alsm A

vnr

r

of these co i e
expl ai ned be m@mgmﬂmwaﬁem ad{lstadcpeir wire 18 twough e ybrid

cancel | ati onc,Wm 38, an echo cancel |l er 40, and a FEXT cancel | ation

system 70. 35 ¢ receiver IpIbe{n’%(f Q%&b%%eﬁﬁ irftfudal g élgﬂﬁ%ef&:ﬂ} i T CARY EnPerelS.

of the signals recelve

frequerdy, stdEEO#m Wad@nnveﬁqﬂmeroﬁxm # iFEAE TBSRYETY HCt AR pgige reduction
signal s. Thecircuitry. The di}ithl adaptiverdqaalizéPsystenpinelndéswefeed:firegrdsiqualizes (FFE) 46, two

oot si on- di r Ay 3pyier 8 ecl%? i ks 58, 0. The fufidis OF R bopoiit,

- 13- as related to the present inven on, are explained below The noise reductlon cxrcuxtry mcludes
a NEXT cancellation system 38, an echo canceller 40 , and a FEXT cancellation system 70.

35 - The A/D converter 42 provides digital conversions of the signals received from the hybrid

| 26 at a suitable frequency, such as 125 MHz , which is equal to the baud rate of the signals. The

A/D converter 42 samples the analog signals in accordance with an analog sample clock signal

78 provided by the decision-directed timing recovery circuit 64. The FIFO 44 receives the
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I digital conversion signals fromthe A/D converter 42 and storés them
on a first-in-first-out basis. The FI FO 44 forwards individual-
signals toMhe/48867 46 i n accordance with a digital sanple cl BERUS99/05145
signal 80 provided by the timng recovery circuit 64. The FFE 46 receives
d| gl tal signals from the FIFO 44 and fi I ters these si gnal s. The FFE

is a least an squares MS e adaptjve filter. whi erforms
channell equ‘i‘ﬂtge ?‘@FM&‘P%%&W PRyer SF‘WFSéF?‘EPEﬁ@@ %{“p
cancel | at i ohhe HFOctfervardsindivdual signalsdo thei FFR 46cinsicepnddnce with a digital sample cldxtk is
noted that 52&1%bgﬂmdemmd ﬂeemrytéi&uﬁlsl@ TRE¥BE U6 feclivefdl tﬁ‘é@ﬁgﬂ‘aﬂfly

toth | t
1710 S e i s PP 6 R G ) i
transmitterfiker auhmm@eﬁqupzsschaenquudizaum and sprequirsde dntenispmbal jnzarference IS

18 with mhlgghcgmohqgebmf&&m&ﬁﬂme@; gadl. Al so included are one or nore

f th NEXT th
AU A A e R R S—
direct si gnBIFQi4d4 andeFIE 46rbassayeral hemponsaisy rﬁme somponkents includefthe lducbttstgnals a

Sl gnal 48+ poavedirectl from the wanemitcr 22 8 'Gpposts e OF ME skt AN ol ‘“ﬁ%
segonduhew i%wgg vflwg: g FﬁfFWﬁrt%%o’ﬁ a%‘%@ﬁ‘&? ‘ﬂ‘gﬂ’ L“é&‘é‘!?ﬂﬂ{ %F?’FF ‘%yﬁjégﬁmé’ ec
out puts of aid FEXTTimpairoent signadsrem othentrasmitters 32 popreviously tlescribl. tﬂxep:gnahce
a signal whifddiSg the direct ;f@uhusaﬂlbﬂeabﬂ moﬁ.espmi paliagdt ﬁgmsershﬁfédsa%rwt a

signal s. Thhs % ggal L S rred to as a "first soft deci sion" 52.
The si gnal tects the signals fromthe second device 50 and
forwards the.si g'ﬁm m&&ﬁmmmmm mignal 4% to @i sgeend dryicscid, dypicallyea

si gnagI 15let egﬁngmﬂi défice. Al tie! SeddriSdevivei S0UGe SymbiRBl G bRl 48 7S corbifedwithithe h -
- as escCri pe asS

Startup proPtPe of ENEXT Eulibioh s Pid) 5 S Ao cancslier 015 AL, FBRFERGN S,
fromthe se8dhsantallydezoidof hﬁa!'foand ipohasimpairmentsignals dhissignabis sefersedtg @s 8 fifirst
sof t deci si gpft debisiohPS2. The signabdetottardil uteteets thé sigrdlé GbHBthé ‘é&oﬁ&lﬂ%wmand

First, it c | Ry

unshi el ded ?WI S eg{hpzsfé&' félﬁge &agﬁ;&&?%#he #oﬁp%%xﬂég\t’tf&&gh m%%?aljgete

the sedbnd #tiatesiearions systenpeperationg; one phwhigh - asdesceibedlelew enincluges ttnwl%w@m
are in sync befvse phases of 8 faitap protod6l. dTheskenfadjuster 54 fedkiventhe first soft decision 52

0574 Sis: 0 e G e ol el o
cancel | at i ofkewadj W 6 performs SyaSanctigns, &t %1@4’%{3@’ e"enc%lﬁ depethpfithe)|
signal s 82 ftmﬂﬂalddalﬁwﬁﬁﬁpaﬁs18bydelaymgtheﬁrstsoﬂ'5€cxsihe§2 mihatshﬂec&idéoﬁrdaasﬂns

dovi ce A ShEpidr iy S R 1"9‘8“%48" L ?ﬁf’%%@?ﬁ

the out put decision 52 sp that thepserqnd st desisign 66 ﬁrrgfyseféh? Wﬁsﬁéd& 30
whi ch i s subama nimahsl the datpot of thé FEKX kancellation systeﬁﬁ'i(l e skagtiﬁis&r 54' eceives

signal isr gf( gﬂél 82 thﬁgPé§§ deC| sion" 68. The first detector
P iy v TR ETE R TS
The fi B8t deatsemming de®icrnit thefimt device 56 theksecond snﬁ)dhctsum(iﬁﬁs combmecf wnhthe output
Lo the |evelr o ooce Cicydl o 20 % AT Vipal SHEh L0 e
may al so be ‘EPpiTmeEntsi %gﬁ"‘h g?gﬁ?d’ﬁ%e"‘ag % Br °ﬁI°°1‘°6 ”a&seﬁﬁeq?ﬁ‘ :
det ect or whiS8irecsirees theahird sofedagistondi8<Sront theifiystallevice 56. OBhe firkt defestar 58 pamwlsan
_S '12‘_“ t aneougutput $tpnbl, 3., 2 “HhilHeBisioFeFL Ile first detector 58 may be a slicer which produces
35 a final decision 72 corrésponding to the analog signal level closest in magnitude to the level of
the third soft decision 68. The first detector 58 may also be either a symbol-by-symbol detector
or a sequential detector which operates on sequences of signals across all four channels
simultaneously, such as a Viterbi decoder. '
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I n one conflguration of the transceiver the first detector 58 is a

synbol by-"synbol detector. A group of synbol -by-synbol tors
one for&%g?(‘@ﬁénnel is showmn in FIG 10. Each flvgf

58 i ncludes a slicer 98, adaptive feedback filter 100 and an adder 102 The

adder 102 conbines the third soft decision 68 with the output of the

adaptive feedbackyf |Dhé %Bﬁﬂa@n of the thaisd¥iveY HhiE fi d@ﬁEﬁHtssV\fglé?nymol-by-symbol

|ntroduced to the s|icer e out
i ntroduced t SleteRar Ay Tfl?t@?mrfgg °nﬂf8”fafgalfa“&8]k isshgwn #xFIG. 10.

provi des an oBathﬁrstsdegmtdr 58 mcludes a%ﬁcm%cddapmerfesdbaddﬁltﬂdﬂﬂheddnaﬁeeﬂ& The
level fromthg é?]ﬁbmeslhe tﬁméoﬁ decistd ssfwtﬁthel ﬁﬁ)ﬁ@éfthé’addfbﬁve feed ack filter 100

di fference bet Wee

e third deC| SI 6
f eedbacR fil ttErPr‘i Yide appeutput W &S is, ko égﬂaﬁ‘?k%gr |f’&r8‘l1{86‘ %&F@BP%‘ 9%
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e .ce
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At the third filerassochfed with the fisdt detettor S2(FISI9n 52 is conbined with the

5"t Bucedy ot o FHEL i, ety s sl Ry o by BtFCecia it 52
-15- from the second device 50 and the tntative decision signals %4 from the second detector 60.
| At the third device 62 the first soft decision 52 is combined with the tentative decision signal 74

to produce an error signal 76 which is introduced into the timing recovery circuit 64. The timing
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recovery circuit 64 receives the tentative decision 74 fromthe second
detector 60 _and the error signals 76 fromthe third device 62. Using
these signal¥03¥4 qsﬁ'()uts the timing recovery circuit 64 PETUSES14
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- 16. signal 48 to produce a first soft decision signal 52 which is substantially devoid of echo
35 impairment signals.

' FEXT cancellation is accomphshed with three adaptive FEXT cancelhng filters 87 as

shown in the block diagram of FIG. 13. Each FEXT cancellation system 70 receives three

tentative decision symbols 74, one ﬁ'om each of the receivers at the same end of the
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-17- . The FEXT noise experienced by receiver A and originating from transmitter F can be

 modeled as the convolution of the data symbols transmitted by F with a certain impulse response

- that depends on the properties of the cable and models the coupling characteristics of the

35  unshielded twisted pairs used by transmitter F and receiver A. A typical measured FEXT

impulse response 104 is show in FIGS 14-16. A similar description can be given for all the other

possible receiver-transmitter combinations. Therefore, there are a total of twelve FEXT impulse
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responses 104 describing the FEXT noise signals fromtransmtters E, F, G

and Hto receivers A, B, C, and D. These twel ve inpul se responses
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system 70 co r V. @RLAIGS
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I
St sgeVJ ce g
(FIG 9) at &wstrthen Wefiﬂgvéeawecntthwael qtﬁbérs@e‘f;ﬁa*és %ﬁt@ ¢ ERT
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35 a factor 1000 or larger. - '
If there is no delay associated with the transmission of signals across the communications
line both the FEXT impairment signal 104 and the direct signal 106 arrive at the receiver at the
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1 substantially the sanme time, as shown in FIG 15. In this situation,

t he 'del ay of 6!33,4%9W adj uster 54 is set to zero. In t?
al'ternative, an enbodi nent of the invention, as shown in FI G ?’Uﬁ?g’[’%l‘s

only one detector 110 and one summ ng deV|ce 112 may be used. In this
configuration, t he sunmmi ng device 112 receives the replica NEXT,
echo, and FEXT i npai rnent S|gnals 88, 90, 94 5 and the conbi nation
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g;g% ;h}buggg&ﬂcﬁgﬁ ?é%@éiﬁtbd’sv{exﬁlt $deR tap ntIIZ%nmclgﬁgJ Q'IJER'BQ&agEf (nbhﬁhcﬁﬁiﬂhﬁ%'aﬁé%%s
are not cont r@ﬁm‘m th’})’ﬁ $R-hed 8{'1‘8? f’gﬁ‘ ‘f“ﬁfé%gn %g‘s'ﬁ‘%ezdzm
error (MBE) dicc@@dance mﬂeansymsmmcae mmqumemtwpé betwigen thetaps 122 are

el imnating trE @efsrl%ﬂ tl‘h&cefréé&tﬁfslmﬂ pRSVide-datd foQhe taps 122 at tisfed nﬁtgﬁﬁls'iﬁlﬂdéﬁidaﬂce
consi deésbl y t E@V\E i,ssipation of the system™ Furthernore, as shown by

the inpafse r GS 7 and 8, the need to build NEXT and echo .
cancel | ers 38, 40 Whe impulse responges|ofan eglpmndulsElﬂTmsbmmHCﬁvauaudSSp@satﬂs@at

cabl e responsfs alltdpslidd mmémraﬁeaﬁdia&neis@t 40 are contributifig Sgnifiéariydo $he

o 0 5er " Sl o il R QS A ﬁﬁ%naiﬁ%ﬁ% {pigioet W

determ ne a prPOI22 ainpet coptsibuting significantly to the reduction ofithe pnean squared-eyrog (MSE) of
cable. "30 the system and deactivates these taps, thereby eliminating them from the filterih computation

and thus reducing considerably the power dissipation of the system. Furthermore, as shown by

the impulse response of FIGS. 7 and 8, the need to build NEXT and echo cancellers 38, 40 with

a long span is difficult to avoid. Specific cable responses may differ from the one depicted in

X 'FIGS. 7 and 8, and accordingly require more or fewer taps 122 then that required for the cable
35  of FIGS. 7 and 8. As mentioned before it is difficult to determine a pnon what taps 122 are
needed with a particular cable. '
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In accordance with aspects of the present invention, the NEXT, echo, and
FEXT cancel lers 38, 40, 70 are configured with ATFs 120 which -
enpl oy a suMa 246887 nunber of taps 122 to provi de adeRQ®EUS99/05145
cancel l ation with the worst-case expected inpul se responses. This may
require 140 taps 122 as in the exanple of FIG 7, or even nore for |onger

cables. To reduce the 5 power di ssi pation, the taps 122 are examni ned
after convergence, and those taps that are found not to contribute
signifijcantly to txhecdaedat:eémcepeﬁtsbm ieﬁfrExﬁkﬁu %Nﬂ?ﬁed \Ahsﬂd%

tap 122I ggﬁg}t 1L]F‘at edhﬁlt 43 tﬁgﬁygg fro NEXT, ec?t

replica comptPSt %'?1 g contigured Wi d460 Xt ?P'?f‘%ﬂ.‘ﬁlﬁ?ft %o

t he overal | 123teprovids siiespate sanceljation avithythe worst-case ekpscted imnpalss/ responses. Thxs may
el i m nated. rQuire 140 taps 12%9&&93:@1&& efmewdile%@tnbae fsxqaﬁge&gaﬂes 3{|'o|re&1ﬁ:@§he

122 arﬁ active cancell.ers 38
V

are conver ge%ovgﬁréir‘)ﬁ‘p?ﬁ%’?’r &Pt f%ft‘sﬁét‘ﬂm"%f‘% CORYgrRF Y ARt those fap smfb?‘fw"d
122 are exaniotdad comtribiutesiguifirantintocthe perfarmange qf@amatmavadmnm«cdagwmmthem :

Iscanlm ng al 9%1§Mﬁvated,1tlstréﬁ9v&lﬁfinﬂﬁm &fﬂoaﬂm&pﬁéac&ﬁbm%é%ﬁl |
evel of err e syste speci fi :
tap coeffici @ﬁt‘é"‘t’ﬁP ﬁ%qs%s P}" gd @SPV?'%&%% s&t??‘r‘%"%‘bsysm ‘F’gu

i ndi vi dual telpninatgd.15 have a unique tap threshold Tth, in a preferred
enbodi rygnt - of thfWhé’ﬁ/&B Eehﬂltiaﬂ chiVeRRaAIDips 122 are active! sehb NEOP, ¢8h

odl

subst anti al | ‘t oefli cr ent thr
st %aa ek i e B e s S0
deact i vat ed b??cﬁm ¢xaminedite) #mwmchhee@ygbedeacnvatedusmasthﬁmp ssaxgma‘ aleamhny _
fn;] f ecth eldd ITtnd 1&5@&1&{166!19 .EADAEl OE ah abdeplabR 1éveY 6férios for thd WsteS wﬁmﬁe&m

resho i niti in
the ni nimum coBfriclen? oA lgﬁnﬁtfeﬁgcﬂ‘@%ea‘%ﬁ Dlachlhu B R,
det er niled W@lW%%MP@T@MPW read pbodiment of the invention the tapsthre
long as it iforallfthpcireubsyankially the samei Theirfitl geluéeﬂthadqi ¢de£ﬁ&énttt1beshol ;ﬁ

f f.
Pg r ag |ro mag g ¢ Qmdidifly iow such thaiXﬁl?%’Fe&rE% 1?% é%ﬁﬁﬁa{ee " g@&@%@g?ﬂﬁg
coeffici ent isrnot significapthyaffected. tI&ﬁ‘ prsfegedrsmpadiment of the invsntion, thejgp coefficient
coef ficient ﬂ*&shslhm,,gtsﬁma]lj set &dual hﬁhé ap coeﬁf:i%nﬂt the¢ minimun ab’slufehalie.

t he tapgqcoef a}z ﬁF

step S? OCThréhg?‘%@{é"'l %ga?tiﬂ%fgﬁ f r eac ns 'ﬁﬁ?ﬁrﬁxhﬁi tlg&mt
120. Pref er agfiycalas orwe&selmsrﬁereaﬂygq mtr%e @ PErigImance qéhe
done in a systemthséinsi@rﬁethétamscmmmgsprmeﬂumgs@phbdle |nput end of the filter

120. At step 55 ‘J e Jb@&lhﬂ%ﬁié%?ﬁi@ta efﬁcm?@',c forea hpared
byl ?pfif‘r’pg L L 1 e et o &%, Ve 09 ient
aver agesener ggteshngh'ﬁih theTtap 120 is deactivated apfstep(Sd. tﬁhisluocekQB rqmmdlfat enth tapt 122
oo 0 ho S O B el e b I e 0
errors. Xe’ma{n ﬂ§8“P"ttﬁ%d %%thf)ﬁ{nﬂcﬁgyéf ? ‘Fe’S‘f’JPT °F%s‘em

conpared to Spglsspmputede d'hxsmpiswbmput;slb'yﬁmt computing the MSE fof emh]acuve‘tap h22
conput ed sysb@Hubipihg ﬁtﬁb&&m@%ﬁ%&&h@&&%ﬁﬁ@ S Sigfdl. The

: Eg/e;r]s he %B‘ﬁ'ﬁfﬂﬁtﬁlﬁé%&resrjﬁlﬁ‘g‘ﬂ%%r‘& gach %éve t |ﬂ%¢ J n!crlggéed

As a result esm’lhdmthfﬂmsystalpssmdamm@bxmmmgthebndmdhdﬁimmrsof .

taps deqs 85 4Re dodn a&gzam&mrsgc% ymﬁﬁéaﬁolaec@eaﬁe&&c&hﬁms Fskdm
I ncrease in the hreshol ﬁ?ﬂ S6 arse the ta
repeat ed unt ﬂmtt xg?rrssq,xsé%sé Eﬁ ?Pé@’ ea> 1NC 1P
- 20- threshold Tth for each active tap is increased by a small amount at step S7 andsteps S3 through

35 S6 are repeated.  As a result, some additional taps 122 are deactivated, but the number of taps
deactivated is usually not very large because of the small increase in the tap threshold Ty,
Steps S3 through S6 are repeated until the computed system error S, approaches the

20-



acceptabl e systemerror S[err] w thout exceeding the acceptable system
error. |If W}ﬁ Pt ed systemerror Slerr] is greater gdyafisdofdSi4s
acceptabl e systemerror Slerr], the tap scanning al gorithm st ops.

As an alternative to determ ning whether to deactivate a tap based on the
MSE of the 5 communi cations system a determ nation may be nmade based
on the MSE of an individual filter. In this enbodi nent of the
|nvent|on an acceptable |ev of, err Or f|| r Flerr] is

speci fl ed. 4‘??6?\?]’@&31‘“‘?&5?’ ae“”é*é’é’&ﬂ“i?ﬁ‘%‘@ﬂth ?ML%S df thssqmputed o
conput ed- fi $yistem er6108,, is greater thiah dher dcceptable isysiémtesndr S, theltep demmning\adgoritimof
a tap does % cause the conputed filter error F[err]to exceed the
acceptable TiTter error Fea the taL' iins ipacti

anot her enbodi neht appliermative fo, defern ""gt"ﬁ’gﬂ’(‘,"ﬁm aﬁ%‘ﬁ%ﬁ“@%%‘??@@%éﬁﬁ’é&’éd
tap tos commiﬂixeam spétemfmdéteﬂmmmmy beymade ibasetion thy M8Enof an individual

;ﬁl ;glcgt)?gb utl{}@Eg;ﬁi Eﬁtbdi{n%llé’ﬁlé telgﬁgﬁl\r?g%éptable level dﬁerﬂftfﬁf BeiRe Fl Of sbe |
el Solitertiied R noonpuid ik !

preferred dEREF
the system Fg, isaaipalated. Iftheddamvamnbfentaprdommtbammpmdﬁh@dmori-‘ggto

coef fi ci ent &é%&ﬂe%c&é}?abfé’ﬁﬁe?%o@‘c%é dihditPihackive,  COEfficients of the
eI e ner allhyeishe gﬁéﬁéo%uawﬂ?&%@m ¢ PSS S RIRRRaEa tp e
ata ener al

syst gm asgpt}liBmlfyhe filter and, inftugw; theosystem is balcwated cKehe MSERomribution of the tap _
The final r?s%éle?mﬂéd%ahﬁ&eﬁﬁﬁ@%ﬂ&tﬁe@ﬁﬂe&ﬁiﬁs'd&a&d@%d msmmbgeﬁmgel S

Geact | vat edPrefFred e By e, Skt of 08 syteot weghheren) MSERr e i dp large,

an exanpl e, duenptlienomwonvirgad ssats of thet ﬁhenmpﬂhmmwnb}néthMmOnce the filtethen
oper at {419 ORydhiGemb o HRe lsygmpﬁﬁveeiﬁmlf &ﬁﬁ@fg&& thé détéreniation of Witethér fbrdéactxvate

presented in Fl e ows t master and sl a
VGE Lo o1 gn R i eeperalimad el g tPe Sppfpuionto e KRSFTEF E e Aol
convergencededcrlbhrkwﬁbs@fmceADFIGn@t 360 OOO bauds, the tap scanning

al gori thm begi nSThéiﬁﬁalaFesﬁt ros&mé tapt au rﬁhrﬁﬁ&'thﬁt;’iﬁﬂ typicil 'chagils bP there

fied t t
P men | o1 aFPRPRBIAISH ST, A FIER TR R ER gﬁ&;&%&&a&a%& %%I’Qe“dgﬁg@“fz
shows 2Me t agsiiced byta largpﬁacécs‘héisansxame@mm sigadationg of tg tanssanningalg
zeros. | n Flfhendperatif€oh ﬂfe%hadﬂémﬁése(&h@ﬁe%pdtﬁe isah6wh & FIhq a@bﬁsﬁﬁmmlﬁr

L oo NEXT. (i i Bowchofh éﬁ%ﬁim%%%ﬂﬁ?ﬁ e MSE % bl gl ee b et e

system is sidering\tbe initiel coavergence nidhe Systany: At fims 360,800 bauds, dhe tap feamEng 30
of ‘active ! ARrifign bid, AW et MISE  sigahl 146 BceasesSh the presprcifitdreargen o er

of aCt € t%ﬁ?é?lﬁG % ows the ta é Snd B ahbelil %@&%Jeg?ﬁcé% St?ﬂ%pld 5§24

Si X, ectlve 4 dB

thres hoI d, R angFigq22 slmwsltb# mysmtbua\ﬁbmm&of B The ﬁi"éﬁﬂﬁﬁe‘h@w%’@ own as
after the apgldscald PIG.Q1{ e tobfd muarbeniof getivegaps fitnthe wbhd eamvelledt isi mienty-twvo5dB

margin for r o ﬂ"gp%mgg f‘ﬁ"‘"‘?
tha%J t hose tsg%?aﬁgghmumgerofaéﬂ%t%tlﬁgeﬂ)%@@ éahQ ?‘ oca |on
and it woul dhedEXTisanoeliatianrsystemss $1%, tWoaNd 2870, JeSReqtyel En

the 30 of d6tivie@aps fir tlidsehd\fatidelirn it fortyrsevennSimhilatlysthe hembersaf attivee ﬂapcm ﬁn

?fz 1E aps is highlve A& 1erS thot shown) is sik MroSBfiCleld, fespétiively! €SPONSe.

For the case of the 24 dB threshold, out of 440 initially active taps, only 30 remain active
after the application of the tap scanning algorithm, while maintaining a 5dB. margin for required
bit error rate. Notice from FIGS. 21 and 22 that those taps 122 which remain active occur at

35 sparse locations, and it would have been difficult to statically allocate these taps during the
design of the NEXT and echo cancellers, because the location of taps is highly dependent on
the specific cable response. '
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I n anot her enbodi nent of the invention, the tap scanning al gorithm nonitors
t he change in MSE as the tap scanning al gorithm progresses. The :
al gori t hm iwoappédéed until the change in _ MBE -- rat hBETfUSaM0314E NVSE
itsel f- exceeds a prespecified value, for exanple 1dB. If the VBE
to signal ratio before the scanning is applied is 25dB, the final MSE to
signal ratiois 5 24dB, and a large nunber of taps is deactivated.
Thi s enbodi ment of the tap scanning - ~algorithmis depicted in FIG

23, 1nystep SOt dffed dtolilentof Meieafided fhel iy sﬁmg&fg&hﬁﬂ mdntoRifchange
S11, an acce stemerror differential rr specltl e nhanF
S12, a tap TMAE o5t fap scanning algp B8TEssay Thealgo h@ﬁrﬂ?@&éﬂlﬂ&hﬁp%ﬂnsaﬁn As
with the ot MSEt-amtherathantthSlr}msalfhnxceedea pnspemﬂed value, for exa&iplxaldB Ifttke t ap
el IV e it o et s e domes gt
af f ect 2d. 2%' %§'E8 taps 3s d?ar‘fg"%'fff%ol se"“\’iboﬂ% P%I‘Ef'e annmg
coefficient alﬁoath‘.dus deprct@anlﬁ'l&éﬂt lrestenipl 0, the initial systemerrpeis 8g; domputad lmgep
coefficient gifl &5 Baledrabletdy &L:nénforhiﬁ'“erénﬁmhﬁo?ééﬂ @WPE:@;SEI;? b

Clep ha, TS o ls FET EBDUCRIE iy As Vil i OBl SABE A mee 9

120. Pr ef er azhluy of theaapithteshold riGg 1scsnﬁiofenﬂmk1vhmch that dﬂyxafewapelﬁ dredeatfivatdd
i s dongg mﬂnﬁpﬁggy&@{s%{lg end of the filter 120.

é\énihfé’d515 %At sep S13, e SRy e”ﬂénefsf%égtg%@ﬁﬁtsém o pegm iom

S[err] is C@mamd tb dhe tap coefficient threshaldiTy,. If the tap spefficientcC risrlessthB| therthp | f
the differ e%eﬁﬁ%ﬂwﬁesﬂotmgwﬁﬂ yeNis &X&dﬁf&ﬁ%& 5@,5 SHi.e1Thik ?dzésstlbeepbaé& et/

SYS! e o1 " ol U i i 100 B Rl g:@ﬁhegﬁo&e%& i
t hr oughS S16 isdene spe acquantishsannerstarting atstb«rrmpudmcw elfiltera}R). At step S13,2Be are
deact i vat ed. suggeaa&t%fohﬂ@%&% 1@5&,1 ,ﬂapat ed unt il the difference

bet th d th tial
eer\gnraeg[ er (ra] excgbggp#ﬁ Fé% 8?:"%? 3%‘] tﬁgsy& €s i%réompargdtn# 8 S)E/‘étéags
t he i npul se systemoersasds 8 differenes laqmeankWsuba«;quemg@m@m Pes andthe initial

tnﬁr ma:c 0|oe(r]I s, elrxfOQtB Q%%@thﬂx @ﬁreébebiﬁ%&lvﬁluefthétﬁﬁﬂﬁés&bld i:shﬁ&%&bﬁsmm .
ere e des| rapl.e | e e
taps 122, prag}ogpg%t]?ep%ﬁ an‘sieq en:;teﬂ%hg?gé é’ar@?e ﬁ%g& AP&%ﬁggérﬁéé%%ﬁﬁ?m; %@L
absol ut e vall?2 e depetiveted. Slpy $I3sﬂé¢nghc§1érm'f repeated ugtil the differencethetveen) the
tTth h. |h f lg tT i[%ﬁbse] uentsystﬁﬂenfréﬂ%;idthgxﬁﬁal kystmwrsgqh:&éedathe e@@wﬁlﬁehe tap
resno err
deactivated. Si h}%}? t‘;s‘ﬂ[%ﬁo apslréﬁ%&%]b vvere act [ ve na mfagﬁlfﬁ%el ow %he
tap mremm example 44 result oftempera tlséaw&;e
tcan be 28.c corferioditatly attivatecprodioushodeactBhited ta;iselaﬂp;brbﬁﬁblﬂﬂ acséqﬁehﬁalsﬁameﬂtanal
. tap scannin 2 a
al Ler nat 6 e%sa*ae%ﬁ i 00 Bt W B Pl QOSBRI i below the op trsshold B “fratap
exanpl e coeffiqignt Crpasigrowinioe valug shove Hsitap thiesheld %éheﬂaptlaz TepAinsctiveot
'subj ect to dstherwiseitiissdeactivated| Ingild:b';thosetaps 122 that werd actiye naly €all beldw thentap

t hese first
change |gn|t¥#|:é(¥:m;l ?§’ ?’E‘%\S&Eggﬁl I n ase %Eg uppggQrm hsﬁ #ﬁg% Eggdéc

could & angé’ew cati ”cﬂfﬁ]é“rﬁeﬂ‘éﬁ gl tap “E%ﬂg?“ - Sone
previ ously deact lvanh elterbatpembRizment dﬁdmamntxonaselectsmg:betfofctapstlZByfor example

mai nt ai ni N9 @n PyhishedPdt thiny ?utjegagﬁhegg@r 12?)03,1‘& n@t Qétt$ B@acﬁ%tfoﬁr Us {?%lgfh

active state, ot.e r e r sence ’f
avoi ded. is a large slew gte in these first Fe%v taps fnc&: means thgt eir nmner?c value co

change significantly 1f the sampling phase changes. This sampling phase could change

- 35 dynamically as a result of jitter, causing some previously deactivated taps 122 to become
significant. By maintaining a number of taps 122 at the input end of the filter in an active state,
potential degradations in the presence of jitter are avoided.
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-22- Wien the total nunber of taps is very | ar ge,

for exarrpl ewddd/468d7 power di ssi pation could be | arge q% fsh
initial convergence transient before the tap scanning a gor|{ m-has
had a chance to deactivate the taps. Although the average power
di ssipation of the systemis still greatly reduced, the peak power is not.
A5 preferred enmbodi nent of the invention conpensates for this by

[ he N h d. FEXT. |
cvampl & "3 bl ock Yhen fhe sptal SHIRESE o if Jery large, Jof [eRampla#Q, 10e pgver
e B
asis. Inc ok g &
cmbie' = erve oty PeLtS el S At rai e e
nmoni t o5 t he B@Elﬂﬂﬁﬂﬂ@@ﬂ@@fdh%&uomtompmsates for thsbyfdunwergmd@rhthExr
deact i vat ed SARABSINPEERT SarltBlis i r"&'émbl'te 2816 bt W} Egnvetrged at

t t ed. { - Up_ Pr.ot | '
r1 L cal - phab HErand 1 e Banig %%ﬁ%%%mamq%w%emonapeﬁb@& he
transcei ver basisr t ImpcasesDwheregthe VISE sheaing hmxaalaqunvugeﬁq:disdmgepfmtaamplhas

within the aresultoFEEeﬂ@cﬂﬁiﬁﬁeLaMBl%ﬂQofﬂ@ s lngdy ASh b
system 8, FE

I tlmn ecver sst g%f
and det ctor? W8f rﬁﬁ% 8‘@7\}5 bﬁ%?rt ?%FP%‘“’é’a%‘ﬁ sum o ‘Frsgﬂ%"é ‘(?Z‘P“ of
conver ge. Dusaekficients/ef deastimaned gape 122 s aumpasureodf Mrhsthedaqhelalgorﬁuhlmam b e
20. .c‘orrparﬁflmiﬂt@agpect ed output of the filters to determ ne the error.

The error is reduced to substantially zero by adjusting the
coefficients of the algorithmwhich - © -defines the transfer function of
the filter. SamUpMrotocols timing recovery systemis conver ged by

adj ustiigg the fr eueoftheansst pFitied pas éshﬁtﬁ@%ﬁ&ah@ﬁ‘éf'tﬁ’@@oﬁ&ﬁxﬂﬂéﬁh SPtem

| | at t hent t
o onal “to. no.%ea#éﬁ%mf&@% Dtk s ol St Rdie IRt omaingc Vishin thee
di fferences FRE A0, INELT canceﬂatwmsrysteax& TR T nsacebitioand
pair identi IW7@,0d1ﬂin becowr?swemw&d deeci6£58 bfthe recelver geﬁmx?&f &4thOf

the startu h r.C bedj n._no at i o
In accor daﬁctg%g%lﬁ asp%rgL %"%2&’% ﬁfgﬁ? ﬁ‘ﬁ\fﬁﬂﬁ gg’%db? E%Péwf&{m@fever
-channel28- opesosppared 8 mumé filtezs; 1@ idstoumine Fhecerras. The error is
transcei ver Sreaﬁce’ﬂDto sub&taﬁdi&llyt réro by ddjueling ke easfticiends SéfethehlgBritithwhizh

assune two difef el ?éi?'ﬁ 25he _%ﬁg{rro Laalion I8 concer ned.
one of the t d RS the, Ber, Whe Hipise recdvery gyment 5
anel ndepeﬁde‘;ﬂ%r‘l’g’rggeflé\libg‘;l‘-‘%’gw TEIREBCK m%ab#etﬁéh@hﬂsellﬂdéh%@ééle local
(FIG 9). Tmssdumkonwwnmfmm@r&emy%wwuem&amﬂe aleoditise fatio

provi ded to chat nscel ver

channelgg in % tg‘ecomwrunl Cgtl m&g ﬂe‘%nﬁﬁfe%mgfﬁlg?%%égtég 2 e

cl ock used bEASHhArSESMPEnsy E‘ﬁﬂ pairz:dentitye aag Poth» aferagapireds - Syocesinl

obt ai ned usicumplepbasd thestaenipl emsprepithdt cheinscaios @w begin %;ﬁﬁ&h to
W the

reduce jitter. Thg {dcarfmes \With Apedts bf'thephSntSRTettiod Qgclf diver

- 28 channels operate in a loop-timed fashion, as shown in FIG. 24. The transceivers 20
30 . at the two ends of the each twisted wire pair 18 assume two different roles as far as.
. synchronization is concerned. One of the transceivers, called the master 130, transmits
data using an independent clock GTX_CLK provided through the GMII interface 28
(FIG. 9). This clock signal is fixed in both frequency and phase and is provided to
. the master transceiver 130 of each the four transceiver channels in the communications
35 system. In actuality the transmit clock used by the master 130 may be a filtered
- version of GTX_CLK, obtained using a phase locked loop with a very narrow
bandwidth, to reduce jitter. The transcewer 20 at the other end of the twisted wire
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pair 18, called the slave 132, synchronizes both the frequency and phase of

its receive _ and transmt docks to the.signal received fromthe -
nmast er 130, WO39/4§8&he ti ning recovery system 64 (FI G BCTiusssmesaas i n
the receiver 24. The slave 132 transmt clock mai ntains a fixed

phase relationship with the slave receive clock at all tinmes. The 5
receive clock at the master 130 synchronizes, in phase but not in

frequency, with the signal received fromthe slave transmtter 22.
Thus, after I [

clock fol | ooy %%ﬁf%ﬁ%?ﬂ&iﬁﬁh the fﬁﬁ g?aaﬁhihéggf b
det er m ned lﬁ‘dt qlgs ﬁﬂﬁnf}f TECREeT e ’rylagltbﬁmgmy

vary rdgoweny spdtem Gs(FIG: 8% ldcatedfintthe recesvir @#. tTh staet £32 trafishit cbocke
glggck to tr a}ﬁiglnga,ﬁ; 8 'fixkd has@rraaﬁaﬁslh)h(ﬁl witle thd gaad réc%%' as& tat g;pcééao ngem ]
duri ng3t he s‘-‘F%ﬁ‘fﬁFg %Ed? lﬁﬁ FE%Oé'fﬁes’l inRhss bre Pgt in ffgque%%romth the
FIG 25. Theigmbteogivéd ﬁfomsnhgtshvotransmmrmasﬁhumﬁgr 48 GnitiaBacqhisition p\thbd,h
éL|5m ngt angqag%ef 130 eeca&auaeﬂ folPothhe RIREY drifsnhit :clldgzk G pRINS

operation er{ ﬁg Ehﬁ'f Wfs ?%ﬁgmp T Pl'ﬂﬁ?lr ﬁ?ﬂé"P Y Vﬁ‘ﬁ(ase
134, the nasi}manh &s arranémo tthcngleed) of Itbe ghasver 13 rgeixe talacks o terack jitter

cl ock. 309nalpreRat ih thd sigedl reékived! o’ @RUBREN3ANd phase. The master trains
Its near- enc? “noi e reduct i on system by converging the adaptive :

filters contained within its echo 20 cancel l er and NEXT cancel | ati on
system (E). Shavet FrangmiteClackeFixedie sl ave trains its equal i zers and

far E end SOI sehr e‘!‘htﬁtsb H%EF@%ME dgg%ehasﬂa&u ']tﬂo?&:%l)bf\ﬂi‘e i:féséﬁcrﬁvenuon is
contal ne 1 n . and can al ;0N
trainin 55“ in FI q& ﬁé rﬂc‘?laﬁp cﬁglge Hhéa"ﬁ?r{; om;@%‘e‘fﬁff% E'Fé’ve
sinultd eou ghy raceq\cﬁrs ate wriimiedhge. g, adaptive/flsens an¢ comvesged, nirhingtsynchepmizationand
gh?se (T). li§ adtired) &e., afomea by ﬁBrrﬁﬂW%ﬁﬁfwf&&ht L%e didifg ghsje%ﬁPtm@'

el ay anong ur e r i dent i e foUr pairs
correct theiﬁw t& midStef Bagins ‘t'l%en% ‘P a(S’f'anFWét
protocol , t thagds f# b@thrﬁrqmenmagépm t'B e master trem_s g ocarend
phase 136, aicifoidthutich aystad Icaneergmgouhe&da@ﬂiﬁ ﬁhezfslomdmaedivﬂ&ﬁﬁmceéhoed

f(ra(r)lmo'(t]I gf-glo‘gﬁ eq“"prsfi p ase e’(':‘(')rr (Egaseb;%ﬁg%en It cfe%leééjga{pﬁolgss

its recei vereq*;alsze&)m!é -gn@h@mse re “Ct’&&aﬁst% IcoBVergingn the Adap
DFE, FFE ancconfaidedcwithinl mzt)FEnFEE&hdtﬁE)or oaﬁ@bllauon syst&ns(mchhilectrﬁnmgnﬁ

synchronl zat 5]!21(5;1 lmﬁl;}n

I ncl udes a éqg é‘ét_ecto :2 ﬁdéd@? de ec pousl ‘11'15112 ' ne
com ng Rizatien & aidkphass GRs; It R alee g Phis siome FRmPERSAtee
134 to26he sfecdmjd;ﬁ'hmaalaﬁlayaxﬂzﬂfgvhbémmdwxsieclm@aﬂw wlestify the foue Pairkeand

sl ave. Ther gf ﬁalg}ﬁy H%lég:ﬁnt he initiative in transitioning -
fromtheflrst phase cond p 136, . and_t he -masgter
follows when it P&E@Wﬂbﬁ‘é BFRCPge‘iS ition from the E“t phase 134 to
- 24-  the second phase 136, at both master and slave, occurs after a fixed and prespecified
_ period of time. In a preferred embodiment, however, the slave transitions from the
30 first phase 134 to second phase 136 when it detects that its receiver has converged the
adaptive filters contained within its DFE, FFE and FEXT cancellation system (D) and
has acquired timing synchronization (T). As previously mentioned, the master
receiver includes a signal detector 41 (FIG. 9) which detects energy in the line coming
- from the slave. The master transitions from the first phase 134 to the second phase
35 136 when it detects this energy from the slave. Therefore, the slave takes the initiative
in transitioning from the first phase 134 to the second phase 136, and the master
follows when it detects the signal from the slave.
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The convergence of the echo canceller .and NEXT cancel | ation.system during

the first RPGI64dgs4 at the master is done with the objective 19% '&g
hietnt

t he signal detector at the naster to detect the signal
sl ave. Wthout proper echo and NEXT cancel | ation, the signal
det ect or woul d be triggered by the echo and NEXT 5 noi se present in the

receiver. After the transition has occurred, the master discards 'the
echo cancel l er and NEXT cancel | ation syst m coefficients which result from
the 1 convetlas AenTesBence ofitheechg MEX% aoncsystem dudingi ng

t he adapt i vﬂaé ﬁlritepliase 134 ar the mbaee@hdo@amdd e obj&du%'iliif allowhify tht sighul

system Eﬁ@%&sﬂer'}@&t&p%e fial fr thecs%feeew h}%:%ﬁ‘ﬁ for
t he four recelvers a alne

138, t her ef BHEX h@@@“@% IS} mgmeaﬁo)ﬁn &angnt s
obt ai rged duaobgpfdsmtfmr:hé rabmﬁ A&é:mrihsiﬂcﬁrhisrmﬁrbd; thie maasteredistasdstihebe

reacqui red

phase 136, f%he sclagve e%rhgll ns 1 &ﬁ% tene1 ?oee ick Iﬁ)%ﬂ ‘h‘? ﬁ%%%g
conver gi ng SPRVEAFABIA effFF‘tBli@erclg%t éﬁH@ ¢ flone E"ESGFF&P&: c’é‘F‘P@Ye ﬁh@!’s
NEXTI 15 ﬁﬁﬂfeedchﬁtmnswatcbm mﬂtellahensymm‘. | Frds ichpertamoetiott thitrdhei t s
equali zers (

adaptive fi Fﬂg%% PE:%%Sf | ts %%@%@E&b @%ﬁ%ﬂ% IEF"“fll on
syst emd D). Phagei 138,¢ g et el r’é’dam—gr@é ation systepy Fegdticients
reduct i on sybtatmed dtiringuké Arstgibasd whmgrsdxﬁfeaﬁ@m tlesfindliahgs sy rhehreamjuiredi on

ﬂ?ﬁ-ﬁ&g}?f g% 3ghe master may also at this tine corrpensate for
the differe g 0 gﬁbgé{h four twsted wire pair l.dentify
the four pairs, ¢ secend Rlasp JP6,the slayg trains its neqnfad pgiseredpgrion, systere

second phas by ¢dsmvergmget}ﬁaadapmrhé’ﬂtermng:amdowmhm sﬂsa&chovamdldremd NEXT

t hat ﬁﬂnrﬁgteﬂi’(ﬂ)ngﬁ{ AN ﬁfﬁf‘siﬁ far-end -
o oy oA s 80 oL .

mast er mhenFﬂEeandsEE}(TrmdMOwwsmiB} on Véhile tmdmmrequdzz’éfs and Bir-ende

third phasen&%red 13 &naw@ﬂa;ﬁezﬁﬁﬂiﬁ%o&ggf gﬁgﬁfrhoﬁuoﬁﬁﬁ
T lar to PR 3?‘»'ﬁ%é%%ﬁe%v@%ﬂ%mﬂn%ca@agqsawf%é%éﬁ enjial delay 36
the 20  wmengithe fourfuwisted Ivers paios ddgitify ahe $6ut pritshend bomrectphapelais ofay

33‘:;{ i g_‘;]t g]'; %:flsegs)?nn% 'gée ﬁ@&hd) BaRREtHe d1afk 364 ﬂ’x@ tﬁicun r@@ov Gkiaﬁes{'ﬁﬁbles
o that e&f@&@&éﬁ ﬁv Pgaa%P# AT zes T fredihicy and phase,

fixed, the

preferred eﬁtyo ongn amaple i with rthe fcommert pbassethesigpalase
gggver d th fcﬁzﬁf?&ﬁ%&%&smeahéﬂ:h}ﬁﬁﬁ%ﬁr&bﬁesmufaﬁsmlt Sh\é%haa%nd
FEXT c cel gt‘ﬁSﬁg%&W B? %ﬂ%‘é"— gﬁ?ﬁ] ﬁtﬁe coe c‘["’?ﬁl i on
(P). Like tFEXEsaoeellating systameaaquiret during Lfn‘ssplaseilbhal 35 det ect or-

4|1 (Fl tG 9) Wwhi C$ln?§ﬂr&6'£t§e&?&fsﬁibd ﬂ-ﬁhhﬂ:dlhige 13@ tf)r&g‘skilﬁldnﬁ%isg'l% Tihe

det ot s ¢ hi gansition rf%&?ﬁ%%?@%ﬂ?ﬁ% Mt ?‘1 5%1 85%*? i B, 5%%9
initiative iandiprespecifieshperiod ob fime. the duration of the first, second, and

-25- 30 phases 134, 136, 138 is fixed, the duranon is not necessarily equal for all phases. In

'- _ a preferred embodiment, however, the master transitions from the second phase 136

. to third phase 138 when it detects that its receiver has converged the adaptive filters

contained within its DFE, FFE and FEXT cancellation system (D) and has acquired

‘timing synchronization (P). Like the master, the slave receiver includes a signal

35 detector 41 (FIG. 9) which detects energy in the line coming from the master. The

slave transitions from the second phase 136 to the third phase 138 when it detects this

energy from the master. Therefore the master takes the initiative in transitioning from
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t he second phase 136 to the third phase 138, and the slave foll ows when it
detects the signal fromthe naster. . During the third-:
phase 138 tWe© w4686y f reezes the coefficients of the echo PCTAISO%@s1U%er S
and NEXT cancel l'ati on system and nmai ntains a steady state condition during
5 whi ch the operating characteristics of the slave are not adjusted.
Simlarly, the nmaster freezes the coefficients of the DFE, FFE and
FEXT cancell ation system and the phase of its clock signal. The

mast er jal so ehsfs&:ana uaséme@rthertﬁua%@@e 13 4aliRP shye S8 when it derects the
reconverging.it cancel I 'er and "NEXT cancellation syst emf ring % he
third ‘ﬁﬂ?ig 3he mastery i nportant to note that |ntheth|rd phase 138
t he sl ave resuneDulx@ng theer thidriphaseo #38) she gslavieefreezss kthe ecosffinients fofottiehecho

ilng\r/]\gl tth(raagowhcg f regue.nC\t/bwi th .mﬁgte?o@%?gﬁﬁiﬁﬁk?ﬁ%f h&i(;':.'llc'\fi;{edrl i%
s;(rar{)ﬁ[ In\éep?l?&mesﬁ:etdmeﬁhlents aftthe D, FEE and FEXT aneellstion h}memrdndtﬁnrphaye
used as ?1 Q%ﬁ'al arke flas@r l&BQW@thﬂQ?s“ﬁ@arIehﬁ)hd&r ﬁdﬁ&%ﬂ g Uy N -
Focet ver o preggﬁv%%gn%dﬁpfqh?gﬂaﬁé@é agpl IEY Carbella Byl B diin aﬁ; i
chosen as replrasent38, ils mmpymkmmtaﬂ:hthtstheothad pbasei 138qthe slave reaiummg
the thippd ph&ﬁmﬁ% M&?ﬁgm&wﬁ%&%@%ﬁ R Sigha@ariigiiitbd by cih&lwsfer and -

training eratlons ch nes es |nd|c I mg .t h t hey. are'
ready to tra’rkfﬁff' & Hiq pastet z}f %32 %O hg‘fhl to operat
coef fi ci ent srecéivehe Thedelatree $a|n1lp ¢ wtﬁs@nerzoa e, the dlfimcmm

gﬂd L hg_ tr anﬁ%@ﬁig)@h@iesdﬁt thres df%QYreEéivéﬁ Verfilsa68e of them arbitraly Lsahadi ¢
ocC ree-

startup pr ot gﬁeng d alrﬁéhB Anowh, l?eﬁ%ﬁttp%“%ggcuen%ﬁ%‘ﬁ {tqente%@pr%s% #ﬁe

prot ocdi5 conklosteyenthe Fevesallvampling phase” of the reqgiverss i- 1¢g thmpampling phase of
receivers argeckivak WebitrLily Ghoséifapkifernke,| bt pérckaowi aindetas Bb%qmted

%PﬁErBQQFﬁL&Sﬁ%%%@? fie @%ﬁn%mﬁ%@%ﬁbﬂ”@% logPoLd tidhing

initiated byoperatinnsithey grebange messages indigating thar e)éagq Y tpgransmit validye
sl ave using datas aDﬁfihg phlascfousilg0aill vheffibiens dofithe ddaprivedilters pesyicunty froren
phase. Madns Its near-end
noi se rzgduct | on system Qﬁl‘tﬂf B@%ﬁo\%eégléantat"{]ﬁ gg%llg%/éﬁkl I ters cont ai ned
.withhin its echo canceller and NEXT .. cancellation system (E). As
previ ousl y nghavée m}eﬁkmitt@loskw&-mmmnger i ncl udes a signal det ect or

41 (FI G 9) which 'f'ﬁ %en’cs“dﬁﬂg M@ﬁa&@ﬁ‘gﬁ‘&&&?&f EH}E‘% GiventdR s

det ect f th X Y

ond farend m@ﬁﬂ%x& ﬂmpm squsisshpb{hues phares i ”Sme?aﬁc Fhich

filter \s;z\hsclont timﬁsztemtsfma tril.ﬁecDEEg Rbptivedfilbérs are Ecﬁ%rgdpuﬁhg&ym:smaon
D I‘ r .

ek he Uy rﬁJ ttEZneo +’dB n%rlﬁﬁlj ggﬁtﬁﬂ%ﬁﬁhsﬁﬁl zat |g0é1 | n%ot 0.

systemthe s eggb fi'm n%rhs‘n.c
frequency an k%%‘é“lf Pf°t°F? ¢ Fagtey db S8 uen
di fferenti al the slave using a transmit clock signal which is fixed in both frequen@Gand pha.se

During the first phase 144, the master trains its near-end noise reduction system by .
30 converging the adaptive filters contained within its echo canceller and NEXT
cancellation system (E). As previously mentioned, the slave receiver includes a signal
detector 41 (FIG. 9) which detects energy in the line coming from the master. Upon
detection of the signal from the master, the slave trains its equalizers and far-end noise
reduction system by converging the adaptive filters contained within its DFE, FFE and
35 FEXT cancellation system (D). While training its equalizers and far-end noise
reduction system the slave simultaneously acquires timing synchronization in both
frequency and phase (T). It may also at this time compensate for the differential
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del ay armng the four twisted wire pairs, identify the fouf pairs, and

correct thewo99/46860! arity of the pairs. | n one prtyoshoeiys of
the protocol, the transition fromthe first phase 144 to _ t he second

phase 146, at both master and slave, occurs after a fixed and prespecified
5 period of time. In a preferred embodi ment, however, the slave
transitions fromthe first phase 144 to second phase 146 when it

detects, that ,ists recei has converged_t.he i filters

cont ai ned wi S¢1#% qn[xgn ﬁgedF Bﬁlﬁ%e‘fif'%‘t‘#yoﬁh eﬁfsb)méﬁa°“ea the
has acqui redpohmymgfslympmsam zation (T). The master rece| ver al so includes
a signal dR! il &hbddindent Gf tBé yéiioesl, dké embsitiondrom the firsephisee144 o

ing from the sl Th f h
144 1o the sHtiRoRHahe 146, 3t bork dlss %fe%daﬁ%'“%aff%”wray@% ied
sl ave. STher eperied oﬁrmnsl I @ prafesredtambodimentithameeven, thezslaviet transivionst gmthe |

the first phgaephdd 42 b fa&:oiaqsm.e mh@%ei% dero@ thReitspedeiver hat l’:@x\i\fergél?{h

he echo cantdaprize Sl Rmeied i & IR, %%ﬁ%ﬁ%ﬁaﬁgﬁi&?ﬁ”@

phase 144 at hmecqmmdemmxsg mv&rwwm Thetmesseroreceiven afsa duelndesss sigaal

deL ector at HBRctst NE%p 9eikich ddiects edrgly xﬁh&h@ﬁﬂlﬁc&hmgefrow theosthvelr ARy
ecno -an ) canc I

Po? 2 1o DRSO EW%. b $f g fﬁ“%a‘hf %%fﬁﬁae%% RS, i el L -
transition- hasergycfmmetée ave. ﬁﬂ!ﬁf T emmu‘é%ﬁb"@&ﬂ&‘@%ff%

NEXT cancel | gid fRe M&Eqmle@ﬂid‘s EasM#G;hmﬁ&ﬁwmastémﬁﬂﬂlbb@iﬂenn detects the
converging in tafr H&{[ gi)h%se 144. This may be done by resetting the

adaptive. fi | ep fthe e ho cancel | er--and _NEXT.cangell ation s s];em
It is i rrportant t'B m@pevqrgqxcetqf ancpller and NEXIL %ﬂfﬁ\iﬁmsm?mt '
four regsivegke $irst pRaseatiest thé ﬂxhitat Iibedoﬂganth Itlme bbjéctxve of allokiinigl thchagﬁal

148, therefore

d at n?&&? fetec Bt éh%tn? r e
coefficients 8'551‘% gﬁgurl ng ? st e may dln?v? :B n‘?? chtoamj
val ues to be NBXT éfmlbééel éetFFHOFdV 3?,5 trggered bY the ech &ﬁ-ﬁ@
the second phaie &th@eﬁmtwmemmhar&mdmheaﬂma discards theem

by convergin [ CARGR!
NEXT gﬁ%@eﬁaﬁg (E)‘nalnsys € (%&Qﬁt@; reez etsiﬂ[nhe frbia B
coef f i c2@nt s convergmgrpeth HEG 9%‘? b&t‘Fﬁ?ﬁ“%@/E@%ﬂ%’é{ﬁ iiltegs
~during the fiid ghe é&h@&ﬁn&eﬂéz adkiNEiéT&aﬂaelhuun system. 31t is xmpasmntm neterﬁxat thse

equalizers and (el sf@ghé%hﬁ e fl e Rk TUARR Qyt@p&wgw% ed again in the

adaptlvefllt prniits nce tLon stem’
(D). herelorg iher ¢ cageller pod NEGE o cellinian e

system the rmsfﬁerents obtamedtsiulmi vhaénsxspl;asad% masdﬂfﬁerrfmgnshelbmbmlnatnoohe
in both%rqu 298 g}mg ' mast er nmay also at this tine,
conpensat e for I renti el. o, the f.our 35 ed wre
pairs, identify tﬁé‘"PB e sesppd phasg 4 %é&ileé@gef‘ﬂ’é‘sbﬁl%’ﬁfi B?’s?ﬁ YEORSY SR

sl ave may rurbyoi:bn@érgmgytlm adupeive dilters lcantaimesl withimdtseecho odrfceBer afd INEXT

than a BIBABR Gy kRAE)! Mhe sifve dlso febles HABLBRAA BN the DFE, FFRaid
E (2)7t e mast erp rl:sarTce.tllauon system acquired during the first phase 144. At the same time, the

30 master trains its equalizers and far-end noise reduction system by converging the
adaptive filters contained within its DFE, FFE and FEXT cancellation system (D).
While training its equalizers and far-end noise reduction system, the master
simultaneously acquires timing synchronization in both frequency and phase (T). The
master may also, at this time, compensate for the differential delay among the four

35  twisted wire pairs, identify the four pairs, and correct the polarity of the pairs. The
slave may run off of any stable clock that has a frequency offset of less than a
prespecified limit, e. g, for example 200ppm, when compared to the master transmit
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1 cl ock. Duri ng the second phase 146, the slave transceivers transmt
using a fr@fsoouesey UNNIiNG clock. As a result, the naste(rjl,@ﬁgsggwggsboth
a

- frequency and phase _ synchroni zati on during the secon se 146.
Phase synchroni zation is a nornal function that the master perforns
in any formof startup protocol, however, frequency 5 synchroni zati on

I's not a usual nmaster function, and it is only performed during the

second phase 146 of the startu he, obj ective of interoperati n
propedl y wialack. mgl%"ﬁesef‘?“éﬁgg evle the, slav gj(gra,qaqenge&\,gapﬁp

recovery stﬁ@m@rdabkes At 4 hresuly, athei tnhaster acquires fhazn fm@dncysunthplme 144
to the Sece;}%W P during the second ﬁhﬁh%@arPMQeE ﬁ&éﬁ&ﬁ%afﬁ&mﬂhe

first phas e seco hase 1 t.he ran Ition fr

second pha énf%f‘P@°{)§%"&FP Boro. ah‘?‘Y’W(SH’ Preq“encyand
prespaci fi e@rdahmmdmﬂn isl m a \thial enastee fonction, and of istdrdy fperformed alnging, thand

coual for APOREREEse s of e skl ik e dbjechee %gwségw e ﬁi‘?&?'?

N

transiti onsﬂWW%V%gﬁndim e timing recovery §
det ect s t hafrond the fisse phase mgoahawmogd¢hake1%dapt ive f| lters 15

contai ned withig gx_hhir%cﬁae lamffm tlmos:nats@danaqshﬁ@m%e
acquired-

t. t t
B oot it 0 5 L e o9 s B
146 to the add pg arﬁedlp@&ddlrmfrnmh Whéle tthe tihrasion of the- f'a'mg sedonid; and '

t Th. h
the Ereconde%ﬁ%%éqi‘ 49%‘59‘3‘%2; ﬁio%v éﬁ%?%“%%’%?ﬁ%‘@“% O ot Fl sy %H'
¢ mastef transitions from qeﬁ%ntf V\’Eaﬂvev& ?d

detects theaﬂ’éie erre | _
phase .148, 'tdehisd phasef t48cwhen thdeteass thiat disanceivagthas hemenrgad the adapuive filtews! | er

yst et n oAl y'*ﬁ“&&mmaﬂ%ﬁg’ﬂﬁmﬁﬁ ‘ﬁg‘“@”vﬁiﬁﬁi gearion -
ﬂe &&8hd léﬁase

_)
-a

ANSM1Lt

tate condit
variabl es hEEHng Syn 2@}1
146, the sl dwee ahmaménqnmhesecaﬁi phasmlﬂf:mgtbg/ﬂnﬁphﬁszdﬁ swhenyit idete

dur g e B B e e ooy 1 el
| cancelgl atloFP%VE‘P aé‘?‘?ﬁﬁ%?fbr %ﬂf?ﬂ%‘%}” 11&? c‘ﬁ%?ﬂw fo(ﬂr?g}ls éq'%ﬁmas er aI S0

retrai2s it signal from thermasterend noi se reduction system by reconverging its
echo cancel | er apgdrigXhe third phaseaug,etheatlnd freyses ake (dokfficlms o sther echios o

reacquires tim e | 5 ant
to note thatad %ﬁe@qﬁrﬁ\ﬁﬁ%ﬁ &%ﬁﬁﬁ@ﬁ%%re?ﬁ% fcakend boj? %ﬂm"‘& on
usi ng the cbwkmr@cbm‘é)dsﬂﬁ%?ﬁwlbl JHRING JECONPIY Fats Hart es}&sﬁ’d
therefore thet ’Bie%hesfavéﬁ e ek tﬂiﬁﬁtiﬁnttb&he(%éd.‘diﬂt plid’seque,nthe shiviehalydh iredeqtves

t ts . f
0055 o g A S B Y0 s i
the recei ver The aranes dunngshe thiedphase 148, freerss Gefjﬁ§“’n‘ 3P 1‘59 ar e
al so known, c%ﬁét&&&ﬁ%%&&haﬁequmddﬁldt@kmaheﬁhadnﬁmdth&mm its

Hovever , thgxea%&a%m sgrgé@ { &geréﬁ“euegeécﬁ ea&eneé&%mmng

hase of th recelv M as, reference, Js .no
Enown and hsaneellatien ST ﬁe master also reacquires tﬁmng synchronization in thaX

-28- 30 . only (P). & is important to note that in the third phase 148 the slave resumes
' transmission using the clock recovered from the signal transmitted by the master, and
therefore the master already knows the correct frequency with which to operate its
receiver. The “relative sampling phases” of the four receivers, i. e., the differences in
sampling phases of three of the receivers versus one of them arbitrarily used as

35 reference, are also known, because they were acquired during the second phase 146. )
However, the “overall sampling phase” of the receivers, i. e., the sampling phase of the

receiver arbitrarily chosen as reference, is not yet known and has to be acquired |
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1 during the third phase 148. Wen both nmaster and sl ave have conpl eted
their trainin operations, they exchange messages indj ' t
they are r WOR/46867t r ansnit val i d data. During phase %ﬁﬁbﬁ%ﬂﬁgl

coefficients of the adaptive filters previously frozen are unfrozen
and the transm ssion of data is ready to take place. 5 Al t hough
this invention has been discl osed and illustrated with reference to
particul ar enbodi nents, the prlnc i.nvol ved_are suscep for use in
nurmerdus  during thetthird e mandeslaerp emmpfsﬂ

ordinary skg érauans Riey rekchan e messa'gbﬁmdicm ithae they irecreadype m@ewd
e ted onl %dS BRthED asgoéaxr 456, A Qicilord BE the adapriv HIRA Bitvichidly Brozdd
are unfrozen and the transm1ss1on of data is ready to take place.

5 * Although this invention has been disclosed and illustrated with reference to
particular embodiments, the principles involved are susceptible for use in numerous
other embodiments which will be apparent to persons of ordinary skill in the art.
The invention is, therefore, to be limited only as indicated by the scope of the
appmukdcinnm _
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- 29- 1 INTHE CLAIMS: : A communl cations,
syst em havi %%&Q&spem fied threshw

S o I L R,
LU

twisted wire pairs; Luﬂl“‘ “l““ tters, one of the
transmtters at each end of each tWI st

a
plurality of receivers, one of the fecel vers at each end’ of each tw sted
Wre [ e the receivers receiving a conbination signal :
i ncl udilhg a ﬁﬁrﬁgﬁ&im{aﬁ from10 the transnitter at the opposite end of
the twisted wire pair 'with which the receiver IS associ ated and a
plurality of noige sign e
responsi ve to thz1 con& %g‘?’%%m%ﬁugﬁél eac& %tﬁ?ﬁs}se&ﬁe&iqgﬁ%m\ge&#&tg@?%
havi ng a t r aFRFRBRIIGANIONS SFSIeRFOMBIISING| i ty. of taps each of the taps
having 5 coeffi cuaeaﬁmmmdauoﬁ link chavimgsa pluriliviraifitevitted wirnpaisy; act i ve and an

i nactive 15 - ?]éﬁler unct | ohmo rs, one 8f SR LA Rlm AV Steeagzﬁ eﬁaeéiﬂdéa%g{x%gd

adjusting the. tra at- [ east one ive
filters by SR | y deactivating at |east one of the taps while ensuring
that the error ofa phﬁahtgrnnijmcmens,oune sf she recetbesssatneich endesfdedch awisted wire

prespeci fiedgy,: 1 ﬁ of tefrRdivd mﬁ‘% ?EBF admbination sanal in@uding 'irect, 31%131 from

comuni cat | o CONMI |
plural ity Freesrpmc%t & oppositersn 4 eﬁ%ﬁiwgerwe&m%%m
associ at ed vmstd&sowaed)ﬁndlaqaluﬂhqwfanexseagnﬁs of the noise reduction systens

f di
a'pl brali ty of g Pl SISpREHRgs spalis 16 et Bg‘é'bmghﬁ?éﬁ%f ot e

ocCI at
recei vers, ptive ‘Hscha"{”rgea d’é’(??%é ﬁ%ﬁ? fl WO PﬁPBl"ﬁS]P ofrehe; Rl .
recei ved by hamlngraeceeﬁﬁexenarﬂch of the tapseswieqgtableabetvicsn ammwermdtaxsmwlve -
provi degs by. (&, gpYse reduction system assoéi at ed W t h such recel ver

for substantlall’y I enoy | east ,0 f t he nois als fr
conbi nati on si gnd iggme for periodically g?‘ﬁﬁfﬁ'?@%‘%ﬂ‘&ﬁ? taé "67 one
cl ai m 2 wher of thetddapum Bleers by lsdecsxvelurcdeactaraung at least pﬁcjoﬁthetnppmfwlﬁhremudng

.crosstal k ( FEGEH thé | GRShSnicRtiénsO | gpal %g{”ﬁ
signal s froma%%?ﬁtﬁgsﬁgﬁsm ttgnrus at tﬁye&%%pggggner%c% ﬁ'r

comuni cati o ee’iﬂfept for the transmtter at the opp03|te end of the
twi sted20n re 35 pair with which the receiver is associated, and each of

the noi se reductizgn Slﬁie%mumcauoﬂs%%&!ﬂ?&aaﬁpfm%%ﬁ@hkﬁ systemfor

D O G 25 0"% Bl S di&ddbaSn systems, WHRYY IR hoft Welhction” sf Bl 2

associate thh one of the receivers, each. of the noise reduction systems for providing
at least one replica noise impairment signal; and

25 a plurality of devices, one of the devices associated with one of the receivers,
each of the devices responsive to the combination signal received by such receiver and
the replica noise impairment signal provided by the noise reduction system associated
with such receiver for substantially removmg at least one of the noise signals from the
combination signal.

- 30 ' ' ' _ '

3.  'The communications system of claim 2 wherein the noise signals include

a plurality of farend crosstalk (FEXT) impairment signals, one of the FEXT

impairment signals from each of the transmitters at the opposite end of the

. communication line, except for the transmitter at the opposite end of the twisted wire

35  pair with which the receiver is associated, and each of the noise reduction systems
includes a FEXT cancellation system for providing, as one of the replica n01se
mpmrment sxgnals a replica FEXT impairment signal.
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1 : 4. The conmuni cations system of claim 3 wherein the FEXT

cancel l ati'o system conprises: neans for receiving a
PCT/US99/05145

si gnal fromgve%%% 87 the r ane end of the _
communi cation |ine except Eﬂﬁmmm “i mlmevm th which the FEXT cancell ation

system 5 I S associ ate ans for generating an individual
replica FEXT inpairment signal for each of the received signals; and
means for conbining the individual replica EFEXT inpairment SI nals to

gener atle the r i commpxicatiopasystam of clamal wherin the F canceBlation

The system odyseemy cofifprizes:cl ai ms 2 t hrough 4 wherein the noise signals

el il T g Ifniﬂﬁf?éeéﬁ%ﬁg&&?@‘éﬁ]d*e%@m%%ﬁ%%%%ﬁ%h . %{’%'eéﬁ i o

same end of ¢Qmamunication ritha receiver vaisk athicls the
t he sarse endis@ksdchted;W st ed W|re 15 palr W|th whi ch the recei ver |s

22?182: ?;??onags@ﬁgfg% %row ng,ﬁgg&g h%mﬁﬂpéﬂg %Ing or each

I mpai r ment si-h}rf&F@Vﬂ Slsép‘ﬁ:l NEXT i npai rment signal .
The communi cat | owi&mﬁmmﬁvﬁﬁﬂ&b@c&m sinnat! sigials e g%g erate

system conpr e receiving a signal fromeach of
the transmt af ”jle oppg e eng ;o of the communication |ine .
except Yor the transmtter W|th whi ch the NEXT - ~cancel l ation system .

is associated: 5. The systemaaflanf @hegsfr&ﬁﬁislmﬂuaﬂgh 4G|WHdréhaiher Rgite

T S e aﬁ ‘%ﬁﬁim e i e of he NERT

generat e t hellRBHFMERT 8 g'F I “transmitters at the same epde of the
comruni cat i oeSmataiietion h.ﬁé;)exeélﬁ fbfr the amsnﬁtéﬁutmhs Rae windr &ff ﬁhe&@mted twige

ransm Frer By GhER B Vel P0Pl Riterdd HAR) ok f A8 o4 el %zmﬂﬁe%e

recei ver is Heludesaa HJEX &aéﬁféhnm SYStenbifOT lPé° eaﬁémfct’f ngoise
incl udes an mnpairmancebhds, & eplips NEXTrimpairmenoeignil. the - replica
noi se inpairnment signals, a replica echo inpairment signal. 35

31

6. The communications system of claun 5 wherein the NEXT cancellation
20 system comprises:
means for receiving a signal from each of the transmitters at the opposite end
of the communicition line except for the transmmer with which the NEXT
cancellation system is associated; :
- means for generating an individual rephca NEXT impairment signal for each of
25 the received signals; and
' means for combmmg the md1v1dual replica NEXT impairment signals to
generate the replica NEXT impairment signal. :

7.  The communications system of any one of claims 2 through 6 wherein
30 the noise signals include an echo impairment signal received from the transmitter at
' the same end of the twisted wire pair with which the receiver is associated, and each -
of the noise reduction systems includes an echo canceller for providing, as one of the
replica noise impairment signals, a replica echo impairment signal.

35
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1 - 8. The communi cations system of claim7 wherein the echo
cancel l er conpri ses: : means for recel Vi ng a_Si naI from
the transm¥Q &4t h whi ch the echo cancﬂl socl Mg 5
means for processing the received signal muml“mw'"ﬂmep' ica EChO :
I mpai r ment si gnal . conmsuni=Cat i ons system of
any one of the preceding clains-wherein - the control device
conprises: 10 means for setting the state of each tape

nmeans for cal cul &ti nd ke soounwnicasionsr systemt ok claymt nwhereth the echo canceller
means for ceaRyrised the present error to the prespecified threshold error.
10. The conmuni cati ons _syst em of al m erekn th ett| the
15 state of eﬁ'ﬁ?‘f’s&nﬁ conprme romtge\épansm; &F‘g@gﬁh $tap
t hreshol d fma%a@medap,ld means for corrparl ng for each tap t he
absol use val ue ofehddefol Podéﬁﬁ{gfﬂh@r@d%lve&ﬂsighalto eneraZtd thed Fp h'Ef'Eﬁﬁf‘ﬁhgamﬁQ&
means for deact vatl ng those taps having a coefficient with an absolu

val ue | ess than the tap threshol d. 11. The

conmuni cat i ons system of claim 10 wherein the nmeans for setting-the

state of each tag fU"IHéQEonQ:ﬁﬁEIchﬁ@ﬁs ?@ﬁih%fﬁﬁy onerdf @He g@édezmvélmtw&em

previously

communi catl&hgc89§9§ﬁ?vdfe E?‘étr’tﬁefo furt her conprising means for
i ncreadfng the tmsanhfossewing thigorate of epghetapnt error is less than the

threshol d error. means for calculatin gal esedtrbr?oxcml%ldé\kmémoﬂid system COWD“ si hg
a comuni cation |ine havin alit re

plurality of traﬁ?ﬁ%ﬁ 8’ rcs? etlﬁ'gsef1 5’3?5%?3%? fecﬂec\'\{hre.ggo@ﬂ gr?d' of
each of the twisted.wire pai rs each of theitransceivers havi ng a receiver

and a transmtteig. eante as‘mmhﬁ;ca@&ﬁlsyﬁemofr&ﬁﬂ 9 iwh@réln BB L edRk foR scttifiy) dhe
I ncl u_diI?g a f L840 | - fromthe tfansnmtter at the opposi te end
are of e a§ o xﬁél?

of the Tw st'é whi cg the receiver is associated and a
plurality-of noi measy. aﬁps @ tap thyesholdfpareachiaps 35  further
conprising a pl Uﬁﬁbniﬁor%m@dﬁﬁgmeﬂtchlta e bsohee shalie ¢fohiehap coafficieat wath

si gnal , t%;?ﬁﬁlzsl&‘h df adaptive filters having a plurality of taps
each of the tpgp avi pgdg

32 or deactivating those taps having a coefficient with an absolute value less

20 than the tap threshold.

11. The communications system of cla.tm 10 wherein the means for setting the .
state of each tap further compnses means for penod.tcally activating previously
deactivated taps.
25 . o
' 12. The communications system of claim 10 further comprising means for -
increasing the tap threshold when the present error is less than the threshold error.

13. In a communications system comprising a communication line having a

30 plurality of twisted wire pairs, a plurality of transceivers, one of the transceivers at
each end of each of the twisted wire pairs, each of the transceivers having a receiver

and a transmitter, each of the receivers receiving a combination signal including a

direct signal from the transmitter at the opposite end of the twisted wire pair with

which the receiver is associated and a plurality of noise signals, each of the transceivers

35  further comprising a plurality of adaptive filters responsive to the combination signal,
each of the adaptive filters having a plurality of taps each of the taps having a
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I coeffici ent, each of the taps sw tchable between an active-and an

| nactive state, a met hod om conmmuni cat i
Hpslesids

conpri si ng MEU684s of : ” a threshold er
system and peri od m"”u'%m rH!ﬂt he transfer function of at
L

| east one of the adaptive filters 5 y se tively deactivating at

| east one of the taps while ensuring that the error of the system’
does not exceed the specified threshold error. 14. The met hod
of claiim 13 &eeffibient,ceachr ofsthegraps witchableéobetwiean ragc adtiver and apcinactive statgy @ns
g‘; d 10 methocQSf'sPéxtahﬂg s&id d&mhnﬁaﬁoﬁ@glst@ cBRipeRingnihaisteperdf: si gnal ;

: | eagt replicq noise |rrpa|rrrent S|gnal
wi th the conbi natSPeFHyIns aq}“?ﬁ@ﬁta?“?{)?%rtg' e o%t put sig %%FI
igbst_?_nt ially deyensdially mthmtg fm on of at least OD%ﬁmﬁ%daﬁYSﬁm
et g yﬁ&éﬁh&ﬁ 8 d1qhé eapsivihild ensubidig b6
of h§ far9§dg rosstal k tqb&t nen nal s, one of the FEXT
i npai rment s FYFRERLI0es not exqueg &ﬁ#ﬁf@s@‘gﬁ%ﬁﬁters at the opposite end
of the communi cation |ine, except ' for the transmtter at the
opposite end of t? t ket Aethwl Iof cligh '13vhithembdrfiprising, foe @acly of the receivetssthe

associ ated, and tRe step of generating at |east one of the replica noise

| mpai r ment 268teps oL gnal's conprises the step;of generatl replica FEXT
i npai r Nt -Si gnal generating at least one replica nopsecinpairaent 15 wherein the
step of : “gener at i Ng,@hibRiy the ar l@ﬂme rephm noiseTiRipaiiBizh admh(?thﬁrdoﬁflﬁnithm
st eps of: receivin i

the same end Ssigmal f@ prgduce 31 oue c %“ﬁftﬁ'& 8g‘f&?{or #ﬂgas? goc(i%l éﬁﬁf%ﬁm
whi ch the’ r eplgnals. FEXT i npai r nent ‘signal is being generated;

generat| ng an individual replica FEXT inpai fment signal for each of the

receive and | |
repI [ ca?%EXT | npai# ?#hésﬁaﬁﬂ;ﬁd o{ odaé%lnle‘trg € eﬁ;@ég ﬁgs %EJHQ%E@MW of .
i mpai r ment - sifgmedd crosstalk EXT) impairmenfsigaglsh oae yli'é gppms%a]s
thr oughdl6 V"*Tf‘éxﬁ'eacﬁ e tl'i\@tr&ﬁsxﬁit&i*ﬁhﬁthe opposxte efid lofi dke aomknumtatiqn Iifie, - except
- near-end cro

i npai r ment sﬁsﬁ g?estrwsgf)% %r{ﬁg e?lrdg#g%é ﬂvﬂ% %'? déth? r?cﬁge?BS
communi cat i oris |358w¥3t@d£@§tthﬁ(§F€R ob gencasring aSteanet% G808 ippairment

twi stedogi r € signals comprises thié ke Vdflgéhexfahﬁgraa@phwlam ﬂnpa:trmamesigndnd t he
step of generzlﬁnl ng at | east one of the

33

* The method of claim 15 wherein the step of generating a rephca FEXT

unpaxrment signal comprises the steps of:
receiving a signal from each of the receivers at the same end of the

25. communication line except for the rccewer for which the replica FEXT mpaxrment

signal is being generated;
' generating an individual replica FEXT impairment s1gnal for each of the received

signals; and
combining the individual rephca FEXT 1mpa1rment sngnals to generate the
30 replica FEXT impairment signal.

17. The method of any one of claims 14 through 16 wherein the noise signals
mclude a plurality of near-end crosstalk (NEXT) impairment signals, one of the NEXT
1mpa1rment signals from each of the transmitters’ at the same. end of the

35 communication line, except for the transmitter.at the same end of the twisted wire
pair with which the receiver is associated, and the step of generating at least one of the
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replica noi se inpairment signals conprises the step of generating a replica

nt—stgnal— 18. The nethod qf 7
vvherel n the ?%’3 %{;Ege NEXT 5 I mpai r ?éﬁ%é/f%ﬂ%
conpri ses: r‘mmumlnﬂ mli““ﬁ fromeach of the transmtters at
the opposite end of th L c8mméinitation |line except for the
transmtter associ ated vmth the receiver for which the replica NEXT
i mpai rnent signal i being gener.ated; . : 9_enerati ng an_i ndi vi dual
replicd NEXTePliga aqlien imBHERSH: fighals sompristscibe sUepl 6F Senesatang.a; re
combi ni ng t himpairhenwkigaalr epl i ca NEXT i npairment signals to generate the

replica NEXT inpairnment signal. 19. The nethod of any one of
clains 14 throu re e 00| ' als 15 .. .include an_echo
i mpai rment  si gnalqlgr ecgméﬂehh ﬁ’lIP Q’r‘%ﬁp efgeneratingaweplica NEXT

the twisst ed impairmeinr signdl ltompirisés: the rece| ver |s associ ated, and the step
of generating i%%ﬁ&l 06 GhcH BE theREdnSaib %‘? th?‘%%?&ﬁ?é‘[m& 'o@

recelying
conpri ses the step.o Yﬁé tin replica e rnen
20 CoppmunicRioRJRIR SRCHT 1oF SpS BRI atsRaaied ich tho recgamkion ¥
replica echothe rephcaNﬁxTrmgmirmngmghalmbpmgmemtad, steps of:
receiving a sign {’Bﬁg ATERE %f'ﬂrdéé ver..f
whi ch tla @renfe I'C h%&?@%%‘l{ ﬁﬁt si'g T Fﬁ el néé%grféfg?%%ce;ﬁa
process1 ng t’ﬁ@qle ved signal to ener at e the replica echo inpairnent
signal. 25 " ‘combining e indii pbich NEXTyimpairmantt signalsme géherive ahgh

20 wherein thels RT impairm ing the transfer function conprises the
st eps of: &% A NE lmspttlng téﬁlﬁ}state of each tap;

cal cul ati ng a present error for the system .and 30 ' | conpar i ng the

present error to 19he Themdthadiof nyestrofotlams d4 through 18 wherem the 2idise sigmals
et hod 1of - dajghgde LIRS nplifmbheilgd ré&weufemh%e&tﬁfsﬁ;@ér £8P Jaagrengaocfh

conprises thg ste peci fyin p res
Copr aac e WiAEd ke paig with whishi e TRV ol vid e
coefficient gtilewstiome afape replica nojserimpatrment siguals comprises the step of gencratmg a
34 replica echo impairment signal.

20 20. The method of claim 19 wherein the step of generating a replica echo
impairment signal comprises the steps of:
receiving a signal from the transmitter associated with the receiver for whxch the
replica echo impairment signal is being generated, and
processing the received signal to generate the replica echo impairment szgnal
25
21, The method of any one of claims 13 through 20 wherein the step of
adjusting the transfer function comprises the steps of:
setting the state of each tap;
calculating a present error for the system; and
30 comparing the present error to the specified threshold error.

22. The method of claim 21 wherein the step of setting the state of each tap
comprises the steps of:
specifying a tap threshold for each tap; :
35 comparing for each tap the absolute value of the tap coefficient with the tap
 threshold; and

34



deactivating those taps having a coefficient with an absol ute val ue |l ess

than the - tap threshol d. 23—The et hod o 2
wher ei n t he W 8Y46¥F7 set ting the st at , E%m furt h%&é‘g#?gbg’s"és
Lroug!!

the step of periodically activati ng vat ed taps.

24. The nethod of any one of clains 18 t rein one transceiver
acts as a master and-another transceiver acts as sl ave, each transceiver
havi ng a noi se reduction system a timng recovery system and at

| east ane equal i desctivaring theseaps liaving a toeffibient withpan shsodute ivaluet lesshaf the
executing a Iabr&p_“m e during which the timng recovery systemand the
equal i zer the slave are trained and the noise reduction system of
the master is tralned executing a second stage during which
the timng recovedy sSI'hhemthudldfhhmethexequdia step obsetting thestate ofyeagh tap
trai ned: and &QI 3 deactivh and
execut ?Sng a %%%gﬁ%éﬁgﬁ% ' }%}ﬁst he n%@gﬁﬁggﬁﬁlﬁ gystemﬁgpagshe
mast er I's retrained. 25. The net hod of claim24
further conprisi 4.t h@hetmebodbf agoone of claims 13 thronghi23rwherein one taasdeivest

stage to the,§e6ondn54@08nd #ther transceiver acts ab Elﬁi?é'éatﬁ"ﬂtaﬂgcewe@fﬂa saoRed
stage to t he® |r st age %lasE%%geo ai'm. ethod
ki FERIPR G5OV PYREERR ol 165t 382 Gpalfec?) Bidnerhod

wherein the &% e
second B(Iageﬁnmlmrac&nprmhgtb&swdt 25 "F " transmitting a si gnal

fromthe slave t QuphRingAshet wmmmfwbﬁtan%almetequm

27 The ﬁQ?hs&tmslemm%nesﬁa%%#ra“sf”%@%t‘°” B o8 B FERE R aeineds e

30~ slave occurs:eummg @osepbrd istage cluringewhich nhmgmungtm@owmsnrgtenb@g efihy

system and ti r of thRCtatb? 8fe Rhirkleundl Bnoise reduction system ¥ the Tiive is

. et hod cl ar‘m erein the step of transitioning fromthe o
second age"’f"bn hi rd stage conpri ses, t he stepseg -

transnitting a siegresining arthitdetagastusing whichahe neiss,; r ucnon SYStem Of‘he%f»qfng
the signal atgthaisdpve; and continuing transm ssion from t he
sl ave. 35

25. The method of claim 24 further comprising the steps of:
20 transitioning from the first stage to the second stage; and
transitioning from the second stage to the third stage.

- 26. 'The method of claim 25 wherein the step of transitioning from the first
stage to the second stage comprises the steps of:
25 transmitting a signal from the slave to the master;
detecting the signal at the master; and
ceasing transmission from the master.

27. The method of claim 26 wherein the transmission of the signal from the
30 slave occurs upon completion of the training of the timing recovery system and the
equalizer of the slave.

28. The method of claim 25 wherem the step of transitioning from the
second stage to the third stage comprises the steps of:
35 transmitting a signal from the master to the slave;
detecting the signal at the slave; and '
continuing transmission from the slave:
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1 - . 29. The rret hod of claim 28 wherein the transnission of the

signal fro onpl etion of the i.ni ng . of
the tim ngwr%g%?fg?" system and t he equal i zer. of the ﬁé@@g?é’&qgs
30. The nethod of any ojﬂﬂ’“ﬂ"e’ﬂ]ﬁmﬂ Imr ough 23 one transceiver .acts as
a master and another tra | ave, each transceiver having a
noi se reduction system a tinfng recovery systemand at |east one

equal i zer, said neth fur onprising the steps of:
executing a firsd-st M@f\ﬁiﬁw&wg exeiththejtransussion of the sgnad fcbm ithe
equal i zer - - Thaster oeéurs lnposi lcompleation of thienedniap bf the tifdhg edoReHEiystiin aud tRE of
the master |§ Q;T% executing a second stage ‘during which
the timng r covery Sys emof t he master is trained in both
frequency and phase, the equalizer of the nmaster is trained and the

noi se $eduction 3Qst &hefnethed of avye one of chimed3 thrsigh 23 one transcexveﬁ&élﬁld&l ng

a third sta t ter

s retrai nod “HAE @%ﬁeﬁcovgﬁ%éﬁﬁm 8 UTERR Boph % 8 Sldufiion
phase and { §¥stem, a timipg FEFRYSFE Svremy pne [egualizencsaid method fﬂédlern
bot h frequerto;n;fm ps of: 31. The nmethod of claim30

20 C°”pr{£5%t @gﬁiaﬁé yhich e siming Bkbiel) (g i r?s“%ﬁsﬁe;
¢ dare e ghe |

t r ansi- 19 oni r?é BOISG) reduction, Sygengof Jhe master is tgmed; The
met hod of claim afhcmdmgaesecondmagmﬁmngfwhnhtthahmlgg rdvoveiy Sistedh af the master

Co The <t av @‘m‘*‘“%‘hzf‘r"’q"a“‘%ye%“d phbse the Eablliaad of @%%%%Mﬁﬁmt o
MI on fromthe slave..

i f the s|avé1qi*§r@#aﬁmm%° theds
33, The net hod eﬂemhagmthﬂrdvdmge&imxﬂgheh&h&he@bwtrradhmﬁmmbfdmhh@:er

first 30  iStaffindd th?%uﬁﬁg%&w% SHrsréh the $SastedGs SdBiged in phase a.nfl he ng

transmtti.ng. a Sl gna rom ve' to the.
t he si gnal g{m‘t“ﬁe‘%%mlsy %FH(P € slave 1s r éaiaor.‘gf%eﬂam%%%dshasﬁ omth
master. 35 The method of claim 33 wherein the transni ssi on

of the signal frﬁntmeh ethod Mﬁ&ﬁ@ﬁﬁ%ﬁé @hsﬁf | gof the training
of ‘the timng recovem}/ isnl)l/:sfll: om%m 2 g g@g;%&ég?%he sl ave, :
36

20 transitioning from the first stage to the second stage; and
transitioning from the second stage to the third stage.

32. The method of claim 31. wherem the step of initiating the fx.rst stage
comprises the steps of:
25 transmitting 2 signal from the master to the slave;
. detecting the signal at the slave; and °
if the slave is transmitting, ceasing transmission from the slave.

33. The method of claim 31 wherein the step of transitioning from the first
30 stage to the second stage comprises the steps of:
' transmitting a signal from the slave to the master;
detecting the signal at the master; and
ceasing transmission from the master.

35 34.  The method of claim 33 wherein the transmission of the signal from the

slave occurs upon completion of the traumng of the timing recovery system and the
equalizer of the slave.
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35. The nethod of claim31 wherein the step of tran5|t|on| ng fromthe
second stage to the third stage conprises the steps of :

transmtti ndVQOY46§AHI fromthe naster t - PCT/URRMOSMS ng
the signal at the slave; and 5 ”"" ,@!m lm nsrri ssion fromthe

sl ave. o 36. The nethod of o aic the transm ssi on of
the signal fromthe master occurs upon conpl et | on .of the training of
the tinmng recovery systemand the equal i zer of the nmaster. 10

37. A cbmuni catidfs sist emethodwfi dainy31 wherein the step ofctsamaitioning i dromhithe

having a pl urgld dyy 9% ¢ fohRtBikdWdgR doRgiises the step: sof a plurality of
transmtters one tr

nsmtter af . each ‘end. of twsted wire pair;
a plurality of relanyBiun rﬂ,gnf‘t\g g} ﬂ}gn%a&f each twisted wire
pair, each 15 daeem@themgmiatt@da\@omd nation-signal including a direct

signal §romthe tg ?Qfammmn@émt@esm@om te end of the twisted wire
pair wi th which tﬁe recefver I s associated and a plurality of

far-end crosstal k (FEXT) ‘i npai rnment signals, one fromeach of the
remai ni ng transni 8é.er sThe methodopfdaim 35 avherein the srapegmissian of the signal; frem the

a pl urality :é fF | ¥t &&Y%f%traﬁﬂ%éﬁﬁﬁ&iﬁin@&emﬁdﬂye bm and the
er O

recei ver, eac cancel lation .systemfor providing a. repl I ca FEXT
I mpai rent” si a plurality of delay devices, one
associ ad@d with each recei ver, each del ay device responsi ve to the

cogl na: i on si gnalt:,7rec§|¢6gﬁngmcm syeres ¥érh: ﬁgjﬁg-del a]}/l ng the

conbi nation signal; an Vi ces, one

associated with e AEHIPRRAICID hgggﬁvxpg%@hgﬂ@' ed Wﬁ@?aﬂ?},s' ve, tqQ the

out put- of the del aypheralityef tmmqs.me\mmmmﬁ ttwn%e wire par;

repli Cat FEXT i rrpalargmah d)ﬂlﬁé‘éwﬁﬁodmﬁﬁéab&r ithackexd &%Mmdmiﬁég&

associ a such recelyer

i mpai rmslSt si K§reire fﬁcslﬁ?%%com% atidh s(l)éﬂ)l n(f?&ﬁﬁé %wgpgﬁqge

The comuni caatltbngppysteemdw tc,hemmsé qhetke reegiver|is asspejated and

ts¥st em conpr i §§,t<;uﬁ£1ty of far-end croggﬁa{\s(f-‘]‘-;mr) naq:airmeng mgb?{i ﬁ'dsmneaeha{sf ?fe
e receivers_a e’ sane. gﬁl P TRTRE Ve i except for .

WW% rgx éi%z:ﬁlﬁ aefndon sys?l b HE;

t he receiver associ at
35 meang plmhge#eF%XI rFIneaNation, SKsFegsa POS éwq%ﬁ F@bﬁ%‘i‘ﬁ&?"ﬁﬁ%’n
si gnal fppr eaBRXT cancellai@t §isweedl for proatidingadeplica FEXT impairment signal;

3. a plurality of delay devices, one associated with each receiver, each delay device
responsive to the combmauon sxgnal received by such receiver for delaymg the
combination signal; and - _

a plurality of first devices, one associated with each receiver, each first device

25 . responsive to the output of the delay device associated with such receiver and the

| replica FEXT impairment signal provided by the FEXT cancellation system associated

with such receiver for substantially removing the FEXT impairment signals from the
combination signal.

30 38. The communications system of clazm 37, wherem the FEXT cancellation -
system comprises:
means for receiving a signal from each of the receivers at the same end of the
communication line except for the receiver with which the FEXT cancellation system
" is associated; :
35 means for generating an mdwxdual rephca FEXT i 1mpa1rment s1gna1 for each
recelved 51gnal and
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1 means for conbini e_individual replica FEXT inpairnment
signal s to waRek the replica FEXT 1 npairnent signal

39. The com’runlg{:atlons systj”'ﬂumm rein, when the df%@?g%?sd#al 5
arrives at the receiver aft ”iﬂﬂmrmsnt signals, the delay device
‘del ays the conbi nation si gnél By &n xanount substantially equal to :
the time del ay between the . arrival, at the receiver, of the FEXT

i mpai rpent signals angd the.di.fect si,gnal . 40. The
| com*runHEat i ons s%fdfc ombining g@’ﬁdﬂ?‘gﬂw replica H@%%@@tmgomnmm he
conbi nati on enghcasEEXH'ammmenIcngnahat ion signal is in sync with the

conbi nation signals fromother receivers. 41. The

conmuni cations s f cl ai m 38 wherein, en e, di rect, signal

arrives at the régel ver® sppaEpnigaao ﬁ%ﬁ‘%ﬁé%ﬁgfhw,swhmgwévwsm#ce
del ays St he msrives asahbireceivesafter theaFEKT irhpaitmentt signas, thhdelhyylde@merdgla

an amount s%ﬁmauahlssgnanuﬁlmtanam #bBndEt R Eqba onR ﬁ:ﬁsdq eaxf‘rr.hé he

fth FE Ls and ‘th
i amvunt o d<HReh St SBT3 t%ﬁﬁgfﬁfér%ewn fl 468 e Sresssigmblonat  on

signals from other receivers. 42. The cormunl cations
system of claim 3@ wm@eammmuaﬁ@ én%?cmﬂ wher gyﬁéw@é

recei vzp aft r Ihe FEXT .| rrent gfczilll[ tb[xjﬁ%pel a VI c.e el ays, _
conbi-nat.i o bb‘?f tg | 1y 10 SYRR Wi héhe
arrival, t Com maucp:n esfrecéieerBEXT i npairment signals and the -
direct signal and the FEXT 25 cancel l ation system in turn, delays the

ol oa FEXT_ | oahr otk Shliihidbiofy MR B clim, 18 wBARES PhUCI B Y,
38 wher ei n, agess atithe peoeiver after dWWﬂM@%@&d&ayﬂevhedehyewer"
after tpe dldo@iﬁmﬁﬂx@lﬂ al b ﬁ;&ﬁ%&teﬁéﬁ@&é o’ﬂdvﬁ.ﬁ% | system del ays the :
replica FEXTerB?lr aigx: A al?#e% a%mnt su agl%ntlal ?vﬂﬁ@?ual to -
the tine del ay bé en.ﬁe arrrv 'é?l ‘%‘Fw

and the receiyqrypf the, FEXJe tpairmgean signals edxrect signgl; andhe

communi cat i ons saﬁtmmit §d dndﬂs&thcumlﬁﬁati‘dmﬁghﬂliQQn syc with the conf'bmano%

plurality ofg di Yideflerd A/ D) converters) one associated with eac
recei ver éﬁﬁ%/%gcoﬁt\?er?er fﬂés'(spony ve to the conbination signal received

by suc recei ver for prOV|d|ng a digital conversion of the
combi nation signd2., The communications system of claim 38 wherein, when the direc8&ignal

arrives at the receiver after the FEXT i impairment signals, the delay device delays the
combination signal by an amount greater than the time delay between the arrival, at - -

the receiver, of the FEXT impairment signals and the direct signal and the FEXT

25 . cancellation system, in turn, delays the replica FEXT impairment signal by an amount

. substantially equal to the greater amount. - -

43. The communications system of claim 38 wherein, when the FEXT

impairment signals arrive at the receiver after the direct signal , the FEXT cancellation

30 system delays the replica FEXT impairment signal by an amount substantially equal

to the time delay between the arrival, at the receivér, of the direct signal and the
FEXT impairment signals.

44. The communications system of claim 37 further comprising: :
35 " a plurality of analog to digital (A/D) converters, one associated with each
receiver, each A/D converter responsive to the combination signal received by such -
receiver for providing a digital conversion of the combination signal;
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1 a plurality of equalizer systens, one associ ated W|th each

receiver, “each e lizer system F-e—S-pe-HS-I—V'e—‘t‘O—t’TTE i gi I on
conbi nati on 99&43?6% 0 suc%

for providing an | zat | on
di gital conversion conbination signal; E! M“M l plurality of
first-in-first-out (FIFO devices, one a ch receiver, 5

each FI FO device receiving the output of the A/ D converter and forvvardi ng
t he output to the equalizer systemon a FIFQO basis. |

45. Thd comuni catpheralitsgbequalizer systemmans assoemies, with pgeh seasiyer, each equalizer
a first det aglfum IRspHive’so the (digitd Uédiversio akmbsiharirr bighill $6r evviding an

provi ding 10 fir egt f(ﬂﬂ? the anal og
signal | eveIadé‘?f)‘g%§f’1"“f€'11'17‘2‘“c'11(3El of stlch %ﬁﬁé é\k&ﬁﬁh cgﬁ{eve devj ce
output signal; ascpt tyoffirst-m-h%st-gét: Q)ed%tearoaeemmlbe% CSERVBNst
si gnal 50f eagheRIRO! a&hcéyabﬁm thie > output oﬂfhzvmmgommmﬂ forwaediag the
out put SI gnal Cortres ondlarj‘%ﬁto $d €t_~% % | evel .- closest in
magni t ude t C*¥RET FRFBF SBYAHRL G o8, ousl%) signal . 15 46.
A nmet hod for reducing noise in a com‘rum cations system conprising a _
communi cati on | i g, havhegomrthsiciodsysysent of claid leuahpﬁwm mkural ity of

transmtters, SHQI ﬁﬂ

wire pairs, a %‘ﬂ@%ﬂt%{@&s&‘;&{o de &Qﬁ& ece| ver a f‘ E\ilﬁ 8
each ofl0t he vﬁm altteton qymtsslgfeﬁcqaprr@eend\az e ake \Analogasigal lev $#tiFon
si gnal incl Uﬂiagﬁtﬂd@'tddﬁéle%lgdfadhefﬁrwﬂévh& Mtpﬁﬁmghilemdlt the opposite end -

of the twisted wre r
i T B e e
each o e |

communi cat i Ofldsdst e mApRiiderd hbdle@elr@frﬂﬁleapahi@rompmhsxgnal recei ver, the

steps af. 25 generating a replica !FEXT inpairnment signal; and

conbi niNg t he repI i ca FEXT, i ppai rnent signal], with the conbination signal to
produce an out put4és |g|4‘am°§hﬁ‘g?%{"1rggﬂn§ RRAYFOIN2 GPIBIIRICUAR SYFHEM CUPBHsirg.a
' 47. The net hesmafuritatiomlite hakingeai plutaiey of ayisied vienpairs; arplutaliey o€ pransmidkeryT
- 30 I mpair 0 | tvPigt i0erd
signal from gggﬁé%g?ve% émﬁ(gg&%fﬁeg& recele\c/leylr?gﬁ \K/na %1h EZCﬁlféb
replica FEXTORAFEFRINENAL €ichren 9 €358, dastsd ggire pairs, eacly Teceiver receiving a
gener at2g, bamb%aibreagiml rmdadmgda diregmaignah froim dhe trdnswhitree pt theiopposite end

i mpai rnent sig fg&ﬁ mmwmm@?ecmvaﬂgﬁeowédm mghuwe}lofw&e&r

| npai rment sign ere |_pai r
3r97p cxgosst impairmen sxgna&s one from emf traffsmmitters at

the opposite end of the communications hne, said method compnsmg, for each
receiver, the steps of:
25 . generating a replica FEXT impairment signal; and
combining the replica FEXT impairment signal with the combmatxon signal to
produce an output signal substantially devoid of FEXT i mpaxrment signals.

47. ‘'The method of claim 46 wherein the step of generating the rephca FEXT

30 impairment signal comprises the steps of:
receiving a signal from each receiver, except for the receiver for whxch the

replica FEXT impairment signal is being generated;
generating, based on -each rece1ved s1gna.l, an md1v1dual replica FEXT
impairment signal; and : -
35 combining the individual rephca FEXT impairment sxgna]s to form the rephca
FEXT impairment signal.-
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1 48. The method of claim46 wherein the step of combining the
replica F

| mpai r rept—si-ghal—wi-t-h-the conbi nation signal conprises
the step of su%’(“r 8% i ng t he FEXT i mpai rment  si 89'5405??/ % he
conbi nati on signal . JII,II”"I"SIW/ thod of claim 46 wherein the
conmuni cati ons system furt h s a plurality of conbining
devi ces, one associated with each recei ver each conbi ni ng devi ce
responsjve to the conbi nat si_g and t he replica FEXT i mpai r ment
si gnal ,1wherein, 4&en Theem c{;vrgﬂélwlmmn the stap of kembining vhe replite FEXP
FEXT i rrpal r MixAbaiviigaeki alth&h&he&oﬁibxﬁméh Eigﬂﬂ éohfpris@pﬂi E&%, tHdhg TRO
si gnal ﬁgp gn bR QR %%g{ deolprises the pﬁ B L
del ayi ng the rr| va Fhe conmbrnat I on st gha ‘“3?0? G brrbl ni ng devi ce, by
an . anount substantlally equal to the time delay between the arrival,

at t hle 5 ecgi ver, 43‘ The methl BEM@IW-KEF& ﬂie%&h&uﬁ[bdu&ﬁkesﬁtéﬁcﬁ;rﬁh

signal; an a F nt sl

fromthe conBrNatr, on luraﬁf’f%{%ﬁfdb%%%vfc% d\ﬂf‘ %e‘ht%ﬂb 3‘@1

wherein the € it %e LESPOBSIVE Ut tRe C°mbmau% dathy u'cpliqathKfl'

conbi ni ng delmpﬁsmenﬂexgaslsudlaémt;l whenhtlradip Weﬁxvee%hhe receiver QPR NO
Sl

mpai 1 refpi?@%’?“*‘ﬁ# Sl i o §f A G e g PR, ey siengl

after t 20‘“’1 PPW“EF‘&HHF&CS f8CBE @B of conbining the replica
FEXT i npai r ment sddja;ahg the arrivaliof ithé bembinationat %ﬁbaﬁtbﬂéémb Héﬁée |

by%an -
steps of: - gﬂlﬁw &g"] lh O naI at
t he conbi nin gg’;glgba tgé&m% %l%Ieg e Eﬁgan%d’t% € °f
bet ween t he 1%?"%'%“’(%‘8%41%%? e Sem i mpai r ment Si gnal S
and the direct smyb&iactﬁéthe replica FE)ﬂE‘Empmemhﬁgﬂl Iftdtﬂkh@éo&xbﬁaﬁ@ﬁ'sigﬁﬁl '
FEXT i.npgai rment si gnal at the conbi ni ng M devi ce, by -an anopunt

' substantial ly eq t he greater am) and . subtracting the
replica FEXT inp ﬂ:[h F’ﬁﬂ%ﬂ ? 56‘?‘?5%&#0‘??%“035 system '

51. The net honipoisesch plumaligy mfleombmxngeievmes;wneadssmeck ys&tleaadawe*céieér, %8ch

compri ses a_ghiiblin yd&ficec‘i* BE%0 (0° ¥hé OmiiRGid a@fc%

recei ver, each rl} eyl ce ,responsive, t ﬁnal

and the. tepl PERSipReRE SR, Wherdn, thed the G "Eﬂﬂje?‘%”rvﬁs reqeer e |

i npai r riéht sFEXA smpairmens sgnakhélersetpeof/eambmmg theaﬁephca FEK TdinspaiimeritGigalal

the step of aiHOtHY &ﬁnbiﬁﬁuéﬁl@ ﬁﬁccﬁﬁlﬁse's'm@k{eﬁ?af- signal with the

Zg”b' nat lon. signaj, Iayingt & Sitival of Pl omgmanon signal, at the combining device, by an

_ - amount greater than the time delay between the arrival, at the receiver, of the FEXT
impairment signals and the direct signal;

25 delaying the arrival of the replica FEXT impairment signal, at the combining
device, by an amount substantially equal to the greater amount; and '

subtracting the replica FEXT impairment signal from the combination s1gnal

51. . The method of claim 46 wherein the communications system further
30 comprises a plurality of combining devices, one associated with each receiver, each
combining device responsive to the combination signal and the replica FEXT"
~impairment signal, wherein, when the FEXT impairment signals arrive at the receiver
after the direct sigrial, the step of combining the replica FEXT i 1mpa1rment sxgnal with
the combination sxgnal comprises the steps of:
35
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del aying the arri val of t he replica FEXT inpairnent, ‘at the conbi ni ng

devi ce, - an anount substantially equal to the ti rre-d en
the arri valwoaﬁs"‘%?ﬁg recellmm”m"l"""Il'l“nre di rect signal and {?ﬂéﬂgﬁﬁgﬁs

i mpai rent signals; and acti ng the replica FEXT

i npai r nent si gnal from the cénmbinalioh si gnal . 52. A net hod
for reducing power dissipation within a comuni cat I ons system havi ng

aplurallty of a Lvefllters th ity of taps, eachtap .

swi t chdbl e %g]gé‘ éﬁby‘aﬁéﬁd&lﬁ%ﬂ%ﬂt‘d’ Sambinng deyice,
coef fi :c ci ent bysandmmh’nmbstanna]ly quﬂrm thet tire delep bervween the amval at tk:cea)ecexverr,]
speci fying age p%Yr?ﬁ or eac
active tap, se?lt% g 1g J‘:erheﬂ-'-'”ﬁ &ﬁ‘sxgnal:,g;:d tl(1)r ea h actl\ljgmiap,
deacti vating t hod® tracasnat%rﬁ cp Bl irepaismeny; signab from © combiions

| ess thgan t he tap threshold set for the active tap;

conputing a syst e reducin Jrear

error to the aqcepta {\e sy%% forerro g povr diskf #P‘.?mi"@? %u%m
syst em err orhavisg| & Bh prive: fleets with,a plyrality; of taps, each tap, g -
the tap t hr ebéastednf ai aetied andt aweinhetpve statk, each having a capfficientgmaid imdghod -

-steps c) throug ““}ml‘tﬁgkée g conputed system error approaches t he
acceptabl e sys ePror I hout excegdi ng .t e acceptabl e systemerror. 20.
53. " TheOret hod of cIa?RFFé&giW?é‘r%ﬁcFP'? AT 5of whet her to

deactivate a taph)s dforeeach actiwetapesetting amdmeslmld;rtl ng at” the- |nput end

f the filt f
'?he s?epls o?r iSc) for each ac§4e h]fe g tgt |ér:1{aﬁk revl gu&staé%hgg ivat e
t aps; - ab5° te "F‘b}fe‘ﬁ?sﬂh@“ gﬁ"’%ﬁr‘gﬁﬁ € tap; The

met hod of claim &) V\/nemmpntmgne sysuem cme:ty deactlvat ed taps are

acti vatﬁd in a seguen ﬁhe érpé‘r id’lmetac é&&?r
30 - ' %2 ﬁe t hod a|m frel B%E"e t|n
the system error P‘é‘ég‘ Vﬁ'ﬁ‘%f"?ﬁ&"‘b e accepra 8’
the error of mdsmgmlhe\zaplmbteshaldtfer padlmd:uve tap; and summi ng the
i ndi vidual filtergyerr gfthTaﬁn 4 eh &lrdt
vvhereinthea’g f R utlneit’scg |Iter gﬁore ﬁﬁéggﬁrlés\rlest steps
C of - e acceptal tem Grrof w1thout exceeding the acc ?Pl
20 :
53. The method . of chim 52 wherein the determination of whether to
deactivate a tap is done in a sequential manner stamng at the input end of the filter.
. 54, The method of claim 52 further comi)rising the steps of:
25 " periodically activating previously deactivated taps;
repeating steps b) through g).
55. The method of claim 54 wherein the previously deactivated taps are
_activated in a sequential manner starting at the input end of the filter.
30 o | c : o
56. The method of claim 52 wherein the step of computing the system error
comprises the steps of:
~ determining the error of each individual filter; and
SO summing the individual filter errors. :
35

57. ‘The method of clatm 56 wherein the step of computing the filter error
comprises the steps of: .
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1 det erm ni ng t he error of 'each I ndi vi dual tap; and summ ng

t he i ndi vi dual f error The nethod of claim57
wherein the Qrgl"df i each i ndi vi dual ﬁ IlﬁmllmlﬁlllM“]'ean sEGASYPFF 1 or
the tap and is determ ned by multiplyi u al ue of t he
tap coefficient by the average energy sign al . The net hod
of claim52 further conprising the steps of speC| fying an
acceptabl e | evel of error for the taps; for each active tap,
cal cul dting the deveominihgabeetrpyaf ¢ mdmdtabtaparm i f the

cal cul ated error sﬁwgihé Brlividh4l tas egBEsabl € error, deactivating the tap.
60. The net hod of clarm 59 V\/nerei n said steps are perforned prior to steps

a) through g) . ' A net hod for reduci ng, power
di ssi pation wit h|5ﬁ a Ebmmhedtqf@mmwabmem errorof eashaindividual tamis the

adalﬁfitlt we fi |E@£n§k}da?efrr@l‘ ftfr?ih;tt eﬁdme&la y raglip! b;x?gméahl?sonﬁwgm ?fh 4
an active an atnln%%livggirtﬁ aV?SgeC e sgaxilngacoe I Clen sal nme O-

conpri sing conputing an initial
system error b) for each actlve tap, setting a tap error

threshold - 59.  The @jethod of clais 52 fGitherecdmprisitg ded sveps 6fng t hose taps
havi ng a Coeff'C'SWaéghg&e?table levé?%?%l:}&?oyauelfap&ess than the tap error

threshol d set for ] uti ng a, subsequent
system@ ror; 25 for each active g3p, Ca}FPla'Elﬁédéﬂ enray Efflé%icﬁ‘&”%e ertaR; Athsequent

system error and if e daldullited error is lessxthian elie soceprablesertors dedctintiing the tap.
prespeci fied value, increasing the tap error threshold for each

active tap; and rep at j ng st.e c) through e€) until the
di fference betwedR- th?hsd%%#}ﬁéé’ﬁld “%%‘é‘frﬁfépsrﬁe RestoTmed RIIQt; toosteps
system err ora)echeeegisg). he prespecified value. 30 : 62. The nethod -
of cl allgg\ 61 wherein the deternination of wtether to deactivate a.
tap is done in a sequen nner .starting at the .input end of the filter.
53 ' The et hod - ol & EEEdAR 53%%@5%@3%@%%@9%@
equal hating atleast ape adapfive Gltemwith avplaglityhef taps; eachn tap switchable betveeen3s

64." The metho ﬁﬂé a{re% X‘ﬁéfee E&HBF Ha%&gq EGUHididHE 5418 'ileth8d (cBprising

substantlaII{h tapln he filter.
42 € steps o A startup protocol for use in a
conmuni 2kt i ons S)@t encdmpunganmmlesystem errort r anscei ver at one ‘end of a

twi.sted wre pal rb)andfcﬁ. %Mgﬁﬁswg P! efrbetitbdiod;t € end
c)  for each active tap, deactivating those taps having a coefficient with an .
absolute value less than the tap error threshold set for the active tap;
~d)  computing a subsequent system etror;
25 e)  if the difference between the subsequent system error and the initial
' system error is less than a prespecified value, i mcreasmg the tap error threshold for-
each active tap;-and
f)  repeating steps c) through ¢) until the difference between the subsequent_
system error and the initial system error exceeds the prespecified value.
30 62. The method of claim 61 wherein the determination of whether to
deactivate a tap is done in a sequential manner starting at the input end of the filter.

63. . The method of claim 61 wherein each tap threshold is initially ser equal
to the tap coefficient having the minimum absolute value.
35 . : . - o
o 64 The method of claim 61 wherein the tip error threshold is the
substantially the same for each tap in the filter.
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of the twisted wire pair, each transceiver having a near-end noise
reduction s —+tar-end-noi-se—reduction -system a timn
c'zggf‘ﬁ@ﬁ%“isng

recovery syg‘yér?r?néﬁf”at [ sai d protocd!
‘the steps of: ; m Iﬂﬂ ﬂﬁophase '
I

mai ntai ni ng the master de during which it transmts

a signal but does not receive any signals, mai nt ai ni ng
the slave in a half-duplex node during which it recelves the 10

signal 1rom the nB2t erAistartupopeoteen] for ussin 2 comynunicationg system having a master

conver gi ng t kfand@ivelat Bﬁélénd‘aﬂa ﬁﬁis&d vhﬁd hieha S4%é Bhsceiver at the op oaglosxte en

adj ustng the fr eV receive L he e suc
that the fre olﬁéﬁg%o ﬁg ar e sync rlt‘)'%llg ‘G“Wt‘ﬁ“’i?w"épf‘?’éﬁ e System, a
and phase of faendingiss|r umeea pyiming rerevery systesn and at least one equalizer,

conver ggng tlgeldepuabwlejb seapsof: - during a second phase:
mai ntai ning the sha ﬁ e% duplex nmode during which it transmits a
signal but does ng cej'v ny., signals, mai ntaining -

the master in a hal f - dopmEsiniagrhe mastesdninhafduplex modeduringwhixh it transmits
signal fromthe slave but deigaalisit ddeah&ﬂéceﬁ@)hns'l@ﬂlﬁ '

freezing the frequency an gaé%gggﬁe Ahvd e ?ﬁ'ﬁﬁpﬁsq‘%?‘ﬁ during which it receives the

converging the slave near ol Se, reduc
adj usti B the phase of thesigha} éﬂmrtbem byy dopsnottrarsmit any signals, t he

phase is synchronized omwbrgiﬂgethafmmﬂeaf—bﬁd&bﬁa&hdﬁdt@ﬁwd by 25

the slave, adjusting the SARLELAAIphAE FMEL ﬁtdhw BBl 2

during a third phase: ai ni
ful | - dupl ex-rode such thatthaﬁéhesﬁrmnwanéﬁwmm nized with the frequency

and receive signal's, 30 and phase of the signalefrarisaiitted bytthe mgker in a

full-dupkex node such éoIRErgHEtH?Be?] transmits
and rece'lk.ve si gnal,s d oh ifizer Ofth%%lﬁvérgl ng the master near-end
noi se reduction s§1§’f‘§§1ase°°n phase: .66. i A startup protocol for use in a’

conmuni cati ons syst emihainitaiging traslee 8% half-dupkismdvdurmg wiiich 66 ¢rafémits a
communi cations line and a %%uttrd%@sgﬁ&! i’e@;v@En% §nmp03| te end of
t he communi cations |ine,. eaCh transcer.v %@%ﬁ}& gr end n& se reduction
_ 43 1 sy & fﬁ?ﬁ*ﬂges
recover 0system and at | easgndrfmm the slavehuladmaamt tsmsdnpm;tngnﬂs conpri sing
the steps of: freezingte fR%uendy 4ridd pRA38 28 the slave,
' converging the slave near-end noise reduction system,
adjusting the phase of the signal received by the master such that the
phase is synchronized with the phase of the signal transmitted by
25 the slave,
- converging the equalizer of the master; and
during a third phase: -
maintaining the slave in a full-duplex mode such that the slave transmits
and receive signals, : ,
30 | maintaining the master in a full-duplex mode such that the master
transmits and receive signals,
reconverging the master near-end noise reduction system.

66. A startup protocol for use in a communications system having a master
35  transceiver at one end of a communications line and a slave transceiver at the opposite
end of the communications line, each transceiver having a near-end noise reduction
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mai nt-ai ning the master in a half- dUpI ex node during which it transmts 5.
a signal but does not receive any signals, = ——— mai nt ai ni'ng
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.44 ~ converging e slave near-end noise reduction system,

20 adjusting the frequency and phase of the signal received by the master
such that the frequency and phase are synchronized with the
frequency and phase of the signal transmitted by the slave, '

- converging the equalizer of the master; and
during a third phase:
25 maintaining the slave in a full-duplex mode such that the slave transmits
' and receive signals, 1}
maintaining the master in a full-duplex mode such that the master
transmits and receive signals,
reconverging the master near-end noise reduction system,

30 @ - adjusting the phase of the signal received by the master such that the
phase is synchronized with the phase of the signal transmitted by
the slave,

adjusting the frequency and phase of the signal received by-the slave such
| that the frequency and phase are synchronized with the frequency

35 " and phase of the signal transmitted by the master.




