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"h- METHOD FOR DI Gl TAL TELEPHONY FIELD OF THE I NVENTI ON 5 The3present
invention relates to tel ephon , and mparticular to apparatus
and nethods for transferring @ ‘% ‘E@ voi ce- band data nodem si gnal over
t el ephone nwtovmwigssit hat i nco ment such as nultipl @@r@g%ﬁr pai r
gai n appar atus between the centr &%8Ffice and the subscri ber BACKGROU IS
THE INVENTION to Digital data is typically transmtted between the central
office (CO and the subscriber by converting the data to analog form

sui tabl e for band- pass transm ssion over POIS Lines. Si nce all nmodern CO
switch they erforma digital to analog (D) A) conversion on
downst mNM“mmm“ m ‘S)&NH@T\@EFBH beR BK&ilTédaﬂ'&I).EHH@Nyl tal (Al D)
conversi on ,on Jpstream dat a received fromthe subscriber 15 Transm ssion
equi pnent such as nultiplexers or pair gain devices installed between the
CO and the subscriber usually regubreratHEeasyENOR@dI tional conversions
per one-way transm ssion In a downstreamtransm ssion an A/ D conversion is
performed on tr aﬁbmpssﬂeomwcrﬁml rebateesf toariephenydd, gengpil caid yn partieularent garatus
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t her eby andttbe fgrscnigerwd t h t he operation of hi gh-speed nodems such as 56k
pul se anplitude nodul ation m)dems such that it is often inpossible to

Zr ansmit data above 28, 80BAGHIRMENR QfichHE RHMHL equi pment i s used
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si gnal ey&bntetiaghingaded wediss fdrhpduitable Q@Wnat;ﬁsequhﬁﬁ@ﬂbn DWEP@BS lines. Since
mul ti pl exers and pair gain apparatus between the central office and the

subscr i BBrmodernofRk sWiahs- @fypélgsylsttbﬁ)‘s perforen @ar digsak t¢ ranaloei OBV A)r owivdsonaomn
I nprove stem which overc nown, di sadvant rior art
ho f o AR STV SPUTRES (BY SHERTSE B (AR R B soab o, on
the ratg st?ééW@itarr@é&sﬁedQ?or#% fBLSBeanpl i t ude nodul atl on nodens SUBSTI TUTE
SHEET ( ~ 2 JUN 2042 WO 991 38351 2 PCT/ 1L99/ 00041 There is thus
provi ded i n accd'rrairmmmsswm edquipmentedueh re dhultifedirnenpanf gdih depicesinstallédnbanieenn
a tel eca@rrmﬁa]catl yst em i ncl udi ng an at | east é)a.l’tl ally digital

t el epho 2nf o Fn é?f’béﬁédsﬂﬂ YeFREUP® & i 1835t thOr 2ddigRpalSeRIYRER NS dRSFHgOne-way
di sposefl, almingod e é'd@l&ns@% % ﬁélgﬁ ghtRD d6Wer&ESn i %@%ﬁqeﬁlﬁqgngﬂgsmns
lint: internedi ate the nodens are operative to su

communi eativedi SrdmetthedTO t typichily at aacmitrakofiicd tandemts(@ﬁ)mt arni a4y catvebdidn is

rates in excess of 28.8 Kbps. K Further in accordance with a preferred
enbodi nfforBiedt e PREBIEHeNS m/é!m pubscringe whselbnRt ariemote iteranindl & Tan Epgreas

sional [ INEEA6E QBREANING. 10 rRCSuE: A ADRIAY) SLARAL Lepr esentation of

t al ifon” 'source assocl a one of the nodens,
the anal og si gnetheRayddiGor LonPérSioAd @Remtdedrdde’ Ble &aARRIssiEn dine Cdualift afefrage
operative to receive clock timng information of the first codec, a second
codec oper&tmyewmloth@npennom o€ hag’nasp@gi giogamb sbohr adi ikt puhls¢ repbide shadation
digital transm ssipn ap tus o ive to di |taII 1§, the
convert’B%‘geé’i‘sgr°l%\‘FSh éﬁ‘ﬁ th g gRYLRmP srﬁ ﬁfgt‘? AF3Gr Rt ‘Hﬁ a ?gé&@?pén‘é(bere such
i nterface AReIAt ve the converted S|gnal and the clock timng
i nfor rratFa?)Sn%o déquptré@rt qgsg!éec operative to reconvert the 15 converted
sigsal to an analog form coavadA®Y OF THE INMENTEONhi rd codec is
operative to reconvert in clock-synchronicity with the first codec in
accor dance wi t hl Renpresdno invention segks ofRseYiae nove! agparpiusfagd mmashodsforacensferang @
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second and third codecs are Operative to perform u-Law conpandi ng. Mreover

i n accoriaizeMl-tyipe sygems. eTheepiemxbmdemmntpro‘ﬁdtsrm mErseed sysronewhicbovedctomes
second and third codecs are operati v& perform a-Law conpandi.ng., Further
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25 rate used by the first codec. Still further in accordance vvit_ﬂZtN“ 2%2
preferred enbodi nent of the present invention the system further includes
an anal og signal interface operative to receive an anal og signal
represent atygnoRkis{i gital data froma transm ssion source assq,%iﬁlg oo‘ﬁ'ixth
one of the nodens, a first codec operative to convert the analog Si gnaI4 for
digital transm ssion, digital transm ssion 30 apparatus operative to
digitally transmt the converted signal?2 a digital signal interface
operative to receive the converted signal, and a second codec operative to
reconvert the Theneeistthds prayitRd ihoacedrdaned ogthf oipneferbdrenttiodirhat cbfl the tpredent he
first codec is operative to convert using linear conversion ~ 2 WN 200Z

WO 99/ ImSentionsa tetecommungaonysystem melydingragat|least aartigh disital telgphone, linkhaving
ook S 0P AR RT Lo S AR ORE e ARELAL kol

pr ef er d@dcesnbigplosEe Nilond thédinkr seriediaty/ ehd imddenize viiich aife fdpetdive 10NGhpHlRE
an anal og signal interface operative to receive an anal og signal 5

r ept esesmatnisatiars betyeandhe dast and segand medamniubstiaprallyotrieraiessiscaxaess H@i8teh
one of éhe nodens, the anal og signal having been prepared at a first codec,
and a § Bbnd codec operative to convert the anal og signal for digital

transm ssion, ERARACHERIBEMANED Willah PrBRn%eCaNBbAIMERC of ShORRERRI YivehforS ! €
t he anal og signal at a clock rate greater than the clock rate used by the

first systeoe.fusberdnduddsnamcoelogasigaalwinterfacep ppéretive doemtasiement anglog tsignal
present invent.ion.the tem further. includes digitagl transm.ssion

gopar eepEeRERaNap oG Eta Sate o 4 RrTeR 1o Foeeonat b SPERLI Bodsmes,
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codec operative to reconvert the converted signal to an analog form

Fur t hetiming iafwonatiamoé the filst aogecef secand cdoo dperative 66 coheerpthesamalog sigrahtforon
the system further incl.udes an anal og signal i.nterface operative to recejve
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third dem both arranged to receive the analog signal 1n parallel, a

pr ocessmvertpé s@nalvand the robmoki tuningiigfotrnatexh, dad a thirdneddee opbratiste o deooneerd the

provide the digitized data_to a fourth npdem a selector, operative to

r ekl v%ormegpg sizud taananaips (ah charcisrizedie tBedbe t%‘FAjC‘P s GRPRVS SISO EAG
digit eS| r:at gl d.al 3 ., - ~0
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provi des the dBgiltfirzlent idaterdanct hvétida grdfedred embsdinssi ofi tlappesatt usventer theon
at | east one predefined sel ection Ce%t&ot erjon. Stil] further in accordance

with a?eﬁPg‘fl ép @Hrdé??_SS‘Eﬁ %ﬁgergtfwet tI"i’e? ga digear; GNREFITI8n the selector is
operative to Sgldﬂﬁito'nﬁlg % REPULAE Gt BrefRfred REWAUBAr: %‘?‘?ﬁlé@e@er{t%x?ngﬁﬁj tﬂ%{e om

t he codec based on t absence of a nodemtralning signal recelve

t-hpo d geedadnandittirdtdodest gt bperatvelfo ptafoemieLew\cethphndiagt he fourth nodem based
on'the detection of a nodemtraining signal received at the third nodem
Addi tional |y i Moreevsr danceordanch with gereterred eshosimensnel die priegenpirsgation the

invention the,system further jncludes a buffer operative to buffer the

di gi tafecaﬂé and g%%‘l ‘i?gl]ﬁcsfarrﬁﬂ{)?rﬁ{éve[ |9e5t%f?8c?2]:§w _38mf9/gﬁ’cé%er in accordance with

a preferred enmpgghdfeit akbrdah€e R¥iftS @ Nirefefré@ NérhisdlimbBR: BF AB€ TF&eni SnvePRdm ithe/ e

to operate both of the third and fourth nodens at the sanme connection

speed. second and third codecs are operative to perform sampling at a clock rate greater than the clock
25  rate used by the first codec.

Still further in accordance with a preferred embodiment of the present invention the
system further includes an analog signal interface operative to receive an analog signal
representation of digital data from a transmission source associated with one of the modems, a
first codec operative to convert the analog signal for digital transmission, digital transmission

30  apparatus operative to digitally transmit the converted signal, a digital signal interface operative to

receive the converted signal, and a second codec operative to reconvert the converted signal to an

analog form, characterized in that the first codec is operative to convert using linear conversion



~ 2 JUN 2002 WO 99/38351 4 PCT/1L99/00041 Further in accordance 'tg ] 2002
preferred enbodi nent of the present invention the system furtherti®n P gs
an anal og signal interface operative to receive an anal og signal

represent at W@yookssii gital data froma transm ssion source assaeiiesossi N
one of the nodens, a first codec operative to convert the analog signal to
digital data form a DSP filter operatéve to 5 filter the digital data,
digital transm ssion apparatus operative to digitally transmt the filtered
signal, a digital signal interface operative to receive the filtered

si gnalat aditiresolytien seeaterdhan direbinresphition afdbemnaleg signal, fanft theetecendypedectis an
anal og fprti%tcpe%g&t ersi.zelcljn i D 5@%&6 he DSP filter is operative to filter
suf fi CIPSKYY y 6 corﬁgte'f'lé%ﬁe ForoHCoHbi ned frequency response between the
converting andhdd@eshale i Adardned withUe Prefdirdd éBodimeALSNGY pr&SROMSEntich the
flatter and has a w der passband than the frequency response shown in Fig.
5 Sti lsystemr further i incladesorad aaradogy ignah ipreshes rapgrasivicodd nmepgivefant hralpg esigmdl
inyention the systemfyrther includes a first digital .signal..interface
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timng information fromthe digital signal, digital transm ssion apparatus
oper atanslogtsigmab feii digital trgnsmissiemi ¢haragterded)iin ghatsthgnsdcond dotére isc bperktivé o ng

i nf ti d,djgital si | interf ti t ' th
i g t APaiehe o gl at T Hlokk eath ik or b e £1ogk PEHRS DL BER S  ve to
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codec converts in clock-synchronicity 1n accordance w e clock timng

_nbor spdterarfurtifatdndludes alidisa] transndssiordgppacatud operative tof digitaly teanbrad ithecdnvefted he

present invention th ,colqlfec converts usi r,lg Z}E%ynchr ogous low fitter
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provi drng an at [east parti gl tal ne |ink having an anal og end
portion, di spdsrther i asdordande Seitlo rad prafatenis embodignenh eofl thakpresent! imyeatian ithe

anal og/ di gi tal devices along the lipk internediate the npdens to support 25
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preferre i ment of the present invention a telecommunications net

i ncl udedumdr moddrs, Ny cadecamal agthivrdgmaden epothsamimped oo odceidte ghé ahaldgtsigrfat gun a
transm ssi on source, converting the, anal g(g signal for digital transm ssion,
30 di GREAHRL ¢ RTPEATERR PRAr#ly <t teereseing digitezedsdaym dTom the thitd mgdem end groide dae

si gnal s . con j copvert i I f .
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200z \3BH&9AnARS fourthRGIddm, A8/ QM fransshiBgor apiRddtus opsraries widigitally thinkmit the
resol uti.on greater, than or ec1ual to the bit resolutigon of the analo
e

§ilpna|d§giw datrerepeiveshifamithe geleqtap thesekptan selectivsln grovigesdhe dighized dhigro the
digital transmission apparatus based on at least one predefined selection criterion.

Still further in accordance with a preferred embodiment of the present invention the
selector is operative to selectively provide either of the digitized data received from the codec
based on the absence of a modem training signal received at the third modem, and the digitized

25  data received from the fourth modem based on the detection of a modem training signal received
at the third modem.

Additionally in accordance with a preferred embodiment of the present invention‘the
system further includes a buffer operative to buffer the digital data received from the third
modem.

30 Moreover in accordance with a preferred embodiment of the present invention the
processor is operative to operate both of the third and fourth modems at the same connection

speed.



. There is also provided in accordance with a preferred enbodi ment of Jube2002
present invention a tel ecomrunications nethod including receiving ™n anal og
signal ‘representation of 5 digital data froma transm ssion source, the
anal og si gn@lp J3ayisg been prepared at a first codec, and convegtingsddas
anal og signal for digital transm ssion, characterized in that the
converting step includes sanpling the analog signal at a clock rate greater
than the clock rate used by the first “odec. Further in accordance with a
preferred enbodi nent of the present invention both of the clock rates
exceed 8 ki |l oHaurther iStactbrdhnee math a rprefeced camtedimgnt hofather pfesent ddveniadiheent
of the present invention the nethod further includes di fggli.tally transmtting

the cONVEM: duthergigludes dne@Pplng #1RRA IHRTEACE cOPEFYIalO LehEVS otb@lPei fignalhe
conver, J I : I | S4R; i i C

W th SEEARE of AR, AREHCR LA EmRIEE Rob e BRCLROKAINC!dT e SRIRARTE

t el ecdimsuectdeatoperasivetd lconverntheuaialogy sigraé ity idipgtabdatarfaingga BiSEnfiiter operative to
represefnt ation ,oI digital data froma transm ssjon sqQurce, providi n? t he
andl odiltst dhaidigig! dpendisiigh tiansmigEen ARAAAIUS; QREFALYE denisally iransmit sheohilieredsor
oper aty t i t QL ki ze i r.ovi.de

gt t PR o8 RS Rtk Npalig, I PRchieu Ao SRR 3R L3EG%CAE
di gi t iopechtidata rédonnereitidfitered sighdl to esemaldpdoinechaee anidedinckhsd thaMKP filter is
selectively digitally transmtting the digitized data received from one of

t he c@@é@taﬁdOtﬁi&ers%l@mﬂun@eWﬂa@@ateoﬁerét corabiged dreauency desnonsel bseyesatthen
criterign, .Further in _acco n | i Fesent
i,nyentcf)g\rllerflﬁg agcellrg% r?"\?@in% %Igésl ?‘%“W}‘E{]Fhﬁn@weﬁ nggg?'g%oilgnc tl%gga shteanac'?vllc%él y
&ii_g;i t Plabspahd eHaafhé freq@nt fesgbletshe @ iflRigasr ecei ved from the codec based on
the absence of a nodemtraining signal received at the first 25 nodem and
sel ectivel y diSilk &rther tnr 2asordanee mathe s eredered erlqfliment-ofrthe dresent inventonHae

et v SB BT ShoiRls £0peR B et RrBee Brhe B2 PR G SHBEH o1
the prr@&egsma'twamdi@thl dhR FSHNOadsidshar sduRsd) 446@sat Bl Wil drR B tthe nfdideint ahd

data received fromthe first nodem Additionally in accordance with a
pr ef erextrdctetionkdimigtinfofmation fiomgbadigitahsignal, digitehteasmissinniapparatistapsrative to

i n¢l udes erating..both. of the nodens at, the sane connection speed. There
|35 SRRt e lisfsiebE R B TR P RHEG i eeoma e, BT

I nveniAteface bsérswmde%lme%i%m \*}\%ﬂaﬂ Bed W agci g infStmfioANBAPd dddepal
representation of ~ Z , 1 UN 2002 99138351 6 PCT/ | L99/ 00041 digital

dat a foperatixe to apsverstheciigitd sigod, tocoranelogi fogn,t ¢herasteaizedinsthainthe codealcarivers
data form. DSP-fil.teri n% tlae di‘?j tE}{g gaii(a di %ft al I% transmtting the

filt erefoSksRaghronicitisinaLiydpnes With the Pk RE MO Peaconver ti ng t he
filtered signalqdiQomilly 3atReddme r@itkPE'?Féféﬁr&f brf6&HinBnit dthe HRAGeMSRuédtiohaht g
step includes filterihg to sufficiently conpensate for a conbi ned frequency
rzrézponséed)ewnneamusihga5ym1nnmemsilmg jitadsampdiogelacki ng st eps such that the
frequency respqnse.is flatt.ﬁr and haa a W der EraPsbgnd %{aan the. fre uency
response shownt e i gls0 sprovided an jagcarflange Wwith 2 qwigteried rnbadiment of fheprgsen

pr ef er . i o g o i | j; d
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from &inlli iviry ahranky ssd eortsenyrdisposing) fisxtandctecoryl chazleknst alomghghée dinky adi on
fromthe ~l 0 di gli tal signal, (c) digitally transmtting the digital signal
and t I9PeRAtigEK apglppigitaht devieasi giong ey é‘&éi wiegnedipte gthgi tmagdedsgdal SHRROR he
clLock tin y i . Co 2
R T R
convelbpsg at a codec that is in clock-synchronicity in accordance with the

clock timng information. Further in accordance with a preferred enbodi nent

of the presentThesg éneisprprevided in accordance with a preferred embodiment of the present
invention a telecommunications method including receiving an analog signal representation of
digital data from a transmission source, converting the analog signal for digital transmission,

30 digitally transmitting the converted signal, receiving the converted signal, and reconverting the

converted signal to an analog form, characterized in that the converting step includes converting



.15 method further includes prior to the receiving step (a) (f) ‘Az eJUN 2f0Zn
anal og signal representation of the digital data of the receiving step (a)
from an anal og transm ssion source, the anal og signal having been prepared
at a first wa®eemasi(g) receiving clock timng information of tdeer/fiiobBdosr
codec, (h) converting the analog signal into the digital signal
representation of the digital data of the receiving step (a) for digital
transm ssion, and (i) digitally transmtting the converted signal and the
clock timng information. Still further in accordance with a preferred
enbodusmglings cphmcr;ioe sembitiresodutidnogreatbrethan ov eqoal ng tist bip rgshiution of titkeanalog

conver.ting | i near conversion. Addi.tionally in accordance with a
prefefﬁ@% %r}‘?tsj ﬁ‘é‘?ﬂveg’f“gtsﬁeé) ISPRIVERS uF'H%bﬂ?air(fﬁ"Y%@oEonvert| ng step (h}

I ncl udes convq’h&ﬂerrg A agwraehaaw £R20RRMY Rith g%r@f@r‘r@@%ﬁx‘boﬂﬂwﬂ?%@tﬁ@%?&ey‘f th
a preferred enbodi nent of the present invention the converting step (h

i ncl udwsntmnaeclecmgnumcatgma rhethod onghading mereiving hhemalog sigmb repnessmtationhofy

preferred nbadi nent of. resent vention the onvertl ng ste
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the present In entron conve trng step es converting u
synchincludes sdmplingi the @nalegnjpnahg € klck rate gre2eiStilan260 21080 8@/ 383Dl the Hcdy 1
L99100041 There is al so provided in accordance with a preferred enbodi nent
of th&°¢fesent invention a tel ecomunications system including an anal og

[ | interf
stgnhal 1 nter W&Hﬁ%@édr&&&%ﬁ?ﬁ?ré&@rr@@eﬁ&B?l fien b@g@cp%?egng gﬁ{%\%&io convert

(jl gital data ma transm ssi on source

ke aﬂ-alo]xg;ka'a@uakcefems diogéital transm ssion, digital transm ssion appar at us
operative to g digitally transmt the converted si gnal, a digital signal

i nterface opeﬁfa‘i further dn pecosdanse ith & preferredsambpdimsnt obithe nressat santethe

0P 2l Ba' G SONEL iy SRR RS IRl Y, F0RNA: D8 Bivercd signal

char ac erlze c 'S 0 cdhvéert usSin

convesasd @Bodlertthghtht coB&eet tsignal t@rael&h@lbg&'dsmn the bit resolution of the
anal og signal, and the second codec is operative to reconvert using
linear conver $hesa is jasorprovided in racaerdancgamiie a/\pterﬁerépdpﬁeb@chmat ehihsdpresent of

ol s Rt 4 BB BoS Hdfics TRRIME rShivihg P anhe Sl praeilihn o
pr esedigithlriaeNfroran trdiRmeLdaGduRREHRIVRIiM! the ah£l6Qkighhlal effhércofldhdded dndh tigst
Additionally in accordance with a preferred enbodi ment of the present

i nventmpdem; Reoviding @dpiosesspe oaeratisg ta reesivsl digitingd odata drom ttb,e ﬁmrré@%n ang

accor c referred enbodi nent of th sent i e.codecs
o o oAV ko Rl S B B e e SR Phera Pl sild e
pref eﬂdt@drm‘@mmrmme Qodéd endiRs @é&bndl i, @Rd tsBRcIHRIE aigitallye trapgfitidgveet O
perform a-Law conpanding. ~o There is also provided in accordance with a

(pief edigitized datsdraseined éfom leae mfethermodeqaaditthe secasdewodemitiasest port legshangt us
I ncl udi nal o nal interface operative to receive an anal og signal
repregrgagféﬂegg%e‘gtf rgqréfr?od] data fromom a transm ssion source, the anal og
si gnal havi ngrReen Rr fReFRACAWiM al;rrzsrene@ct%odﬂﬁ&naofsaﬁog séRAfGerRiDR! el Ve
to convert the anal og signal for digital transm ssion aracterized in
t hat sdestively ahgitalip deapsmiting steptincledas selsanydle dtgrtell)anahmyttmg the digitized data
received from the codec based on the absence of a modem training signal received at the first
25 modem and selectively digitally transmitting the digitized data received from the second modem
based on the detection of a modem training signal received at the first modem.
Still further in accordance with a preferred embodiment of the present invention the
method further includes buffering the digital data received from the first modem.
Additionally in accordance with a preferred embodiment of the present invention the
30  method further includes operating both of the modems at the same connection speed.

There is also provided in accordance with a preferred embodiment of the present

invention a telecommunications method including receiving an analog signal representation of



'+ 25 signal at a clock rate greater than the clock rate used by theqf} AN 2002
codec. Further in accordance with a preferred enbodi nent of the present
invention the codecs operate at a sanpling rate exceeding 8 kil ohertz.

Still furtheyobdsg@scordance with a preferred enbodi ment of thep@faSRRbod

i nvention the codecs are operative to performlinear conversion. 30
Additionally in accordance with a preferéed enbodi nent of the present

i nvention the codecs are operative to perform p-Law conpandi ng. 1 2 ,1UN
2~"~ WD 99/ 38351 g PCT// L99/00041 Moreover in accordance with a preferred
enmbodi ndigitalodata Heorpr @ stearnsmiigsiaansowne,t penvetithge thearnalopetgiel ve digitadeddtarfiorm,
a- Law di.ng Further,in accqrdance. wth referred enmbodi,ment of .the
prese n!(::B gﬁ%@tﬁf‘f‘g _ﬁheo‘ﬁ léﬁﬁaqatzf’ rdigi@ﬁf/ gx‘sapgﬂltt%tgp j'{ltl%geqf BN EHRY _h?l tﬂ{fé‘aj signal,
operat i 4@ r%@org)e&irigathlelﬁltkféﬂrﬁéﬂa‘l td B a6 frhe hath &R Aked i tﬁthhQDtS@LﬁI%rﬂxgasltep
interface operative to receive the converted signal, and a third code

oper at iinduties fikerinyy ¢o tsuffiientiynemmpendatei fgnal combmad dneuenryf msponsd Hetwedrs the
al sqo provided in . accordance with referred enbodi ment .of the present .

i nvent iQﬂﬁ‘VT’émcﬁé‘ﬁnﬁ?ﬁP'&‘éﬁrﬁ‘%?e&ﬁﬁa&bﬁﬁé tﬁ%é’leﬂﬂ?’}‘@ TERPOIRG D RS A4 hasnt eviderce
operat i Ad tEmEhY & | g3k, ihed &sentation of digital data froma
transm%agf%ndégﬁr cg, € G%%gggﬁ%rﬁé %%f inrls?#?%o nodem both arranged to receive
t he anal og si gnahere ris pisoaptoeidedainprcocrianar withea prefered embediaiene oflithg present
data fromthe first nodem and provjde the di ?i tjzed data t.o a second ppdem

a sel edP¥FNtOPet telscommuyucasions methpdgineluding @hferening? digitaksiced! represeeion end

the sec - 1.9l .8 1 SSi t t kgl |y
Fanam SR Bl By e CUB SThPE, (B RRRAIE H5iOBRE i Emaor ok e

seloct idigital gigrmali @piditadly degrisinitziag tHatdigitab sighsl shdytHeadlotk aniny Bdoraiation, (d)

appar atus based on 15 at |east one predefined selection criterion, Further

i n accdeeeimes th digital ygesl apd dbe eleplo amirminfrmatins, Fiddse genviertinenthe skgitah signal

" ecei vl B A el e B TlntFint EHRAAE B helimeRuti {Fipeihd

recei veg iraélotieyrdchfsiiciftid @atordftetWich the @ldck 2ivsingl aifarniatiosl ved fromthe
second nodem based on the detection of a nodem trai ni ng signal received at
the first nodenfurther|ip gagprdeace iwithae crreteaied eerppedimgntpplether peegert nipwentinantheof
t he pre i pventi. buffer is, furfher i d erati.v 0 ffer. t he
di S]ist alrﬁ%t?}%:g {r%é'@g% \}ggu??sor%”to ' ??%tre%r%\g'é‘%n &géj(:kl% ? i oﬁglrlrége’Y’Hg a%:ncc?lrgglgﬁcglg\%/\ngt h
a pref aepadettatintonppidigial HhQ dFtRseBéiving\seipt(ap frobhgn falpes&RmissDnAParR] thee
to operate both of the nodens at the sanme connection speed. 25 There is

al so pranglagesignahhaides berirrepated it a fipst 6Pdes; o@) sensidngrelaek Bmingriafopmatiemof the

invention a_teleconmuni cations st.em.i.ncl udi n.anal oq si gnal }ntekface
oper at |@§t f%&%c@?\?gn\é '%éﬁ%@nﬁg%ﬁ@f‘alrlgﬁr@ ezﬂgiéaﬁis&ﬁ{mlg?ep%sa A a}z‘ip& é'ggq a
transm @9 8ntRAdEGAng dtdpl a?}‘for?& 14 tRRShAkibY,Carld0 (i?_‘?lﬁ%l@ﬂ& traRenigt 3! 188 coheeeld
to digital data fornf a DSP filTer operative to filter the digital data,

di giot al signehasthihesiapk tappgrnfousatemer ati ve to digitally transnit the filtered
signal, a digital, signal. 30 interface o ative,to receiye the filtered
Sional | and o sSubteRd acksstinge DAY ¢ SRERshIEPPIERE bl EEmE TR ean
anal Pg_cfd?lrvgﬂtin?h%rpf{ﬁ; ficluaed chivettil usidiQine®cdnivkisfin, i s operative to filter
sufficiently To conpensate for a conbined frequency response of the digital

transm ssi on sué#ditibadlly in accordance with a preferred embodiment of the present invention the

—+

converting step (h) includes converting using p-Law companding.
25 Moreover in accordance with a preferred embodiment of the present invention the
converting step (h) includes converting using a-Law companding.

Further in accordance with a preferred embodiment of the present invention the
converting step (h) includes sampling at a clock rate greater than the clock rate used by the first
codec

30 Still further in accordance with a preferred embodiment of the present invention the

converting step (e) includes converting using a synchronous low jitter sampling clock.



1 2 J UN 2002 WD 99138351 9 PCT/I L99/00041 the frequency respgr'p_se}\jbb?‘.(m
flatter and has a w der passband than the frequency response shown in Fig.
5. There is also provided in accordance with a preferred enbodi ment of the
present i nM@IPBRSSA t el ecommuni cations systemincluding a firBETARY00841
signal interface operative to receive 5 a digital signal representation of
digital data froma digital transm ssign source and extract clock timng
information fromthe digital signal, digital transm ssion apparatus
operative to djgi |yt S t IOt Si | _an (o] imn

i nformation, ghgéé%: 3%13%8 i %@?@Pa gtll éggqrg%lr%ltee\%gcaeggc%%&egt %P/}Be&ﬁrggétegﬂ;ﬂ%e eﬁ%'t

di git aﬂ]veﬁiigﬂ@Hel@@&nhﬁﬂﬁic@dimlsyitérﬁiilli’tﬁudiﬁ% ef BRdldDignad iferfack Dpe@ticO tie feceive an
operative to convert the digital signal to an analog form characterized in
t hat tanalogiigngl sepgesentation of gl hdata fom A teangaissioy seded i Bist godas anerdsivédace
with the ¢ L ng 1 af 3 ri.-her . ccord e.W .erred
emboci A7 OFC el el 0f Wil PanSthioRy alela FaRAIARS whlebitug LGB
si gnal digifbm? tfancMitaRe catveried kignilee digial signdnmbdgteSd@iaive ke péRBRNhatoNeriel
the digital data froman analog transm ssion source, the anal og signal

havi ngigsekrangr e pwcend gpdec Pperstive deldeconyer| Bekcanvered sigaaloperat anplog form,

receive clock ti.m i nf tipn.of 15 the first code a_second caodec,.
oper atppactiaized, fdPt (e Mo of gmarachgrio doghens ey SEFGRSIoR 35 % bi
di gi t gbsdlitfdiS fedfer PMunAP BitabdbTutRESAhE WRalbP siEndll hAd |tie 638 Folled RBperative
converted sighal and the clock timng information. Still further in

accor dameenwert usmgdmedregoneefsionbodi ment of the present invention the codec

I operative t erformlinear conversion., ~ 20. Additionally in accordance

ConPs ot of o BB A sbidAnG wRCH SrEeBRe arbaieett, r 18 bbbk pESERL BET v
t0 perdyaids dpekaW af 8 TRRNAION DS aMRELQYitsi N accordance with a preferred

enbodi nent of the present invention the codec is operative to perform a-Law
conpandi ng Fur$tilefurther ac eanoddance wisht & peefpref embeatimentbadhepnesentf invérdiopr ths ent
i nventi 8n t he codec 251is %E)erggv to performsanpling at a clock rate

gr eat EPIEHARPIHE 3P SERIHQPEIIE Erpny ! BiSepar e the digital signal

represent at | 0na 9iighdhy!iflaciitbhosit o pHILAEI ehBodiFER! SRE Brilhilinde{dhl de! cd

enbodi ment of the preSent 1 nvention the codec converts using a synchronous
| aw f idotees opengibiang resoboion ofiébas.i s al so provided in accordance with a

preferred enbadi nent of the, present 30 invention. Tel ecommuni cat.i ons,
appar at us i nclYQrsRyean é?ﬁ%@%‘cgi"ﬂﬂ‘a? r §F$§ 0 ‘HEI“&P?\}}ée peesent dayensiogythe

ar at u | . Haft RHEEF £ELOBEMLCT & PUSFY ,
i st oRea o sREAFE SRR o B0 3635l 10 PCT/1 i 99/ 00041 fo-

convert the arRlréigerSingirabrdande diithi 4 Preferrad somndingent ofnithe dprgsdnalinvention the
transm ssion apparatus operative to digitally transmt the converted
si gnalcodessara opeyatiye i pefarAa-Laweompardingodec i s operative to convert using

liggear conver sponal ofobidh e YLl eRhR s bRNE RidimE RS0F il BRs0

t He anal og si gna 'S al so provided in“accordance wth a preferred
enbodiinwstion ftelebemmuaiRetidnsi appeatusdficidéihg aarslo s GinklointrApy apartige tosdceiieng

a digital signal interface operative to receive a . .
an analog signal representation of digital data from a transmission source, the analog signal having
been prepared at a first codec, and a second codec operative to convert the analog signal for
digital transmission, characterized in that the second codec is operative to sample the analog

25  signal at a clock rate greater than the clock rate used by the first codec.
Further in accordance with a preferred embodiment of the present invention the
codecs operate at a sampling rate exceeding 8 kilohertz.
Still further in accordance with a preferred embodiment of the present invention the
codecs are operative to perform linear conversion.

30 Additionally in accordance with a preferred embodiment of the present invention the

codecs are operative to perform p-Law companding.



digital signal representation of an anal og signal representati ong\oz ﬁlj}\jiﬁﬂﬁ?—
data froma transm ssion source, the digital signal representation having
been converted using linear conversion at a bit resolution greater than or
equal to thgdyszgigsol ution of the analog signal, and a codec @PenRabhya;t o
~ .~ reconvert the converted signal to an analog formusing |inear
conversion. There is also provided in agcordance wth a preferred

enbodi ment of the present invention Tel®comunications apparatus including
an anal og signal interface operative to receive an anal og signal

represent at i onMyireayeyi maICCQféﬂ@pef Wdhtaaprtf:feimﬁnelgmdmesfogf the, presesdevention the
operatlc‘)\/fge to convert the gtgd SIC?%P to digital data form a DSP filter
oper at FRRECP 8" PRFBIVEIREHP YHeqUPandiig 15 digital transmission appar at us
operative to digihg inYacfc&%l'ﬁﬁcFE tmtﬁte ferdrtar @r@lbéalgt@at of ERAPRER ihe&! thi aéttttt
the DSP filter is operative to ter sufficiently to conpensate for

combi ngdnsmissere Apparates p&)fusﬁaeofnctttaied dipgratiat to rdgitaly gsinemitsthe reonherted signal, a

fregue nse | atter and .ha ssband than t he frequency
echondital SaT RS onfhg o TRGHER sl Fht SRT0ATY ei1Brd ader Fedgh nd
cl ai msrd BRvretHER onfetkd Sl toPifhnalog foHRSCr i ber” are used interchangeably.

It is also noted that throughout ttitge specification and clains the terns

"l ocal exchang&hemnd dlmeptdvaiedahfaocm‘tiaaceewuhed prefered htmbgdahrbry ofl thei preseins 0

noted fhat .th clu ghout the specification and clains the ternms "CODEC' and

anal olgvemtinn Lelecammunications apRAsatus fic #2308, S S Rak IR TRECSPRETRIYECIQ KOREIVEHE
aae‘i_io% '%fé;n&f ?ﬁ?ﬁ%teat'aﬁé(r? 1k 'd?%ta]"‘d%t'a f26m U ehshigbs %%c@pﬁ (Elh@tagcﬁi fﬁr%{“

q:e fo oW n tal escri aken i n conjunction raw ng

fovhi gloderh othlarrangad o ﬁrq:detvfel tad anklog ktgiiahgf patrakbeﬂ glipgddeadort jepgtiveny r%yéit/eem
constructed and operative in accordance Wlé qﬁr ef erred enbodi nent of the
pr esenérgttwéﬁi@taofﬁomrthﬁﬁrst medgmpndproyidg die digiigedh data tgacsespnhMode@da selertrr

di agra 41 &R e%&'v@% fzed0 éhf ??gtttgeﬁ%f‘tﬂé% 0 LGP G %(ﬁi](afgit%l

centra 1 Cce er mn COﬂ ruc era Ive I n accor dance

anot hefraxiﬁhﬁisimf fpacrhoshermive 10fdidifaty parssinthel diyipéd ¢na recelved Zromh tid selicror, WO
991 38351 11 PCT/I L99/00041 Fig. 3.1s a si SEI ified block diagramof a
cent r athegelectos seleetyehaprovisiss thadigiized datagpdhardigial transmissen appasatys tased on

angplh tl%%?ﬁ%fﬁ%éﬁ@ Sr%!egﬁnrtc tgnwe present invention;Fig. 4 is a

ral office term nal constructed

andoperative | Fuﬂﬁ&oi’nd@éwﬂia‘ﬂbé Rviinat gieferfed eémbsdifle @O ha REsehl idveBigH eigent
invention; and5 Fig. 5 is a graphical illustration of the recomended

fr equetﬁigﬁwre@pzmsvéwﬁrmaﬁ@@ét« pecMideneithppof tim mgztl@dg‘tm@ regegyer1frompRy/STHes

che)lsl;?;,% t W‘@Eﬁﬁ% 2\9%12) faélg?%/:’rl%gnd % lgar Ir(r)t %?éxetqgé gilrst &q?cllecné, and the digitized
Ter m n@dtﬁi@&mea&to:ﬂttd 06l ib8érh Bhsed WSt ideretibh HEDRBLMI tt.ﬂhmg c%%ﬂ recetved

Processi ng/ Processor LELocal Exchangel5 KbpsKil obits per secon
%@)deﬁphtﬂmwd_eatked LoopPCVPul se Code Mvdul ati onRTRenot e Ter mi nal A~

SLI CSub b t.erf Ci t Ci
SOTS Plai n O dSHLIEEHE D eBrgeass Blie Bietirrem SRRREReRPh s REsHL iR PR 4
DESCRI By %h@%ﬁ@@%émmr e dieif 2 HeRGEcdived TR TRIBrst Mok 1 whi ch

is asinplified block diagramof a digital tel ephony system constructed and
operative i n aéddﬁid)aaﬂt;einvaiccwdanw‘sﬁlearmdeentb@mbnémenbbf theeprsserg antention the

i nventi on. 1 shows an anal.o i gn arriving froma first, term nus
vt noPIORESEr B antraaE0 ROHEE MOt AE s JHcma kI St CoReGPR SR et el n as a
| ogal exchanger,iPisGRdd Yrodided 1ﬁ%¥:6:ﬂhn&f 'tvttﬁea LR QP bmb 6 end IFEh&! drdsent

desi gnated 2, over a conhection 4, typical a copper wre 30 tw sted pair,
to an mxerttmgetelacnmmumioambxaosgstenﬁncludhng Bh Ia{fz)lo@ sightlhateghcenaerpiavet tooateivd an
shown in Fig , ELIC 6 typically includes signaling functionality, such as
may bedfaRg @aﬁarttr@weﬁrgtqt@n@f g H@Pé&%ﬁ)“ﬁ‘%‘&?‘f’éﬁ?“%v%f‘ésélCOdé‘E 8etraiye nd

0/ aask N1 R PORGRHish of AL AU ot RV BCCcBerande o J 40 e

f unct i digitalngtanieasseon Spphwt@s)bﬁﬁaﬁ?@t@@xﬁﬂa@ﬁaﬁa&sﬁm ahe filtered signal, a digital 51gnal
30 interface operative to receive the filtered signal, and a second codec operative to reconvert the
filtered signal to an analog form, characterized in that the DSP filter is operative to filter

sufficiently to compensate for a combined frequency response of the digital transmission such that



| eaki ng into incom ng anal og signals. A CODEC 8, such as a Si erreisz PR 2002
2266, is provided, preferably capable of perform ng echo cancell attd on,
transhybrid adaptati on and i npedance matching using DSP 5 t echni ques. CODEC
8 typical | ywpebfieisis A-Law or p-Law conpandi ng i n accordance \wctrhLdoewak: or
nati onal tel ephony standards and regul ati ons CODEC 8 preferably receives
its sanpling clock fromPLL 10 via a cl %ck line 12. The cl ock frequency on
clock line 12 preferably provides for an 8 KHz sanpling frequency to CODEC
8 in accordance with tel ephony standards. This sanpling frequency is )

pr ef er b¢ {Fegyanen rr@ﬁpiozwsﬁ‘gtt@wd_@%a Wides pagsbandthpr the ERMENRY respehiceshewn ifhe
cl ock q;riérsequency on clock line 12 is synthesized by PLL 10 and is
synchrontv'Zéd to the clock received fromthe LE at an external clock
interface 14 viFhete ¢4 a8l provided n wbdorbarteywitle adpreforredf§ a@nodimemec bl tengrefent
known configuration of protection diodes and buffers. PLL 10 al so )

pr ef er dfyeption 8 Jelgeammunigations syssers iralusding ¢ fiest digitelsignad inderface perating ta geeeive a

DSL ,f dem 20 : R 8954 . 970, Wi

DSt TR, Mo 73 R oo B R, S G5 L

connecttincaﬂlg_ fformhten FoRi GR bigitd GERMEHighhl ﬁ‘aﬁsﬁdiﬁkﬁd%mﬂtus bpertive i®tdeitally
|

termnal (RT) generally designated 28. DSL framer 20 is typically .
cont r oltrassmisytha digital oigrat @sd ghe xbocksumingainformatinnepr Rows digitEl s@gnyr tasfags| y

i ncludes a . PLL 30 ch as .a.Philli 4AHGT(046.. whigch recovers the timn
: nf olrjmiﬁ’fe@ﬁ’vslr_tpi (ﬁcﬁigg\}?ﬁ Cﬁ%’ﬁar]neséé’?ah)lr?%af,%eac B‘gf_é*inﬂ?%r‘b%gga%’,’ V%{‘rqzaattﬁf) Lclo et
f ramer Igpefk@ive -to “dndé 1B 813itaS signdRa6 kaearal O Rftma RHard&téMzedCRNHAP ke hildYcRiec
@croprocessor 36, such as Intel 80C32. PLL 30 preferably synthesizes a
cl

1" dék fooayprtsrio glasrsyhehsonigigdint ascotdendeowish thexalockrtipping limfofmatioamm t he ti mi ng
information. P 0 _then rovide a nchr onqus sanpl.ing clock ta a
CODEC 38, such TAEUAT & GReTCiEE b ot PPRfFe SERaRIT i e WSrerL e the
downst rsGaem! KR Feiuaes ‘éhaaﬁ‘alé%bﬁgr{a'l bifterfacB CopePltRE! 8F Grebdive Wint ahatbg Gigtht
such as”an AMD 7949, to a second term nus al so 25 having pul se anplitude
nmodul atrepresembatom cfathabdigiial \datar fber arednalog henghissias saursebtheranblog. sigitad heviog k
synchrgni zation provjided jn thjs nmanner between the, CO, the COT, .and .the_ RT
Chus r OAEHE BESPARRS 25 halifs} SOAePof CIOFK JFCBHCS, SRETSIAI 18 JOS8 fntipchs BB OIafing SBoT
andgsre t Aoty kHEnh 1 ' S
22 T 2 s o o i oy Rl R
Si nce 8ligital tfaGvhissiopappirams pperdticte so ligitatly grdngmit Hhe sameeriedf signehind theaslodR
bits in.linear conversion, nore than 12 bits, and preferably 16 bits, are
t r ans iR MY RIUONRT for each el enent being sanpl ed. The CODEC in the RT,

such as a Si emefg fiHReL7O0RcofaRO AREIAhRTertdd drhtRRhe TGN QFesbRCANMURIA 1RO -
Li near conversi on nay be ~ 2 ,JUN 2002 WO 99138351 13 PCI// L99/00041

used i rodemisiopatative tovpérforar lineast@adrsidn. LE- COT- RT ¢l ock synchroni zati on as
descri bed herei pabove, In still another enbodi nenf PLL ma rovide a

€l §ek fr equency",‘&gmu‘éé“ copRfgnce t“ﬁ"h@ﬁ%ﬁ%@q grabodigeny; ‘E)legF p{%ﬁ;ﬁt inkention bk
freque : . the %ﬁ_ I . Nigher than 8 5 KHz. The oversanpl ed
and enc%géeeﬁég}%%lvg?% &F%en bgwtéde{nsarrrlld{n ed to the RT for reconversion to an

anal og si gnal wdbR@vehi &dcofdanvdiviih 4 tréfesed eabodinei OThe pasentcacdrtidacdhe
her ei nabove, Oversanpling may al so be used in conbination with |inear
conver $PEEF isDPeTpEive taperfame kM i@mreAdiABt h or i nstead of LE- COT-RT cl ock

O onL L O e e R 1 PR b MR AP B SRR
Vi ews espaative/) Yer®brmisanfitingalt 0¢ibEIC Paté @Fdtdaharf theCABER Fai6 LSS RN Prepare the
digital signal representation of digital data
Still further in accordance with a preferred embodiment of th‘e present invention the
codec converts using a synchronous low jitter sampling clock.
There is also provided in accordance with a preferred embodiment of the present
30 invention Telecommunications apparatus including an analog signal interface operative to receive

an analog signal representation of digital data from a transmission source, a first codec operative



.operative in accordance with another preferred enbodi ment of the priesiitt 2002
i nvention. ‘Fig. 2A shows a downstream anal og signal arriving fromthe LE at
an ELIC 46. From ELIC 46 the signal preferably propagates to both a CODEC
48, such asy@op@Rens PEB 2266, and a client nodem 50, such ascq Badohg |
RCDL56ACFLW chip set. Cient nodem 50 is preferably capable of 15 receiving
hi gh- speed transm ssions at 56 Kbps. C 48 perfornms and A/ D conversion

of the signal, preferably using Pul se de Modul ation (PCM A-Law or u-Law
conmpandi ng. The digitized PCMdata is then transmtted to a selector 52.

Cl i ento pervem the apslogaxgns! fndigitaditransmigsion, 4ndodigital dranprissign sipparatus roperitived

fromELLC. behaving much |ike,an end user nodem woul d, and provi des the
di gitEﬂdﬁgg}g’ﬁfmﬁ"hﬁ}lg%’BY eéjssé%'ral’54, such as an Intel 80C32, which nmay

st or e chh@ctiakad iim tRatbitel fifst 26decT e op@hivd Y cohedh lagngmrfea;cw@befrsﬁ&{naplaf bier
56 and sent by microprocessor 54 to a central nodem 58, such as a Rockwel |
R56 CSMsclutipn geeaterGhan thel bitmsslmii@sof thepnalbgsigbkly capabl e of transmitting

hi gh- speed transm ssi,ons at. . 56. Kbps.  Centr.gl nodem 58 pref erabl y nodul at es
(e dat a Usi nd PEFen 60 HOTLI SHOEATAE 101 cHERE A i RS T et e
PCM cpdestidPTéBSorBlfich@®ns 2ppardfus Ghlludiftg 'a%iéi)’a‘l’k%ﬁﬁlliﬁteﬁ%g bt thGeQR! 21 ©
in either of two nodes: "normal" and "nodent"” croprocessor 54 nonitors
cl i endigiteldsgnab Oefresentationrufiapanelog sigmat hepresantatigh of digadl daval éont a aiansmigsion

signal is detect.ed when the analog signal is received fromthe LE. If such
a si giRHrcs sthg dhigital sig %W%B@%g‘?v‘g q%‘*\%‘t"@ﬂ\é"s“ S theas SOpYRrsig 3k dy bikpde

If no | i 1 WALt C . o]
: nor nigt b etof gFdad3had br SP (L AL of ELAMAFEARE hratde S REPe BEUETRBRINE K
g\acei meedndarothe ConkEstetBsigmal g0 8Shndlsgafoem/ usigdinetOcorvesionper f or s t he rel evant
nodul at i on, s%h as 2B 1 Q .and transmts it via .a DSL interface 62 over a

connect i on 64 Ihesepiscalsq providedpimepcaprdance with aprpigried ampogimest Qfthepresept.
U~ : : i oz Talgtely is
gener g’l\o%@o?{)?g?@%ﬁ?ﬁ%@##ﬁ%’%g@ﬁ??‘%ﬁé gp %B&%l%g@gé@é%?%be‘go er el nabrgéée}%vm th
r ef er #naralbg signgl reprdsentationl efitligimati data et @n taotrarsthipraswardene abdge bperativelad a
received fromcentral nmodem 58 to DSL franmer/npdem 60 whi ch nodul at es and

tr a][ls?ﬁft‘@“vﬁha apalpg isignak foadigitad slat formpa duih Bl QPlﬁf%We @ fitpetherdigital data, and
DEE T SR o BRHALER el LB RSSO PR L SARRHARL. ek

showsthan thp $ISFe filte iscvp&ativelo 4ker AbffidiRaily @andodipghiadd foi 8rimbirkedr Rediees

fromthe RT at DSL interface 62 and DSL framer/nodem 60 where it is
pr ef efespogseprfstie digitnl geanamisgipn seclhdhan tmofiequergy aesposwenisriattersad #as 8. WideDEC

48 pe i es the signal to a selector 66.
Centré%S%n@etﬁ%“ggéeﬁx%ﬂl\ég‘%}zﬂe?@g@%g@ﬁ? ?‘?ﬁgt%e signal and passes it to

m croprocessolt 4nadt chatBiyosdhoue the spatiftvdfibeandlaihbahélaémns Seridhger” and
retrieved frombuffer 56 by m croprocessor 54 and passed to cligent nodem 50
W) ch“seberribst e arer Heeddinterchangeablyundiiis glsot nated ahed| thepusbpwtather esiEirgianornde.
Sel ect,0r.. 66 i.s swi,tched to eithes of "norpel" and. " ent des.

i cr ofpBusede sfmis 166 ctaRe® AmE el nEE e B e FREERS, fs Abpacssd
to sefractoufibut PePRLiMmatioNand slafmy thebrmiPdEODEE @Al Ohndép/BigRAISdBVIcR” Qrd her
the anal og signal received from CODEC 48 or fromclient nodem50 to the LE
vi a Beged in@rchingeably. d data overrun or underrun, microprocessor 54

preferably controls th i e ient nodem 50 and
central nodem 58 and f%@?ﬁ%ﬁﬁ%ﬁ@ﬁ&ﬂ%w}éﬁgﬁt ween an upstream
mpdem and cl i ¢t pPOdRMNSRAIING RldBREo REINEED &Rt AbmRESN Ring Bttafilte
subscri ber nodem to the sane speed. Speed adjustnent fluctuations nay be
absor tesdriptiod ulfenrin S6njuReticar eitic ehel drawongs maddicho Fig. 3 which is a
simplified bl gck di,agram entral office.termnal 70 central office
termnal 70 c6Mst it ﬂ”’é’ﬁéecﬁﬁgiﬁgt fagrany, 05&%1}65&15?& Ryt fSiebCARtructed and

operative in accordance with a preferred embodiment of the present invention,

Figs. 2A and 2B, taken together, are simplified block diagrams illustrating
30 downstream and upstream views respectively of a central office terminal constructed and

operative in accordance with another preferred embodiment of the present invention,



25 preferred enbodi nent of the present invention. Fig. 3 shows ay] 2ndUNq2(12
signal arriving fromthe LE at an ELIC 72 whi ch passes the signhal to a
CODEC 74, such as a Sienens PEB 2266. CODEC 74 preferably operates in

| i near nodwo 9Phs3ssanpl i ng cl ock frequency of CODEC 74 prefer abirgLpragsdes
for oversanpling relative to standard tel ephony sanpling frequency of 8
KHz, such as a sanpling frequency of 4§ KHz This oversanpling frequency may
be increased or 30 decreased according to the quality of the si gnal
arriving fro LE The g,cl ock for C i s 1ypical

Gener atad by B HeB A AAPIGED BRI GEHAT AbE i piTce il RoBtobedcnd
99/ 38354 arls lﬁqzé bR OROAo Bl ahoHytaf 5%@99@91%@ pl ransnitted
to a DSP 76, suc a Texas Instrunents 320C548 SP 76 prefeérably
performs filtEigi ngsoa sldnpllﬁefd:d)mchgdlsgrgmbf aocentraf officentelmingloogresnsated dray
the ELIC 72 and RT conbj ned frequenc gspons ég that the COTl to RT

f r eqUIRFEIIYESE BEFRIdance withanathergigferfsd embasigent of; gséﬁﬁ@tﬂw&mrhénﬁrequency
response reco 7

The GOT to- RT Py oqUeAey sl on ot hce i il ety SRR bibeflindt

t he paikHEDET CbVEﬁErgatEI YGihin frequencies used by voi ceband nodens, such
as with a -3dB bandw dth between 150 Hz and 4 Khz. A buffer 78 may be used
by DSP 76 for storage of sanpled datFBM& i nternedi ate cal cul ations. The

data generate ﬁgfh\é s transmtted
in Linear or gﬁ]g@ggng@nﬂgég_ S’%’r aner ?Séée}ﬁngotﬂgggtg#daas&éh ckvvell 8954 and
8970, typically cismrrolled bylmeriecfapicoPesddér 86, such as an Intel 80C32.
DSL framer/ modem 80 then nodul ates and transmits the data, typically 2B 1
(Qﬂcoded to a DSLCOW® er f ace 8fenwpl @ffigndafmisalon via a connection 84,
typically a coppe W|re tw st to an RT such as RT 28 (Fig. 2).
The RT CODEC, suc as a Si emegjj g&é@féG operates in linear or PCM node
and supports any Dggs sarrpl i ngnlgt@gg@gcﬁaaqgnwth DSP 76. 15 Reference is
now made to Fig. 4 which is a sinplified block diagramof a central office
ternminal 88 constP&€ted and o&glﬁtlisﬂ&laﬂ?foﬁ'ésé@gﬂ’éme@%th anot her preferred
enbodi ment of the; present inv h enbodl ment of Fig. 4 replaces the
anal og connecti on between the ccf %"rge COTr with a digital connection 90.
GET 88 conmuni cat ggpyvi th the Mﬂ’oa,tgrpertsbwrﬂxed digital trunk via a digital
trunk interface 92. A PLL 94, such as a Mtel 8941, is provided for
receiving o the LEODRLEK and iverdPlgodane cl ock to a DSL franer/ modem 96

for transm ssion an RT, Fig. 1 ) which synchronizes to
the LE clock as d%g%l‘l bed herggﬁszfa‘o‘{%e%\ﬁ? reference to PLL 30 (Fig. 1),
such as a PhillippcKgHCT7046, pand 0oasdasdulddiohs t he anal og signal for

transm ssion to the end user with high stability. Digital trunk interface
92 typically inclBdes a cl ockRerote€erinoralunit, and a framer, such 25 as a

| l as Sem conduc 2154 The d typically PCM nul tipl exed
fand i's injected |%ﬁ)c DSL franéf"})%ﬁbgnll‘@%g\&ﬁf%%%% EC\GBI ocked using the clock
received from PLLERfc PLL 94 Exciingt eimihterfaydicheani zed to the LE digital
trunk clock received via digital trunk interface 92. From DSL franer/ nodem

96 the digital daP@TiSs t r ans mPlaire@ld GeleptonRBemiice a DSL i nterface 100. A
m cr opr ocessor ch as a .I.n |, .8 188, is typically provided to
control DSL frarre em 30 9 ngﬁégﬁ@)&"’f EWE signaling at digital trunk
interface 92 Heandrg Ha HONGIBREFERRED EMEOUMENST™RL and vice
ver sa. ~ 2 \JUNELQ?&;Zv V% 59?813%9 16 PCT/1 L99/ 00041 RT PLL 30 (Fig. I ) may
asso provi de RefeyunclriomousniadetbiRig et velacipis aginplfied WockCaBEE@M38f @ Rdigitall)
resul tj ng in reduced quantization _error and noise in the anal og signal

@
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anal yagpliodd ﬁinb&lfhoh nheddre rapatility e dfértddth héreln’ &8 Mo IeQEhadgéE t @picamn at a
Filters may then be used to control the overall signal based on known
connekentighoffine sarmanad (€O To iwanerelosignated 2, Pven heengedian beypieallyor ganger wire
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Fig. 1, ELIC 6 typically includes signaling functionality, such as may be implemented using a ring

detector, a battery reversal detector, and an off hook hold circuit as are well known. ELIC 6



connection is established. Training nmay be perforned proactively where the
training sessionis to initiated by the transmtting end off Ilne'1thUNngm2
data or voice connection has been established, or on-line when a connection
has been eswablissised. I n proactive training a training signal Acr1395boo4;
toward the external connection and the performance of the return signal is
studi ed. Training may al so be perfornegd, passively by the transmtting end,
either off line or on-line, where the {Taining sessionis initiated by any

ext er nal @éstem connected to the trang@etter such as a npdem 15 It is
appr edrefer@is peaformng o faunwirgdybrd Bugtionard prevents uteoig dlontignalsiromem

may b?qﬁ)( %dllngoech 918 ggﬁéggn r exanmple, central office term nal (COT)

genera esl ) may be provided separately fromrenote

term nal (RT) ,zgecn@Da?JG B, dec gad Slerddhs (FEB. 2266) ,is doonided, eprefezhisiyredapablef of
central office termnal 44 (Fig @3 may be provided separately from
upst r PEFPENEEe AEhY @ﬁn@?élﬁtwrm trél‘ﬁfhib’b t?éiaﬁiaﬁan and (impgdangg) matghingc yping aDSP

f | ff
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limte een particul arl hown and describ her ei nabove.
Rap hetﬁequh&yscm)plecloﬂme He npsﬁsheﬂ]zadrbyehu, df arsl defynclednieed yo bye tloek céceiwe
that fol | ow WO 991 38351 1 CTIIL990
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recei ye1@din nShaf ratf f\n}ﬁﬁ g&ll 81348 A it dat a froma transm ssion
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sour ce, sal%l anal og SI een prepared at a first codec; and a
second codec didr &® akse ptrefexablyv;ﬁrbhdsm syrehainogs slloghﬁrleqﬁmcydnga Tckdck line 18 to
transm SS|on characterlzed |n t hat Sall? second codec i s operativ

sanpl @ DSld Tamsr/spdemgAd) sugh as @ &qekw 931 e2htde BO7 Prai i P eGSR tgah@niﬁged
bys Sa'x&ofﬂa&@& & e?&‘nsn%s it fiL Q9§ Gl ﬂ”‘@ve?l%p@ofnﬂgl i na%F%sl% tﬁgxc%@ & §8b;5fér

wher ei n sal CsS operate sanpklng rate excee

Tel ec awirairwistt ipaitstosd panide manﬂmQRﬂfb Beneraltycdesigintkd \me re$h fspied 20ds egricallye
operative to perform|inear_conversion. 4, Tel ecommunications apparat us
accor GPngoles t?fﬂ RIATAPTRRESSR] 20 SFlacaubiel 88F32 0per ati ve to perform p- Law

compandi N0, ST ShIRGRY FALLOn? pREPH, i1 2 EAIIAAETI0H, Tufich RERELR,

said codecs are operative to pérformA’Law conpan

991 383hel tidiirlRGhfdrin@fid @A Angdvia 'Eeh@emmm £ DISLoincerfap@ar pindsa BXSIofraimeging dem
claiml1 and further co gital transm ssion ap gar at us opetgoéve to

didi t 3 juahraarsRpekveel] r o n??@a cantgpllgd by Ialifmrape%% & Such @g Lty

oper atjrvye COnV. ir [ to
rocont b 30 réEBh g fh%%ﬂess. SRR BT ThehuBiiee B'ifed SRERrRR IR o
syst eqh& AR infdMhatite HIG! SO EHBAUAACHO B a3PREHTEHAS s@i‘npﬁxh tiock tea CODECHES,
conprising: a third nodem arranged to receive said analog signal in

par al Isath ap tahslsmrems BEBo66¢ vite s ;clackplinscd §ur evspareh dowastrenm gwaasmissign giia iazed
cat 8 LB fod PerBaTIR R PLRL SEnSh B T 6 ehRoeho8he ey

5Q§0n%aﬁﬂge&1lﬁnﬂnﬁlﬁbge 3l i o8 83 m &aflability, referred to herein as a subscriber. The
clock synchronization provided in this manner between the CO, the COT, and the RT thus
reduces the quantization error of the analog signal sampled at the COT and reproduced at the RT.
In another embodiment CODEC 8, such as a Siemens PEB 2266, may use linear
conversion rather than A-Law or p-Law companding Since 8-bit PCM companding provides
30  roughly the same information as 12 bits in linear conversion, more than 12 bits, and preferably 16
bits, are transmitted to the RT for each element being sampled. The CODEC in the RT, such as a

Siemens PEB 2266, also operates in linear mode for reconversion. Linear conversion may be



digital transm ssion apparatus operative to digitally transmt sai1d2 JUN 2002
digitized data received fromsaid selector, wherein said selector-

sel ectively provides said digitized data to said - ~ digital transm ssion
appar at us Rog§ge08; at | east one predefined selection criterioperobiugosdUN
20Q2 WO 991 38351 3 PCTI1L99100041 8. A tel ecommunicati ons system accordi ng
to claim7 wherein said selector is operative to selectively provide either
of: said digitized data received from $3i d codec based on the absence of a
nodem training signal received at said third nodem and said digitized data
r ecei wsed finoporsbingtidrouvith orodestedda o€ dLBICOTR Td el ekt isprchodnization desmdesaibaidng
si gnal rec%i ved at said third nodem 9. A tel econmunications system

accor deFENP8Vei t her of claim 7 and claim 8 and further comprising a buffer
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detected microprocessor 54 switches selector 52 to “normal” mode.

30 In “normal” mode selector 52 passes the digitized data received from CODEC 48 to a
DSL framer/modem 60 which performs the relevant modulation, such as 2B1Q, and transmits it

via a DSL interface 62 over a connection 64, typically a copper wire twisted pair, to an RT which
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Fig. 2B shows an upstream view of COT 44. An upstream digital signal is received
from the RT at DSL interface 62 and DSL framer/modem 60 where it is preferably passed in
. parallel to both CODEC 48 and central modem 58. CODEC 48 performs a D/A conversion and
- ;10 passes the signal to a selector 66. Central modem 58 extracts the data from the signal and passes
it to microprocessor 54 which may store it in buffer 56. The data is then retrieved from buffer 56
by microprocessor 54 and passed to client modem SO which modulates the data and transmits it in
analog format to selector 66.
Selector 66 is switched to either of “normal” and “modem” modes by microprocessor
15 54 in the same manner as described above with reference to selector 52. Depending on its current
mode, selector 66 transmits either the analog signal received from CODEC 48 or from client
modem 50 to the LE via ELIC 46.
To avoid data overrun or underrun, microprocessor 54 preferably controls the
connection speeds of both client modem 50 and central modem 58 and forces both modem
i p sessions, one between an upstream modem and client modem 50 and the other between central
modem 58 and the subscriber modem, to the same speed. Speed adjustment fluctuations may be
absorbed by buffer 56.
Reference is now made to Fig. 3 which is a simplified block diagram of a central office
terminal 70 central office terminal 70 constructed and operative in accordance with another
25 preferred embodiment of the present invention. Fig. 3 shows an analog signal arriving from the
LE at an ELIC 72 which passes the signal to a CODEC 74, such as a Siemens PEB 2266.
CODEC 74 preferably operates in linear mode. The sampling clock frequency of CODEC 74
preferably provides for oversampling relative to standard telephony sampling frequency of 8 KHz,
such as a sampling frequency of 16 KHz This oversampling frequency may be increased or
30 decreased according to the quality of the signal arriving from the LE. The sampling clock for

CODEC 74 is typically generated by a free-running oscillator (not shown).
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modems, such as with a -3dB bandwidth between 150 Hz and 4 Khz. A buffer 78 may be used by
DSP 76 for storage of sampled data and intermediate calculations. The data generated by DSP 76
after the above mentioned filtering is transmitted in linear or PCM code to a DSL framer/modem

80, such as a Rockwell 8954 and 8970, typically controlled by a microprocessor 86, such as an

o

Intel 80C32. DSL framer/modem 80 then modulates and transmits the data, typically
2B1Q-coded, to a DSL interface 82 for transmission via a connection 84, typically a copper wire
twisted pair 16, to an RT such as RT 28 (Fig. 2). The RT CODEC, such as a Siemens PEB 2266,
operates in linear or PCM mode and supports any oversampling in accordance with DSP 76.

15 Reference is now made to Fig. 4 which is a simplified block diagram of a central office
terminal 88 constructed and operative in accordance with another preferred embodiment of the
present invention. The embodiment of Fig. 4 replaces the analog connection between the LE and
the COT with a digital connection 90. COT 88 communicates with the LE’s multiplexed digital
trunk via a digital trunk interface 92. A PLL 94, such as a Mitel 8941, is provided for receiving

the LE clock and providing the clock to a DSL framer/modem 96 for transmission to an RT, such

o~
=)

as RT 28 (Fig. 1) which synchronizes to the LE clock as described hereinabove with reference to

PLL 30 (Fig. 1), such as a Phillips 74HCT7046, and reconstructs the analog signal for
transmission to the end user with high stability.

Digital trunk interface 92 typically includes a clock extraction unit, and a framer, such

25  as a Dallas Semiconductor 2154 The digital signal is typically PCM-multiplexed and is injected

into DSL framer/modem 96 which is clocked using the clock received from PLL 94. PLL 94 is

preferably synchronized to the LE digital trunk clock received via digital trunk interface 92. From

DSL framer/modem 96 the digital data is transmitted to the RT via a DSL interface 100. A

microprocessor 102, such as an Intel 80C188, is typically provided to control DSL framer/modem

30 96 and convert the signaling at digital trunk interface 92 from digital trunk format to analog trunk

format and vice versa.
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provided separately. For example, central office terminal (COT) generally designated 2 (Fig. 1)
may be provided separately from remote terminal (RT) generally designated 28 (Fig. 1),
downstream elements of central office terminal 44 (Fig. 2A) may be provided separately from
upstream elements of central office terminal 44 (Fig. 2B), and central office terminal 70 (Fig. 3)

; )  and central office terminal 88 (Fig 4) may each be provided separately from remote terminal 28
(Fig. 1).

It is appreciated that various features of the invention which are, for clarity, described
in the contexts of separate embodiments may also be provided in combination in a single
embodiment. Conversely, various features of the invention which are, for brevity, described in the

25  context of a single embodiment may also be provided separately or in any suitable subcombina-
tion.

It will be appreciated by persons skilled in the art that the present invention is not
limited to what has been particularly shown and described hereinabove. Rather, the scope of the

present invention is defined only by the claims that follow
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Telecommunications apparatus comprising:

an analog signal interface to receive an analog signal representation of digital data from a
transmission source, said analog signal having been prepared at a first codec; and

a second codec operative to convert said analog signal for digital transmission;
characterized in that said second codec is operative to sample said analog signal at a clock

rate greater than the clock rate used by said first codec.

Telecommunications apparatus according to claim 1 wherein said codecs operate a

sampling rate exceeding 8 kilohertz.

Telecommunications apparatus according to claim 1 wherein said codecs are operative to

perform linear conversion.

Telecommunications apparatus according to claim 1 wherein said codecs are operative to

perform p-Law companding.

Telecommunications apparatus according to claim 1 wherein said codecs are operative to

perform A-Law companding.
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a processor operative to receive digitized data from said third modem and provide said

digitized data to a fourth modem;

a selector operative to receive digitized data from either of said second codec and said
fourth modem; and

digital transmission apparatus operative to digitally transmit said digitized data received
from said selector, wherein said selector selectively provides said digitized data to said

£ ) digital transmission apparatus based on at least one predsfined selection criterion.
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9. A telecommunications system according to either of claim 7 and claim 8 and further

comprising a buffer operative to buffer said digital data received from said third modem.

10. A telecommunications system according to any of claims 7 — 9 wherein said processor is

operative to operate both of said third and fourth modems at the same connection speed.



