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Measurements of typical cable responses, as well as simulation, show that in order to provide an

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 impulse
response for a 100m cable with a characteristic impedance of 85 ohm and 100 ohm terminations.
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plurality of twisted wire pairs and a plurality of 1 S transceivers, one at
each end of each of the twisted wire pairs. Each transceiver has a receiver
and a transmitter. Each receiver receives a conbination signal that

=




transceiwver has a noise reduction system a timng recovery systenyqpﬂugtmz
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channel s ofnebsglutevalys lesythen the tap;threshold 5o fog theiaghye1aps(l SPRPYHRS A HFCRHYEs of
one enbodi rEodmpdring thé aoipyted syBtenc efror tartbe adckptabl?d sgstém enGr;2f) GPthe computed
system error is less than the acceptable system error, increasing the tap threshold for each active
tap; and g) repeating steps c) through f) until the computed system error approaches the
25 acceptable system error without exceeding the acceptable system error.

In a sixth facet, the invention involves a method for reducing power dissipation within a
communications system having at least one adaptive filter with a plurality of taps , each tap
switchable between an active and an inactive state, each tap having a coefficient. The method
includes the steps of a) computing an initial system error; b) for each active tap, setting a tap

30 error threshold; 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 error; €) if the difference between the subsequent system error and the initial system error
is less than a prespecified value, increasing the tap error threshold for each active tap; and f)
repeating steps c) through e) until the difference between the subsequent system error and the

35 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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WO 99/ 48867 PCT/ US99/ 05145 1 FIG 26 is a timing diagram depicting2@n&UG 2002
st ages of anot her enbodi nent of a startup protocol. DETAILED DESCRI PTI ON OF
THE PREFRRDRb4EH¥BODI | VWi ENTS 5 The discussion in this specpéirgRbdgiqasmay be
considered to relate specifically to a Ggabit Ethernet for the purposes of
expl anati on and understanding of the invention. However, it wll be
under st ood that the concepts of this invention and the scope of the clains
appl ¥ to dhhend foigerdadtionaystem) sammmglsecsyay epsterth lahd a8 idabigody équalizzer mak. 10
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15 FIG=9 illustrates four channels, each of which operate in a &ihAP&r202
manner. The transmtter portion of each transceiver 20 includes a pul se
shapi ng fwobloemesdZ and a digital to analog (D/A) converter BéT/USM/ER145
preferred enbodi nent of the invention the DA converter 34 operates at 125
MHz. The pul se shaping filter 32 receives one one-di nensional (1D) synbol
fromthe PCS. This synbol is referred to as a TXDatax synbol 36, where X is
| 201 t hr osglchrbnized veathptbe ghase of the egodl tahsmitted by the slalwa dpstng thhfeqihiytand

synbol for
e)altch of tﬁmghﬁﬁgw&ﬁbmy% %g‘?}‘ggﬁgﬁﬂ @%Qﬂ%s@ RBa spectrum
shapi ng fﬂ}etfgﬁ,qugqcytqqu}lﬁﬁpﬁ? efgnqltf?.ngrg e Ise shaping filter 32 to
limt em ssi orBypumﬁnnmg:fmram:mprmmm(sﬂuéﬁht@esﬂwpdmeﬁgbhde@f tietfequadizer dnd

ectrum ;
denstiy f S‘fﬁ 9“%@9}“ B %ﬁ‘?g&{‘? B Sk of BRI BREGL Bty
| v b/ secolye HF‘?‘%""B? amgpH g veous W@P@&K%W‘SW"P @lgorithms vathinthe | s
t hen convenahaedwentsaeducediand thg raliabiiay ofthe tomvetgercecnd wmchnnuﬁﬁomdspeﬁmaé 0

acts as ah ? ggs filter. The analog signal gains access to the unshiel ded
tw sted pal re 18 through the br|d ci.rcuitry .26. .The ceiver ortion
of each transcEaeseangd ey, Ct%la%qi@%( RS OL tedyress tm‘&’t’?“%ﬂ“iﬁ?ﬁ?&"t“@? & 42,
a Fl FD 44 from tHe fillbainganeptétailed depedpliag whetyskemin cenjuinetiongvithahoaceompanyingui t
and noi se ty; t m

el Udes. SFFOLE! YaRR BERE ik CTssthils f profehed UG, SFGLISUTOR T,
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rel ated t(BRIEEIZpESﬁIeIBﬂ‘I(DNWnTHBDRﬁaWB\I@&pI ai ned bel ow. The noi se reduction
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and FEXT _cancel | ati on, sys e { row
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i ndi vi dua| rﬂaai’? s to the FFE 46 in accordance with a digital sanple cl ock
si gnal (Er ed by the timng recovery circuit 64. The FFE 46 receives
digital SI gnal EI(ﬁr%matdqeerFat!F(bl@kmpfa portion pfthe commnnirationT systemRE EIG. | s a
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i nt r @uced? deniefingthe F\EKTdmmﬁlé rSlgllQlS saeeived by wqeivertd §r0mr9u390&1qqéramm®mf » and
FFE 46 hasGsggqal conponents. These conponents |ncI ude the direct si gnal

recei ved direc ] r

unshi el ded tw ?{%aé pgg(}hc&hﬁ%}léaﬁl?@?%%%v%vﬂa&h& e re eélnb/glr‘:ﬁ@g‘g

associ at edtranseeiyersneachdiayingr & Nl gancgliption gystemeamneshp, cangeller, th?dIde

i mpai r ment egualifd) digitdl @Gapive Gilter! systemiihdlidifiGondietttop abY b tuifing/rec@es diloaid, The

sign i ncl udi t i.rec i |

Si gngos is ref eqirkr}e dgﬂ’m& & ﬁh%ﬂrr%‘l nat | O%qgl gé]aﬁrm& %I'Fﬁ‘tﬂ H}E gGrm%héﬁT%rds The
conbi nat i o?prsmgwaﬁmmlme a second device 50, typically a 15 summ ng device.
At the second daG.c8 &pidthan ¢mphise adsporse Sogad NEXT bignal quaissinge throdghha 16Gm
out puts of &QJ r%@{ﬁ gellation system 38 and echo canceller 40 to produce
a signal I ch IS Su anti al | y dev0| d of NEXT,and echo i npajrnent si gr}al S.
This signal is H6iispsehematigblagk diagragm ofagmommpsicatorsystem inclydinga plawfity o

det ec3®r 4firanekiveissedchehaimgnal NEXT ocantdiiatiore Ggsten, day iecled bahcalhet, hnd waFEXTt he
signals to oG Ly an: ctor
41 20 ini tf&{ag]sa%ég m ld%Eg‘tl;ﬂea%é “‘%aé(r)@&r g%%ﬂﬂon@ﬁgg‘imMHyw&g& escrad%g

bel ow - |néﬂlﬂﬂé§aﬁ¢aﬁmuﬂgféﬁﬁvﬁ§’%@ﬂﬁeen phases of a startup protocol. The
skew adjuster 54 receives the first soft decision 52 fi~omthe second
device 50 and outputs a signal referred to as a "second soft decision" 66.
The skew adjuster 54 perfornms two functions. First, it conpensates for the
difference in length of the unshiel ded taMsted pairs 18 by del aying the
first soft decision 52 so that the second soft decisions 25 66 fromall of
the receivers in the systemare in sync. Second, it adjusts the delay of
the first soft decision 52 so that the second soft decision 66 arrives at
the first device 56 at substantially the sane tine as the output of the
FEXT cancel |l ati on system 70. The skew adjuster 54 receives skew control

s| gnal s 82 fromthe PCS 30 The skew adj uster 54 forvvards the second soft
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WO 991 46867 PCTNS99/05145 1 In one configuration of the transceivep ¢t hgs
first detector 58 is a synbol - by-symbol detector. A group of

synbol - bywsyshgkerdet ectors S8, one for each channel, is she@rndebd s 10.
Each first detector 58 includes 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 feedback filter 100 5 to provide an out put which
is infroduced tKIG. A8 ishiscema8e biotkaliagtanpaf a efmtoh-by-symisd de@8tot bf FI®. Opeki¢hed

E)St :)Bte 2?3%3::1&6%1 fSAdRRG 2 (K:f Jlicéexg EfEed]ogékt fci)lTé? rarfd' ad&drs Qﬁfﬁ&ﬁﬂﬁ éq?gﬁr#\é ﬂécx &L
output STONET ] Sl R IR s i IOET e oA H Some
deci si on 638ndwding bepluralifytf adfiptiviedranewerdtabtilters (ATEY andQidders land acteivirigvas input

f eedback fi t ion in the third soft decision 68.
Thi s ?i | terda&:%%m&%@igﬁz% fr@ﬁa@laﬁ&ftﬁ%ﬁﬁxﬁ x’s

ses past si.ons t nat e post cursor i Sl
caused by the Agrs as?ﬁ?‘gatt‘%tlo‘ﬁ‘s‘{‘i%% 8?&:‘8 e‘fhr‘)(fﬁt“’te QSPHWFH Isgaeh ingbdingiaan 68
to form t heATH angll rechiding avinpatitgnsthitte@ sighals foro sime trasmitiegyr at i on of the
transcei ver thepfd n3ts g6hembed vidsk i C&mmﬁ@aﬂcafananae&uﬁ%rﬁt Qszf;:ﬂder
wi th a deci, srlon f eedback eﬁqu.lér zec[aar} cz % the archi tectur
known as miPHPGPE aD%E‘ag\‘ch?l' i a7 5| ¥’r‘i‘$raélmpd‘ef"é‘cst“b‘rte fmm
sequenfi al oppesidérangsities; | ooks at all si gnal s fromall four channel s at the
sane time and apie qqqe?ﬁty@dmmﬁﬁsefré@amm&amrtqtec&v&taftéredvrﬁmt infffideCds
of unit tine. A sequential decoder receives as 1nput at |east one signal

from each JFPPR¥>first devices 56. The sequential decoder 58, in general,
is responsive tBIG.h& é&mplentdesctomptllsermmmmél’@ﬁ'ﬁlmpﬁlsa)mpdmse amriveig atithel ces

56 for ( 1rLceo@§§4gﬁgsﬁgpagptt&tya\ele§ﬁwences of such signals and (2)
di scar,di ng unac equences .of suc in acc nc he 20
e T P B s § el o e P Ak St B B R At ety
Accept abl e respqusnces are those which obey the code constraints and
unaccept abl e semtenq@ssa Bhenaib BREk iagah of b 0brAiBnit&iR_nS ﬁnﬁﬁﬁﬁlﬁcﬁh%‘i Blurafit}e

r

second dete eqflrst soft Ci Si o 0

second devi® r%ttraé’@ce‘ B e&‘é‘b g%\an%gﬁg%lgirca%ﬁll%on R Y % ?féit %%\F‘g}e
simlar to eaheeliptionssysigmy; digitalradggiveilter syssminggluding ongrdstecwasand a timingugeovetynal
74 whixph COd‘ifcaﬁ;pOﬂdS to the di screte |evel fromthe set [-2, -1, 0,1, 2]

whi ch is cl oses of sion 52 and
the ou!t put of theé ‘88 % dg?grirg(?tf\gﬁ%‘ m lu gcfe‘t %af*%?g%g;{d"ﬁ?&‘t} éhe
out put si gnHEXTmomtlaunomstermf Fifa1d1 the eqhp ceExttereeﬂH@r 1% endthe FEX Trapcellgtion
t hese deci sgygteﬁ,dfw@ B;hi gher error rate than those nmade by the first

et oot or 58, g L PN Boh/ Bl \6Hil. e, SRR FADEP LB Bas RSl

i mpor t&nt t@ethede that the postcursor 1Sl present in the input to the

second det ect or FEG. 20siepiais ¢l mdmlsquaigi érhrr (MSEptorstgaan‘xemditw:ﬂanétidntoémﬁQlﬁnng
(FIG 10) C@t@ﬁxﬁhﬂ%@nﬁéﬁéﬂfﬁoﬂ‘&@ or whose inputs are the

tentative deci sl Prcrents

b% adaptive ;gtgdback filt
100 are the sam&lds2} Aepiets Hre tenseof285p%9 %wr!@w ERCI‘I‘*}‘PP%WC TRANETERNCH O h
the first deteamanhicationsbkystem Bavindin ekrdr kiresholdefR4dBH2, typically a summ ng

devi ceyy 1 ecel vessNg, bl 1hls H9RIeShOBnlRPAhich 2eddiR RIS LAV KIGE ©

50 and the tentatiyve CISIOB i gnal s ront secon etector

the third dagPmpupisations systera hadipg ?‘“?fé‘ﬁr‘@l’@ﬁdﬁ"f conbined with the
tentative deci siRiG. 23 gadlowehattdllystratinganother enbodimert gfiapowds dxdslpatiroxi rsduction
i ntroduced kﬁdt he t| m ng recovery c| rcuit 64. The ti m ng -15

99/ 46867 2 NS99/ 051 recove cr rcu feceiyes th
tentative deci sr%f% SFF §rble %‘E‘f‘tﬁr ac"ﬁ %tr%blpgrta'ﬁar €76
fromthe thitrankcehwnsoéezﬁ:aofthrtragsdehresehanncjmeﬂHGaEa'ndrputs the timng recovery
circuit 64 out puy ik of e Yab&dL defat

the AAD converter 4 “a i git Feﬁ?{ogk sync s.%ﬁg Iﬂevr/?ttr cf%sr S Pﬁtroduced
into the FI 44. As prevr ously nmentioned, these 5 si gnal s control the rate

at which the AID converter 42 sanples the analog input it receives fromthe
hybrid 26 and the rate at which the FIFO forwards digital signals to the
FFE 46. As nentioned before, the synbols sent by the transmtters 22 (FIG
2) in the comrunications system cause NEXT]- echo and FEXT inpairnents in
the received signal for each channel. Since each receiver 24 has access to
the data for the other three channels that 10 cause this interference, it
is possible to nearly cancel each of these effects. NEXT cancellation is
acconpl i shed using three adaptive NEXT cancelling filters 84 as shown in

t he bl ock diagramof FIG 11. Each NEXT cancell ation system 38 receives
three TXDatax synbols 36 fronteach of the transnltters at t he sane. end of
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30 be iwplenmented as ATFs enpl oying, for exanple, the LM al gorithzwp Al"'rq’em02
filter produces a replica of the echo inpairnent signal contained within

t he conbi wad 0946861 gnal received by the receiver wth which gdigus6ko4s
canceller 40 is associated. The replica echo inpairnment signal 90 is

i ntroduced into the second device 50 (FIG 9) where it is conbined with the
conbi nation signal 48 to produce a first soft decision signal 52 which is
substntial | y d#GoRélisd timirgpdiggramepictingethe stggnall anothiefhibodinmat b4 sartup S
accorrplishﬁq %h t hree adaptive FEXT cancelling filters 87 as shown in the
bl ock diagramor FIG 13. Each FEXT cancell ation system 70 receives three
tentative decision synbols 74, one from each of the receivers at the sane
end of theDETAILED DESUREP PIOOPONDHER i ENES 1 conmuni cati ons

line as the rec v “ t ed.
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replica of t FEXT 1 npai rnment signal 96 for each individual tentative
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whose FEXT iI's bej ncel ed 5 The nbol s i ded fi ect or
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needed with a particular cable. -19 2 0 Aa G2002. WD 9914686720 AUG 2002
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5 comuni cations system a determ nation may be nade based on the MSE of an
I ndividual filter. In this enbodinent of the invention an acceptable | evel
of error Wwarogmederl ter Fea is specified. |Individual taps areceamedibhsiated, as
previ ously described, and a conputed filter error Fey is calculated. If the
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i nvol ved ar@esmd@pmwe OfﬁlGSﬂenfll th%mﬂdm@l@tNWT antheshp penpellersAB.49

()

u

be_appar ent a |dhgRfks VRTRLI! & AoRArSpesii hblé feofdhesaidy.diffaGorn RIn: GBptbt%d in
theretore. {p 6ol 1m Lef onlu 5. LB CaL 8% D (e 3 (RR NS reqmmdaf&ptﬁenea%tc

of FIGS. 7 and 8. As mentioned before it is difficult to determine a priori what taps 122 are
needed with a particular cable.
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2 0 Au~ 20n2 WO 99/4686T 1 IN THE CLAIMS: PCT/US99/0S145 1. A 20 AUG 2002
communi cati ons system having a prespecified threshold error, said

comuni caw@eg4esssst em conprising: 5 a conmmuni cation |ine haydPgsidebidral ity
of twisted wire pairs; a plurality of transmtters, one of the transmtters
at each end of each twisted wire pair; a plurality of receivers, one of the
receivers at each end of each twisted wire pair, each of the receivers
receiving a conbination signal including a direct signal from 10 the

transpmitter at the opposite. end of e twisted wre i i th which_the
recei C1er i s ass F‘%ff’gﬁ“%\enﬁ"tg BPY Sa?fit&e? pé?se'?fo‘i‘%@mé’f"gwgﬁ@xf’pﬂch‘i”aarnfit %
adapti ve ftdnceles B0 argsonitgurétewitio AT s 420 whick egplly 2 sefficiend uhber oficippt i ve
filters hayidg prwvide aigifth cdnddifatib With At Worlt LAk ke PPl Sefidds Ofhil By t 2Ps

having a coeffigcient, each of the.t swi tchabl e hetween active and an
"hact Lve 180Ty 1a Bl iR ia T or Sy ndin e onest cablese £p rdugeibe
trans§ er f powerdissipafiomithd tapst22mre exdmindtbafted agriviergende andothesdagpsthhtard fonad y
deact i vat i fg @lcoht®iBite spAficaktiy 08hd Fedformblick 8f HR St dreldaadtivalda, ( the
communi cat i ons ss;%s‘%ﬁe? .%ggs no}t excgﬁg%]étlﬁfe %ﬁ%ﬁgﬁﬁiﬁgﬁo%{eﬁﬁp 20
2. The comttmiaFEMIRe: i drmaxed ooy e fER k. g PP fgmpyaeRpnd irry of
noi se r edudtiteiadaptatips anskits cootmibutién torthe ensralkpowed dissipasionof Stesyaernssmbstantatlywi t h
one of thecfaf@aicMers, each of the noise reduction systens for providing at

one. ol he deyi Whe e Suart PanTY Fodisenrall (8 12t wive, sodhe NEST, e and
devi ces r efpBisanceliar38, #e Dandianxeigehalongytheir entive kingthd Afier sorolergeneegthe ¢apsand
the r _e|olt i g qwﬁ:] SRninEa3d Bé@ﬂ{ine%;cvﬂi@ﬁi bnég,rcﬁf{ bétig&fmtédh@mg%éﬁp e&ﬁﬂﬁfgitﬂgbrﬁaﬁﬁ; em
The noi o SPRHER B Pt AL G A AR AP By trgh B5the pgrd S AP0 A
syst em of &tenS&a2apsoefiisient thrasheldiIgeis s¢tderslach aotive tage Vehilsl eaeknindiwduaf tap avayend
T om Sach G e e ML RElap TR
[ ne. - oxcept $bfiot 8 SRFLAPARS o ks “TRERTE 8ps B 0 toe oS AT Rl o e a5
pai r with whificiantlylew sush ¢hay enlyiadew saps d 2hare deactivetedarsk the perfdrmancsi of thersystemt i on
epl i o nof g el oK RGP 12! Moy EhRTTINEA STURY e, 8% @pendthtilc
0°A UG 2000 b5 rama Pt bty B o4 e Gencr o MR Rt a3 8 vl o
cl ai m® wheltsrmatively, Freggonablscvaluenan da detegpiand by simulation: Thisinitial yalue deaotyi ng
a signal f regificflpgslosy astiti sufficRiny@ 1@y &t avolita RaRRIcpRAdatidh dffiite Ferfoftiice f then
li ne _excestysft&rl t&er}ﬁstrtﬁ{;eethé(&g s%ﬂlg\gmc%%lé ykgaggFgﬁT cancel | ation system5 is
associ at ed; “nmeans f1or_generati ng I ndi VI . replica FEXT inpairnment
signal for eachAbfteR %%W&?W@d’ alyeoh hedap eaeHficiens fra farsrchoantine tapgcqnppared
i ndi vi dual to el tap @odfireidntithiestiold Tt IS thgnap socfiicigr G, rialess tihe the ppicoeffitiexl
| mpal pgent tﬁllegtﬂ)% Ty, the tap 122 is deactivated at step S4. This process is repeated for each tap 122
in the filter 120. Preferably, the determination of whether to deactivate a tap 122 is done ina
sequential manner starting at the input end of the filter 120. At step S5, the error for the system
Sec is computed. This error is computed by first computing the MSE for each active tap 122
by multiplying the absolute value of the tap coefficient C, by the average energy signal. The
30 error of the filter 120 associated with the tap 122 is determined by summing the individual tap
errors. The error of the system is then determined by summing the individual filter errors.
In step S6, the computed system error S, is compared to the specified acceptable system
error Sg,. If the computed system error S, is less than the acceptable system error S,,, the tap
threshold Ty, for each active tap is increased by a small amount at step S7 and steps 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 T,
Steps S3 through S6 are repeated until the computed system error S.. approaches the
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10 5. The system of any one of clains 2 through 4 wherein the nolSeAUB R s
include a plurality of near-end crosstal k (NEXT) inpairnment signals, one of
t he NEXT wopsi4sgegnt signals fromeach of the transmtters periuseysase end
of the communication |ine, except for the transmtter at the sanme end of
the twisted wire 15 pair with which the receiver is associated, and each of
the noi se reduction systens includes a NEXT cancell ation system for
providing, as one of the replica noise inpairment signals, a replica NEXT

I mpai,r ment s ncat S system f cIa m5 relnthe NEXT
cancdl I at 195FEIBS SUPEan Pt or PBY sl 0?@@&?%3%@"&9 ¢ QTR Ch of
t he transrystemygraitSe¢ Fegrentqrdban the asrdptable systene omon Sy, clhe itaprschining ebgarithin f or
the transnggdgser W th which the NEXT cancel | ation systemis associ at ed;

means for generatin an | ual r C ment Si for each
of 25 the recefVed LFTRUYS dﬁ%ﬂ ﬁ@‘oh‘(ﬁ%%ﬁ%}vﬁ %a?hﬁe?ﬁﬂ%qgﬁ@g“t‘@pl i ca
NEXT 5 npai qomnumgqtrgnamtem aqbteemma@ort may bepiaile hassit M theMSE oftant indiviglval . 7.
The comuniiget |Iﬂﬁﬁls5e&&ﬂfoﬁﬁ?adﬁf offHe iAVERLION m@h@deﬁﬁbl% 132 @Fﬁhoxﬁfdi"%eﬁl‘i‘érrl? 5% the

|s
o ot Do Tt A RS R Blox oty Resch BEE T el iy gror
recei ver i%ds8selevlatedd!f thdeaptivation el 2 1ap daesi noé causel thetcomputsgl Silerermondy), tales an
echo canceé)dceéd &@ﬁco@ﬁ@&b@ut&gmoas QH@tapierﬁdm ififfive.Ca noi se inpairment

nal are C 002, WO
S7aA0S, holroubiRaidaR sl oo, n it el ARl e
echo cancethf MSE ofihe flifferandnip 44, thesystemdesal¢ulged 1§thgMSE gondribution of theertami t t er
Wi th whi ch;saaemﬁﬁ&no ﬁéﬂﬁﬁbép&blelaﬁmﬁl&m;ﬁe@ﬂms a8 tibaté Yls methol 'iso%ﬁéﬁll}ng t he

recei ved s| he r I|c [

communi ¢ at? eé‘foé‘f'g% fm‘;%f&gﬁ' °fR e"b g%%%‘ ver@m&jﬁﬁ% PR B ﬂaé'ge
control dedyecto themmnrenverged gtateeefribe filier c;eefﬂclen@ in $heatystent.  Oneshthe didter neans
for c@l cul gdefiit@ents dtRSSemavOmitlally cérdvergsy, Shcddermition afwhdthdr 16 adReaAV4AtHNT t he

D 2oent o1l i AEARRERA U . Bl o BT Uil O
conpri ses: mbpsl W’é}feﬁﬁ@@ f‘lﬁlﬁgl% tap threshol d for each tap; neans for
conparing for emehfilaedulteofaihe ahpl seandiag tpopithrh He that PinCcepich) chamtls wWftthe t he
fo"‘ltO ht QLGZ Bg%ﬂrﬁuﬁfégn m Qiaégeel?lﬁﬁﬂey ?ﬁaﬂflim %%a&@?@%%ﬁ'p%%e@dﬁ?ﬁi&&n% ent
20 reduced by a large factor As an example, computer sxmulatlons of the tap scanning algorithm
when operating on the channel whose echo response is shown in FIG. 7 are presented in FIG.
20. This figure shows both the master and slave MSE to signal ratios as a function of time
during the initial convergence of the system. At time t=360,000 bauds, the tap scanning
algorithm begins, and as a result the MSE to signal ratio increases to the prespecified target of
25 24dB. FIG. 21 shows the taps of the echo canceller after convergence with a threshold of 24
dB and FIG. 22 shows the taps with a threshold of 26 dB. The deactivated taps are shown as
zeros. In FIG. 21, the total number of active taps for the echo canceller is twenty-two.
Similarly, the number of active taps 122 for the three NEXT cancellers (not shown) forming
the NEXT cancellation system is six, two, and zero, respectively. In FIG. 22, the total number
30 of active taps for the echo canceller is forty-seven. Similarly, the number of active taps 122 for
the three NEXT cancellers (not shown) is six, two, and zero, respectively.
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 aigorithm, while maintaining a SdB 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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11. The communi cations system of claim 10 wherein the neans for s%pt %quae
state of each tap further conprises neans for periodically activating

previ ousl wal@aghdrvat ed taps. 25 12. The conmmuni cations systpghbesdigd M 10
further conprising neans for increasing the tap threshold when t%e pr esent
error is less than the threshold error. 13. In a comunications system
conprising a communication line having a 30 plurality of twsted wire
pairs, a plurality of transceivers, one of the transceivers at each end of
each of the twisted wire pairs each of the transceivers havzng a receiver
and a transm tthé?mﬂ‘éé%fhb‘)dﬂnqnh@f thesigegniian, dhe tap sqapning algodthmonenitorsthe diaggel

It ncl ;Jdlj Ng i MSE @fthe @pgmhm‘gmgahﬂﬁep:bmmgn Thedlg o&ichxhlisteapgﬁanﬁtﬂ ﬁleQHng@fiI%t hef
W sted wi al [ C e (6]
noi se signals, é?atgﬁ &'?"m% ﬁ??é@@éele\%gée\égégﬁﬁﬁ %‘1 21'"??8 Eé%l r ‘F?lty
of adapt i vMSE totsignel yatig befors the seasningds epphisd na%dfh tlgq @mﬁéMS%wcﬂgrmi rattlhes
fzidgpks \l/Jer 2%%1%\%@1& mgntwr WF 3hp §tm/d@£ctiva@a enﬁbexaﬁodlﬁgmt@mﬁ% %¥§c : 32

e en eac e aps
swi t chabl cABEEEds AepiEERTE T, 1SR 314 kS le el St ey o
sai d conmufil bz aseeptables systemcerrs rdifferppyial ﬁé is spasified. dpesteprSiZng tap eonffisidmo| d
e[ r Ior f?r tm@shswsr 13 seb st eael dctigte el | As wﬂhuﬁltdtm téﬂ'@aﬁxﬁﬁg’\ﬂéﬁithx?ui%‘im?ﬂll of t
a eas O V. vat, n eas
one of the l\t}% e %ﬁ’éf&r? 1§%u%§{§{tlﬁel&gg\?c§rtﬁ% he s 2?7?5'833 cﬂg?at %xceed
t he skfeci fm&ﬁ%@m@mnw&thecswsteanorﬁmf@mwf@ﬁteél aim 13 further
conpri s: ng, foraweaghses, théabdohseivilae of thé’l& pséoefifiept C 10 f&emh&ulmtaﬁtlsl Fast
onere I C [ | S e re I Ca
o1 se- | parr i is g8 (Rfic S, ?@ﬁ?ﬁg%%ﬁ e b Fichaf U5, 50!
si gnal subseafficient thieskpld dindthe fapak22)ig deactivated #istaphd 4n dihiseprageghisirepeated fqts
fThe met hod egrh us;il mgn thé fikkeIe] Preffiabinahs deteri@maios of whethiet@o dedtivitad tabMZQf

ar-e Ccr | |
rnals {1 534 i asplrihbo el e 3 0t A o6 e RS 1o Re oI 315!
conmuni cat sweqqen@n%{@élmsymsrmcpmah@%tter at the opposite end of the
tw sted wre pdhrstep $16, @i subselytient I’elﬁoefovdte dystems$,00d edmeythredandhd tocths irfifalof
eneratin ne |

donor [ seo e S8 is30C 1odhe WiferkiR b‘%%rﬂ%“sﬁw&#%@ SosdREpR imigal 1\
met hod of é}’s&?“PrPfI‘H Sehisess Hlapﬁ@r%sw;aﬁ?ﬁf niedan S%Pwmlﬁ E‘ﬁfm“’y?ﬁﬁ’&llr ment
si gnalo corrpmomsat st S5 apisstaphk S13 &mughlSig afe epaurdl Afsracesultosoimecidditigal taps
recelvers. aby 3 daRlIFas Sudh stlbgg?@gﬁ@m fpLAQ uirl e GitRRRLe balvedd'he

receiver fOI’ e rep |ca al rne t S1 g ern ener at ed;

generating SB‘?FW‘%?&F iemArrof §¢3I3P€ theipigg ﬁyﬁtﬁ‘é‘l‘ﬁ"}%ﬁex eé‘?eﬁijr%ﬂhc PrSsPegtieh Vifpe-t he
recei ved si gnallg;soarccasesnthe ihpudset tesponsesi ofINEMT, achp hind BEEKEXfayi changer drring

signals to ngﬁﬂﬁr PmBHefo?ﬁ(afn%@ as%qefuﬁﬂtéxﬁmtﬁﬁ%ﬂangeé %ﬁlmeréf%re deGiabiedohod
of an¥§one wher ei né{z?r?é na s. I ncl ude

plurattty seripdissliomivite BEvioRfy 4 d(‘—NEX‘?‘)’de 3 PesionliAl MaPaE ABANET
| mpai r ment redhgolaifthd absolueaaineof thehtap coefiiident O, a5 belew thehap theesbold g, df atape 35
co mfggldc at 'roggfdgiérﬁ? C 6 B2 Rbnit8f Jahﬁeafgame Tedd thesfidld 1ﬁlf1nﬁinsta§@ve
W S Wi L | v S
generat i ng oé]eéa isgdt1s gﬁgm&ue(? h%mglg:ly, tﬁose taps 132 %hat were actlvé may Pall beFow 151 li)ap
threshold Ty, in which case they are deactivated. All this can be accomplished with a periodic
30 reapplication of the sequential tap scanning algorithm during normal operation.
In an alternate embodiment of the invention a select number of taps 122, for example

ten, positioned at the input end of the filter 120 are not subject to deactivation. Usually there

is a large slew rate in these first few taps 122, which means that their numerical value could
change significantly if 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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2 0 A UG ?002 WO 99146867 PC f/US99105145 1 replica noise inpairnemtayg ?
signals conprises the step of generating a replica NEXT inpairnment si gna?m
18. The rwoOlgdesef cl ai m 17 wherein the step of generating pct/@§doespysNEXT 5
I mpai rment signal conprises: receiving a signal fromeach of the
transmtters at the opposite end of the communication |ine except for the
transmtter associated with the receiver for which the replica NEXT

| mpai rment si gnal i s being generated; generati ng an indi vi dual replica NEXT

I mpai,rment sig h_received |0 SI nal, ; COITbI t he indi vi dual
repl fca NEXT |§€Eﬁ“r ﬂifnfo‘a ﬁh‘ﬁ‘?’gr tog nef a Ey tl‘ﬁge’r Iqx&QP ’l‘rhﬁaﬁqvﬁ‘ﬁnt
signal . 18lissimeiomecowld bef lagey durieg ahe dhitiaironterghnaughnsiditviefori thet typ noi se

signals 1 cﬁrﬁhﬁﬁh& hiﬂ)aldhaﬁ&t Rl eecﬁsl d tter
ot e s ancudliin et e : e e R ALBBLUNGhd EARa

associ at ed® “éﬁ’fdd‘tsﬂgatéot“eﬁ e ﬁ'éﬁeé‘? aﬁ ?‘ﬁg g’éetaererﬁé?cef}n %PeatkhBOY’%‘pfsl %4 nbi se

i mpaisr e ntprefegad embodiment stthetineensiogrouipeganms fat ihigpyacomplging tecNEXT,

bgﬁg'r ;m;ecﬁb gfeiglFlE)?Pec?cgngmn deglf efdn@hle) alglo\éli'gﬂf%rl 91543? gaﬁ\%} & at

recei vi ng a"&t e% tﬁ? (5?3 f %aﬂ%‘?ﬁ"ﬁ’f‘é l“g Qt‘fg \Xﬁ‘isﬁ tEpieOR éd%ﬁr locks or

whi ch t he baeis) iloaasss ivchererphd M&Enduringyrhel initgal benwgg@@n@r larged forandmpleogessi ng

the recei vaeféaat gflaie fi® tﬁlﬁﬂ:ﬁé aﬁﬁaltHI&kr&moltqﬁs ﬁﬁmdt rnse%{g@%abugﬂw ovide 21.
The t hod ?o ns_ 13 t ages ?f’:l UStI ng

h
{he tPansi® rftea%#sbee&fﬁg BPBHEr dhe B v 1 toter
tap; cal cmq;ffucnglta qfrdsgennatest taps IZQraStmamameqﬁw ﬁbexsdnq:elgparhmgcanﬂnr
present erdgghidaged he specified threshold error. 22. The method of claim21
wherein the step of setting the state of each tap conprises the steps of:
specifying a tap threshold for each tap; 35 conparing for each tap the
absol ut e VahndIpProtocolsap coefficient with the tap threshold; and 34 2 0

A U 52002 WO @5HAstqh0d Mé&ﬁ%?f)ﬁﬁé%f ﬂhed@ﬁéi’iﬁd&ﬁbf tH 6o|&ﬂﬁﬁn1c§@§nsh§'¥t!eﬁﬂ a

coefficient i th 808P s?tgxl-ulit aoliistig Hif ﬁaste RRe aaap%vte et Lz A%t d within the

FFEE 46 (FIG. 9), echo canceller 40, NEXT cancellation system 38, FEXT cancellation

system 70, timing recovery system 64 and detector 58 of the receiver portion of each

transceiver converge. During convergence the actual output of the adaptive filters are

20 compared to expected output of the filters to determine the error. The error is

reduced to substantially zero by adjusting the coefficients of the algorithm which

defines the transfer function of the filter. Similarly, the timing recovery system is

converged by adjusting the frequency and phase of the phase lock loop and the local

oscillator contained within the timing recovery system so that the signal-to-noise ratio

25 of the channel is opumized. In addition, the differences in delay among the four wire

pairs are compensated, and pair identity and polarity, are acquired. Successful
completion of the startup ensures that the transceiver can begin normal operation.

In accordance with aspects of the present invention each of the transceiver

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 transceiver 20 at the other end of the twisted wire
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23. Thes nethod of claim 22 wherein the step of setting the state d0d46n202
tap 5 further conprises the step of periodically activating previously
deact i vatwed ovagse7 24. The nethod of any one of clains 13 thepagboosssgvher ein
one transceiver acts as a master and another transceiver acts as sl ave,
each transceiver having a noise reduction system a timng recovery system
and at | east one equalizer, said nethod 10 further conprising the steps of:
executing a first stage duri ng which the timng recovery system and the

equal i zer of e are d and 0| se reduct n system of the
ot br -+ s Pat B ced BIERNS 1T 3 awaessteéa B AR S e O Faipgive
recovery spdttzansant cldcks squeiei signal geceived frast dhe amstet rléD,nasingrtHe teimingoi se

duct
Lﬁr.”ﬁg' mrgaﬁﬁm tent k% (% et@vg Josar® ih £ Redverand ThESMVL 5D é}ahmgto%& The

duct’i on f the master ref,r al ne
ot hod of TEBA S Ehee LRGPy e A8 SoRRe Sgck b all g e t om
the $irst receageldack athbe mmnd3§tsylgtd1roalzds,m phasethuwmongn freqmndyev&aéndnd
stage to fstgaattxlatewtdqt@fa%e dve thifsri®leP 29, afhus) FidPaAInihie LEuRItiBe p elied,
tran3|t|onh ﬁ}fro |rstk TTLI_|1 t he second st 0 |se esteps
of 25 1 r Ao pET P et ar FolbHe e rhsties tanarn oftaBida bhyse GKferrEe he
si gnal at deternmaed bry; thermduod asipndelayr ahthei logp.orlliis @hasehelamss}ap .m&7varfhe
met hod of dr?ln%hﬂéag %A’“@rré‘s'u[t bhehd hadsbi %1%.' Aisef 1809eidNabel 18 ridks;idd S| ave
occui po aif t he t fr ai nhﬁglﬁ bﬁ%e timng recovery system and
t he Guall Eﬁenb lgf} gecervsg framahe da¥e, 1%¢ ¢l ai m 25 wherein the step of
transitioning fromthe second stage to the third stage conprises the steps
of : 35 trapstidnbgditdtCRHcRMked:r oM t he naster to the slave; detecti ng t he

signal at the have aad ont| nyi n hansm ssion fr t he sl ave. . 20A
U G 2002 w0 99k 48 $edpeBeqr Pl etDg Efgg.’t SYarty Brofopsl Pétsﬁt“fﬁné’énmt‘sel n
t he transmhewinon HE. 2he Biaprattodal sansiste ofithree phasee i34 13poh3cdwphewhinh of

the ykai nighg x@tenté?e atel tFhiREd ree?owayu@yﬁmm@r&ﬂve 8 Otidihe? ncatomﬁxdmst er.
5 30. The .net hod,of any0one

a master dhdCRIGENEF- « PURTed; e?o%{lsopgsat?flavggné’ﬁgﬁm {&?:5 2\ ¢° &6 ?\tgjsaas
noi se r edUdufingitheyfusiephasa 134, thagasechagas irangavaingdathe sl aveasng @rteansmit

equal i zer, clsd ﬁgmtﬁt@ds fﬂeu.rd fiebohOfi®fuenty 8nd BRase! CFle BhstercitinyfilsHarerd I St

t d 0 af th
Sl ave are st b Syirett %‘? cBfiye 3&‘6%%/‘.“%%33?3““’%9“% @ﬁﬁt%‘:f% £l ¢H3 oo
exec@0i ng cansdlesrad NEX gurdcligriomsystern HE tﬁg sprae 3ipeg, ythe ylave tradts ithe
master is équahmg and ﬁ@tehdfmwee&m@ndsyﬁ&as thy t:b@veegingluhaei tive MBSt er

is trained d S :

execut| ng SOPAML IR B RER ﬁﬁﬁveﬁaﬁﬁic%&%&? a%t&tf oy *}?ﬁfnaaﬁ?
master 15 ¢palizer apd erdendt PRisg mﬁiiuﬁt;m axeR the sp NS anpgﬁs fiming
retrai ned éyﬁuchﬂ‘m&auaﬁl(ﬁl bbeh fredide ﬁ@y mbphm tnem aiio ithisstime @ohtpensire ai ned

itﬂebs E‘pfSrO? Iglf:[ a] JEE?E St St age &ggﬂffe ang:@%on ftHEF n?ﬁﬁggécllf;[]g
& Roksisy of

stage to tfETEEE Ha‘fsranS| tioning fromthe second stage to the
third stage. In one embodiment of the protocol, the transition from the first phase 134 to

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 jts 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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32. The method of claim 31 wherein the step of initiating the firsg 0sA@@eg
conprises the steps of: 25 transmtting a signal fromthe naster to the

sl ave; de(wrdodegsst he signal at the slave; and if the slavep bf@%&%ﬁ@“' ng,
ceasing transm ssion fromthe slave. 33. The nethod of claim erein the
step of transitioning fromthe first 30 stage to the second stage conprises
the steps of: transmtting a signal fromthe slave to the naster; detecting
the signal at the master; and ceasing transm ssion fromthe master. 35 34.

The et hod of aim 33 wherein the transm ssi f the _signal fromthe

sl avé occurs u%gﬁ C&’Bﬁ?ﬂg@‘ieoﬁ ‘g‘F“F carjestler and ﬁ%ﬁ%éﬂqﬂ“@tw F)é?&ﬂéb}’msystem
and the eghalfizephafe 13 astlrvmast@6is d&eOwn:hcxhaoxb;ccﬂ& 98/al168&%%: the signal

transiti ortogtdh & e h%LECZf 5"&" L siphdt 8 *%é“’ﬂ%‘ 1 %@?&iﬁiﬂ Lo, 8% eps
of: trans ﬁ}lﬁ?ﬁ §anc ﬁﬂ%’lt @e%gt"’@i“ efmequa % thejes

si gndl at rdie pteuein tfhﬁde&weﬂ nAfratithegranticlos bias s¢onfredl) ehie mbﬁeﬁﬂﬂd&ds éiﬁe The
met hod of g ai gaxﬂ%ége@hm N ﬁre%asn am@hssyfs&g%%@asnéwgﬂﬁh & f%‘ st er

occurs upon co ng recover sys and
the equal (CPBNerging e Theciise Phase 3347 T hit watnba réoeatbimﬁger%% flaqﬁcés
conmmuni catinahe mhmcahmnengnéhm)ﬂfa:hndeﬂaMn tystemt.e d mmpoﬁamr & natephuf ﬁid t y Of

Lransm ! ! QoprecOfdlin@ Philet I ih8lof AEREAG: Ble £AEH i b iy R dhir oair,

plurality I"ve e receiver, at each tw

each195 régasegﬁg’r dheselore eccbnisreier GAAS @cw@la&mw&na. eficieiynal
fromthe totasined dueingahe tfive pppoti4 mayemhfferffrdsme:he\f\mslteduw toebgeacquitddh
whi ch t he ﬁ%gltﬁﬁ.asﬁ ?§800| ated and a plurality of far-end crosstal Kk
(FEXT) inpair tg eféé)r{h ch of the req#nlngt ansmtters at
t he opposite e f aecodRawe d3%itht AYE YRS I RER{IPGG RPYE FEAUCHRE system
cancel | at i ion copseging thmed@ssrecﬁl&tedominhdemcﬂnnrmecthoebanceﬁahax?cﬂNCIE-XT

CaanF| at |&?¢%Mﬁ6§§%&8ﬁ (B). OXI HdGnft i) b %ﬁﬁmﬁm é eé'aﬂ&

plurality evi ces,. one assoclate each re Ver , el ay

evi ce. 1 esHRIFRS FeHECHin SKECR I FTEFERE Srtraptive ey conined BHtkin daER f or
del ayi ng tREEconbFEXT omellgial sysemi (). pl Wihdleittainiof ifsi epializiey |ané§ar—mda

associ at edyyikd 465 Bt YBE maBRE Eirrfdlﬂ'aﬁ&o&?’é GRirdOmERy Dsmfehy
out put of the dredé, ce associ ated wi t.h such rece*ve t he r @EI | ca
FEXT | o PR PO, (o L FOR0EE B4 50 Ehi bt Coammerace farorbe dietenraldb af oo
wi t h 20uch amoeg dgrfoﬁotwstddswanpam, ligentifyrolve fegrtphes,ﬁﬁﬂ’léoqugathmpdansy ghal s
fromthe 'tﬂ@@écon@?h%% thENBave QIR RhE Akdigy) &c%yéﬁ*‘éﬁt@fvaﬁhﬁhin 37,
wherein th EXTbcanceI I ation mpﬁﬁ-gg)@ ses, .nmeans for recei VCL ﬂ
signal fro a& & besr acpireddys § i 4naod freeass 1ts {EPQUEATK AL RIASEn | i ne
except f orBytdoingabisyehe slavehisvgmasimieedetormuple avide theacdroert phose the signal
associ at ed¢oming to it from the master when the master resumes transmission at the beginning
25 of the third phase 138. The slave also freezes the coefficients of the DFE, FFE and
FEXT cancellation system acquired during the first phase 134.
Similar to the transition from the first phase 134 to the second phase 136, the
transition from the second phase 136 to the third phase 138 may occur after a fixed
and prespecified period of time. While the duration of the first, second, and third
30 phases 134, 136, 138 is fixed, the duration 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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35 neans for generating an individual replica FEXT inpairnment si g?? Afé’rzmz
each received signal; and 37 2 0 A~~ 2J2 WD 99/6867 PCT/ US99/ 05145 li

means forwooekéss? ng t he individual replica FEXT inpairnent pet/aeed 5140

generate the replica FEXT inpairnent signal. 39. The communi cati ons system
of claim 38 wherein, when the direct signal 5 arrives at the receiver after
the FEXT inpairnment signals, the delay device del ays the conbination signal
by an am)unt substantially equal to the tinme delay between the arrival, at

the receiv np, nal,s dlret signal. 40. The
commini cat ?BF I?T%Yhéltﬁ*ré%%fggﬁnflﬁgeggV%go i Waen &y ‘%{/“sc"ldlec he
conbi nat i (stgnsi fyoml theomagtent such conbi nation signal is in sync with the
conbi nati on sipDging tHORhied Hase qssltﬁers&ve4ﬂreezlébethe%mm&ie@ﬁ lo®"the S¥HoeM Of
claim3 8 vvhe eln m,rthec&ﬁlrect si gn arrlves at, the receiver,atter the
FEXT | rrpal ahq s}mﬁ'é’\ﬂn? s A Ay $EtR GARSIRQR; g gnal ‘
by tH#e gr ealueln lasf opaeingatharagierisyics o thanslave arsuimmdnmedl |Siméephp) theanasier ti ne

del ay bet \/pﬁ‘e%&sttn@c@emdlaﬁg of e DFE, FFE%h&Q?EX'PfcahMaFm dtéH%%EiWﬁ@h: Lgnal s
and t he direct s&Haﬁgan anmoynt _so. t hat such,conb tion Si |s in

Sync wi t h HE €85 PAAT G0, ST G nSASERH G edertipn Sysfeen
communi catreconsvesgisige its etha tanicelle3 andSE Th cangaBatiarhsystbiny @&t dugiimgnelie dm’d ves

at the re%ﬁia‘s’@rlfs@ftﬁrlstxhﬁ)oﬁ@ﬁrtéfﬁ&é ERR M ﬁiegﬂﬁxlds hasl@qsd%ayslﬂ;%we&ﬁn&el ays
t he rrbl nation SI gﬁgd rkarmunt&%featg % cgﬁ E‘Pﬁé etvve n t he
arri a‘{”‘PWES‘PB 8F* 1978V ?f“ﬁ’é t‘r’s‘%sﬁ’r\%? B te

si gnal anct hereforeph@ mstes aireedt koows tlgeygc@recqt requeneh witiewhich tOheparelpI xrcsca
FEXT i npaideb@ndr. ST 8delabive aﬁnﬁmgtlp&as&ﬁ Qﬁttﬁé'%@ }e)te@é}’s'ad el thd Bﬁfegén%é& Bl

anount FEXT
o e Re SRR bE BhisE S Y HEvel Rl o8 o BER! T gﬁa hsed g,

FEXT cancetefesenasn aemlsykn@wn,dleecaw thee wesp hequirededaringnthaise phisg r1é6 by an
anoung sut}%&@wr,aﬂievoe&umkan&ﬂmtg%aﬁer @dﬁeﬁeaaiv&@t IVR$ Bhd ma;ﬁrnr e o@Ehé he
receiver, of .the 11 r?jfd npggrrren Sy The
conmuni catitSHEs §g’[‘“§ MgrC Squ%%ﬁ 3 fetﬁ’l‘:? h1 rnocto?:r‘bt %Y anéSh’gQJ? &Fﬂ‘f\fe f

anal og t o dtiryigtthe titird phase 338 e Wihen oty mastas sust slavechavoicomplesechthedc unipeng  each
A lD Conv%ﬁe‘?iudrﬁ§ ﬂmseﬁtﬁaﬁga inBRage Thdib&ingOthat itheya bre’ RAEY \t@(irménﬁwﬂxd

recel ver fgk, PERHY Phs? f6l:0H 407k GGt Bk B ohive SR BHABeE) BB3La 3

20 are unfrozen and the transmission of data is ready to take place.

Slave Transmit Clock Free-Running:
The sequence of events during the startup protocol of the present invention is
shown in FIG. 26. The protocol consists of three phases 144, 146, 148 during which
25 the receivers are trained, e. g., adaptive filters are converged, timing synchronization
is acquired, etc., followed by normal operation which begins during phase four 150.
The startup protocol is initiated by the master when it starts transmitting a signal to
the slave using a transmit clock signal which is fixed in both frequency and phase.
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 (I). It may also at this time compensate for the differential
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WO 991 46867 PCTI US99/ 05145 1 a plurality of equalizer systens, gnﬂeAUG 2002
associ ated with each receiver, each equalizer systemresponsive to the

di gital eoamyedesé7on conbi nati on signal for providing an admg/()s]
equal i zati on of such digital conversion conbination signal; and a p?urallty
of first-in-first-out (FIFO devices, one associated with each receiver, 5
each F1FO device receiving the output of the A/D converter and forwarding
the output to the equalizer systemon a FIFO basis. 45. The comuni cati ons

system of claim44 further conprising: a first detector, resgonsive (o the
out pht si gelay asmongghe %‘?‘%rs'tw% j ige fPG+rS’p‘rd69YLE’ He 1Qnrap3irs, gndqearesct she out put
si gnal copbhs;ppbﬂth&gpm the anal og signal |evel closest in magnl tude to the

level of the fijrsfe %ﬁ&? EE&PH& 9&%1 th@rifknaeacmﬂﬂig gﬁas{:%?g sive

to the out ut SI zer stem rov Seco
dot ector B xgwaql"ém gﬁgwaftﬁba% e oaﬁ'aqs(f&%gaéﬂaﬂ Pewrsncridedst i n

magnp t udeptmod h:é timaeln @fpr&féleec_bthbdmmntphbpaterst}@midvc ttnsitfons Aromtthed f or
reduci ng ui:ﬁ?ierl@ 165 UBHAIohae! ORSVRASH AREATRLL Rt P&eae BM&?D;% line

having a p trans one
transmtt eiiapawe ’ﬁ C@Pﬂnﬁa ﬁ)]\fc}i?reIE }fsﬁ\n“‘g F P‘i‘%n SEtem
recei ver s hapaequissdetimeng sgmchmnlnzaemd @). Schmastet heeiver sbedndides qoagmd each

[ ﬁée{ Y ons CEGERLOH 0 (ACED) SHION Ak hrBlG VRl dlc LGyt ehtr b ke S‘M”ﬁih"{"he
ool o Massiee sratisiom R He s Bl 14 tosfhe seranil st S48 WHER it HESRdt

i mpai r rrentenenggrfmm theshavé.r Eflhnemﬁmh dfe ddve mbkesathniinigiativenivs tratisigosingtfrdthe
opposi te ‘%Hﬂ Pfe‘g@l m's%ha el 148 Sand #eImIRENRA 068 WhérS it MrecksAtheeaCH

receiver, S generating a replica FEXT inpairnent sl gnal ; and
conbi ni ng S’cﬂﬁ‘él ﬁ’% 31? "\YEXT i npai rment signal with the conbination si gnal to
produce an out'ﬁhe cefgargdnce wbshaatticatangeltbe\apid ANEX T-E2aFellarpoai sysear duiriggal s.

47. The ng hE“i‘ﬂsPE e 4D AGLYNRLEd s fdaeesetrﬁn tRE dbfREvalE NdoWis HePbibRA FEXT

Cece ver . SERCHBSHIGE SR AEGLIDE SR, e e B4 e B O ”iﬁs&pr Bt

signal i s WEXI)cgeeaumdhe gignarderéongy, woaklkebe mggmd'uby the eched NEXT an
op YLS”?E‘%‘&. ks Bebd ity VAR ih vdfdiion AR ocariedltl el Bcariitie 10
557! 57 Aohe, SeedpestsoNFEE ncdlatioh Gy e sSqhsERs rrBich. PR BPRL1E T ac
wher @0n t hensergingoin derfbsuphage 146 prl may berbene ibypesetting the adapaive \Mners t he
conbi nati qf tfé & caR O in%FNEX”'F? cadc@ilariin @Ls&tnﬁ a@t,t isfiﬁh bhenf £ hbfeachrbohe

| mpai r ment s nal h nr?‘ atlonsg E thod. of cha|m46
whbrei nt IROTERAPLEE PhRE G oRE Ao FErRrS ol e Auder i difi i St

conbi ni ng theéxd cpélsse di8, abedloratthd edhon cangsHer sodi NEXT e gencellanin rystgmdevi ce
responsi Vecdefficidn®s Sgﬂmieﬂ%hkﬁg thé €iRR [phasd 44h@ay @Eﬂ?dr(f?orEEKE- fingbadlaesesot be

S|gn wher ei n dire S|gnal arrives at the receiver after the
a%Srrpalrref'r“echfeg1 ﬁﬁgfghm% Pnhas Clg% of conbl ning the rgpl | ca FEXT inpairment

SI gnal 10 wi t hDmisgaherbicord plase 416 the slevsripnsisnearend nejss reduction) SFeRY t he
arrival ofbyhencersngeid adapsive riﬁders ednthined cwithinnitn gclite chnelleb ynd INBRTUNt

L N ey e T
replica F nparalissen smegmq:qweé uting e BhTbA44; diahe 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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50. The nethod of claim 46 wherein the communications system fur2ieAls 2
conprises a plurality of conbining devices, one associated with each '
recei ver ,w@askeggPbi ni ng devi ce responsive to the conbi nat pepRbdiskdis and
the replica FEXT inpairment signal, wherein, when the direct signal arrives
at the receiver after the 20 FEXT inpairnment signals, the step of conbining
the replica FEXT inpairnent signal wth the combination signal conprises
the steps of: delaying the arrival of the combination signal, at the

conbi ni ng devi ce, by an anou great er th n the time del ay. between t he
arrival, glockheDgingi Slﬂfrsec%‘i] £ rHEanscalyesh sransmirqusing adireect

si gnal ; ZEndﬁhgytIIwkI heAgr1 i resdlt, othet hﬁast&plathﬁer%hl rmquéxi:@ntanal phat, at

t he corrbl ti t r

amount ; a:ld{&u%ﬁx | rc%}(ltn%ghrgre% % glhé%rre ?@oﬁﬁa"s’ %{?‘%&d
conbi nat | pgﬁbgat & Wkste, BerkiEce a&v oI O FaBURBEesal Reweves nfreaRensy i ons
syst®em f ug dmrroﬁﬁamirw hees usugd| mizsedri fuyictidn, codtit i aﬂyqﬁﬂdfﬁfed diithhg the

associ at e } B0 1ad BF h S ﬁ%ﬂ@gﬁa L BGe %?V?&?oﬂcrc oeoeg}y Wit

conbi nat i on Si and th a| rmen Q?ll
the FEXT BlAysaticansesivers that SsPgi §46 Bhe; iR receLeST\ite Xpmbiest a5 heltrassitios gnal
the step 6lontdidfifst @baidiﬂ#t@pdhje@&ad?ﬂ)@hasm% rment signal with the

conbi nati on si I 0 42 9I46867
PCT/ US99/ 05_145?}%@l GEQQRE mﬁﬁt‘mq‘&ﬁqﬁﬂ fé& te &eﬁéé’%“ﬁ%% oL ,

t he Hbnbi HaREti@sy: re@ eﬁ‘PPCgﬁg%Fﬁt 146384 aﬁhmép el anay goqutcatter refived] o ay
bet ween t had grespeaifiedaperiddeot daei v%xlea;he tdugatibior 6f thesfigt) aecaiidt) andahfrEXT

;ggagggphhﬁgcgqqhsl‘;@nasgyg E-&‘Ctth' nﬂ\g gsfr&lrte @%SIEH d {m%wm has Iggg' from
§ DA FFARSItopRs gma qcoe PE‘P&CeHé with

within a é rreamrhﬂéne twav

a plurali ty third tphase 1%whehapdmm cthabtserebmaﬂw conveaged vee ﬁda@n&él filtegsct i ve

stat g ea%t;n&?ﬂémuw?c@fqm' *g%_n ﬁ&’i@% éy g@) %{?@&d 10
a) specifyrng or t em i ea ta
setting aueaggﬂmcgs% f é!Flweqﬁ gifs vanirawm&ieatgem (i]ﬁgfat"ﬁoélﬁiet aBs
havi ng a e¢laeé frassivioids fmmhhashcabd;phmteeu\fsabuhe kieisd phisarl 48 hehdmjt detucasthi! d set

1; g;rph pg £ §§S eféxﬁl%% giatsep uegzge%hé Bt %{e,?gtﬁ.tm,f%@%a&% m
system er qucgnfgégsetlﬁgﬁof 3’&%@8%?83?@ %’@s‘?‘é axe ?Q”D WE‘F%A%&H&CW tap

t hr e2@iol d signal Fashthecmiaster.t ap; and g) repeating steps c¢) through f) until
the conputed spgig g]e;er hird aeaqhgstﬁéﬁelaa&qwab&e S Q8RS szoihe%éﬂbom

exceedi ng the,acc ajl error e et hod
herein ¢ W&mﬁ;ﬁ@é st g Bl Rt n ks pednctiop

wher ei n tﬁémifg‘fr
sequent i alsystannir a steady istage amnd.ltlem nBecauentheotimirgerecovery stats #aridtiles nast hod

of clai m S f Wehhs%F/e& qmeﬁé $aRsitiblSoStRPRcMd pRave PRIG] ﬂi’é Sa¥d Ms8Gedcydilrkg
previ QUS| qu&agcs%rln\é omzauo *in botgeﬁtduré SLE ha.s)e (‘tﬂ] Hgg tgg third phase 148.
The master, during the third phase 148, freezes the coefficients of its DFE and FEXT
cancellation system and the frequency of its clock signal. The master also retrains its
near-end noise reduction system by reconverging its echo canceller and NEXT
cancellation system (E). The master also reacquires timing synchronization in phase
30 only (P). It 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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55. The®* net hod of claim54 wherein the previously deactivated tabglﬁﬂ%zmz
activated in a sequential manner starting at the input end of the filter.
30 56. Theowwidser of claim52 wherein the step of conputi ngct/Sssffdsem
error conprises the steps of: determning the error of each individual
filter; and summ ng the individual filter errors. 35 57. The nethod of
claimb56 wherein the step of conputing the filter error conprises the steps
of: 41 Z 0 A~1 G, 7002 WD 99/46867 PCTNS99/ 05145 1 determ ning the
error. of each individyal P;wand, synm ng the.individual tap . errors, 58.
The et hodtaRe chathidcHH LBL: WheR Lot PR ancitest heveicmplesed vhey waimingo 5
mean squaropemtioos, they exhlsangapnessages sndiettimgnihae thdyyaneuleadyp by itrapsmitevaids ol ut e
val ue of tdag. t BRria@hhiCicRRt150Yall BSfRMENEIGE 1RO SdYive Flea preﬁ%usl}hg Jgt hod
of claimb52 fugther c q%r|5|gg§the é%f?s of sQeC|fy|n an accepta Pe 1 evel
of error FOXMENETLEY M BRI 6%“?%%,°H&Fdﬂ? ing the error of
deac®i vati ng tAlhough thisdnydntionehasabesnl disddsedr arak illustrhted switharefaréree to

accept abl §aefieulr erlBSditdena] tMOpfiR€iples RnvdiPed I3&uSRPHBR B sk 3 Munrdfler i n
sai d steps &%_e lﬁgrf.ormsd |:|or.”)P stem) throughfg{;.. 15 Gé%A r{;t od for
reduci ng SS0ET CHPRUERES Rl ill e 2PRETHR AP RerToan of Srdinahy skill ingtherarteast
one adapt iNee favengionwist thezefpresrial be Jinted aply as emditatedibys vie stepel &f Het ween
an active @P%&a dlfakt i ve state, each tap having a coefficient, said nethod
corrprl' sing the steps of: 20 a) conputing an initial systemerror b) for
each"active tap, setting a tap error threshold; c) for each active tap,
deactivating those taps having a coefficient wwth an absol ute val ue | ess
than the tap error threshold set for the active tap; d) conmputing a
subsequent systemerror; 25 e) if the difference between the subsequent
systemerror and the initial systemerror is |ess than a prespecified

val ue, increasing the tap error threshold for each active tap; and f)
repegsgi ng steps c) through e) until the difference between the subsequent
systemerror and the initial systemerror exceeds the prespecified val ue.
30 62. The nethod of claim61l wherein the determ nation of whether to

20
25
30

35
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deactivate a tap is done in a sequential manner starting at the i%QLﬁUGe?fiﬁz
of the filter. 63. The nethod of claim®6l wherein each tap threshold is
initiall ywesbiesgnal to the tap coefficient having the m ni poingbsedi e
value. 35 64. The nmethod of claim61 wherein the tap error threshold is the
substantially the same for each tap in the filter. 42 2 p AUG?2002 W
99/ 46867 PCT/ US99/ 05145 6S. A startup protocol for use in a comrunications
system having a naster transceiver at one end of a twisted wire pair and a
slave tra hLYer iree opposite end of the twisted wire pair, each
transcei vwmr%ﬁéﬂégar-end noi se reduction system a far-end noise
reduction system a timng recovery systemand at |east one equalizer, said
protocol conprisi ngAt ésmluaRationsdsystdtd avide &tprdprsified TREdIh&IdNEREr, t G
master in 3 ha‘!.lIlrcg.l{ IIlex S&%ggorgupligg_ which it transmits a signal but does
not recei vengﬂ‘y %ltg aﬁ,%}: e n gl'ﬁl g the slave in _a hal f-duplex node during .
whi cB it recei ¢€ommupnicariey) lgmha\fmasmnlﬁ@hmgﬁ@qugdtwmegra:not transmt any
si gnal s, conveg@lagalithef Bab@itnds s meesidhl At memirests 6t b dndsdfedich adhisad | ng

t he frequenlc% and phase of the signal received by the slave such that the
frequency ¥n pﬁﬁase are synchroni zed with the frequency and phase of the

si gnal transni etplardiyrafeespiearsronelsf therreetivirngt eack ensuod eachrowasted vere | ave;
during a SgeQREhPEREHR redthieri! rateitififa thbRbslatvg sighabinkRidingls Blre TP | NY
whi Cnﬁlt thansmits. a si neal0 but eogs f& L receﬁl vereag% Si gnatlfis ggl nt ai ni ng
the st er™ & HRLAL ST L RPRIBHE B9 E\WHPE: Ve PAEETUR VRIEh B recelysn
from the sisasocistad asbe PhU?lﬂD’r%fr!metSIW;si gnal s, freezing the frequency
andt phas edof t !aq:lﬁhﬁl‘(ﬁ‘ ,orf1 Q&:Ipt&][eq{lt;]ws féapoﬁslli@vtfé ﬂh@%nﬂgﬁht{tﬁxi ﬁ@ﬂ,ﬁ&uﬁfdfqlﬁet hat
system adj yst.i Ng.the e ersi gn receive e suc a
the phase AiBLyRdias 1BURRI ProdE ARlcloR s Rl aan b iR R € i s os
the sl ave, hadnger epefticiene cachuaf theransrswitshable desreenaan aciive) angl an dprctiye
phases nai sthid} hd ag the slave in a full dupl ex node such that the slave
transmts and recej ' TR I h .40 fyll- | ex
node such that at%oe‘ft}ri(gls@é'?& f}* F’gﬁ%‘f‘n‘?‘i“gﬁ %ﬁ%@g%&é ‘%“g‘%&g‘,‘“‘r%c%n?&g?ajf g,égt he
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20

2. The communications system of claim 1 further comprising:

a plurality of noise reduction systems, one of the noise reduction systems
associated with 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 removing 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 noise
impairment signals, a replica FEXT impairment signal.
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cancellation system is associated;
means for generating an individual replica NEXT impairment signal for each of
25 the received signals; and
means for combining the individual 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.
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he communications system of claxm 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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combnung the at least one replica noise impairment 51gnal with the combination

signal to produce an output signal substantially devoid of at least one of the noise
signals.

15 15. The method of claim 14 wherein the noise signals include a plurality of
far-end 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 pair with which the receiver
is associated, and the step of generating at least one of the replica noise impairment

20 signals comprises the step of generating a replica FEXT impairment signal.

16. The method of claim 15 wherein the step of generating a replica FEXT
impairment 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 receiver for which the replica FEXT impairment
signal is being generated;
generating an individual replica FEXT impairment signal for each of the received
signals; and
combining the individual replica FEXT impairment signals to generate the
30 replica FEXT impairment signal.

17. The method of any one of claims 14 through 16 wherein the noise signals
include a plurality of near-end crosstalk (NEXT) impairment signals, one of the NEXT
impairment 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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e replica NEXT i impairment signal is being generated;
generating an individual replica NEXT impairment signal for each received
10 signal; and
combining the individual replica NEXT impairment signals to generate the
replica NEXT impairment signal.

19. The method of any one of claims 14 through 18 wherein the noise signals
15 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 the step of generating

at least one of the replica noise impairment signals comprises the step of generating a
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 which the
replica echo impairment signal is being generated; and
processing the received signal to generate the replica echo impairment signal.
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
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equ 1zer of the master aré tramed and the noise reduction system of the slave is

15 trained; and
executing a third stage during which the noise reduction system of the master

is retrained.

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 wherein 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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executing a first stage during which the timing recovery system and the equalizer
10 of the slave are trained and the noise reduction system of the master is trained;
executing a second stage during which the timing recovery system of the master
is trained in both frequency and phase, the equalizer of the master is trained and the
notse reduction system of the slave is trained; and
executing a third stage during which the noise reduction system of the master
15 is retrained, the timing recovery system of the master is retrained in phase and the
timing recovery system of the slave is retrained in both frequency and phase.

31. The method of claim 30 further comprising the steps of:
initiating the first stage;

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 wherein the step of initiating the first stage
comprises the steps of:
25 transmitting a 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 training of the timing recovery system and the
equalizer of the slave.
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36.  The method of claim 35 wherein the transmission of the signal from the
master occurs upon completion of the training of the timing recovery system and the
equalizer of the master.

10

37. A communications system comprising:

a communication line having a plurality of twisted wire pairs;

a plurality of transmitters, one transmitter at each end of each twisted wire pair;

a plurality of receivers, one receiver at each end of each twisted wire pair, each

15 receiver receiving a combination signal including a direct signal from the transmirter
at the opposite end of the twisted wire pair with which the receiver is associated and
a plurality of far-end crosstalk (FEXT) impairment signals, one from each of the
remaining transmitters at the opposite end of the communications line;

a plurality of FEXT cancellation systems, one associated with each receiver, each

20 FEXT cancellation system for providing a replica FEXT impairment signal;

a plurality of delay devices, one associated with each receiver, each delay device
responsive to the combination signal received by such receiver for delaying 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 claim 37, wherein 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 individual replica FEXT impairment signal for each
received signal; and
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10 the combination signal so that such combination signal is in sync with the
combination signals from other receivers.

41.  The communications system of claim 38 wherein, when the direct signal
arrives at the receiver after the FEXT impairment signals, the delay device delays the
15 combination signal by the greater of the following:
an amount substantially equal to the time delay between the arrival, at the
receiver, of the FEXT impairment signals and the direct signal; and
an amount so that such combination signal is in sync with the combination
signals from other receivers.
20
42. The communications system of claim 38 wherein, when the direct signal
arrives at the receiver after the FEXT 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 receiver, 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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OWUBHC  magnitude to the level of the tirst device output signal;

a second detector responsive to the output s1gnal of each equalizer system for
providing a second detector output signal corresponding to the analog signal level
closest in magnitude to the level of the equalizer output signal.

15

46. A method for reducing noise in a communications system comprising a
communication line having a plurality of twisted wire pairs, a plurality of transmitters,
one transmitter at each end of each of the twisted wire pairs, a plurality of receivers,
one receiver at each end of each of the twisted wire pairs, each receiver receiving a

20 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 far-end
crosstalk (FEXT) impairment signals, one from each of the remaining transmitters at
the opposite end of the communications line; said method comprising, for each
receiver, the steps of:

25 generating a replica FEXT impairment signal; and

combining the replica FEXT impairment signal with the combination signal to
produce an output signal substantially devoid of FEXT impairment signals.

47.  The method of claim 46 wherein the step of generating the replica FEXT
30 impairment signal comprises the steps of:
receiving a signal from each receiver, except for the receiver for which the
replica FEXT impairment signal is being generated;
generating, based on each received signal, an individual replica FEXT
impairment signal; and
35 combining the individual replica FEXT impairment signals to form the replica
FEXT impairment signal.
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combining device responsive to the combination signal and the replica FEXT
impairment signal, wherein, when the direct signal arrives at the receiver after the
FEXT impairment signals, the step of combining the replica FEXT impairment signal
10 with the combination signal comprises the steps of:
delaying the arrival of the combination signal, at the combining device, by an
amount substantially equal to the time delay between the arrival, at the receiver, of
the FEXT impairment signals and the direct signal; and
subtracting the replica FEXT impairment signal from the combination signal.
15
50. The method of claim 46 wherein the communications system further
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 direct signal arrives at the receiver after the
20  FEXT impairment signals, the step of combining the replica FEXT impairment signal
with the combination signal comprises the steps of:
delaying the arrival of the combination 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 signal.

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 signal, the step of combining the replica FEXT impairment signal with

the combination signal comprises the steps of:
35
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etween active an an macnve state, each thmg a coe 1c1ent, said method
comprising the steps of:
10 a)  specifying an acceptable error for the system;
b)  for each active tap, setting a tap threshold;
c)  for each active tap, deactivating those taps having a coefficient with an
absolute value less than the tap threshold set for the active tap;
d)  computing a system error;
15 e)  comparing the computed system error to the acceptable system error;
f)  if the computed system error is less than the acceptable system error,
increasing the tap threshold for each active tap; and
g)  repeating steps c) through f) until the computed system error approaches
the acceptable system error without exceeding the acceptable system error.

20

53. The method of claim 52 wherein the determination of whether to
deactivate a tap is done in a sequential manner starting at the input end of the filter.

54. The method of claim 52 further comprising 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
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
summing the individual filter errors.
35

57. The method of claim 56 wherein the step of computing the filter error
comprises the steps of:
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the tap coefficient by the average energy signal.

59. The method of claim 52 further comprising the steps of :
specifying an acceptable level of error for the taps;
10 for each active tap, calculating the error of deactivating the tap; and
if the calculated error is less than the acceptable error, deactivating the tap.

60. The method of claim 59 wherein said steps are performed prior to steps
a) through g).
15
61. A method for reducing power dissipation within a communications system
having at least one adaptive filter with a plurality of taps , each tap switchable between

an active and an inactive state, each tap having a coefficient, said method comprising
the steps of:

20 a)  computing an initial system error
b)  for each active tap, setting a tap error threshold;
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 error;

25 e)  if the difference between the subsequent system error and the initial
system error is less than a prespecified value, increasing the tap error threshold for
each active tap; and

f)  repeating steps c) through e) 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 set equal

to the tap coefficient having the minimum absolute value.
35

64. The method of claim 61 wherein the tap error threshold is the
substantially the same for each tap in the filter.
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xV4~ 5@  said protocol comprising the steps of:
during a first phase:
maintaining the master in a half-duplex mode during which it transmits
a signal but does not receive any signals,
maintaining the slave in a half-duplex mode during which it receives the
10 signal from the master but does not transmit any signals,
converging the master near-end noise reduction system,
adjusting the frequency and phase of the signal received by the slave such
that the frequency and phase are synchronized with the frequency
and phase of the signal transmitted by the master,
15 converging the equalizer of the slave;
during a second phase:
maintaining the slave in a half-duplex mode during which it transmits a
signal but does not receive any signals,
maintaining the master in 2 half-duplex mode during which it receives the
20 signal from the slave but does not transmit any signals,
freezing the frequency and phase of 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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converging the master near-end noise reduction system,
adjusting the frequency and phase of the signal received by the slave such
10 that the frequency and phase are synchronized with the frequency
and phase of the signal transmitted by the master,
converging the equalizer of the slave;
during a second phase:
maintaining the slave in a half-duplex mode during which it transmits a
15 signal but does not receive any signals, said slave transmitting using
a free-running clock,
maintaining the master in a half-duplex mode during which it receives the
signal from the slave but does not transmit any signals,
converging the 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,

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.
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