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1. Technical Field of the Invention The present invention relates
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conmuni cati on serV|ces These services are dlstanU| ed by bursty dat a
patterns and asymmetrical daaTKCROONDEOF THE INWENTION i nf or mati on sent
toward the subscriber prem ses than received fromit. A partia

response to Lhis meelnieal?Pield@actf thetnv $6ﬁal signal |evel, has been
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accommodat ed But a I's varla ursty ata, dynamc bit
rates, etc.) has nade it nearly inpossible to predict, contro
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teghnology 'ofafga¥§tpeE§8EEces and small businesses. These services
are distinguished by bursty data patterns and
asymmetrical data transfer - far more information sent
toward the subscriber premises than received from it. A
partial response to this need, at least on the physical

20 signal level, has been found in new "xDSL" transmission
technologies, such as ADSL (Asymmetric Digital Subscriber
Line). These have recently become sophisticated enough
to allow dynamic bit-rate adaptation on each subscriber
line, so that a wide range of loop lengths can be

25 accommodated. But all this variability (bursty data,
dynamic bit rates, etc.) has made it nearly impossible to
predict, control, manage, or guarantee the Quality of
‘Service (QoS) provided to each subscriber, as required
for a viable commercial service.

30 Several companies are working on ADSL products using
DMT (Discrete Multi-Tone) and/or CAP (Carrier-less
Amplitude Phase Modulation) technology - each with their
own equipment configurations and target applications.
These products simply multiplex the ADSL data streams
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own equi prment configurations and target applications. These products

sinply multiplex the ADSL data streans. together with IittIe or no

fl exi bl e bandwi dt h control and no QS nmanagenent features.

SUMVARY OF THE | NVENTI ON An obj ect of the present |nven 9 to
sol ve the managenent probl ens descri bed above by conbining t é aéFg
managenent features of ATM (Asynchronous Transfer Mdde) 10 wth the
physical-layer transm ssion flexibility of xDSL. Anot her obj ect

of Lhe presenloddfl LAk 3:tR1e o BEOVIG:RICILENLEGH' BohfEoR and

t el econmuni ca n “khi"Ch n-ol one service and a
br oadband no(Qqﬁ1m§na9§mﬁm¢ef&a¢us95ultaneously'provided to individual 15

subscri bers on conventional transm ssion |ines already depl oyed for
t el ephony. Still another ob ect of _the present invention is to
provi de such an architecture SHMYAR §Ea§NV§N§ BY¥i de

mai ntai nabi lity ofad pjdict oF thiebprieseat linventdonvdse tal sowehthe

interfering with Ilfellne | eph V|ce to subscri be

Yet® anot her R ot Aascrdnecs above, by coBBiRindtkhe data
pLactlcaL hagghamgmﬁanﬁmQMMresapébmaﬂbﬂAsynchmamnpsngrgnsfewenaﬂsve
CLECLe 1o Yk LR SRR dover, BAHAAICA TiGdBiatege shetle

pr esent I'hven ations Sys pr.o |ng oth
narrowband and br dawiider sdiecdteofi the pmesent y.ncnentlon d&b¥er i ber

prem ses CO”%’fo'iﬁi%é‘taﬂ %hl%t’iﬂ%l frchOla telecoritit®Gca®ione aylten C
swi t ched tel éphone, network (P 30 and for, connectl n tq.an
ashfhchr onous 1 yhich Rigdd @&ﬂvptelephqm RS ics ang, 3\”&8‘”&‘1’.’@ PSTN and
the ATM ngt WHigital lser\flhﬁ-. HI;E & iinfu teineuEIsy WWWSMWMual
correspondin urality of.t Rer .pai.r and & I ty of
subscri ber m#’&e%%&q%’ﬁq\%}%ﬁ g:tﬁ%w oi’g a{}fﬁa y of
tw sted coppalepityer fidrertslephanty.of the
Still another object of the present invention is to
15 provide such an architecture in such a way as to provide
maintainability of the digital subscriber line hardware
without interfering with lifeline telephony service to
subscribers.
Yet another object of the present invention is to

20 provide the practical hardware components capable of

carrying out the above objects for such a system.
According to a first aspect of the present

invention, a telecommunications system for providing both
narrowband and broadband services to a plurality of

25 subscriber premises comprises at least one shelf for
connection to a public switched telephone network (PSTN)
and for connection to an asynchronous transfer mode (ATM)
network for connecting the PSTN and the ATM network to
the plurality of subscriber premises via a corresponding

30 plurality of twisted copper pairs, and a plurality of
subscriber modems for connection to the corresponding
plurality of twisted copper pairs, wherein each of the
twisted copper pairs is for providing a digital
subscriber line that accommodates both plain old
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tw sted copper pairs is for providing a digital subscri ber |ine that
accommodates both plain old t el ephone service (POTS) and digital

channel s in an ATM format. The digital subscriber line may be an
asymmetric 5 digital subscriber line (ADSL). Moreover, it may use
discrete multitone (DMI) technique, as known from Amer i can NaPPr?ﬁ&F33
Standards Institute (ANSI) Specification ANSI T1.413-1995. O, it may
use carrierless anplitude phase nodul ation (CAP). 10 ATM and x DSL

Vi a0, genere LRI Fervich, (ERasl ma,daiesi adeRet®: 3 pRORR 01

In fact, Fisiat + sarlfe sy idrdly subsentiberb ddmee mayadeblap, asympetiric
vas not el Sl JEbdANI Aty Wik elier! SUE A yaeRlr um (17

e
to 3.4 kHz) ov ances on exi'sting copper pairs.
(1 ar ge- scal e dipanpte mtlton%@mpqeg@me.sr gqnopmo fxon ng)

techinol ogi es Ajiei UV NatidiRaAe s@ﬂdﬁﬁ?trrf‘s?dliﬁitéﬂ{'AWS gabit per second
rat es, and the dema,nd for 6@2 spee data servi.ces 5articu| arly 20

I nternet acceRcl 1998 a0% el ito DY al so under
tremendous prefaatieridsy eim;ﬂ.\/ia:we qmm modulatsn (EAR) tchi ng systens

fromt hﬁ o:;ervr/nel ;R'ﬂg arﬂ)d er net/ no egﬁe:)vggqsﬁly E?és/enz§° ed' ]Sl‘e3| gned

to andl e. t t st e,

oper ati ng congleis ey ao s:nadttaaraecnmﬂgﬂe‘tammable, er-murmqaﬁ
gpnony Swididess Ghabfinfd S e Hhoten AR WdEA tlQ:o?bStorﬁ{ ERE,A New

revenue pr oducer, types of service .. QS cI asses)
of fered Alzsnrxt%eﬂsﬁdmﬁ@lmmeﬁ Y rhaqape sﬁ?asmlevrr%nm it

bandwi dth fl addiddt Ycﬁaﬂmwrwldw tHe bandwi‘dafrewde thesupport a wide
range of servrces required | f ere ppllcatlons chlev
hi gh- r esour ce~€1ePhoR Iﬁfﬁ%ﬁ?%'w‘ ﬁ‘{Pq'sf’;?a-r"r Q‘SFId ﬁesoq'tﬁn
present invensxistimntcdppédpmaires tNew LEEi bldrge/-smalﬁ 1n‘tmara7@.on)
reppurces in éﬁﬁ’6§$V%§{§£ééi“§§gﬁiffﬁ%ﬁﬂééé&ﬁg) technologies have now
made ADSL practical at multi-megabit per second rates,
and the demand for high-speed data services (particularly
Internet access) has made it necessary. Local telcos are
also under tremendous pressure to relieve existing
20 telephone switching systems from the overwhelming
Internet/modem traffic they were never designed to
handle. By using the system described in this
disclosure, operating companies can simultaneously remove
congestion from telephony switches, offer high-speed
25 services to customers as a new revenue producer, and
expand the types of services (i.e., QoS classes) offered
to fit customers’ individual needs.
The full bandwidth flexibility of ATM provides the
framework to support a wide range of services required by
30  different applications and achieves high-resource
utilization. It is particularly advantageous in the
present invention that ATM provides the possibility to
reserve resources in the network to meet the quality of
service requirements of the applications desired by the
35 | subscribers. This is particularly so in the present
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service requirenents of the applications desired by the . Subscri bers.
This is particularly so in the present I nvention, because of the nature
of, e.g., asymetric digital subscriber lines wherein a very |arge
bandwidth 5 is dedicated dowmmstreamwi th a relatively small bandw_dth
reserved for upstream conmuni cations from subscri bers. I n t hat?0dade3
with an architecture having a | arge nunber of subscribers connected to
an upstrean1netmork elenent there can be, depending on the nunber of

subscri bers 10 connect to the n mork ele evere
bandwi dt h. con’txé? ‘rg}f) emin ¢ tqlf’p FRES d’ reétids mi"m&mf’ht%s,l%can be
bal anced to stbrml'ea(l esnbscacmldlhgmqm wherein qome'ntlamgaemanr@wlw

of fering di ff% i c?'cf&n?étream e GE el dtiSredyP el iie handifliagth can

be i npl enmente el cos using different rate structures.
Accor di ng t o EESSRMR £ RS tHream ConmEHIGahions from sSubsSHIRGTSEat i ons

Sy? em gormr Im&msads@,erwileaglmchnemﬂ:@&?wﬁ@' a€ Qlairigyee Mumbéirt h t he
subscri ber e P Lo i ncl udi n ompass er us

subscri ber's Té? e%%?%&f% n 3RSk io@éﬁﬂﬁ% a
baseband posithere icam Ee;aoﬂ.mpmdmgum mhmu'hmmﬂzew subsctug:mis al so
havi ng a mﬁd ' | 0.1 1 bhov. a e for only
providing th %éé%%in@ 8&&&%%&? ‘f%rtrhe %e%r"}o\fg{] e@egne%m%c%[ae% bet ween
the 25 subsdranmdwidtlpreontantion prohlsn amvuhechmumiaapldamectlon.net wor K,
angp a_di gi t alpspbseti bsg f%ég&i% [Himd! £, acddiRiHPSL i ' S

. premises, responsive {o t re uen%¥ i vi'sion tlplexe si gnal for
provi di ng t héPXRIRBantnvention, fHring qlrfﬂﬂrg}ifl‘!alq%%ﬁ}rﬁsc&‘tﬁ ons

bet ween the 3gerviddsEd i 4168 ' SulkEr 5@iSs ARfh e T bd Smiflidmeried Wier ei n

Lne B ov ! SIS UIES S NEle JESPRNE o, the telephony

frequency-divi si oracedrdinexes siggmind aspect of Bhe senventimapea of the

Eir : eg;eggve”ééf’é‘cé‘&@f{‘fca?@ioﬁ'é‘ﬂ@élf SHPRA 4 S iB e o ifdnferftt -
and provider equipment, with the subscriber equipment
including a lowpass filter for use at a subscriber’s
premises responsive to a telephony signal occupying a
baseband position in a frequency-division multiplexed

20 signal, also having a wideband signal occupying a
position above baseband, for only providing the telephony
signal for use in voice communications between the
subscriber’s premises and a public switched telephone
network, and a digital subscriber line modem for use at

25 the subscriber’s premises, responsive to the frequency-

' division multiplexed signal for providing the wideband
service for use in digital communications between the
subscriber’s premises and a packet network, and wherein
the provider equipment includes a shelf, responsive to

30 the telephony signal and to the wideband signal, for
providing the frequency—diﬁision multiplexed signal.

The second aspect of the present invention allows
telephone subscribers to obtain efficient, high speed
digital services to their homes and businesses over

35 existing telephony copper pairs - while conventional
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digital services to their homes and busi nesses over exi sting

t el ephony copper pairs - while conventional analog "lifeline"

t el ephony services are simultaneously provi ded with high
integrity on the sane pairs. 5 The key to these and ?
aspects of the present I nvention is a unique systen1ar% |tecture
and a novel conbi nati on of xDSL and packet technol ogy that work
together to econonically deliver services such as | nt er net
access Al oheain1 8P ALIFRinED (TBRIASRrI A are oihh1hiMRRION
anal og nodens rOV|d|ng fh owpass |Iter separately

fromthe PrOVlde%‘gl-ﬂalhlsﬁmsﬂéﬁmltm N ke Hame, PaddF®em can be
nai nt ai ned Separaiﬁﬁé'Eéyiﬁ&tﬁﬁége|dﬁd”3ﬁﬂéﬂ“hé@édt§fﬁf the presentd ifeline

t el ephony seryices, . thereb rovi di ng .t he ab 15 nentl ned hi gh
ntegrity.  ARYSFHLON kb ARG EYkRen architectyng and, ces from
t hes wi deband ceivin®siomnoHexDSL and packesic drguhrsdieslyy rthdteudmdf as wel | ;

by providing I 4 part of the
1 ne Eoavther o efSRA AR LY SENEL Svidlt qie ds P} 20
The preferreoﬂ@hmhmc%@t tRnedds qexs diharysl00 times fa%ptﬁl'\ﬁélrate

ADSL - coded, €$§ﬁ§f &ﬁﬁfb Mdddmd | NY copper pairs, but it

shoul d be rea |ze t the, sy em architecture descrlbed bel ow
can incorporate ar YkPW%ﬁlng “the lowpasng ek LR \RARALATR L

vajpety of DigidgitalSsuSedsibéemeline nfoddabl )tid aisdens séaan Beechnol ogi es,
i ncl udi ng ADSL

. VI DSL, SDSL, and. | .+ 1he . cor It A
i npl enent at i FACHR Pﬂ‘ﬁ’% | FERAT A ALY 2R (i w:.nterferln%g&% S hod for
ADSL speci fi elifel el teleplionyl dérvides, thereby preidinentthe exbdwéet wor k
.and Cust oner nt f t
Subscri ber lhgﬁ%gbé%é ﬁ’{'gh 1nte9:"101\}'é* al lel ITAS %%bfop&%sh%{ef d be
real i zed thattelhkhony services mrmgtmwmgbm seIolers yzan be _
nygddi tion, Jubbhy B%fsﬁgaﬂ§ﬁrﬂﬁéeéﬁéf§sé§ ﬁ@iﬁtrﬁ&rprov1d1n a respective

QJa ity of Service araneters are 35 1|E)porte al | ow ng
custonmers to §gagg¢p5e19@pqg§3fllter that is not part of the line

ternmination of the wideband service in the shelf.

The preferred embodiment described below overlays

adaptive-rate ADSL~coded, ATM-formatted data on existing

20 copper pairs, but it should be realized that the system
architecture described below can incorporate any kind of
packet network and/or any of a variety of Digital
Subscriber Line (DSL) transmission technologies,
including ADSL, VDSL, HDSL, SDSL, and ISDN-BRA. The

25 initial implementation of this invention uses the DMT
coding method for ADSL specified in ANSI standard T1.413-
1995, entitled "Network and Customer Installation
Interfaces—~Asymmetric Digital Subscriber Line (ADSL)
Metallic Interface", but it should be realized that other

30 coding methods can also be used.

In addition, multiple ATM service classes and their
respective Quality of Service (QoS) parameters are
supported; allowing customers to subscribe to CBR
(Constant Bit Rate), VBRrt (Variable Bit Rate-real time),

35 VBRnrt (Variable Bit Rate-not real time) and UBR

5
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(Constant Bit Rate), VBRrt (Variable Bit Rate-real tine), VBRNr t
(Variable Bit Rate-not real tinme) and UBR (Unspecified Bit Rate)
services, as well as a new service call ed UBR+ which allows a

m ni num bandwi dth to be 5 reserved for UBR traffic. 07~ 5ghe
architecture disclosed herein applies an ATM nux functi oR%4nd
unique "1 Q" bus invention disclosed in detail in a related U S.
provisional patent application entitled "Method For Prioritized

Data Tr ansm S ﬁ}% Tr, i O SA% t hayi . S.
Seri al . &in@}, &e&ﬁ%%ﬁ) 5 on ev%ﬁ %ate %g?g\%etﬁhnew égbpg.cQPat.
No. ®lded AER+ tdish eddows eamHing mam bendwddihy e be

parameters, LRasRA-RIA FdY¥ IUBR ra¥FIQE USI ng vvel ght ed service
of ferings and a cell a I ng mechani sm The 15 _hus conce Bt i tself

i s an inprovenent TfeREGRIHecturie dlscloaed Q@E@é‘é‘ ARRLARES AP P8 osed.
ing). S. Seri @urdtion and a uWilue’ "IrHM Hud dahviesitiion Bistlos@@8incl ai i ng

priority from U S provisipnal patent |icati / 58,
Flied iy 16etpidy S mate et oy RrRiednait poreit 8PpTicdtion™ 1o
and Arrangenmnt‘.l,tlfed éﬂ‘lemlosi/el‘mmemaorltlzed Dadac Miransmigsiioncands based
on European W%rans&15s1ﬁﬁoﬂf@?8%§ﬁ: gﬁ%n . &d %@Ei@rwy 11

1997, now EP h can al so be used
sel ected enbddithormeynDadkety Nose R0 1R |fd-|i9d on gyen dateaccor di ng to a

thigd as pec: H¥r i) Qﬁﬁrﬂllocateh trd%fﬁ.@%:.%nf‘ I‘e‘ﬂ\ﬂt I Hét‘éi‘%l t fsyst em
conprises a e s or_.connecgtign to urality o
subscri ber paged on & rﬁzf'?aﬂ’%&%rsq%(fd“ﬂ usHing "’51@5\?‘?@3 &’r'(Yn § plurality of
subscri ber profifexsindy amy fceMi scpichg apEmdrarism.s, The "IQ" Wum ein the at

| east one Sheéo fI C{t%ﬁ'f'? i £h piﬂﬁz%\}es&/en over. an’ ;IQ,G.F §1s g'égelé(y ng a

network termmna | car connection to a broa network, a
pI urality of meqhanlsm. as diggioaad din dhSis Foevisdonadt mtetrtt— the network

rdmi nati on t - 5 fag and a
t gygm g&pass tefﬁcartﬁﬁﬁti{& 1 Hodket Ho.l M2-5813° enthitifed

plurality of REPLACEMENT. SHEET
"PrJ.orlty-Based Access COntrol Method and Arrangement",

filed on even date herewith and which is based on
European Patent Application 97400303, filed on February
11, 1997, and which can also be used in selected

20 embodiments of the present invention.

According to a third aspect of the present
invention, a telecommunications system comprises at least
one shelf for connection to a plurality of subscriber
terminals for location at a corresponding plurality of

25 subscriber premises by way of twisted copper pairs,
wherein the at least one shelf is for housing a plurality
of cards, including a network termination card for
connection to a broadband network, a plurality of line
termination cards for connection to the network

30 termination card by means of a backplane bus of the
shelf, and a plurality of lowpass filter cards, each for
connection to a public switched telephone network,
wherein each lowpass filter card is for connection to a
corresponding line termination card for joining a

35 plurality of telephony s:.gnals and a corresponding
Sheet Has Been Replaced
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connection to a public switched tel ephone network, wherei n each

| owpass filter card is for connection to a correspondi ng |line

term nation card for joining a plurality of tel ephony signals and a
correspondi ng 5 plurality of digital subscriber line signals9 2_ B
upstreamend of a tw sted copper pair, and wherein each sug C?IBEF
termnal conprises a |lowpass filter for connection at a downstream
end of a corresponding tw sted copper.pair for providing the

tel ephony si gnglrdiQt3 of H&gi%%hﬁ@“%@%riﬁ@Q Qiﬂhggighaiﬁbﬁﬁfhaer line modem
al so for connectjon-at the downstreamend of the tw sted copper
pair for conwRatrsam end @fi # twisted copper pair, and:.wheyeAd €8°H fourth

aspect of theulR§aHer terminaln¢Ritbridesdat 2bhpasBUEigteirofdrsyst em
conprises at |east 1 one, shel.f "for hqusi ng a net wor k _t.er m_nat itgg card
&E\%DPE, a

. 15

for CHNETHIGN AF 2 SOYRFEERE™ CRFEPSPORFIOR [FVRE
Lerﬂﬂ' nat i OP QPR @airohmc pravidingaitienéelephony signafletwi mati on card

y nmeans o ackpl ane of, .sal . s an | uRal.i f
upstream endq‘ie(t))’vﬁc?g{s)og‘ il a d:'%gkqg'aF&?Sggéﬁgﬁjofrhg%n%ggﬁﬂoﬁlt%g 1<;;1ﬁ6|§(tjbl iC
swi t ched t el eppmvertdanvatk thehdosinstaean lendp ofs the tawistedd coppesr
connecti on t%ﬁlrc Jrew}fg&lqdﬂ q._g) e e minand for joining a
plurality of “tel'ephony signals and a correspondi ng plurality of
di gi tal subscribeAggarding o asifoyath aspectyed: thenpresest a

CqLd eSPgndi nmrﬁ}éﬁ‘@j{dﬁxa ﬁelﬁconﬁfudi\%aﬁi%sfw@dmjw awlwlagﬂ tyf of

subscri ber e nal.s fqr |ocation a_cqrrespondin yrality o

subscri ber prdif s%%elégﬂ}' honsing, & nceé"rwrﬂrifalt nation ca&%nﬁslé)& ion at a

downst r eam ergbriect it ras po bboagidanids retwork30 a pdmral ity off drine

comuni cati o ] cqrr ' . dudgass filter and
&%ﬁ%ﬂaﬁ:&&{ cea%’é‘%}g conn(?ctlolfpgd’ %Tf(\g @%\M OTK

line term na . ] over sal d correspon copper pair
wher ei n each terminatisybsmanddy mearishaf @hadkpdane dWehff & ddend | owpass

fiqgger for cQerd ohdlla P IR UPsAIGA] &l dowpadls MatsPONding

tw sted copper pait and connectjon to a

cards each for connection to a public switched telephone
network, wherein each lowpass filter card is for
connection to a corresponding line termination card for
joining a plurality of telephony signals and a

20 corresponding plurality of digital subscriber line
signals at an upstream end of a corresponding plurality
of twisted copper pairs, and a plurality of subscriber
terminals for location at a corresponding plurality of
subscriber premises, each subscriber terminal for

25 connection at a downstream end of a corresponding twisted
copper pair for communication with a corresponding
upstream end lowpass filter and line termination card
over said corresponding twisted copper pair, wherein each
subscriber terminal comprises a downstream end lowpass

30 filter for connection at said downstream end of said
corresponding twisted copper pair and for connection to a
telephone at a corresponding subscriber premises, and a
digital subscriber line modem also for connection at said
downstream end of said corresponding twisted copper pair

7
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t el ephone at a correspondi ng subscri ber prem ses, and a di gi tal

subscriber |ine nodem al so for connection at said downstream end of
said corresponding tw sted copper pair for.connection to a data

termnal at said corresponding 5 subscri ber prem ses. @;c i ng
to a fifth aspect of the present I nvention, a teleconnunlcatlons systen1
conpri ses subscri ber equi pnent, conprising a downstream end | owpass

filte{ for use at a subscriber's prem ses, responsive to 10 a tel ephony
si gnal occup bas and 0S| ' r n

mul ti pl exed §I§Q§Pn5F§ ﬁngﬁ 3 ha%g h%f%eﬂ%%daéugﬁyﬁ %%Eﬁ%g %%@gnp05|t|on
above basebaﬁdbsbmnber prenuyepﬁoviding sai d tel ephony signal for use in

voi ce CO”mm' TgP %W‘aeh%%hda%%&ﬁr bbethé pfegéﬁes and a 15
public sw tched t ep one “net wor k nd a dig riber line nodem
for use at tH&WV 'bért§1e°°mmHPéEP§é9nsr§¥ﬁ§ﬁ§| 8m951§3fd f requency

di g $I 03. . sungdﬁlmee-x%ﬁp@mlt f@bmp&-dsu.dgng dowristirdabaendslgwpassor
Dokt netwo i ERT HHrG o Atof PR TIEE '3 BREpi 8RR, “relpofipeibies 1f o
gglza;d t el ephdelephgmy sxgnalazﬁehpyagz?awhdsbhnndspgﬁatlonolnpaov|d|ng
requengy g WY 3 $1gha1 also havifgegrding to a
quen A %ﬁf@y gﬁ e al a i

si xth aspect resen t1on, scri ber equi pirent for use in
a t el ecorhdekiagw |ma§ygcgmmg @°§H4§Ilpnf éP%’GnPéE?—géﬁd forpoth to

¢! ephone ;l-ﬁ-{ é:licﬁi‘altr@ g flRARS NS an%'ld for usba‘ihnf\?oacﬂI ur ality

of subscrlbe

for. connection to ri nent
plurality of commumdqaliions hetwaen §a%é"aﬁ?ré§’ﬁ¥ §UB§ §F 3&3 Brent
conprises a ublm)mafcrfdd 41 eighionés hetiworks ulandy iaba@igitaden ses,

responsi ve to\& t eI g‘}?adﬁnb%ﬁ%péﬂsseg 2 l%%sel%%gcrlberpgm tionin a

frequency di W Shavi ng a w deband signal
occupyi ng a rpmﬁmsms,atna&pdii‘s.lmw)aaid fiequencyp AAVigion sai d t el ephony

sgﬂgal multiplexed signal for providing said wideband signal for

use in digital communications between said subscriber’s
premises and a packet network, and provider equipment
comprising a shelf, responsive to said telephony signal
and to said wideband signal, for providing said frequency

20 division multiplexed signal.

According to a sixth aspect of the present

invention, subscriber equipment for use in a
telecommunications system having a shelf for connection
both to a telephone network and to a wideband network and

25 having a plurality of subscriber lines for connection to
subscriber equipment at a plurality of subscriber
premises, wherein each subscriber equipment comprises a
lowpass filter for use at a subscriber’s premises,
responsive to a telephony signal occupying a baseband

30 position in a frequency division multiplexed signal also
having a wideband signal occupying a position above
baseband, for only providing said telephony signal
between said lowpass filter and a subscriber’s telephone
for use in voice communications between said subscriber’s

35 premises and said telephone network, and a digital
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bet ween said | owpass filter and a subscriber's tel ephone for use in
voi ce communi cati ons between said subscriber's prem ses and said

t el ephone network, and a digital subscri ber line nodem for use at the
subscriber'.s 5 prem ses, for connection to said frequency divisi 5

mul ti pl exed signal for only providing said w deband si gnal bet ert25hi d
digital subscriber Iine nodemand a subscri ber's data term nal for use
in digital comuni cati ons between said subscriber's prem ses and 10
sai d w deband_net wot K. . According t ev. i, Of the

pr esent iﬁVEﬁFfﬁ er 1ing Pofgh 1% % nagt Zﬂ?ﬁ u%ﬁ% y _o? shel ves in
a rack for uspremisesgl fornounnectiomsteysaidn frequenchrGN IR bot h
narrowband angy,bteadagad segiheCfot Cofiy Sorobiithd [da widesdnder

prem ses, conprising a housrng, .for tohnectign to a narrowband, network
and for connesigpal betveen saddd@LBHtALL FRPRCE Hhek chRRMIRLR AR 2

nar gowband g, REEPRBkraBlaathOtEFARARENEoCENET knt@igREaL pl ural ity of
subscri ber premses _ via,a corres onding pl#%glité of .20 tmﬁstedﬁ&opper
pairs, wherei FOBBRAigaLkiPAF PrEvEERsSald SRRPGYIRet:F AESPHEFUSMNG an upper
section for hgHsangideband Aetwdtkal portion thereof a plurality of |owpass
filter cards w th cqunnectaor h LOSeEty ' backpl ane
of said housing, a Scﬁﬁgfggn ga?dgﬁg%ggﬂpég%?%ﬁ §§ égg.%g?%e%%using al so
has end porti dnventienyed £belf forcusecameng aapluratityibafioshelvesk and
sayg pluralitynoh rack E8EShed $APRCteRBLbimuAdadi bRk EySeeh! 26rf O
holUsi ng a p grqflt of Iilne term.nnation cards in a centrag portion

t her eof, eachPEPVAAdBEN parkewbands apd; ReepdPand; AeX¥icesi H°p3ckpl ane

of said hOUSiB&ur%ﬂﬂt?h%EeEﬁb&%&dbb@“@femises§eebﬁpﬁiémngudehoaSihgaSt one
end portion reserved for

.at | east one.network, t ' [ for
cabl e connect £% °°nne951§3i&°bPo§85§ﬁHBﬁ89mB?§§°rk Sﬁg]?gLAgggﬁgﬁgbgﬁo an
ei ght h aspect tof at htopdband nakworkv€orri connechéngesaidanavnowhangnent for

usisln a shelfnetwork and said broadband network to said plurality of

subscriber premises via a corresponding plurality of

twisted copper pairs, wherein said housing includes
plural sections including an upper section for housing in
a central portion thereof a plurality of lowpass filter
20 cards with connectors thereon for insertion in a
backplane of said housing, and wherein said upper portion
of said housing also has end portions reserved for
connecting said narrowband network and said plurality of
twisted copper pairs, and a lower section for housing a
25 plurality of line termination cards in a central portion
thereof, each with connectors thereon for insertion in
said backplane of said housing, and wherein said lower
section includes at least one end portion reserved for at
least one network termination card for cable connection
30 to said broadband network.

According to an eighth aspect of the present
invention, liné termination equipment for use in a shelf
of a telecommunications system, said line termination
equipment for connection to a plurality of subscriber

35 lines for connection to a corresponding plurality of

9
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of a tel econmunications system said line termnation equi prrent
for connection to a plurality of subscriber | ines for connection
to a corresponding plurality of ~ subscriber equi pnent at a
plurality of subscriber 5 premses, wherein said line te BBQQ%EOH
equi pnent conprises plural subscriber channels, each %onprlsing
a hybrid circuit for connection to a correspondi ng tw sted

pair froma correspondi ng subscri ber prem ses, each channe

conprising a 'lgstt}g.aia%lfi f I.S0l.atd ; leghony si gnal
occupying a. bgause an pos‘%‘i‘gL n ‘%\t.aa%o aﬁ‘tdﬂ&-af’llt% r?efqusél%gﬁi Vi Si on
mul ti pl exed NRpRisesowhengideifigd line terminalion,eqidPmeRtng a position

above basebanthpirises plural sSEHHEEYY GHIRILs,M QAN Tompriieing @
wi deband signal_ T encoded and dul at.e \gl deband

or . . rovidin n
signal to  hybrid cizeuit, gy f%”r"c‘iﬁ’t"% 3’r° i aﬂraqqﬁogxﬁ'égeﬁgf&ggg and
m)dy![ ated \tI)\A (iﬁbigﬂdfﬁdlﬂ(rjwlcm@dhdm@tsiﬂasnmpmr penmiises, each said
position abov asepan L e tor/ qgggr . . responsi ve
to a w debanacerﬁrbrh% ??‘?Rﬁa{;%% %Jg}s)%ﬂlﬁaeérg éj‘ﬁ for ﬁse()n]iast,:e:"sngf S provi di ng
a ?ermgul at ectelephiny detyna dameoupying a dmsehandhipasdtigand g @eband
net wor k. - -{*g;g [ [t HasRint
i nvention, a jF]féep a%%%ldel pri ntﬁejdﬁglo%% assd]erﬁ;il@ ¥o(r¥rud§éé Ad in a
shel f of a tSigRAMACRIRYNG & posikiohakove haseband, a shelf is for

;g%ﬁ‘ﬁ;t/: gg g%ﬁéﬁﬁfﬁémﬁ, el asie B8l to bsaicji 3hiddbaril Widphandoret wor k
. 0 supscr.i ber es . t t
subscri ber ecﬁﬁ‘bmné/ an encoded And, lb‘?‘%bﬂ%ﬁ?ef ‘b‘féeg?ﬁ}é(r)ﬁr]t%?fa n%'gcf'r; 225, 0
Wlher e: n sai ]gl said hybrid c¢hphwieatdr piftviding iseld eemeodest pontli ng
plurality o . s, fl r C A/ ' f
connecti on modu%te? owﬁé%vgr?én soi#%%l%bh%%é&]s%él%% ??éﬂg%taﬂ%r%prﬂ si ng
a _ paid apos it bon tabeve dbasphand pAnd a ArpeAwiatary RAAATor
copgection toré‘s?&ﬁéf@@"@é’!i‘%ﬁféﬁﬁﬂd PGl [rdh ddidiftbscriber copper

pairrs for connection to said coryesp

ondin lural jty, of custoner
preni ses and PEeRiFes ek pRFRviding agemg@q%;%d vaod ﬁﬁ?f&éﬂ%“fﬁﬁ?’f | ex
bus of said s8gihal t&EERICRMRAEb&ERIetwork.

‘According to a ninth aspect of the present
invention, a replaceable printed board assembly for use
20 in a shelf of a telecommunications system, wherein said
shelf is for connection both to a telephone network and
to a wideband network and having a plurality of
subscriber lines for connection to subscriber equipment
at a plurality of subscriber premises, wherein said
25 replaceable PBA comprises a corresponding plurality of
lowpass filters, each having a first port for connection
to a plain old telephone service interface comprising a
plurality of twisted copper pairs, and a second port for
connection to a corresponding second plurality of twisted
30 copper pairs for connection to said corresponding
plurality of customer premises and to said wideband
network via a wideband multiplex bus of said shelf.
According to a tenth aspect of the present
invention, a telecommunications rack for connection to an
35 upstream network service provider for providing said
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According to a tenth aspect of the present I nvention, a

tel ecommuni cations rack for connection to an upstream network service
provi der for providing said service to downstream subscri ber equi pnent
also for 5 connection to said rack conprises a plurality of shelyve

at | east one shelf for connection to said upstream network serif cer>3
provi der by nmeans of network term nation equi pnent, each shelf for
connection to different equi pnrent of said downstream subscri ber

equi prient by 10, B8N, holhDer d8h LBA&LIEA Wililent! I EGACH Of sai d

plurality of s as a same nonre ant feature, | east one pair
of redundant FPHEGFE%ﬂ?nﬁ?l%ﬂléqﬁﬁﬁﬁﬁﬂﬁmprlseﬁnﬂaH#qﬁ?¥¥§¥n9§uqnﬁ}Yﬁﬁn pnent

of said pair §erids6ti 6ne shéBfdréd EEMSécOIGh Stheldaid \mﬁl on with
said sane 15 nonredundan{ featurge_.th reof and

$k) qglnHQgE
ternination eﬁﬁFﬁﬂEﬁtS%FV%S?d95%Y+d?B YiSBEIRS %ﬁﬂﬂanﬁo%aJd
plusality of efaipment) aashcshéldnfor tdonnectieon cdbo adif fexreretundant

feature t here S shel f and
o anot ner - SHutBRGRESBPCea T8 doynsERERR AuMer Bidt R fliline 1y 00
redundant | y. means of )himertierminationctquipmentspereinteachretsaid

i nvention, é?iﬁ¥915t§96f‘Qﬂ&l@és@ﬂ&épaﬁééméoﬁoﬁﬁéaﬁﬁuéht fedt\erd, 0dt 2

teleconnunlc I ons system sald network term nation equi ppent for
connecti on tolﬁﬂs§s9H€hP6ﬁ5u€fZBeduP?%BEf%%n?nﬁEFW%R%Eﬁ?P %EP%PB#urallty

of 1bi ne t 8hai m@heoaeﬁﬂﬂnaﬂsaﬁ afaphent UL sAid apalm hedf dse in

cqui prent  conBRiSeatpRSRFEaPRRCBREHE ‘L0 REPARHACION YUth RIE TERE
i nterfacing thoaArplundant Beattmdluneb;oﬁeam a)frama;ming 1imeit / out put
comnectt on | OrernsiakdsA AEbHBRE £F oR18 bAIEUAIRES! L' ahgphbLoutpuL
for recoverlnghﬂiﬁppﬁg8ﬂ1ﬂ1péurslitmnbfoShe1V¢$annsa%$09;§tamsp®1thfornat
of 18ai d seri akah APULNEUHBHEeadRdaft Meba¥ e PERELESE NJafi@REaRENPEE €d 1O
sal transn]sggggectlng said at least one shelf and said another shelf
for providing said same nonredundant feature redundantly.
According to an eieventh aspect of the present
invention, a network termination equipment for use in a
20 shelf of a telecommunications system, said network
termination equipment for connection to an asynchronous
transfer mode network and to a plurality of line
termination equipment also for use in said shelf for
connection to subscriber equipment, wherein said network
25 termination equipment comprises physical medium
termination equipment for interfacing to a physical
medium by means of a serial input/output connection to
said ATM network for providing a parallel input/output
transmission conveyance means connected to said parallel
30 input/output for recovering/mapping ATM cells from/to
frames of a transport format of said serial input/output,
ATM layer processing means connected to said transmission
conveyance means for layer processing downstream ATM
cells recovered by said transmission conveyance means and
35 for providing upstream ATM cells to said transmission
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conveyance neans for |ayer processing downstream ATM cells

recovered by said transm ssion conveyance neans and for providing
upstream ATM cell s to said transm ssion conveyance means, and an
ATM bus interface responsive to 5 downstream ATM cells fr sw
ATM | ayer processing nmeans for providing said downst regﬁ??&

cells with a guard byte for an ATM bus in said shelf and
responsi ve to upstream ATM cells with a guard byte for providing
said upstrea | T L.a SSi i, t hout
oai d @onvegada%e néiild S and 53 Arht %&Xﬁ'&egﬁfgtﬁgogggg?ﬁgﬁ{@ ¥

architecture ms@m PﬂMf cells from sgdidpATM: 1?89@1 PYOLASEARY| RERRE! a

O fices, Remyf fhidfidin ng said d%%s%frefa&hsmmee&nar e:mtaea, gaarappyepri ate
for avarlety cabl e pl ant _t opol ogi es. stemgwldlng

bl ocks for an A dwis dghfeddosheldhaady es@f’&‘s)“’&r OpHPSEEERPY
organi zed i n prmeyeBhe Wit rARGRFI byde! Foreproviainghsaid upstreampacks

all these features.nto den5|t shel f. t hat
instal l ed eaf%y§ nt%o?ﬁ/’gang'lg'ﬂ&a Y&&n zﬂ efsing, Means without glr enot e

cabi net s and gaard sbyte. 20 Thus, the present inventi on provides a
hi gh- speed GHE G Wﬁ@é&%&éx&@@w ey a wi de
range of confi gurat | ons arﬁ i catlons, using o pagket and

xDSL t echnol cRwipngnt, koga surbuliqqa} {Gentral Offlceﬁrreﬁeye&&ﬁlﬁ&ﬁs t he
vajg ety of Qﬁa&'ﬁ%\ﬁs&ﬁiéf@dpﬁéﬁlses, as’approphilate ifort ae vagiietys ATM

Forum speci fi catl uses he exl.St. n er cable

pl ant al r eadyPHegR Oglgf"eé’lan% t°p°1°q11ﬁ§)‘ugﬁ%{ﬁ 1&?2‘&“%%?1"%?‘% he

system i s eco(issards, connectors, sii:lelﬂsqg dim:.al &eclmxygﬂcﬁar]m ers to

conpete with t er nat

compantes | oraapized i 4 AL e S et iplehl BN A Fhar |

technol ogy orpadis ratbashess|fegtiures intiee & jeighndansity shelf thadreserves
thegreliabilidy, at%idﬁ'é?ii ld Yot i AP P Eonventional ddritdd1NorfidEs, SO

that subscribers an one operating conpanies are not
required to @%g’éelt“h"éevﬁ}blnets and A services are provi ded.

REPLACEMENT SHEET Thus, the present invention provides a high-speed
digital access communications system, covering a wide
range of configurations and applications, using new

20 packet and xDSL technologies with the possibility to
offer subscribers the variety of QoS classes defined, for
example, in the various ATM Forum specifications. Since
it uses the existing copper cable plant already deployed
throughout the developed world, the system is economical

25 - allowing Local Exchange Carriers to compete with
alternative service providers such as CATV companies
(which are deploying heavily overbooked cable modem
technology on their coax cable plant). The system also
preserves the reliability and simplicity of analog

30 "lifeline" POTS, so that subscribers and telephone
operating companies are not required to change the way
voice services are provided.

These and other objects, features and advantages of
the present invention will become more apparent in light

35 of the following detailed description of a best mode
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These and ot her objects, features and advant ages of t he present
i.nvention wll become nore apparent in |ight of the follow ng detail ed
description of a best node - -enbodinment thereof, as illustrated in the
acconpanying 5 draw ng. BRI EF DESCRI PTI ON OF THE

DRAW NG Fig. 1 illustrates a basic xDSL shelf |ayout, wi%ir1s3
may be an ADSL shelf in the enbodinent illustrated, for 10 use, for
exanple, in an ATM subscri ber access mnultipl exer ( ASAM systen1
according to t, .y nvention | f of
Fig. 1 in det L'm$°8 %ﬁ@ tllxere% ftl%uﬂéﬂ’u%%%v%e{og‘v‘ féh%ntahé;cc SS |s chi eved.
Fig. 1B showsdmawingedard configuration of xDSL 15 shelves in a Central
Ofice (CO rack, according to the present invention. Fig. 1C
shows a shelf w thout cards, with various connectors for connection to

the backplane, a terni nal BRIERH RRRCRERRIOM@OF THE DRAWINGID shows a side

V'heW of a SEe” aﬁgerdlnﬂliﬁ’strateéh& HéQﬁ@r&DS]tL‘Véﬁlélf)r&a out, whicHig. 1E

shows a rac according_t res I nyention,_ for, housjng, a

sel 8ct ed nunbBRY oPesRR[HRSL Shefﬁc%rm‘%ge‘?%° Heeny ‘Fe%Je{H ?Fﬂl"e‘?é gfrf’ 25

\II-'Vlng ﬁ SEOWrS] aséunfbrOﬁﬁmbigpglﬂlagrmmoéubﬁenber pam&f mmnemln%nrd
ereby hig acketize at ATM format. 1.s conbi ne

W th traditioigggg Stem Mg FOTCE 81%9 ko F%eaﬁrﬁfﬁﬁts+ﬂﬁé§¥&é%h may be an

ADSL shelf in th.ehboslhmtthélsfselﬁteﬂ Fig. pt oim dietpihe 881 imans
wher eby POTS Lifeki S S pper hyr are overlaid
wi th high spe%ééghbafa é%?@?cggp Brot é%%ﬁﬁ%n?%a???éﬁi?% bandw dt h

setQices to a custBadgr' 3B Sh°$$e%1§§%ndard configuration s¢6\XD$k t her
details of thgn¥Debsshfil & eéntbalFoffide 6] B&@k paddoihg Ste!the as

il lustrated, for
present invention.
Fig. 1C shows a shelf without cards, with various
connectors for connection to the backplane, a terminal

15 block, etc.

Fig. 1D shows a side view of a shelf, according to
the present invention.

Fig. 1E shows a rack, according to the present
invention, for housing a selected number of shelves,

20 according to the present invention.

Fig. 2 shows a functional block diagram of the .
present invention whereby high speed packetized data in,
e.g., ATM format is combined with traditional POTS
service, e.g., in an xDSL shelf which may be an ADSL

25 shelf in the embodiment illustrated for providing the
means whereby POTS lifeline services on a twisted copper
pair are overlaid with high speed digital services for
communicating high bandwidth services to a customer’s
premises.

30 Fig. 3 shows further details of the xDSL shelf of
Fig. 2 which can be an ADSL shelf, as illustrated, for
serving a plurality of customer premises, in this case
with up to 48 lines.
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serving a plurality of custoner prem ses, in this case with up to 48

| i nes. Fig. 3Aillustrates a bus access nethod for

prioritized data wherein guaranteed bandwi dth and 5 overbooking in a sane
QS class is mxed with a fairness feature, according to the present

i nventi on. Fig. 4 shows additional flexibility built int%®7a353
xDSL shelf which is shown here in two different - enbodi nents, one called
a "hub" and the other a "renote", 10 for use in an ASAM system according
to the present .invention. Fig. 4A sho T-1PF BPA wiring
and LT- BPA t r%ﬁ%cgge‘]'gﬂf‘%?r%%ﬁfpcﬁ tt?"f'ﬁ:;g'?orfeesﬁuﬂ?' 1:chf:at ions with

DS- 3 |inks t optienbtiied htdtvaswherein d;';uzg:antééda yarebeidthl mnd nventi on.

Fig. 4B shows 0, t cqq | I or t he
"hub" applica %{r‘lbgg%%\%édlﬂ 3 éfﬂ%% pr esent [ r#erﬂlth A Yeirridsd Fi g.
4C shows redufeRteres. aceqrding (e therpresent Zmventionnup” appl i cati on,

accgrding to the pFﬁéeni shows'i&&i%i&ﬁhl flexibility buiAR SIS ayv tch
signal wring for redunda I n, the safe shelf for a "hub"

appl i cation, ¥D a%%%}ﬁl‘ﬁ%l‘?}b -‘t-‘hes‘b?‘@%ehﬂr¢ W Aigterent g 4p

shows a sol uteﬂﬁodmeﬁssﬁ b1rle CE4 I & Ci vtasTy and thél gy af ensdwitess, for a
"hub" applica |o S0, as |de

di t
t he present ?ﬁ%ﬁ’?.%ﬂ AMr%‘P%B? r P [JJe“qr [}g{in?’iﬁ aCCfgredl Bgr >

shel f. 30 inveRmtijonb shoms how t he hub and renotes of Fig. 4 could

be glepl oyed in onengbogAngl%gfL@gﬁﬁ%gyvﬁfm% nd ﬁﬁ][ccgﬁ ng to the

present i nventi on four™ X ves in one rack of

an  ASAM shxarspeiviers hﬁ@nesumrqutme 'Hmh/bsamglwtiqn%y#m ed, for

use with redupgagt kU eni&ngeEr Caiélbves, according to the present
invention.

Fig. 4B shows wiring with non-redundant DS-3 LT card

15 installed for the “"hub" application, according to the
present invention.

Fig. 4C shows redundant DS-3 LTs on the same shelf
in a "hub" application, according to the present
invention.

20 Fig. 4D shows switch signal wiring for redundant DS-
3 LTs in the same shelf for a "hub" application,
according to the present invention.

Fig. 4E shows a solution for DS-3 LT card redundancy
in separate shelves for a "hub" application, so as to

25 provide IQ bus redundancy, according to the present
invention, where only a single IQ bus is provided per
shelf.

Fig. 5 shows how the hub and remotes of Fig. 4 could
be deployed in one embodiment of an ASAM systemn,

30 according to the present invention.

Fig. 6 shows four xDSL shelves in one rack of an
ASAM system; the shelves may be ADSL shelves as
illustrated, for use with redundant IQ bus extender cards
(EXT) in an "A/B" bank switchover scheme to extend the IQ
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REPLACEMENT SHEET 14 (EXT)
i.n an "A/B" bank sw tchover schenme to extend the IQ bus to additi onal
shel ves to serve, e.g., with three such racks, up to 576 subscri bers.
Fig. 7A shows a schematic bl ock diagram of a Iovvpass 5 filter card for
insertion in one of the slots 24 in the upper section 22 of tROTSHS
10 of Fig. 1. Fig. 7B shows a side view of such a | owpass filter
card with four |lowpass filter/splitter circuits thereon, for insertion-

in a slot of p 1 e 0

Fig. 7C shomsi’ggfggn%&\i/?%\{/é%& %’g g‘grd o {en?@ Ié gl qjalséﬂsg%‘g% romcthne
front of the s&ek$, ofipFEg.576 subscribersgi g. 7D shows an optional separate
splitter shelf, C t éﬁf*? ' 8
shows a separ ate spf'l ttfe)édésﬁ&r%oa é&ﬁaﬁ pidese jfé%a@{:)f au]é:oe a%% add
xDSL service £&1 Eﬁre‘k?§@|?fgr&®ertl°fhc’eﬁ)r‘éﬂ%g°? Fhaslnte At imidif i on.

Fi gs 8A showsugperDSbct 2ot £2 CGPI fled . sifaf PG shaviy., 1.1in Fig. 8 in nore

detail, wherein th con atlon shows rts to 96] nes in a
type 3002 cabi net . Fi§OMh %k ‘%ﬁo‘ﬁ%e‘é %%r%g%t ?([%E% LGP 1 o
case, an Aard mh(fmmtbommsfmerﬁsplittemmmms cthéreon,

pr esent |nven ny t gp@j I am of an
LT 25 card, a%gorlasert%ont%e present |nvent|%€&0 IS or? ?{'KOF% shows a

front view ofshﬁltﬂ@a@ﬁ Fig. 1. Fig. 10B shows a side view of an LT
cajg- Fi g 117éh§k¥\§w§‘ §'fﬁ°$ﬁé'@?etp|6’§ktﬁé dPAd"of Fid) Umration

of a channel of an LT card she 30 connected to a subscri ber’ ADSL
nodem vi a a t dFsBeENphrem the %‘é%’?o?%gt?% shRlHreSdhtdi nbenti on.

Fig. 12 shows an erggpl ¥D 0shdwe GaeNeyt BOHAT ddepdrdte splitter tshephony and
t he QAM nodul at ed_gsubch nnﬁléés !gxt.gsneer?i)_ inveni':nd' vidually optim zed as a

function of |PRECTAPR?, ion.

Fig. 8 shows a separate splitter shelf, such as that

15 of Fig. 7D, used to add xDSL service to an existing DLC,
according to the present invention.

Fig. 8A shows an ADSL remote cabinet, such as shown
in Fig. 8 in more detail, wherein the configuration shows
supports up to 96 lines in a type 3002 cabinet.

20 Fig. 9 shows a compact xDSL shelf, in this case, an
ADSL RAM (remote access mux) shelf, according to the
present invention.

Fig. 10 shows a functional block diagram of an LT
card, according to the present invention.

25 Fig. 10A shows a front view of an LT card.

Fig. 10B shows a side view of an LT card.

Fig. 11 shows a simplified block diagram
illustration of a channel of an LT card in a shelf
connected to a subscriber ADSL modem via a twisted pair,

30 according to the present invention.

Fig. 12 shows an example of frequency allocation of
- the telephony and the QAM-modulated subchannels (tones)
individually optimized as a function of line impairments,
according to the present invention.

15
This Sheet Has Been R

i

REPLACED

i




.35 according to the present invention. Fig. 13A shows

‘a sinplified bl ock diagram of an ADSL nodem for use in a subscriber's
prem ses, according to the present invention. Fig. 13B shows
the exterior of a physical enbodinment 5 of an ADSL nodem such as shown in
Fig. 13A Fig. 13C shows an LED | ayout for the nodem of F%}gj
13B. Fig. 13D is a table show ng the neani ngs of the ARG
LED indicators of Fig. 13C. 10 Fig. 13E shows a nore detailed
functional bl ock di agram of an ADSL nodem for use in a subscriber's

sinplified block_diagra | ustration . car according to the
present inventheden ifpr use iy subgeriber immrenisest raRGoKRA ®f the

downst r eam anceh Sirésent Uiekermttisor?f the NT card of Fig. 14A.

Fig. 14C shows a front view Qf an NT card, accorgdin .tath esent

Tnoention 20 - Fiy gl38 Ahan she, Sripr S Sheica) ERbaL e
t o tshe presentof reveRADSI.modem such &8 Ghdwit K@iy a 18R e detail ed bl ock
di agram of an . car i t S [,nv i on. .

Fig. 14F shows a celglr&heaq%?&g ruc%qgrféého %ﬁiﬁﬁgﬁ%ﬁé&%i%ﬁ] E|‘l'sg‘[ he

main entity w3 i s conveyed t hrough an ATM net wor k. Fig.

14G is a table show t roalt.d r | di ng upon
31 a hvie #55 the O@%%é Soflepgadi ng up

certain bits in the cel | eader, conpj natl ons can be checked
accordi ng to tYRFES JofR IRGIAEGLS t9fe Fighy 13C. Fig. 14H shows an

| Qs cell |ayout  FRELOIIE Nghdws a mordaidt£Pbed fuyetiowdl block Fig.
15A is a bl ock, di agram of a&@[}?%ar Control, Lgllt {BACU) 35
Fig. 158 Iistd% | YNLRL BRAR oo Rg i e subscriber’s
premises, according to the present invention.
Fig. 14A is a simplified block diagram illustration
of an NT card, according to the present invention.
15 Fig. 14B is a table illustrating some of the
- downstream and upstream functions of the NT card of Fig.
14A.

i , di t t, i ' i adil |
prem ses, accordi “%g’. n?ﬁ%?&v?é‘ a 'é&%i%h%r?wk dlcfé:faﬂn Jf/ad SarsL

Fig. 14C shows a front view of an NT card, according
to the present invention.
20 _ Fig. 14D shows a side view of an NT card, according
to the present invention.
Fig. 14E shows a more detailed block diagram of an
NT card, according to the present invention.
Fig. 14F shows a cell header structure for an ATM
25 cell which is the main entity which is conveyed through
an ATM network.
Fig. 14G is a table showing the routing of received
ATM cells depending upon certain bits in the cell header,
combinations of which can be checked according to the
30 modes shown in the table. '
Fig. 14H shows an IQ bus cell layout, according to
the present invention. .
Fig. 15A is a block diagram of an ADSL Alarm Control
Unit (AcCU).
35 - Fig. 15B lists the functions of the signals of the

ACU of Fig. 15A.
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ACU of Fig. 15A Fig. 16 shows an actual physical enbodi nent of

an ACU card for insertion in the rightmost slot of the shelf of

Fig. 1. 5 Fig. 17 is a side view omemeeéﬂldmeipbéedFl :

DETAI LED DESCRI PTI ON OF PREFERRED ENMBODI MENT 1 shoms a new
shel f arrangenent 10 for use in a subscri It| pl exer &iﬁfﬁp
according to the 1-0 invention. The enbodi s for use i M
subscri ber access nultipl exer (ASAM system but it shoul d be
understood that the invention is not |limted to ATNIenbodinents The
shelf 10 i s popul at byq gt t nggga det wor k
term nation (Né& ca?g% 18 ?%gﬁélgg act@Qf éé%f%e xD I n |s case ADSL
(Asynchr onous #Yj ¢ard Sﬁ%%c%ﬂ%€¥t£9he}n Fh%er%ihﬁﬁqﬁﬁ|iﬁpt °f ther)skelfis

14, an equal ngpbeigpfilow Pass Filter (LPF) cards 24, an optiona

Net wor k El t P NEP
e vor Semenl P e AT, e pen ok

described in more detail below in connectlon'mnth Fi'g. 10, while a

ConnBction with Fi g, SETATERD DRSChSATON, BF) Ertfkikln mesOByHlS. ., | |
more detail bel ow i Rigenheghows aﬁnﬁwz5he1£|geraﬁ§¢mémtah@ o uge thaam
col lection Un'éuﬁﬁél&bé@ accesésmﬁgﬁfeméfeplQfgté%aﬂﬁégiéfﬁaqtg €hg- 15,

and a physical , g nbodi nent i s These cards
can be rmount ediB¥eBEIQR. | nThe yemod imgnt snﬁﬁ?thﬁ1§%%t¢%ﬁ in ¥ AT shel f

10 and can be,sebscnser 26ceE8CHUTRRSEEXER (RSAMS gg@t&npwutaﬁs space

h L
b 05" "hr cenodfd Be waderifhoa PosPoFhe DirveRfIgR fp no€, Eiiited o
twel ve | owpassATHI enboa@i_.ﬁ&)tsar dBhé@4shelf hieais pop\;li’l:'eaahyl aﬂedleasi_ed to
an associ at ed @PéLoi- a HL&GhaIneopa PE' ¥ hitwork SCetRihlE: SRPERTPOLLERE 22

of the shelf 1
12a, 12b, up to twelve xDSL, in this case ADSL

(Asynchronous Digital Subscriber Line), line termination
15 . (LT) cards 14, an equal number of Lowgpass Filter (LPF)
cards 24, an optional Network Element Processor (NEP) 1l6a
(or an optional redundant pair 16a, 16b), and an Alarm
Collection Unit (ACU) 18. An LT card is described in
more detail below in connection with Fig. 10, while a
20 network termination card is described in more detail
' below in connection with Fig. 14A-14E. A lowpass filter
card is disclosed in more detail below in connection with
Figs. 7A, 7B and 7C. An alarm collection unit (AcU) 18
is shown in block diagram form in Fig. 15, and a physical
25 embodiment is shown in Fig. 16.
These cards can be mounted as shown in Fig. 1 in a
bottom section 20 of the shelf 10 and can be, e.g., six
rack spaces in height where one rack space equals 1.75
inches (4.45 cm). An upper portion 22 of the shelf can
30 be, e.g., three rack spaces in height for containing up
' to, e.g., twelve lowpass filter (LPF) cards 24, with each
. LPF card dedicated to an associated ADSL~LT directly
below it. Also in the upper portion'22 of the shelf 10
may be located connections 26 for POTS (plain old
35 telephone service) interfaces and connections 28 for drop

o tlonal regundant galr
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17 may be | ocated connections 26 for POIS (plain old

t.el ephone service) interfaces and connections 28 for droptip/ring

| eads, connections 30 for power, and a small board 32 for DS-3-

equi pnent protection as explained 5 below. The POTS can, but ng g%h
be in anal og baseband form It could take other forns, such as I

Not e that the lowpass filters 24 are grouped in the center of

upper portion 22 of the shelf, with the connections 26 for POTS and

connectlotns ﬁfﬁuﬂj Aeddsd/ rdd?ﬁﬁc.&ﬁ.%%slgot‘;f@% Rk, Ofanla'; aeadaliB oftthteh
upper portio she i nce .the agss filter into the
backpl ane a(ﬁﬁgr?% ré@"rtq%r? N apppngnt pr °€n85d8"ﬁi?9 anect

to cables, thmlowe T HOTSEdam th: cmﬁdemcm‘, lec imppaalog bapebandn 22.
The connecti 6, 28, d 32, her _ha r equ cabling
access and a(r}g S|t]i%"one§“q‘dﬁ1 akéac@o ?Wﬁ'hghﬁﬁeggn?gpﬁven# %% at the .
ends 33 to thatadihe tMmffﬁ@th%mmmw parrtpleec;en&fert b€

shelf 19, ratdiy it RAM{dD O LYY el With the c@{%ﬁh@ahsﬁrstlons of

the shelf. Simlarly, the LT cards 20 are positiagne center of

the lower sed FPDFOTS agd gannachiiong z%l%dﬁ?&/td@/ﬁépgr d8affe cabling
and are czvmeracatitcm Athend®P @3 &F Rhe hﬁ:ﬁé&clﬁmﬁen 2Q o €he  they

are connect ed  vi nnect pon i ns tlon us S A, 12B,
the NEPs 16AS H5E 85 ‘Iﬁé:% |1° into, :’fg‘f % iFH& | ower
sea i on 20 tmgnm\mns;artloreasy sdatise cﬁdﬂ@ shelltE landaldeo nodt ednnleet t he

shelf is aﬁ&)gé%,h W%iééﬁ'a\éé 13 Un e 457 %:heﬂ?:%n%'&‘ij k leh‘éaﬂb:B%r

di mensi oned to fi and uropean equi p bei ng
498 mMm wi de &nrtigm raﬂ-deéﬂxe wnnectldnse zmSLZa,TélOamhdt ﬁ@.LHnstauee

di mensi oned i hand, BB cdilihg AUl and G o%'i%'ﬁ:n%ﬁppo”s

forty- ei ght ADSL I|nes In ap yS|caI conflguratlon shown in
according to the presernt invention, at the ends 33 to

15 fac;lltate such connections near the periphery of the
shelf 19, rather than requiring cables passing over
central portions of the shelf. Similarly, the LT cards
14 are positioned in the center of the lower section 20
of the shelf 10, since they do not require cabling and

20 are connected to other modules by the backplane, to which
they are connected via a connector upon insertion. Thus,
the NTs 12A, 12B, the NEPs 16A, 16B and the ACU 18 are
positioned at ends 35 of the lower section 20 to provide
easy cable access. It is also noted that the shelf is

25 designed entirely for front access. The shelf 10 can be
dimensioned to fit both U.S. and European equipment
racks, e.g., being 498 mm wide and 285 mm deep.

The ADSL-LTs and the LPFs are dimensioned as four
lines per card. As such, a basic shelf supports forty-

30 eight ADSL lines in a physical configuration shown in
Fig. 1.

Fig. 1A shows a front view of an actual shelf with
redundant NT cards, 12 LT cards, 12 corresponding LPF
cards, and an ACU card all inserted therein. Fig. 1B

35 shows a plurality of shelves mounted in a central office

18
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Fig. 1. Fig. 1A shows a front view of an actual shelf wth 35

redundant NT cards, 12 LT cards, 12 correspondi ng LPF cards,
and an ACU card all inserted therein. Fig. 1B shows a plurality of

shel ves nounted in a central office rack, such as shown in Figy,lE..in
a standard configuration for serving 192 ADSL lines. Up to folr'5

adj acent racks can share the sanme feeder by using extension units
installed in place of NTIs, as expl ai ned bel ow i n connection with Fig.

6. In that casg.. a Sid! td 91| YEPr eheat e¢aNgagar d can support up
to 576 ADSL ]T'l nséis&g % gfhof(?oghomsat heEgheIf of Ei gé 1A w thout any 10

cards inst al |eenfigneafcien tier ESFVaagA92 ADSH Ldnesy t P to /Y| ane, '
into which M{d{HL&RNNHAY Tt St AHES sAie  feedelts Byt alliagby sliding the
cards into the 'slots shown. In this way, fror}t-gccess-%% .S _achi eved.
A side view diXtension Whdig instaldfid iin Iﬁi@.cel Bt Ig's, as 8Gd be
reagi zed thatbdl'%vhom dorhddtaiain inﬁlh&«‘lig. 6L.Ts Isnthathease;amesinglehe
upper portion_and t LPEs .in e ' L] ard-y, vari ous
power and °‘?:%’n‘?fb%ﬁ%’r?%°§ﬁqto%% l@gﬁaﬁ?\?{ggg%‘%’l‘%%erﬁbt van slg)sé sEown
exactly in Filinds. THikg. t¥@ skbwss diec shiedf afcdig.20A wiithowte R ( ASAM
shel I descri btf'ﬁ’d’%"ﬁ?stﬁf{&’% showd 3¢ confectord AdEtalaRdl it | as
al an packa

ot her physic ging arrangenents tq fit particul ar

appl i cati ons.backplaneddintewhich matdng, connections) o fhe SaTAs arg §
shgpf conpat i hLemtdbn &P 181 iy ol thaclslotdd shidwn. In
above-descri bed, shelf facilitates hi density,, i.e , . J lume per
line design. S8 3%e TAareess- kﬁ[*eftﬁ ian%lehvleaﬁ s@eg&d(selngé'-eé%% /'s)
backpl ane datthéushelf is|ghaantim rEig. sibwple, flexible shelf ID
for 30 future b T2 SHBETT S Peq 4 Hae Vaeihdtyagh e ffhe forf AHled 120
el ect r omagnetbEs coorpld i 12 | legatedgn the uppen @axiiien 1ang e deFs
ar{gngenment fgge Nlowdf pdrtion Cabdimt 9y, TWhe GAFHds pBwdr hia
connection sections can be located other than as shown
exactly in Fig. 1. Thus, the ATM subscriber access
multiplexer (ASAM) shelf described above, although
unique, can have additional as well as other physical and
20 packaging arrangements to fit particular applications.
In addition to the above-described front-access-only
shelf compatible with both U.S. and international racks,
the above-described shelf facilitates high density, i.e.,
small volume per line design. Also included is a
25 practical high-speed (155-622 Mb/s) backplane data bus.
It contains a simple, flexible shelf ID (identification)
mechanism. Connectorization and wiring is designed for
future BITS capability. It satisfies both U.S. and
Eurcpean electromagnetic compatibility (EMC)
30 requirements. It includes card arrangement for NT and LT
cabling for TWP, coaxial, or fiber.
As suggested above, it can be utilized as a full-
sized LT shelf for maximum density and minimum cost, as
shown in Fig. 1B for a CO, or as described more fully

19 ..
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As suggested above, it can be utilized as a full- 35 sized LT shelf for

maxi mum density and m ni nrum cost, as - showmn in Fig. 1B for a
CO, or as described nore fully bel ow i n connection with Fig 9 as a

m ni -si zed (" RAM') shelf for small renote sites. 9%63 %3

| owpass filters (LPF) 24 of Fig. 1 can be 5 passive filters th Y&t
contai ned as shown in separate units for ensuring POTS inmunity to xDSL
failures, mai nt enance and "churn” as well as for |ower

di gi tal / anal Be1650A 2blineb8iBhNGitHOFY§, SNakTaCRifiObized PMYANIET
aspect of the ADSL channel _can be maintained 10 w thout disturbing the

POTS. Conse&h&i f°ro§@P&ﬂlrem°tﬁeFFEPﬁance i s increased. A

functi onal Elock dmegeamsohoep?hilEEEtaasr(Lpnn124 of hRigr olpcdr, b&4 of

Fig. 1 is shown servin coppet Ir .36, 1N F' ough

only a singl ®3EFYE4L §erﬁo§§8§ Bﬁ?rcgﬁgFéngﬁoﬂﬁ,g??w%h% %g%eé$%gllzed

tha&t the umuebeﬁbedeashmdngeBDTBnimmdnstyoho anEtﬁditupge; pairs

per LT/LPF c nce ghhaPhQthsaF %&TAEPEO l?S& r shown within
€ i C

the ADSL she sec re our trnmes for each such
LT/ LPF pair dhawmahdanagoqlcresstQQk- t B8 otheyr wopdisri gn LID)card or As

seen in Fig. 4 gk%Qhégshsﬁébﬁ SErEﬁE‘BﬁﬁﬂaEhSﬂnéi can ﬁghﬁﬁfhfﬁlﬁéé

transported ov ormerly used for telefhony only

(POTS serV|c@?tpﬁ“§ndlstuGPéPHa§hFa?9W§n Fﬁpaegﬁepﬁéyuseve¥a% ghpass
fijlgt ers 38, rfd&&ay@a liewaaggebistiers 40, 42 at both the ADSL shelf to

Side of the I ﬁZSE‘n uge {onRl” plogk, RiBEEEE o2 aph LR T8 ot £P0m, 0C "1 O
di stributionthe greupulldGr i2deot Fig.bagissshhwnneeryingha sbaglehel f
Fack in o coppsk B 38 i rig® 3, AIEAUREN"SRID MRt RgTEOtuiset 1N @
al so re5|desQ§Fggnmnaﬂéh3561§n§h§WDﬂoé&b§h9u§ behreadhzed thas §hﬁacket
swWig ch, e. 9. praFeAtds Wnboifdnt Theludes Rotzdkandtew beppepupdibe | ocated
elsemhere S%&&-%%VLPF card pair. In other words, the LT/LPF blocks

shown within the ADSL shelf section 34 will be replicated

four times for each such LT/LPF pair shown in Fig. 1 (See

the LT card of Fig. 10). |

20 As seen in Fig. 2, an ADSL data stream formatted as

ATM cells are transported over the copper pair 36
formerly used for telephony only (POTS service) in an
overlay fashion, through the use of highpass filters 38,
39 and lowpass filters 40, 42 at both the ADSL shelf to
25 the left of a dash line 44 and at the subscriber premises
on the right side of the line 44. The line 44 signifies
the place where copper distribution to the subscriber
begins. Normally, the ADSL shelf section 34 will be part
of a shelf 10 such as shown in Fig. 1A within a rack in a
30 central office, as shown in Fig. 1B, within which office
also resides a CO switch 46 and a broadband switch such
as a packet switch, e.g., an ATM switch 48. The
broadband switch could be located elsewhere, such as
further upstream. The CO switch 46 is for connection to
35 a switched telephone network, such as the public switched

- 20
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35 further upstream The CO switch 46 is for connection to

a switched tel ephone network, such as the public swtched t el ephone
network (PSTN) for providing POTS service on a line 50 to the twi sted
copper pair 36 and into custoner prem ses via copper wires 52 gé t_gg3
custoner end, as 5 shown in Fig. 2 on the right-hand side of a d fe
l'ine 54, signifying a custoner prem ses boundary, for connection to
a tel ephone 56 for normal voice comuni cati on.. However, the ADSL shel f
34 coul d | USt 133 ephorRAtidtidik |(@B3G b grbemﬂgc%rgegewlaéseﬁl ation
with 10 aDLC(D| Ital Loop Carrler deScri bed f

bel ow, with bdineahd toarthe tXﬁ&tPéTS%PPHgPE&FrPédaPE intoj usgoger ny g

SONET ( Synchr &y vdial d&@“ﬁ&r kires 5tragspBet cnsedmetr. end, as The ATM
switch 48 is F&r COI’II’IECEII to an,ATM., ?"ﬁ P‘e gork Whl% rovgd s,¢Qnnection
to various seRA%Ye% i *ig- n@l O the Kdghtshasg, §ide BF i 48R LA8% and

ot her hi ghi%arsdw’ﬂlﬂym\al castomerdpremifee Adthdarychfog provi des

ATM formatt ed I e on (NT) card 60
which is, in t% cor?%lecﬂ[d; 1%8)11%!1% Fur aF’r nor%nﬁ%ngQHene term nation
(LT) cards sumwnlcamm-camwem @Pilel ﬁ@ﬁ@débetlﬁeml grpadsIppkt 8F 38
for provi @aid iy »e \QYcaticddn AN ramotee c%lhetamuagtsbeaaﬁ@ea with66

for combination wth the nqoroal tele hon S royid b
| oupass {111 el RAC RISISA dgom Carraarl; Shlt, " asanelrEibeio qubthat
di wos: on mult Ik?il@(d Neith Q.)og:h ATM J_'bi‘laﬁﬂfﬁ@dhhg EGTS beringcea@mbagtbl ne 50
at a | ow requency ,wt | ndw _dt h _ser.vi ge rovided on
the line 58 ar‘H:'c \7er'%/f?(¥ o Sb%%'@]b(?lm‘f TORous Op écai ﬁEﬁ?’aﬁg frequency
for passing tHmengpdartte pridduet.38 and on 30 to the line 64 for conbination
wth the tel ephonyﬁg .ﬁ,p W th]h 4t8hgsn%§. 80, %fe ?:Iiﬁn gbs% per pair

J) th a

36. Fig. 12 (not to sca ows an exanple of ban ocati on
for POTS servina&twark diehproviges copnegtion te mrious serNi&esgy used

forig he ADSL sirgiald iy ieftierfetk iderdsi¢e3 ProviiedsZ (1sbe)t Bnd o&her t he
spectrun1a|Ioggtggngﬂmw1é%h service providers. The ATM switch 48
provides ATM formatted data on a line 58 to a network
termination (NT) card 60 which is, in turn, connected to
a plurality of ADSL line termination (LT) cards such as
20 the card 62 which includes the highpass filter 38 for
providing the ADSL signal on a line 64 to a junction node
66 for combination with the normal telephony signals
provided by the lowpass filter 40. The node 66 thus
forms a means for frequency division multiplexing, i.e.,
25 joining the POTS service on the line 50 at a low
frequency with the high bandwidth services provided on
the line 58 and converted to ADSL by the LT 62 at a
higher frequency for passing through the filter 38 and on
to the line 64 for combination with the telephony service
30 at the node 66 of the twisted copper pair 36. Fig. 12
(not to scale) shows an example of bandwidth allocation
for POTS service at baseband, e.g., 0-4 XHz, with DMT
technology used for the ADSL signal between 40 kHz and
1.1 MHz. In this case, the spectrum allocated for use
35 ~ downstream is much larger than that allocated for

2 1 ——— e
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21 downstreamis nuch Iarger than that allocated for

upstream and hence the designation as "asymetrical" digital

subscri ber line (ADSL). Referring back to Fig. 2, at the custoner
end 54, a 5 node 68 allows the signal on the line 36 to be split g@fl153
on a line 70 before passing a tel ephony signal through a | owpass filter
42 in a Network Interface Device (N D) (not shown). The NI D can be an
encl osure (box) for nounting on the wall of a house, and both the node
68 and 10 OIL g&mﬁmh bﬁm Ngdritse ]Ethfe N & i gntiteidn ra% Tstﬁnmatﬁieslale-d 20 tg
an ADSL nodem 7 C | ass filte e signal on the |line an
dermodul ates ant? ﬁ%%%d%%bﬁ l}¥ﬂ%){§b§ﬂ3' for providing a high bandw dth

signal on a |ine 7Referring cetlornsy Rirpnmseatedhiermustomerh eand S4yt anot

imted 1o, Yoad 86T5PGhe SHPU AT Gn e 1 NO W US HI EY LD

for exanple, as shown 1Tn copend and co-owned pat'e cation
fil®d on everPRad eliRe el tbﬁ%‘?ﬂ@ m@fmg a tjephony S@ﬂ@blﬁhﬁ%@%iow

o, 081 859, 998 B Tt ety e e DR )
file now . Pa

It should be &%?u‘t"z hewn) hat Lii%é"%ﬁ?’%l%a*}% SHFRnre (I\l%«igelfé#d part of

the signal spmmmtmmg)fom heheiviakl ofh 4 Ihouse, ldme h’iﬂ:mfttfa tode &8 andc| ude

o anal's. noi ther 58 SB7 e, ne S S Wl DB Bl O 1S el

sel@i ce. to an TARSE umedém iz whimik hiighpass shidtrers the. si:gnal on

~illustrat SPNANYS t allhe
Ishe:JfS Egaglscbe?u %{ﬁ%ﬁl tecﬁ#‘g& I S P%;dt.'ﬁldeér dH%st ratpﬁ%&f n 3. The
basi ¢ shel f 1@%@1‘9%41%53 dnigh dandwidth |signal @mta dinedds tFB whi ch

IS nor e fehdtoes Chrdifibdd) SADRMEMY dhch aw) ikt Mbt limited to,
a personal computer (PC) 76. The NID enclosure can be,

15 for example, as shown in copending and co-owned patent
application filed on even date herewith entitled "
Apparatus for Mounting a Low Pass Filter in a Telephone
Network Interface Box" havihg U.S. Serial No. (Atty.
Docket No. 907-188).

20 It should be mentioned that the POTS signals in the
baseband part of the signal spectrum of the signal on the
line 36 of Fig. 2 can include conventional analog modem
and even mechanized loop testing (MLT) signals, neither
of which will be degraded by or affect the ADSL service.

25 The functional block diagram shown in Fig. 2
illustrates both the data and telephony paths to the
customer. The shelf (basic shelf) architecture is
further illustrated in Fig. 3. The basic shelf 10
includes an "IQ bus" including control leads 78, which is

30 more fully described in copending U.S. provisional patent
application Serial No. (Atty. Docket No. 902-583)
entitled "Method for Prioritized Data Transmission and
Data Transmission Arrangement", filed on even date
herewith and which is hereby incorporated by reference.

35 As was known in the prior art, whenever a number of any

22 Ce see e e e L —_
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09/ 084, 750, filed May 26, 1998 claimng priority from U.S. provisional
patent application Serial No. 60/ 052, 125, filed July 10, 1997, entitled
"Method for 35 Prioritized Data Transm ssion and Data Transm ssi on
Arrangenent”, filed on even date herewith and which is based 887-15

Eur opean Patent Application 97401146, filed on 26 May 1997, ndow EP 5at
No. 0881853, hereby incorporated by reference. As was knomn in the
prior art, whenever a 5 nunber of any kind of termnal units need to

access a ts @% %C"a%%e%%aﬁt cohnbf WeBiuk or
needed, e.g., upon a grant 5| gnal, each termnal unit enters an

arbitrati on pise mmc&e%amﬁp@éﬁp@mn 1|§r ngeded, g-Gez ¥PONgRed to

tEe teLm' nal %&Far&t s.Titﬁxallo U Pt Wit iehtere @b arbitrbeioness, | n
that the er

m nal ving.a |low priqrit ht _nev et _acce
brief, and asl’l?arer%s]?qsﬁ 1 %’Iﬁ Fesrretiye %%%’ty Vaﬁr’t’\?%nﬁsﬁﬁgﬁ’&%e§ the
prisrity adapiied|teriin]l aarit. gragte problen eritdp thtiat iisf aa pmoblemoes not
get access, its, 15 ri S a riorit
val ue can be %7%%5 o) %{n %g%egg’en%fﬁﬁegaﬁle%t%v&"g)at ﬁ.%'wt lp%tbﬁq‘ ngl uni ty
e.g., a Quar auttgiéd IGiver et dGCRYGBRIN briedh asmRas) iddastaated ANV based
bus), Non- Guaf ﬂﬁ I pdRtiS TR dn I%@kégBI%heE?Q |d1.1q._@se of an

oca a

ATM based 20 t| vaI ue ranges to eac ccesS node

i ncrease of taréagﬁa ¢ tafterereash g anthiq¥diey shahat ifHam@itedass  he
reggective I a«ttg@s?eﬁacdéeé ARG it ity ol 1 alicdeasalas ofTrdS cl asses
are shown a ef t - an e | e lower_three

cl asses havi @%tl?fbt HERf AR er é‘?"é’ itf‘d ’T?d'h(eétg:r RRALEFERT rate

subcl asses i mbdeatwsudisted By ythe t'lfemimtlarunih,t egeL a Gl.(eﬁﬁtﬁtamid

vari abl e bit BRY. cl Juar ant eed
cell rate (N&%f ﬁsﬁ%e&f‘%‘a&éﬁﬁ ‘}QR' ﬁguar ANt eecfn%ﬂte non- guar ant eed
cell rates arblshovﬁpmfﬁuym RelhRake (NGER T (VBRy ABRy iBBR ridpping to

th ht t
thgstop E!sﬂade Neveroﬁﬁﬁf%éd’%é‘)sslﬁ? A ide AR LRIE ranfaPAGisses a

. ess,, according to the resent |n,vent|on
over booki ng oPa¢RRELAFH MR, LIncrRaRR, of the %H"r%ﬂé% tﬁsp %hg not

only limited by the boundaries of the respective ranges. For

instance, five different levels of QoS classes are shown
at the left-hand side of Fig. 3A, with the lower three

20 classes having both guaranteed cell rate and non-
guaranteed cell rate subclasses indicated. Naturally,
the constant bit rate (CBR) and variable bit rate-real
time (VBRrt) classes do not have non-guaranteed cell rate
(NGCR) , since they must be guaranteed. The non-

25 guaranteed cell rates are shown grouped at the bottom of
the priority mapping to the right, which shows QoS
subclasses with guaranteed subclasses at the top
(shaded). Nevertheless, according to the present
invention, overbooking of non-guaranteed bandwidth is

30 allowed by providing not only prioritization, as shown,
but also an aging mechanism, as shown on the far right of
Fig. 3A. When a terminal subscribing to a non-guaranteed
class of service does not get access within a
predetermined period, its priority is increased according

35 to a selected algorithm to a value within a range
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35 prioritization, as shown, but also an agi ng nechani sm as shown on

the far right of Fig. 3A Wen a term nal subscribing to a
non- guar ant eed cl ass of service does not get access within a
predeterm ned period, its priority is i ncreased according to a sel ected
algorithmto a val ue Wi thin a range corresponding to an access’ hode3
havi ng a hi gher access probability. One particular and non- 5 Iiniting
way of defining priority values is suggested in Fig. 3A, with 2[err]-

priority val u@%r%gts.ggﬂgiﬁad 8vgﬂl ¥cc?ss 1%% enedé [ﬁdﬂé}\iéxa@&le ng t he

QS subcl asse cl ass
guaranteed  Propapilifye (Q!R) P’rll;théﬁfhﬁrl?n@ielwli*rehl%tmml}miérof)f ceI s 10

per second. aemhllae b%!bﬂﬁlt? {:amﬁeseignségeasim in Fi Ve:¥1§e wiex eof can
thus be defingg as_s i ndicatin hom1 E |or|ty of t he
) (2

cell fromthe? Io%e?F1°rlt¥uUEﬂ§§§ Axbined ;206 e¥en

i nceeased iatstancet) amongt theaQbsdsabEtassés. t mstms SkdRple, vedntlalg 15
time T = 1/ con exanp. riorit

i ncreased in ﬁﬂﬁg-gngBP%hFﬁQ?SOf ﬁeguarafgﬁ?%ﬁ?%ﬁﬁ ?%F%eﬁ%@§lmi§

subcl ass, thusormaﬂlytdeiﬁhyd as anpumbent ofigcel s pennseedhds at® for the
kst SaPCl ABSrica nAUERG heRChL"ABeAAThA0RRUSINVAEGY dfufobd CHR! ¢

met hod 20 alfow ng acces ased on a access no agr eed
access par ametbns. behdefinpdsapsshawn in F§95t3hguie¢mﬂht%mqih@ﬁcﬁhﬁgrant

neglgani sm andp Eib&&%?sof thal eeiit 8Pbm! £ner PN EsE Qﬂﬁélﬂéé gﬁghslasses with
multiple cell priori egsgger class. It features a cel agj ng, priority

mechani sm asSHerpnke sdgped, PBR) cannE%héﬂ?%ﬂ??%deﬁgﬁﬁ% EEI+§ %ﬁﬁply

with the cl asgrahted aseesisCeopthanbugrafteri acwaivikg! tiweer Specyéecrati on
GR- 1110. with f uIt tol erance and ¢

nmechani sms, aFFSﬁPﬁSprogngggFteﬁﬁmP & #PYRp) ebﬁEl?Blﬁgo%%ryﬁ%¥%§?§d
i dentified andplaobangde stephte thatdoafidthe GuarauteediHmrdepe@iwtky_as
Lokl o5 CESCEUIBTaUE) OO, e RENEEI 0P L BnBhing Ll seb | O
rate for the lowest subclass. These teachings
advantageously provide a flexible method allowing access
based on a type of access mode and on agreed access
parameters. The IQ bus is thus distinguished by a unique
20 grant mechanism and fairness algorithm. It provides
multiple QoS classes with multiple cell priorities per
class. It features a cell aging priority mechanism, as
well as a QoS priority mechanism to ensure cells comply
with the class of service parameters defined in Bellcore
25 Specification GR-1110. It is provided with fault
tolerance and recovery mechanisms, allowing any fault on
the multiplex bus to be quickly identified and isolated.
It has a redundant extension capability as well, as
described below in connection with Fig. 6. The IQ bus
30 builds upon an earlier "I* bus" (without QoS) described
in copending U.S. provisional patent application Serial
No. (Atty. Docket No. 902-581) entitled "Priority-Based
Access Control Method and Arrangement", filed on even

date herewith, and which is also hereby incorporated by
35 reference.
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U S. Serial No. 09/022,177, filed February 11, 1998, 35 claimng priority

fromU. S. provisional patent application Serial No.

60/ 052, 158, filed July 10, 1997, entitled "Priority-Based Access
Control Method and Arrangenent”, filed on even date herewi th apg-waisch
S based on European Patent Application 97400303, filed on 5 February
11, 1997, now EP Pat. No. 0858035, and which is al so hereby

i ncor porated by reference. As shown in both Figs. 1 and 3, the NTs
12a, 12b can bgs PERSIA Efh | o'k tﬂ‘tﬁﬁs.a I%ﬂtﬂdﬁ,ﬂtﬂf& NI -T2adundanican
configuration, In thi I’Chlt ture 3 nor nt'g NE 10r({ ~=sns€ng IS
performed by PRePRRVidgd thee rﬁb%e Undafn Gy AP AT SITHer a SONET User

Net wor k Interéaﬁm@mtlon. | Twh et b earch B2 EEUd, ithenicwalorNE ater, a DS1

Irg\cflﬁ;\?ignt parﬁlggéghggﬂgt I'C %él'a‘?l on %vﬁg\l NT% S Elpghpi:{:s prow ded using

t he5nor mal 1+premdedoa8re1rbh¢nm SSENET ‘éﬁ@%lﬂ%’éﬂqﬁk Fantexkace oiont

GR-253. On SONEL - i fterPi&E farC1ddPera D§1|ﬁ€\ﬂézﬂ=§b on the
facepl ate of e éce ?tggl see Fle 14C_and 145% p eed of

additional i nPBil’F&Bée& PR ;.p'g,erf.qceho cFONKE NLs oaso\s DS- 3
ports, equi pn?éhuﬁ&&hﬁCfaaQﬁs(V\Aﬁ'b@H&tlc Pﬁabéetjxmtmitmjng S(APS)Vi Ted

the DS-3 1/ 0O h I he NT.
the shelf,  PraVEBRANGELRG thaghettal sTrd Fri rohPRbh aEChiteas, tRxepa. 5"
t oibe split agdtattedsénd Bg;bcoherdbﬂunenteGRﬁHSQB QU NPONEE HTdn th
arbitrates “hﬁﬁpsﬁﬁgl'inﬁ%£f¥§é'{f%ﬁer) fFiﬂ8}$g& éﬁrgﬂglﬁgcéﬁlyté|°§e

appreciated t e AD architecture s the above-
mentioned | Q the NRditemlfolseeaBigssl4Ghandiebl, withipechesd|9facts as a

mul tipl exer ahdh&%x%ﬁ&@ ¢hteeEhue éQrcﬁﬂ‘é‘?ﬁ asiipendifepBysi Ros aréerface.
Si nce ADSL-LT provi de several class 0 ed.in

f serv
Bel | core docuEEHVléRd1§§OD§na PﬂﬁtﬁTNFﬁBFBﬂ?EfaBH #ﬁ§}£°ﬁ ?Wl£€?%ﬁt
meglani sm al | gablel piroteptioh) t XSUpﬁdeédCa‘slmg thegbseasel/Qcbessdt 32t hi s

ATV DS, L Behh BIgT™S! sblEatie RBoYEL 446! 12 ER0MAEEhRLs! e

priority can allowing the single DS-3 fac111ty (coax cable Tx/Rx pair)
to be split and accessed by either NT (inter-NT
communication arbitrates which one is active).

20 From the foregoing it will be appreciated that the
heart of the ADSL shelf architecture is the above-
mentioned IQ bus and control leads 78. The IQ bus
effectively acts as a multiplexer at the same effective
speed as the NT physical interface. Since ADSL-LTs

25 provide several classes of service (as defined in
Bellcore document GR-1110 and the ATM Forum Standards), a
grant mechanism allows higher priority upstream cells
greater access to this ATM MUX bus, in order to meet the
QoS parameters required of the respective services

30 provided. As mentioned, two methods of cell priority can
be chosen to guarantee QoS requirements and relative
fairness--a weighting priority mechanism (based on
service guarantees) and an aging mechanism (based on time
a cell has been waiting for a grant). This mechanisnm is

35 unique and the subject of the above-mentioned provisional
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be chosen to guarantee QoS requirenents and rel ative

fairness--a weighting priority nechanism (based on servi ce guar ant ees)
and an agi ng nmechani sm (based on tine a cell has been waiting for a
grant). This nmechanismis uni que and the subject of the abovegggpayisgned
US Serial 5 No. 09/084,750, filed May 26, 1998, claimng priority
fromU. S. provisional application Serial No. 60/052, 125, filed July 10,
1997, and which is based on European Pat ent Application 97401146, filed

on May 26, 1994,] {i¥¢ion Seét Rl NINO. (28 Horkethiov2-1583 )hewn iichc hiaor at ed

by 10 reference cyU in Fig. 3 is shown in block diagram
form n BI¢En 1§‘°mgﬁtifiﬁ%ﬁ?§q§?é’%l | owi ng functions: (1)
coll ects ext ernal Thetaoerigen @Fisged aisarshmunt:act):domk diagriame£ogm and

f ds th ' I 13 |
orwar ds ese n‘ra]c Oéx@f Mé%rafwar sjt{}hr ! I% G Enctdldrest s 1?| ure

i ndi cations it and |on to the
(3)5recei ves collgnme@swmhrmM@# rdﬁﬁltg‘itaw @H@rm %T'é’fsctt%@rhl arm

condition (1] {A&d!ao BE" sorliilid &Fbéé‘ee\/ﬁ% Faad afe 12a v Wel | as
ua

provi di ng contact osures or Vis 20 a,udr bl e (and  tel enetry

alarnms) to a lmsrme (Eheolirrts fabluredndigakions i %/rra? | ine 82.
The ACU al SO ang £ORIEFdS: tﬁils) DE G A Sl Hed ftl(d\@ﬁ) faact (N tevesivemnce

audi bl e i ndications unti n alarmig d renot e
ACO functi on RFCPFH 894; 5‘;% cf%?’? é%eeﬁlﬁ c?‘%’es%“s @AT aralsar.Ein
copprol | i ng Qédhabtiéhf umit:bmlpfmajor.t heind®9 N theiAgD s |fagenlateae

processor in the GREREE igg via the
NEP; and WM%' Yiis ?r&? ?un tron %e Cédu%:ar I'S_provi ded per

rack when a sgtlsdehispmdn’bﬂ-ﬂpﬁma%l@m% bep i zadh fu5e \RIRRE ARd NT (or
redundant NT pgig)cohgiaril! ihbbPrace $¥&1&NEiNESEIIE l'l‘hél AUV ealsack.

Yo bl LoreRmtBInSE. g(4) o8| ALRERSFRFPEE | IAGOL ruietigh G ELEUAdE e
shesf may useau@iblle ¢naicstbengvinitblod newCGll&rB5is oaet:s;eectabae
oot o ulEh 8 Rorbae 5t Eobghind ‘Pipifihe o2); (3) Worare
~ interface port 84 for controlling OAM and P functions of
the ADSL NE (using a link to the processor in the NT);
(6) an ethernet port for 0S connection via the NEP; and
20 (7) a lamp test function. One ACU card is provided per
rack when a system spans multiple racks. An ACU is
provided per NT (or redundant NT pair) when multiple
systems reside in a given rack. Multiple systems reside
in a given rack when a very wide bandwidth is to be
25 served by, e.g., a single shelf. 1In such a case, a
single shelf may use up the entire bandwidth of an OC-3
or DS-3 cable.
As shown in Figs. 3 and 10, each ADSL LT l4a, 14b,
«e., 141 communicates with up to four remote modems (ADSL
30 NT or ANT) at corresponding customer premises via DMT
(Discrete Multi-Tone) per T1.413 (see Fig. 12), using ATM
cells as the data transport format, according to the
present invention. The subscriber can have a lowpass
filter (LPF) 42 mounted, for example, on the outside wall

35 of his home in an NID (Network Interface Device) box to
26 e
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NT or ANT) at correspondi ng custoner prem ses via DMI- -- (Biscrete

Mul ti-Tone) per T1.413 (see Fig. 12); usin I S, as the data
transport format, according to the preg]elﬁ-gmeetHas 1 laeF fle subscri ber
can have a lowass 5 filter (LPF) 42 nounte , on thegguasikde
wal | of his home in an NID(NetvvorkInte boxto

separate the | ow frequency service (tel ephony) from t he hi gher

frequency services (ADSL). As nentioned, a way to mount such an LPF
wi thin an exisépaxatestign WD firecgienay h@arvimecc(peaépngngpplfmmt ithe U. S

Serial N0 OG0 9% Adldiby serd) RECN NGRS oS BAA) § vES o

6, 044, 151, whi I ncorporate ref erence. serV|ces,
once split, useung fsugheran tm&tved:lpa g Iemtswénlqodgélgn lelﬁgShﬂWh t he

ADSL pai r term r@épé}%irﬂ; %ﬁﬂﬁrca%laﬂ\'"ﬁ %5 s@&-l‘i'lr fet.! ){A't'%yal BGck'e% an NI C
( Net wor k Interface

Czji;l ANTs, for %r,;r’p can ﬁ*ﬁé’F&? es:
oneewith an 290 @W?‘I%Qaft&c@er dth pod
interface (i mﬁ&wpmd Mmesmwwces, od;a:*eas@amw

cells using AALS Ad at| n ) 2 ot aocol . Both., ns can
be provided oS héfggﬂ% iste ‘t %"ﬁp& ungy)lrlng, %%he" asi ¢
shel f 10 al sdmsmmans teasms‘fammg rirFlegxher anl ANTJ o, dalrerqj:myona)l anet wor k

el enent proc I\I&g)m:c (r}tnco facLG arlﬁb e ni cat es

over the IQ rrech Nt Sm an nmuni cates Wi t |t§ redundant
pat@ ner over @mkﬁe Gan IS o the diypess wieneh with iah ATME@5.%e. The

NEP can termygie Sede¢ddy), diMiner ithVan eth@i‘ﬂettcIl"‘iﬂ:éi:‘frafc.léal in

connection) seryices or, PVC (per manent o BT Ghnect on) services and
can termi nat etR¥R 9R%e She Magkages the ethernet; data |38 ATH: qedd snep

cards 16a, 1aksniglimss aAmchdaptailafrenayexb@)n@ﬂdﬁawmnt ecBotaithough
there are two_sl| o ed to.b avall

| ater for °Qte3r?ﬁ'§‘|a(ﬁrhgbearﬁf°pv 5‘1"}1&'—1’@6% e(?s\/% t) 35
siymal i ng chaid®l s, and for providing an ethernet

The basic shelf 10 also contains, as shown in Figs.
1 and 3, an optional network element processor (NEP)
redundant pair 16a, 16b, which communicates over the IQ
bus 78 mechanism and communicates with its redundant

20 partner over separate leads 86 to determine which one is
active. The NEP can terminate signaling channels for SVC
(switched virtual connection) services or PVC (permanent
virtual connection) services and can terminate the ACU
ethernet port.

25 Presently, the two NEP cards 16a, 16b of Figs. 1 and
3 are not being implemented, although there are two slots
reserved for it. It is planned to be available later for
terminating and processing SVC (Switched Virtual Circuit)
signaling channels, and for providing an ethernet

30 _ termination for the ACU ethernet port. There are no
other functions presently planned for the NEP cards.

As shown in Fig. 4, the basic shelf 10 may also be
used as a “"hub" shelf 90, with one or more ADSL-LT slots
populated by DS-3-LTs or other cards such as 0C-3, DS-1

35 inverse mux LTs, etc. Each DS-3-LT connects the hub to a
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term nation for the ACU ethernet port. There are no ot her functions
presently planned for the NEP cards. _ As shown in Fig. 4, the basic
shelf 10 may al so be used as a "hub" shelf 90, with one or nore ADSL-LT
slots 5 populated by DS-3-LTs or other cards such as OC-3, DS-1

i nverse mux LTs, etc. Each DS-3-LT connects the hub to a con@8redated
"renote" ADSL shelf 96, 98, as shown in Fig. 4. In such cases, for the
hub, the "LPF" nodul es above the DS-3-LTs are repI aced with DS-3-LT

type for | GetRnERtesE et AR ot S e i P

type of DS- 3 4_.T i In esdclt acaamhyl €axarthee l}:uh)vrtdaj "LPF"f aodud@sn@Revel Q bus

operati on, t el |1t
Wil R P elﬁeelllﬁé&ﬁ%rﬁef PR PR SHAleEd ded moidRhiedd |1 Ly

pur poses (due us per shelf). The present

ar chi tect ure (eneuerBe pfay inpnradiundant, eenafean Wﬂé’ﬁp@ptﬁ%ns

tAS ghown in Fféauﬁ?d%nﬁ hss-LaT--teﬁq% LPF Ttyézdoﬂf&n d?operaﬁbw wiz h LTd f
ranscei vers. his case e rds _can be caon red for
r edundancy oftrHTed |%YRe, 9 Q&3 LT &9 31&1“1’% #egut her a

sanme shel f orfém redursdyritt A mfnelomaﬁnn,emmi eche rDS;r:g-L']ZﬂB bedngon-

1 wherei n | et S M b TEL Al Yarposd SRR e

connected to ‘Gh@SiSbemg themlm:ei(bdmﬁ fmrlsi's%lrﬁ)l-on The pyesankt 1, which

I Sq conn ﬁﬁl@ﬁﬁ % di>-eladn’ &@rﬂhéﬁ
N nsert lon i n%aq}ot 1, suc st DS-3 LT card 92 of Fig. 4. The
| owpass filt Fedyrdaney, ORLIONS{ ed out at 30 the rempte shelf 96 of Fig. 4

where a DLC is aVaAéaéﬂ@wn in Fiy. conf i e alT-anpE sadkp Yarte erﬂﬁlcj Qs LT
slot 1 and LPE % coul d al so be used j.n, connecti é 4E as
expl ai ned bel TPWH vit LT Erapsoriveifin TGN %‘?\#’

DS-3-LT 35 oeafbsfcun|nse¢¢nfigur94rfofrrédhndancj.aﬁuthé‘ﬁm(naﬁdsﬁto
2815 be inserted in the LT slots in either a same shelf or in
separate shelves. For example, in Fig. 4B, a non-
redundant option LT is shown with a DS-3 interface
inserted in LPF slot 1, wherein input and output DS-3
coax cables from a CO switch are connected to a DS-3
20 interface card for insertion in LPF slot 1, which is
connected through the backplane to a DS-3-LT card for
insertion in LT slot 1, such as the DS-3-LT card 92 of
Fig. 4. The lowpass filter function is carried out at
the remote shelf 96 of Fig. 4 where a DLC is available.
25 The configuration shown in Fig. 4B for LT slot 1 and LPF
slot 1 could also be used in connection with Fig. 4E, as
explained bhelow.
Fig. 4C shows an application with redundant DS-3-LT
cards for insertion, e.g., in LT slot 1 and LT slot 2 of
30 a given shelf. In that case, a different kind of DS-3
I/0 card is used, double wide as shown, with a center
tapped transformer on the card which is connected both to
the transmit (TXA/TXB) and to the receive (RXA/RXB)
backplane wiring associated with both LPF slot 1 and LPF
35 slot 2. The NT controls which LT slot is to be active.
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a given shelf. In that case, a different kind of DS-3 | /O card is used,

doubl e wi de as shown, wth a center tapped transfornmer on the card
which is connected both to the transmt (TXA/TXB) and to the receive
(RXA/RXB) 5 backplane wiring associated with both LPF slot 1 and LPF

slot 2. The NT controls which LT slot is to be active. FY -3 is
simlar to Fig. 4A but additionally shows arbitration interfaces

bet ween redundant DS-3-LTs. As suggested above, since there S

only one 10 nonregupda : t i

[ rrp?ll ed by Fig. 4ng§t Hk %%dgéﬁ%'g%nggeﬂ%s %ﬂ%aﬁé&ﬂl%ﬁ l?&si and
2 will be i neprbidtratipn interfnoes betweé¢n redunﬁanthﬁﬁlnkESJf it is
desired to avoid tﬂgsséggggegd abov@l | ¥{fee uiiilfd ef%'ﬁnﬂ %é) redundancy

in the DS-3 cards 15 grOV|ded as shown 1 n In that case,
hal f of tRenreanBdrntafQ buscper shehfy sthe eeq}yemnerrt tprotectign| f | and

Eﬂesot her Eal %mﬁiﬁleb?bﬁroi'iéd ie ﬂlﬂhfieéﬁdltB red@it®int é’mﬁﬂtfgr‘% ot 2in
e sane she e to u s he
routed to ano%ﬂe?gﬁﬁs gh@%ﬁ %dﬁlﬁﬂ %%n f%gk?*¥?)£k3€¥ Wf é?%ﬁ&fand

DS- 3 i n thaasaofatlerehownfi it Fig. ddSired abwtdvoid hetiis é’dnet of DS-3

out and DS-3 k?;i&?hes oalgsgreﬁF 44 o0& épér1 1Qltﬁgméé§3f&$f4$

net wor k el enen observ
may 25 have QénhbﬁEBEOEIdedﬂaaanﬁhqggrbga!‘lagtyﬁé- LT.&n smit ®Aasee half

DS18-LTs 92, g¢ Eﬂ@%ra%ﬁ!t%n&'f‘éééfvé”s?&ﬁi'lé?aéfé n tieovided for
subscri bers by separate buffers per service as CBR VBR, UBR,

etc.), each cﬁh?égdlﬂﬁ df bhe pEheEhalf ca%b%%é§°??ﬁqrﬁ9IQQQ&E?%W%P?he
cont ol | cadsenaiit] hengtaad 88 sIGENANIAMLREEshe IETL. OMIHACLAS | Gid | ¥

cesianed Lo SBtiher ohBgh,SATFES, ek gobls GRS .50 AFEEIES ot °
priority equaShebfthadsha1obnnéete@glnga;ee.g.,(xﬁé pS+drout esnd D& h
g?ggg;SISLegvgﬂ EQQHSESEﬁEPEagﬁgwn3§n Fig O £87 1 Nl tller TOWRL £, SURRET 1 Ders
Ds-3 out and DS-3 in cables of Fig. 4E would go to the CO
switch or other network element.
As will be observed in Fig. 4, an ADSL shelf 90 may
have both ADSL-LTs 14a and aggregate type LTs such as the
20 DS-3-LTs 92, 94 shown. Service classes in both cases are
provided for subscribers by separate buffers per service
class (CBR, VBR, UBR, etc.), each contending for upstreanm
access to the IQ bus via the control leads and the grant
mechanism based in part on the priority assigned to each
25 upstream cell. In the case of aggregate LTs, such as
shown in the hub 90 of Fig. 4, the service class buffers
have a cell priority equal to the sum of the aggregate
cell priorities in each buffer (or even some percentage),
in order that the remote subscribers are assigned a fair
30 share of the hub’s operating bandwidth. 1In times of
bursty upstream traffic, congestion and DS-3-LT buffer
overflow is managed by limiting the DS-3 link bandwidth
and allowing temporary buffer fill in the remote ADSL-LTs
(until such time that the traffic peak subsides). It is
35 noted that POTS interfaces are not shown in Fig. 4 but
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share of the hub's operating bandwi dth. In tinmes of bursty upstream

traffic, congestion and DS-3-LT buffer overflow is managed by limting
the DS-3 |ink bandw dth and allowi ng tenporary buffer fill in the
remote ADSL-LTs 5 (until such tine that the traffic peak subsides). It
i S noted that POTS interfaces are not shown in Fig. 4 but S@3uiLg3
normal |y be provided, e.g., by DLCs adjacent or I ncorporated in the
Renot es 96, 98. Fig. 5 shows the hub 90 of Fig. 4 located in a 10

central office na also i.nclude a an ATM
switch 104. wﬁé}é&F ey tdgé’ WF%%% ggéacegﬁeagtelephone
net wor k (PSTI\i)ndﬁfpmmted]axAme Rensmascrsa,o%n ATM network 108 which is,

in turn, connectedg lg;ﬂ;r eh c | yde gvari ous
Internet 15 servi ce9 pro er tf%zh\{ibc% ﬁtﬁ b‘ ma;:{é?at gld I n Flg

4, the hub sheentizl mffige ﬁ(ﬂﬁll‘ﬁt@ B&aYb@tWOADSQWe a COysydtehcAO8s t he _
cargl 14a and a&i'.—ﬂmm Wi d04. mua:lddﬂléeatla& 34 Eonpledted tad4. Four

copper pairs errer fromthe ADSL rd _14a of Fig. 4. are
i|lustrated a%u]%\hp‘hﬁ ‘%}F S A °f (B3 tH'OGI %“Igi &g‘.e ﬁa&nd 5.
These | eads pswitdle Bn aa:DSLm urdtwbmeqtday whichbdisjedm tturnulzonnéctied
vari ous custoner em ses I r.at.ed ses
118 shown in t© © "r’éﬁe"‘flrc%e“sﬁé'ﬁ %b“%ﬁé}rgcflflsig@pi’%rﬁls&ﬁ{?e{%{tvﬁ%% ADSL 25
LTs 14, such sersimevproviders 1,123 |. .of, t11a subds ilddmustratdd rigs Rigul d be
| the i neg [ n t hout the
16 £, lé?e Vﬁw;}%{ew Ji ﬁ#ﬁ%c{% 1ated9% St YWdsin g u

renotes of Fid. I'n o re woul betwe ve groups of 4
POTS pl us ADStards sugheaas the qand Afaangd Magians aEhermgasdseni ses. The

30 i npl ement ghépia dhg HE-3 &.upréa@&!ﬂﬁ Olo NIl dppdrORiirs prem ses
served by a single, shelf

, but with the ing increased
conpetition fSREXHERY Lrpm the ADRL KT camd sl"f%;g)tf)léy]t%l & A& in cases
where the iTmStrdtedias W ITurityaref usopier @eEirs|udd tin dot3b

S€{g! ce. Figs. 4 and 5. These leads provide an ADSL link directly
between the hub and the various customer premiseé
illustrated, including a customer premises 118 shown in
detail. If the shelf 90 were used exclusively with ADSL
LTs 14, such as shown in Fig. 1, all of the subscriber

20 lines would be like the lines 116 without using the shelf
90 as a hub and without the remotes of Fig. 5. In other
words, there would be twelve groups of 4 POTS plus ADSL
lines 116 serving 48 different customer premises. The
imnplementation of Fig. 5 provides for many more customer

25 premises served by a single shelf, but with the
accompanying increased competition for upstream
bandwidth. This can be tolerated in cases where the
majority of subscribers are using lower quality of
service.

30 A lowpass filter 120 is mounted in a network
interface device arrangement (not shown) for terminating
the subscriber line at the customer’s premises. It
filters out all but the low frequency telephony signal
from the copper pair and provides it on a line 122 to a

35 _traditional telephone 124 for voice communications. It
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30 A lowpass filter 120 is mounted in a network

i.nterface device arrangenent (not shown) for term nating t he
subscriber line at the custonrer's prem ses. It filters out al
but the | ow frequency tel ephony signal 5 fromthe copper pair .and
provides it on a line 122 to a traditional tel ephone 12P%u23
voi ce conmuni cations. It also filters high frequency dial pulse
or ring trip transients so that they do not interfere in the
upstream

o] t] .t h the high- fad Cs d
10 copper paﬁ}seoﬁﬁgt‘{%% %gggr r§ﬁge$%§§§f?$ seéri:%lgslt{r?& tfip” Sgﬁg\r/]m,
i s provided teransiBftsmadethdfbtheycée nbteinterfere inltngﬂuggﬁream
filtering, deHRQLJ;}:E&SE g@@PdﬁﬁQdﬁigﬁbspéQé*Ldata trafficS| Wadeddh pProvi des
I'ne 1 0 a use term na

output bits on"a e 1 .130 such as a
personal conpgopper| padrnepnnectedbefesaptherlowpass gilters As|nternet

Shodid be | SRBMRSie proviged b8 B RDE A e o ataen the
. real i zed a e no al sp opgr a n the
reverse hlghpa§§p§ﬂﬁ§8ﬁ}nﬂkrQGFPSH}aﬁﬁﬁe??gPaeﬁpﬁﬁ%hgm%rgiﬁkr
bﬁndmﬂgth,_LOsQ@ﬁﬁdﬁaﬁﬁdpEBéﬂH&EEOhtpatObitstbn #CFinéi 128 to a @erfrom
the subscriber to.t AIM network as [ I (see Fig.
12) . termina Tﬁgwlgﬁﬁﬁgaghgl9%%53§$§9§S%P6%§57 n%?En% so shown
in Fig. 5 concemputery e&ci.oue.gust foer Iptexrnetsacepsahor for accesgre

Si gyl ar to.pr%§i§%§e¥1ﬁigh pand&ldth seﬁﬁkees61i89mﬁxkhsﬂ8ﬁ§a|béhe
above-nentioned feature of the present architecture mherebz a
plurality of ABslized that thenAPSEsmedgm a3go operates incHhesTEKBhHASi n

Fig. 1 can be(ypstream) dd®edtiohdi adpeiedehhar muBhanapebway neans of an
ext ender car

. d (EXT) in each sybsequent, shelf. The n card
30 function Pandyigthe o, encode: and PR uiegﬁu lFFoﬂPgﬂeFFe KBEE"1%he to
shel f (dai sy- ¢homethe Sudpscriiber NRXitHeTATM hetioek as per ANSIh@ELv4d3
al t Qget her), %glom%ﬁ%_u o, e.g., 576 ADSL subscri bers accessed
m'S&T ar

to"The syste rrds, the extender card allows an NT
card in a first shdhie remadte shelves 96, 98 of Fig. 4 are also shown

in Fig. 5 connected to various customer premises, which
are similar to premises 118.
Fig. 6 shows in detail the above-mentioned feature
20 of the present architecture whereby a plurality of ADSL
ghelves 10a, 10b, 10c, 10d such as shown in Fig. 1 can be
daisy-chained together in a rack by means of an extender
card (EXT) in each subsequent shelf. The extender card
function is to effectively extend the IQ bus from shelf
25 to shelf (daisy-chained, e.g., to a maximum of twelve
shelves altogether), allowing up to, e.g., 576 ADSL
subscribers accessed to the system. In other words, the
extender card allows an NT card in a first shelf to act
as an NT card for another shelf or a plurality of other
30 shelves. I.e., in this case, three racké with altogether
twelve daisy-chained shelves. The extender cards can be
mounted as shown in Fig. 6 in the NT slots of subsequent
shelves and may be redundant. In that case, any failure
of an NT or extender card bank switches all LTs from the
35 "A" NT/extender string to the "B" string. The active
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35 as an NT card for another shelf or a plurality of other REPLACENMENT

SHEET shelves. l.e., in this case, three racks with

al t oget her t wel ve dai sy-chai ned shel ves. The extender cards can be
mounted as shown in Fig. 6 in the NT slots of subsequent shel ves ?]2#1
may be redundant. In that case, any failure 5 of an NT or ext enddt? 4
bank switches all LTs fromthe "A" NT/extender string to the "B"
string. The active string then assunes control of each shelf's | Q bus.

The Qb e flel t nmeet s
reliability r%EﬁF# Lﬂ?£“é£9&$%§Q§ﬁh§%§§t % AT %ﬂéﬁ%ygi reane each LT
fromthe IC}bEQ PHSS&ES@}ftﬁwitbimlgth shelﬁanxs;nntrn#ﬁnnﬂantirhﬁﬁ

servi ce. meets/PeiaBEEi€F POQYPrendtrsOlas | ENOAPH Hdd lHe L
provided for different options includin |ntegra1ed i n a CO shelf for
maxi mum packafPngeuere; egch ot hi Fxem cthre g:F@) hus %?‘?\%ﬁhl?%t’r%‘?ll@iﬁrﬁ exity

andsm ni mum cg)aﬁ%ﬁsaﬂasgémbed it fladmf I vgej_ghc@epar St e" (renote,

non-integrate re t exi bi nd access, o eX|st|n

or owded) c-baprrapeited' Shdve, e botd TR TGS M A 0 o
such as one opraﬁldedhﬁotphfﬂerlsnﬂzlopt\mrs i inédludidg i ‘hisbégrated” bimwck

di agram form _Faur e YRS S S tns maﬁ! n the
card. To the ?? ﬂé%gc car%’9 Sp;éiééaéé &gﬁéiﬁiﬁ Eohnecti on
narrowband (NBpdnéngbaklation; eommbemxvn@ mwm cort | ¢$|ed%cr1b}ﬂt he

ri gt hand 25 aphoe 6t ﬁééﬁanEQﬁsérémeﬁér/ﬁ6ﬁ¢i$€égf§tédpofér“h'Ch i's
connected both to_the tws alr 36 to the subscri b and to

er
t he hi ghpass ??FFe?tgﬁyoflfﬁ%bi%f and ?%%%S?HEP %ﬁlsﬁé§$dé°§? Q* t he

physi cal di meDBCocabbhets. such a four-channel LPF card is shown in Fig.
Z§||r?élesﬁe?$ forﬁgé ﬁmgﬁgwggﬁm?%%ﬁa%%gfhﬁééﬁ ??EF su%£39§ gégfgpﬁieg
to be renote the LPF cards 24 shown in Fig. 1 in schematlc block

15 diagram form. Four different lowpass filters/splitters
are shown on the card. To the left of each card is a
voice port for connection to the narrowband (NB) network
via the CO switch 46 via the line 50. On the righthand
side of each lowpass filter/splitter is a port which is

20 connected both to the twisted copper pair 36 to the
subscriber and to the highpass filter 38 of the LT 62
(see Fig. 2). A side view of the physical dimensions of
such a four-channel LPF card is shown in Fig. 7B, while a
front view is shown in Fig. 7C.

25 Fig. 7D shows a splitter shelf for use in
applications where the lowpass filters need to be remote
from the ADSL shelf. Such a shelf can be used, for
example, when (a) separate service providers are
responsible for the telephony and ADSL services, or (b)

30 in DLC (digital loop carrier) configurations where remote
cabinets of DLC equipment cannot accommodate ADSL
equipment (due to lack of physical space), but since the
subscriber transmission pairs terminate in the DLC
cabinet (and enough room is available for a small lowpass
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fromthe ADSL shelf. Such a shelf can be used, for exanpl e, when (a)
separate service providers are 35 responsible for the tel ephony and ADSL
services, or (b) in DLC (digital |loop carrier)
configurations where renote cabi nets of DLC equi pnent cannot
accommpdat e ADSL equi prent (due to lack of physical space), bdf7siRce

t he subscri ber transm ssion pairs termnate in the DLC 5 cabinet (and
enough roomis available for a small |owpass filter "splitter™), this
shelf only is I I | ase, the
basi ¢ xDSL shfe éza %di&é,_hﬁ) 1:|c§1rleg\;|%oue?1y sl ls B't?tStvé\lnltlﬁgt hg'% boar ds
not popul at ecDLQC)cabm%t}par ate "splitter" shelf, as showmn in Fig. 7, is

then provi ded pRdKES GadON Tl SiikY, SHEAL29s YseM ¥s much

i ke, the top porjion of the baS|c xDSL mai n
di fference wP’?%Wo‘?‘és |§hewgy, b ﬁ?%tqp&‘ng’q@dﬁ@%gﬁ%aﬁﬁﬁ't he use
of sstackabl ed é@amme!&pxﬁtteﬂh%mwtﬁ shghi iirs Faleaw? ,i risFltgxen7 and
a typical con urqilon u5|n | itter Sgﬁxv i s _shown in Fi g.
8. In an init¥EPV} B éh CTPRIYERETh Same A%t & JFEHf) need no
power, as al Imachclikey the top passiore.of(the basid-iMPSI3Aheldg 0a afenot e

cabi net that u ' sting
nmetallic-fed %?&C]:sbf Sﬂgeviﬁ?ﬂé:odn |€J%’$ua I on support’ié %g’ ltq-'t%é% lines in a
type 3002 cenfigirations is the tcahlcingl ans rtﬂ'teedlam&tf t"etackabdedt eness”
ofyghe 25 | Q¥fpmvectdtd oF Srl?é S W dHe 1 Gis Jstfdvﬁ{nltrP%'ﬂgTS 7,2%nd a el

as the separat engss_ of the LPFs, of Figs. 7,. 8 8A IS not’ only

advant ageous PRI¢3k ‘F%’cﬁ?’m‘?‘br}bﬂ-%cﬁ&htter iShelves,is shqun dn ng
separate servFig. pgOViTieran firitial tﬁmﬁmbxﬁDﬂpmr(\ar@a;hebut al so

for the very 30 0 reaso accordin t.he_ .pres. |nvent|on for
hysi cal |y SRRHSTTRD YFELE) Fiaadad Heisn s &ih SRty 18 he adeL
servi ce. Suckpmat eness provi des an i ncreased | evel of integrity for

thgglifeline POTS pig. an shows a remote cabinet that can be used when

adding ADSL service to existing metallic-fed DLCs. This
configuration supports up to 96 lines in a type 3002

cabinet.
It should be noted that the "separateness" of the
20 - lowpass filters 24 as shown in Fig. 1 from the LTs, as

well as the separateness of the LPFs of Figs. 7, 8 and 8A
is not only advantageous for the reason mentioned above,
i.e., for facilitating separate service providers for
‘telephony and ADSL services, but also for the very

25 important reason, according to the present invention, for
physically separating the lifeline telephony service from
the ADSL service. Such separateness provides an
increased level of integrity for the lifeline POTS
service, since such physical separateness itself ensures

30 that any maintenance actions which may need to be
performed on the ADSL part of the system can be done in a
physically separate manner, and therefore in such a way
as to not affect the POTS. service (and vice versa).

Another equipment shelf is the RAM (Remote ADSL Mux)
35 shelf as shown in Fig. 9. This shelf is deployed very
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service, since such physical separateness itself ensures 35 that any

mai nt enance actions which may need to be performed on the
ADSL part of the systemcan be done in a  physically separate manner,
and therefore in such a way as to not affect the POTS service (and vice
ver sa). Anot her equi pnent .shelf is the RAM (Renote ADSL MB)-133
shelf as shown in Fig. 9. This shelf is deployed very much |i ke the
renote ADSL shel ves 96, 98 shown in Fig. 4, and in fact nay have the

sanme shelf arcghitecture,_as 1hat o] | n_ Fi The difference js that
Che  Ram shel angh “TikECEAS tfore apStiiielVes S, be Bt AL 4 '
no 10 nore thnd inecfiagtimay havesthe esameshelf amhitestmirteras thathel f
(6RS versus 9 | Ssdesk Led As.mlg chs FEN f mﬁgad__ﬁ% and
physically con |ghré‘g,§?gF *xa %,&lf&as s:%g%h.%atf:ig. . Thi's s (;eivj\s/s t he
flexibility omo¥fesuitedpbpr sGREfon{DEGapRbicakiont WheRq ure-9-15 no
ﬂgs ]}OF_ShOV\BmaréUﬂﬁ&hoﬁﬂéprﬁ&%JSuﬂ! ﬁﬁlﬂé& é){'e W"?e‘%'h driee a_AE&'iLaif-lTexca_r ds |
a of Figs. a : e epent atjon o various funcfiona
b ocks 150 Shelfi L8RS verfie 9RS oh ok 1orA oy AU 1 A PR LS
ADSL chi p setmay besdgsitgnédraniliphpsical Dyycordtiguisdd p £ifr exsmipl®NSi StS
of three chips_.(] rajed: cirgui t.s). | Lfi e ATM
functions, a ﬁé&gﬂcﬁ g §b 5. f%%s %%¥§$%%ﬁ%%}%1i§§e%%i ng, and
a front-end DEPSL shehfpofathedpyreEsem: architestuterg bl ocks are preferably

cajpi ed out by ot hpggregys i | t 1 chip
e O saa g ToRp e RbYS SeiiteLohd) Flock ;@%&%m o :&éél:?b ified

bl ock di agr antRRaBDSHOWE eards 14acof pFigs. ik bdt3nAA LT TR in an ADSL

shel f 34 and ifipfémentatfEFLofPERE varféus LuStLIGHaP WiSSepsi n reverse
ordering of chi ard to the ATM functions carrlgg out by

. 30 , .In,re
The ! " nrBeRTinsd iny thig oimeloucnt e OF S s Sep DIERFLOmIRE a8 col |
i n 54-byte s|lADSLachHiphseticofsassighee SepaDMI ctéchnolodyisesThis echip

UPEhLen 0%, 4BTShAELS ! ke SR (inedlios Uirdlies) 10 (he 53
identified as RCHAP for ATM functions, a DACHA/SACHA chip
for Reed Solomon coding and decoding, and a front-end DSP
chip called ADSLB. The remaining blocks are preferably
carried out by other means outside the chip set. The

20 three chip chip set RCHAP, SACHA and ADSLB are also shown
in Fig. 11 in a simplified block diagram that shows the
chip set in both an LT l1l4a in an ADSL shelf 34 and in an
ADSL modem 72 at a customer’s premises in reverse
ordering of chips. :

25 In regard to the ATM functions carried out by the
RCHAPB chip, such takes care of the encapsulation of ATM
cells in 54-byte slots and the access to two separate IQ
buses, i.e., upstream and downstream. There is also a
dummy cell added to the 53 standard ATM cells in order to

30 allow a change-over from one LT to another on the
upstream IQ interface (between cells). On the downstream
IQ interface, this byte is not filled in, and on the
upstream IQ interface, the bus is in high impedance state
during this byte.

34
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35 allow a change-over fromone LT to another on the

upstream |1 Q interface (between cells). On the downstream IQ interface,
this byte is not filled in, and on the upstream 1 Q interface, the bus
is in high inpedance state during this byte. 5 The main entit

whi ch i s conveyed through an ATM network is a cell which is di%qzﬁiﬁ%
into two parts, each with a fixed size: the header (5 bytes), and the
information field (48 bytes) Dependi ng on the val ue of t he header of
the ATMcell, a nu r 0, S such
as insertion and ERS rac g%%E%a&ﬁg?%t%ﬁa%gﬁsétgﬁ tﬂ? ?ﬁ £§E€Q%COUD|IHQ,
Header Error Bekwork GHEQ)cg%hewhlcbnishdbkldgéyinhg tWO partebl eagh cel |

| oopback, etc h ta e A;ﬁ& e are forward
15 error- coyfggtedf Eﬁé)géga EH%oPgégﬁé E§ ng&%ﬁ, thé | nprove the
bit error ratdnfeymatien fie ﬁn(é§ehYBé§ier DePen@%BGe%FlEheaﬁé}ﬂ%t°%urst

errgrs an lnt%hbeﬁéhaﬁr of tREeSATRI bely,i s hﬁﬁﬁéﬁoéﬁtﬁﬂu-ﬁélﬁté@e
di sadvant age cr eased tranafer delaz for gterlea ed dat a.

in
Al so, a 20 g&?&ﬁﬁP@ﬁ may; ke| ReEforyedangurh,2s: BSeEFiCBe®BPe the RS
encoder. Aft eextirackRIoficofidmainténanetacellshecell ratiesdeeotpring,

(do) coa ng 1 s RBaet, Bifch CERCEL) (BE) GERLPGRIGRTEneck oIy PORE,

approach may §@rﬁvbﬂéﬂed Felihleppbagk, etc.exanple, up to two hundred

fifpy-six carrier EBEQHQES'Qﬁat arecéanéeoﬁsﬁﬂe(ﬁﬁQLFlﬂnelgfe fF8shiapd these
frequenci es carr¥Fa nunb I ts _accordi nﬁg)o a_pappi ng tabl e.

The function GFrPHe ﬁ&ﬁﬁ@? d KEES%spgnRFﬁé griemey (RE) 360d3ngs EPent

f requenci es. 1ibeoﬁapnné pak akgorseateSONto alloﬁpcarahnD&FeﬁyBéaterfor
link initialization,an nce. denodul at e and

oni t or FREtPREIP0. aueinBE BUERE SFrathoath ALERRLeFYIREl | vor o the
data to the oposbup1&$t&easdencorﬁonateﬂecwathSShefdmsadvantage oficanded i n

thisdenapper Eﬂ er Eﬁakkéﬁgfgg delay for interleaved data. Also, a
scrambler is included to randomize the data before the RS
encoder. After the RS decoder, the data is then

descrambled. .
Also carried out by the SACHA chip set, besides Reed
20 Solomon (de)coding is mapping and demapping. In the ADSL

system, a DMT approach may be followed in which, for
example, up to two hundred fifty-six carrier frequencies
can be used (see Fig. 12). Each of these frequencies
will carry a number of bits according to a mapping table.
25 The function of the mapper is to assign the bits to the
different frequencies. The mapper can also send some
special DMT symbols for link initialization and
maintenance. The demapper will demodulate and monitor
the received symbols. After demodulation, it delivers
30 the data to the on-chip RS decoder. Some special
functions are included in the demapper for initialization
and maintenance of the ADSL link. An example of an ADSL
mapper is shown in Fig. 1 of copending and co-owned
application Serial No. 08/677,468, filed July 10, 1996
35 and described at page 7, line 5, through page 9, line 23.
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35 and mai nt enance of the ADSL |ink. An exanple of an ADSL

mapper is shown in Fig. 1 of copending and co-owned application Serial
No. 08/677,468, filed July 10, 1996 and described at page 7, line 5,
t hrough page 9, line 23. 5 A simlar description is given in copending
U.S. Serial No. 09/113,719, filed July 10, 1998, claim ng pri 8%7ys3
fromU. S. provisional application Serial No. 60/052, 124, filed on even
date herewith, entitled "Method and W ndowi ng Unit to Reduce Leakage,

Fourier Tran géh;__. : eisn t A t, page 5,
line 10, S%%%%%&S%e ,%%r%%gq%oﬁ%ar%%\ﬁ%%&hdi Z:rggvg.g&bggl
Eur opean Pat 3RPIsAtIon iSe8T igdh o6 (At .edasketpNo. $92-575)1%d3ednow EP

Pat. No. 080Zi#%ven date her¥wit,P¥ntdftidit Wi 'ahd® wi Pk hg _
representati c%gmil}_g of ac{I the carrier_frequencies. An |Inverse Fast. Fourier
i &P B

Tr ansf or ner Yo dreakAde Frupiess dransiormes and DMD Modemgna) .
| n £ooper at i (hexdin tile Ik i AAEd"S at paiRd &Gt i1ifesAdl,i RBiroaghbe

installed. | atL%Ee @Pgﬁt.reeargs trf%(}lee{f&g-tlon’ an FFT is used to transformthe

received ti to” a ncy representation. The main
function of the frihe -outputi pft dhesimppder is @ compdiexy riepriezsentptriane t he

received sig : | from the ' ' | .. and to
correct for L ﬁe%e‘%}ﬁ eax.nmn%n é:sg'nd A(I]:"qéé{av%r}?:é: Tgﬁa%é%?o%%@.er The
ADSLB chi p f (Rransfiormes vdedankhitey transifgmm this repreSendation to a

dixp tal -t 0- anginf) ilgrf1 .CONMEIHdPeratiidn with e 1@ Of af Rarsylescri ber

line analog fraont .end is t term natiqon of the analog . line interface

he
and the 5% erdiqding G ke dginshaldedy i dio the WPEtE$#a  passband
signal that chirdetiiormpnem RRE ien wWaih ity dtansfora kh@ iretse iviede timeand

vice versa. Fé%.rgr{ﬁe t% % aﬂ%cﬁ{e%cy representation.
The main function of the front-end digital signal
15 processing is to separate the received signal as much as
possible from the transmitted signal, and to correct for
the line and analog front-end characteristics.

The ADSLB chip function includes analog-to-digital
(A/D) and digital-to-analog (D/A) conversion. The

20 function of the subscriber line analog front end is the
termination of the analog line interface and the
transformation of the digital data into an analog
passband signal that can be transmitted on a physical
subscriber line 36 and vice versa. For the D/A and A/D

25 conversion, a sigma-delta (ZA) approach is used.

As shown in Fig. 11, the subscriber line analog
front-end function includes a line driver used to amplify
the ADSLB output to the levels appropriate to be
transmitted over the subscriber line. A hybrid is

30 included as a passive network that performs the

' termination of the subscriber line with its nominal
impedance and handles the conversion between four-wire
and two-wire in the LT at the upstream end. It performs
the separation in the upstream direction between the

35 upstream and downstream signals, and the combining in the
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conversion, a sigma-delta ([err]) approach is used. As shown in
Fig. 11, the subscriber Iine anal og front-end function includes a |line
driver used to anplify 35 the ADSLB output to the levels appropriate to be
transmtted over the subscriber line. A hybridis 907-153

36 I ncluded as a passive network that perforns the
termnation of the subscriber line with its nom nal | npedance and
handl es the conversion between four wre and two-wire in the LT at the

upstream end.qdynderdH Bir S R v skeN ikhpetipdi@dmadi taet i on

bet ween t he upstream an dbmnstreanrslgnals and the conbining in the
downst r eam didSmsreamAngG Qfothe ldnGsrformed at the downst r eam end of

the |ine. Réﬁéﬁingrgoatmp kd ¥ig.0100it tisi potededhaathiehaT T 10

14a includes four, s e | i ne ternlna 1,0 at hs eparate
subscri bers. Hﬁﬂgﬁ’ &ﬁﬁ e &Pa%f°anat% F %
readized thatfdnhe sepataie r:snhscrlbens;nndﬁrtshormh Mtysh@wt]e-m{lﬂfgi I tl@r and

nyDr LA ShOW 0 4561 il et Ul 1RO . QARSI LT 40, such

as 15 shown |n ows a nt vi ew of card
whil e Fig. 1@@@@ anaet dznlbr & the HP-filtgmandrdybrdidysiioynadd® ADSL

signals are thgyép% ha 11 fﬁwtﬁwwlé um @11Q:e‘iuh%c“§%h lisne, as
shown in a POI'S | ass filter gﬁlred ‘whi ch. 20

performs the $lbq’%vﬂ-’th'¥‘lrﬂc?(1 or?%-'" APA (ﬁﬂﬂﬂ%an rtq’i’é'- GrY of an,dIapg|
tremsmt si grwaﬁd; cmaipletmfgslmrsﬁmfs p{@mdsaesnew. (2) separating the

POTS and ADSL signals fr subs or prem.ses; g the
POTS from audi bl eng n‘?@éf gaéﬁi % nsallﬁnaﬁ %(?%S&r&%tﬁﬁg
nodem 25 andfré@m-mhytiplam& (at) zprs:ﬂ:tsm:mn R n&l)Slas edwiwrerin
fromall POT d |§6$§ ‘H?% gi ng and
ring trip trans eaif & o 2 %lf:ﬁfnécx{r on?’ a&ég%ﬁ%e&'neéuv%rpl e neeting
all the pexiorrecthe folleory famatiiange, Cuclrappindng Fhe OTS
15 and ADSL transmit signals toward the subscriber premises;
(2) separating the POTS and ADSL signals from the
subscriber premises;:(3) protecting the POTS from audible

interference, generated by signals from the ADSL modem
and the ADSL shelf; and (4) protecting the ADSL receiver

20 from all POTS-related signals, particularly dial pulses,
ringing and ring trip transients.

These functions are performed while meeting all the
requirements for POTS performance, such as return loss,
insertion loss and group delay, such as those in ANSI

25 Standard T1.413. The combination and separation of POTS
and ADSL signals is achieved by lowpass and highpass
filtering, as shown in Fig. 2. Only the highpass filter
and the hybrid are part of the LT. As mentioned above,
the lowpass part preferably resides on a different

30 printed board assembly (LPF).

Also shown in Fig. 10 is an on-board controller
(OBC), which may be embodied as a microprocessor included
to handle a variety of tasks, such as initialization of
ASICs, monitoring and processing of maintenance messages,

35 and detection of a malfunctioning LT. On-board memory

37
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30 insertion |oss and group delay, such as those in ANSI St andard
T1.413. The conbi nati on and separation of POTS and ADSL signals is

achi eved by | owpass and hi ghpass filtering, as shown in Fi g 2. Only

t he highpass filter and the hybrid are part of the LT. %HOHEQ
above, 35 the lowpass part preferably resides on a dlfferent

37 printed board assenbly (LPF). Al so shown in Fig.
10 is an on-board controller (OBC), which may be enbodi ed as a

i Cr Opr 0CessQfay f‘.ﬁ{éﬁﬁﬂe flasﬂ-@ﬂbﬁ"%lrﬁ 1-‘&3!' Wl Foxt @% utapéB 88de

initialization of S| Cs, nonitorlng rocessi ng mal nt enance
messages, %&ﬂaecﬂwrﬁwg mfﬂmﬁm H’@lﬂ_?lsenbﬁo&iterﬁénﬁﬂyan may

i ncl ude fl aslEEMHOM assl dRAM ey ilder w:@dﬁac@@sﬁrfyoaata fo%ndndat? |
| nventory i nfornati.on 0. he stored on so_as.to _provide
t he necessar f‘#‘ﬁf‘? 1%@ QR LF ﬁé’ﬁﬁiﬁc@ﬂ’l&nl&fma r EBFBCBAK e
iteém  Such rnenclude iprddua: prdantojfuaaemqrf,l manufacturintladnforngtion

i nfornation r}g, (?er&d aq:r:L tio léé!i W{lg ; are
€

power supplyﬁnunctlons oar moun converters. A

test access [RA¥ey rﬁﬂppslﬂfomnwlﬁ dy Mayl®f enobogxrd mounted DCABCW || be

under st ood byecHeIRre, Sk |t|edtn a@&%ﬁ tpw::rt (nofl:r %Mﬁ‘irhﬁﬁnaﬁléb' ggal
St andard for Tel ec ni cati ons Net wor Kk and Custoner "I nstal |l ati on
pagiarchile

I nterfaces-- Digital Subscriber Line (ADSL) Metallic
| eer face”, ANSI 205 wilMbe m%rslﬂwmaiyuraexy@het e ekdnal iantheeatw,st ed

ggly:met ric duféﬁ al @ca% B’érjtﬁ%l@'rd?&l %"’g‘ﬁ% r%n%t%x’al F&ﬁ?s"’%“ﬁ‘g‘%%r"g'tzl%r‘ﬁvu si on of
plain old tel @{ﬁml%@nd CustR@ES) Iaxsd:adlatlon/antm}faafesdl-gsymiwd:haunel S.
In the di reCtm%ﬁ‘arlo@&ﬁE%z%%er“%g@ rr..g ﬁe@é&&&@&n@ ?%‘aé%ﬁ’ IAR d' 9' tal
channel s may consi st of full dupl'ex w- speed channe and’sinp
T1.413-1995, the nature of the signal on the twisted palr
15 36 shown in Fig. 11 and in Fig. 2 may be a standardized
asymmetric digital subscriber line signal that allows the
provision of plain old telephone service (POTS) and a
variety of digital channels. 1In the direction from the
network to the customer premises, the digital.channels
20 may consist of full duplex low-speed channels and simplex
high-speed channels; in the upstream direction, only low-
speed channels are provided. The transmission system is
designed to operate on two-wire twisted metallic cable
pairs with mixed gauges. The standard is based on the
25 use of cables without loading coils, but bridged taps are
acceptable, with the exception of unusual situations. Aas
shown in Fig. 12, for example, the power spectrum is
shown as including a 4 KHz band reserved for POTS
service, with the portion of the spectrum between 40 KHz
30 and 1.1 MHz occupied by a large plurality of carriers,
with tone spacing of 4.3125 KHz. A small portion of the
spectrum is used for upstream data, as shown, with the
remainder used for downstream data. Each of the 4 KHz
tones is QAM-modulated and individually selected and
35 optimized as a function of individual subscriber line
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hi gh- speed channels; in the upstreamdirection, only | ow speed

channel s are provided. The transm ssion systemis desi gned to operate
on two-wire twisted netallic cable 30 pairs with m xed gauges. The
standard is based on the use of cables wi thout |oading coils OI;}Q
bri dged taps are acceptable, with the exception of unusual situafions.
As shown in Fig. 12, for exanple, the power spectrumis shown as

including a 4 KHz band reserved for POTS 35 (narrowband) service, with
the portion gf éf‘fcééi]efét{#&. Some tones ardCASkat@akiatand lakghiz
plurality

occupied by a large F .. of carriers, wth tone spacing of 4.3125
KHz for tageher Rf /bifiseithide atherss a2 Aessen NYAbErRrohoPRe at

spectrumis qﬂe_g, fdle URS LT BN st ihsshown, with the 5 remainder used
for downstream data. _Each of the 4 K tones is M nodul at ed, and

i ndi vi dual |y sel ec?®ShRHP 1n Eift n‘i’zgémfs £ndhians, A 139 d.L‘J\Jﬂsc?E&beg
subscriber |ii® connedisics tveitilstar ADSIOMT tidree arer eepllicadtedd im tthea | ar ge
nunber of bit il e others | e . nunmher_ gr . I to
line conditi dﬂ%s_ﬂmmofem %As @hoﬁéﬁl |’gt.% ffqet%%%t}%c eﬁ‘%ﬁﬁaltyroe%%
descri bed subscoibac (PO 7 aindy dnciiele | B.Oia &ne ATM25cansd/ dm t he

ADSL nodem 7?1._1{&@,9@{15% Gl £E LA 1B B 19 .t he subscri ber PC

e, an

76 may inclu e.l‘g_., ATM 25 and/or 15 . Ethernet interface, as shown in
Fig. 11. 19 9. 138 /showma SpbiifedPinde IABHIm
"idéls”atjtocmﬂlh@é‘tﬁ%iof Mﬁvcaﬂ; Tirtji_?sémmv;&k (¥R tiri&”tl:’.tc?n (anT)t unggil.udes a
nodem par | ch, perforns e ransnmtter refer node

functi ons, fo"\:téx‘gﬂﬂ 28 R W"-"%mi"fp‘ﬁbtﬁﬁ#"ﬂ‘f Shenddt=R 415 1005, |
An ATM ftreismit ter atsiPskerwe anotiely fundthions esiort exampite 0@s for
ATM transl ati d; si s QIO Sj _ oW} 8@ di recti on,
the ANT unit %g?v%?n}i es ‘?%Jé&iD‘gﬂ? 6Pgﬁ%sllégnnra]f{]ﬁd3er%ogc?u#at es, and the

i nterconnect fumctiom 5 addederaccording \te dthe prasent dnyedtidit st ream

topghe SEbS CAtMCtrandi Jtich 4:6d " 1fhar ProvEEidTE)In [thd he
embodi ment Shgc\;\Qfxstt:rhgalln ”éf;;é‘ﬂé‘,?, btlzlgg kAIE‘IC') lgni?t C‘éjésxt'n?ir;xeartes the ADSL
signal, demodulates, and the interconnect function
converts the ATM cells into a digital bitstream to the
subscriber’s digital terminal equipment (DTE). 1In the
20 embodiment shown, the interfacing block to the customer
equipment includes both ATM and/or ethernet interfaces,
as shown. Fig. 13B shows an ADSL Network Termination
Unit with the line, ATM and ethernet connections shown.
The line connector is RJ14, while the ATMF-25 and l0Base-
25 T connectors are RJ45. Fig. 13C shows five LED
indicators that are visible on the top of the box of Fig.
13B for giving the indications indicated in the table of
Fig. 13D.
A more detailed functional block diagram of an ADSL
30 modem 72 (such as already shown in Fig. 11) is shown in
Fig. 13. The lowpass filter 42 of Fig. 2 is shown as
part of an external "splitter" in Fig. 13, which also
includes the node 68 of Fig. 2.
An external AC/DC inverter (6V DC/xV AC) and an on-
35 board DC/DC power supply are shown in Fig. 13 and are

39
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equi pnment includes both ATM and/or ethernet interfaces, as shown. Fig.
13B shows an ADSL Network Term nation 30 Unit with the Iine, ATM and

et hernet connections shown. The line connector is RJ14, while the
ATMF- 25 and 10Base- T connectors are RJ45. Fig. 13C shows five(%ﬁ

i ndicators that are visible on the top of the box of Fig. 13B 3H~153
giving the indications indicated in the table of 35 Fig. 13D.

REPLACEMENT SHEET A nore detailed functional bl ock

di f ADSL d

9Ty MafEire el BHE (G T Wy IGHY, DY oftdudhl ol THONT
ext er nal "spl supply (AC/DQ) qaonventsithe sl’olﬁl volktage sfxore ﬁhﬁiéﬁ?@ of Fig.
2. F&'@rﬁ'@l a%f&%@vﬁ{é@rcéﬂa\bwﬁﬁl@ !?f'c\'.l?é‘ 5L moadipard

DC/ DC power supply are shown 1| IEE and are used to feed t he power
*s

to the board.74heSBRRefat6 prRkes UDRY Shen\(goRyergions are ey h

vol age fron1ffgmmehé é@/p@dﬁéﬁ@rtguﬁpypjtage that can be handled by the
ADSL nmodem such

fromthe DC/ DC pov@? &n ﬁ?? Proftiend’s Furt‘?:g‘bd?r vers: %e%ﬁ‘g\cfg t he

hi ghpass filteps alread9 showndinshign 2, &s gwell as athbzmdeaHQMilnBend
line 15 driver;SUeneasnsovinbin Fld pid. 19 MO hibifa'fs for 2- W re

to/from4-wré tconversi bIo shown for term nating
t he anal og w1re|he/fnour4aweran@°mer$1em§fornat|on of digital data

I Pl e s e gelnfad g

.transmitted on a physica Vi ce ve[sa
performs anal d§neoigterfareapg)for trapsforrabion 05 @ighta b %9

conversion. from a Dﬁ@ﬁh SALHE SP6H 1ftdhen DMlasbgnpassband signal
nodul at or / denpdul at or s soft confi ured gcesses the ATM
cel I's (scranbFBg F?BnPth Fgg?gc?n %ﬁﬁcéflfgé?grfé Eiﬁnﬁdﬁﬁ$ated
signal to theviAbElLiZessd. TheVADSLBepernfokinsecahhhog+herdigitadb (RA/Pkrence
beigee” the and digital-to-analog (D/A) conversion.

Again, the SACHA is the DMT signal
modulator/demodulator. This software-configured ASIC
processes the ATM cells (scrambled) from the RCHAP block
and delivers the DMT modulated signal to the ADSLB and

20 vice versa. Note that there is no difference between the
DACHA and the SACHA, except a lower cost for the SACHA.

A DACHA can be used as well, and is especially necessary
to support a standardized 4.3125 KHz tone spacing mode.

The RCHAP provides the interconnection between the

25 SACHA/DACHA and the rest of the system. It contains 16
ATM cell buffers in both upstream and downstream
directions, and performs virtual path/virtual channel
(VP/VC) translation, extraction and insertion of ATM
cells, and handles on-board tasks.

30 A RAPID block provides interfacing between RCHAP,
ATM-izer and IDT-PHY blocks. It also contains DMA
controller and logic for ethernet functions.

The IDT-PHY block translates ATM cells between the
on-board parallel data bus (with standard byte-wide
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DACHA and the SACHA, except a | ower cost for the SACHA A DACHA can be

used as well, and is especially necessary 30 to support a standardi zed
4.3125 KHz tone spaci ng node. The RCHAP provi des the

i nterconnecti on between the SACHA/ DACHA and the rest of the S¥phe k4!
contains 16 ATM cel |l buffers in both upstream and downstream

directions, and perforns virtual path/virtual channel 35 (VP/ VC)
transl ation, extraction and insertion of ATM

40 0?115F§%€£1ﬁ%%§%@'% ¢HAMS Forum ﬁ\l‘(lys@cgﬁpl D bl ock

provides interfaci’n I zer_and | DT- PHY bl ocks. 1t

al so cont ai nsc@mrector contty| sarankied ARSB fcadest 9@t@dt- functions. 5

The | DT- PHY bl ock fxangiwt fferATid aald upiiMeal dditrolled)- Respdnadiild el
data bus (with standard byte-wde cells eaqr(ng&th seri al ta over the
ATM For um phys9% fpstream maltiky of t%%@r‘%rbl 1) SRPING A05 ¢ a) .

Thes ATM i zer pslidingipstIteals aedpond ile rimpdnsnslatlithg dosmsiprsameam

quality of serwvice S i n - | Ci L 1S I onsi bl e for
transl ating %ét?%%%és %5&%&%‘?% fllﬁ%}%ésgt er r?Je]’tc-ef S’aer]r:%ssap‘and Vi ce
ver sa. Heltmihd hithg eps teea\ ATM-Fominl lats sis|adeqaenfiormedy by the

ATM i zer. 15 ppm-izd9, 182596 controller perfornms CSMA/ CD nmedi um access
control, noves ethernet franes between SRAM packet mem),r!@/?q and a seri al

et hernet transcei VAR 133596 GRREEQ}IRK Berforns CSM3ED ITREGESS or ns a

sefpal transcebieFfol, movesICétidriet Sranes Gitwech SHAMN Paokute micamaryt
| 82596. 20 For cogde nrocessi,n an J 960 ml(‘tr o.proces.sqor |qs

i ncl uded to HAEMUIR 2%AFT fVRTe L KANSCRYY ek 55 MNAYEGT KY of
ASI Cs, nenoritise GBC., Amriszsohgpartbrns a meackskitmpndcaivemai nt enance

nessages. on- RSl ol ¢ Boa.s 1688ke SHPRR dect " dh 'S 14b4 1 1 he

For code processing, an I960 microprocessor is

15 included to handle a variety of tasks, such as
initialization of ASICs, memories, etc., monitoring and
processing of the maintenance messages, on-line/off-line
test support. Memory is included in the OBC as well,
such as 2 Mb DRAM for program executables and a 1.5 Mb F-

20 PROM for boot code, power-on test, a 512 Kb for ethernet
packet memory, etc. A small EEPROM (4 Kbit) islused for
a remote inventor circuit.

Fig. 14A shows a simplified block diagram of an

embodiment of an NT card, according to the present

25 invention. It provides a high-speed optical or
electrical access to a Synchronous Optical Network
(SONET) transport system. It converts Asynchronous
Transfer Mode (ATM) cells to SONET packets (i.e., frames)
and vice versa. Thus, the NT card adapts ATM cells

30 carried on the IQ bus to the SONET transmission system
and vice versa. It also includes necessary functions as
listed in the table of Fig. 14B for operating and
maintaining the ATM subscriber access multiplexer of the
present invention.

41
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25 such as 2 Mo DRAM for program executables and a 1.5 My F- PROM
f.or boot code, power-on test, a 512 Kb for ethernet packet nenory,
etc. A small EEPROM (4 Kbit) is used for a renote inventor circuit.
Fig. 14A shows a sinplified bl ock diagramof an 30 enbodi nent of ggh-N§3
card, according to the present I nvention. It provides a high-speed
optical or el ectrical access to a Synchronous Optical Network
(SONET) transport system It converts Asynchronous Transfer Mode

(ATM cells to SONR RaGkstida (that the a@Eie 3% Fdgd ui4ee isespdit Thus, the
NT card adapts ATMcells canried to the SONET

t
transni ssi on E§REHUNNS Feprasenting downstrean %ﬁgicgggg‘gngé%ssary
functi ons as upstireat ethna:tidms.t alfihe dfowFistredaB fumctdpasat i£9F and

mai nt ai ni ng t JM s Q’L',ﬂ%’ f e pr esent
i nventi on. &? &M’ l;n)e?){ ? %Eg wﬁd{ of %Fuléb‘ 14%‘% s spl it into
t wos col urms rse:pu:emY @thmgﬂuﬁ&h dis theg top sms&mm f &€ i ons.

The downstre
1-4, and 10 an— fé'slf'ov.glorb locksLXaMENnf 1 A1ANE AN e Wit raash nuber ed

|nF|.14A|nthetops_et n _of t,
respective foﬁﬁn%ﬂ:&% thege have hQﬁnt‘H'é’ lﬂi’ﬁc‘?\ ‘g?ese
have been gr aypeghé Ntdbre ra:iﬂlthd\f&’l(bé‘érﬂemmbeﬁd t.-m; 1t alilth anme lsae been

nunbered 5-8, with the sane, ers t I f the

bl ocks of Fi grUBRErS j °wnI’fnst'rﬂﬁju‘]?fjo ?b%l%eédrﬁl}] eb]t%ese urj ons can be
nmoyed bet weenldh ockEt shouldilse iredlistedhrthatarfiiese functions gand&gard to
the physical H&%#I CQ{: WE&n ﬁfééfé:arhrgf tlus % O_ﬁiétPQn idfigrce for

i nterfaci ng an rans a receive and transmt

optical fiber car r&ﬂn@ewd %¢gﬂbﬁ sPhBESJgFal \qufﬂ-‘-!i“ RARGK Whis <t Re
155.52 Mops. ap ogbfcalil fhtarfadé W‘Eéﬁfadnﬁ; ,an logtacd hetreaispdyt

[arr]m This SYGRER VARRDR Zeakkis 4nd YEmHFL RILLER ARSI gnal
atyshe OC 3 | g¥gha2s, elgr, cwiviersinomina STHitl/ 1S5RS ot 1168 He2 s 4 | cal
domai n. The interface is symmetric, i.e., it has the same bit
rate in both directions and could operate, e.g., at a
wavelength of 1.3 um. This signal can be a SONET
(Ssynchronous Optical Network) signal at the 0C-3 level
20 for conversion to STM-1/STS-3c¢c in the electrical domain.
This is a serial signal which the physical medium
interface block converts to parallel form at a slower
rate for processing on the NT card, with the parallel
downstream output locked on to the received clock.

25 The transmission convergence sublayer processing is
done in the second block, wherein the ATM cells are
delineated within a hierarchical transmission frame
structure used to transport the ATM cells. These cells
are divided into two parts, each with a fixed size, the

30 head with five octets, as shown in Fig. 14F, and the
payload with 48 octets, as shown in Fig. 14H. 1In the ATM
block of Fig. 14A, ATM layer processing is carried out.
In the upstream direction, all fields in the ATM cells
received on the IQup interface are transported

35 transparently, except for the Header Error Control (HEC)
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This is a serial signal which the physical nmedium i nterface bl ock
converts to parallel format a slower rate for processing on the NT
card, with the parallel - -downstream out put | ocked on to the received
cl ock. 30 The transm ssion convergence subl ayer processing 5%
done in the second bl ock, wherein the ATMcells are del i neat &8 W n
a hierarchical transm ssion frane structure used to transport the ATM
cells. These cells are divided into two parts, each with a fixed size,
t he . g W St 1 hoy{ i byt he
payl oad with ﬁée%%t gggg ggéglﬁo%g?%g%?%&i%. f'I n t’he‘hAl'I_':,tl\%bN ]ﬂglllock cﬁ Fi g.
14A, ATM | ayefppedficatign!'y. caFhe HEGUmay be ¢hegkrd K MEmaR At on,

?l | fiel f'sdi nobh§oATM PRb! f?uéimg esLi fg‘deﬂ?%arﬁreﬁ%@lwtdﬁﬂ%gﬁ a.t;?brz O
ransporte ranspar,en , _exce o[ e Header FError ro

field (see | TEP® T‘@Eoﬁ%ﬁ'ﬂ’é&‘¥ oRath 3%?’“%‘5}%5}% ﬁﬁ‘gﬂiﬁﬁe{&“t‘uﬁ

Spesi fi ca}g i on'c‘:haniigm tEEnﬁlﬁfiég) cheekeﬂnotneoeelnsn@auer.v dfHe lcful]]'he
routing of regeived AIM c e s;upop 10 the V MLt t

| dentifier) aﬁgkvEthei?P a#ﬁe eggﬁgnﬁﬁgsgd%ﬁ??*£%$3£¥Hé%één Hgﬁge I
header. The fohh be ck@tkedt £oraVBIfVieIeccghbihabionsicon¥éspondings of the
VC can bg:gheck o] C ' | cor (o¥aTa "™ wth a
data channel ﬁéegggeggFéc%%§S%é¥Fgonggﬁ%ﬁeﬁéee%?bviggggfor éﬁ%ﬁXiﬁUﬁ]Of 216
channel s whi chre¥adge figrkadmaximpg, ofx21 achannels vhighiear Jpe maxked ved

fromthe 1Q gori Bherhatsonl © ALRNGHL1ECHe 1L NBECEDTEA CAFOR Ntife VIG T Ual
contai ner or synchronous pa VC- 4/ SPE, n- board

é%oad envel ope or, tp an

control | er. 28nterface,prg, §PFE&FF§#N£F§§€? PPEEESAM N A YHERYEM bl ock
of Fig. 14A eoskaYhet/ SPEs¢AEhr6fichBepattliondl envedbépe (V@44 ASREcedbts (53
octets) which,are octeL—aIigned ang floating within the VC-4/ SPE. The
ATM cel | del i fiRafPoRN~P0ardeEOPREOLIBF 4| ation between the Header Error

Control 25 ( HEC) Fomr ﬂbwnsttéameamurlayértpeoceSSihgaﬂBrthestM.blqhb

el e L PRI THE RS e UECR/EBRBrbLob TUbd oqus PRSefEGgaL on
44.151 cells (53 octets) which are octet-aligned and
floating within the VC~4/SPE. The ATM cell delineation
uses the correlation between the Header Error Control
(HEC) in the cell header and the cell header itself. The

20 cell delineation mechanism, as recommended by ITU-T

Recommendation I.432, "B-ISDN User-Network Interface-
Physical Layer Specification", is used. When the ATM
cell boundary identification in octet H4 is used, the
cell delineation will start searching at the octet

25 indicated by H4. If not, the search will start at the
first octet of the payload period. The ATM cell
information fields are descrambled according to the self-
synchronizing scrambling/descrambling scheme recommended
by ITU-T.

30 Valid non-idle cells, each with its confirmed HEC
octet and descrambled information field, are sent to the
IQ0 down interface, which is the last block shown in Fig.
14A. In that block, idle cell periods are added to adapt
a received bit rate of up to 149.76 Mbit/s to 152.64

35 Mbit/s.
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Physi cal Layer Specification”, is used. Wen the ATM cell boundary

identification in octet H4 is used, the 30 cell delineation will start
searching at the octet - indicated by H4. If not, the search will start
at the first octet of the payload period. The ATM cell i nf rnq%ion
fields are descranbl ed according to the self- synchroni zi ng 7=153
scranbl i ng/ descranbling schene recommended 35 by | TUT.

43 Valid non idle cells, each with its confirned HEC

octet and descra t:

i nterface, whi ch”bi‘ ? cﬂ.f ']i(éd e“Lc}'\c/\%nd ?\rﬂwlst %e?%ieds by ha?ﬁbl ock
idle cell perVBEHs e %miiéﬂl‘l o(l?ﬁiblmad Fype rl&,eéit\}&i-%)t brlé:tselé’f

149.76 Moit/scdpl Idaddr. 1MEdYaEY, 16 bits ol EFd@Unikbi1ds gIcei ved ATM

cel |l s depends n_ I he VP, VC' a | oad tvyhe i entlfler bits
in the ceYﬁ’f)ﬁ‘é%e?°mq”rF?%‘t‘HTs 379[ SCITﬁcg‘f%% p 19‘: QP 3 VCl
conpi nﬁt i ons meded eslodvat kiatl, E;I:a?.corm.ng I ddoh menmlmirml stvale) | n Fig. 14G

I n each nention v | r S f CI The
sel ected ‘Sﬂff‘%%o'gﬁ %ﬁ%l rf;of ‘gzﬁt ‘}r#fc)(%lﬁess(|5)e'on¥34 W't h '12{33 szeaef%:te%j

dat a channel VBRI HCExmibikledontinatiom d;a‘mapm%dvm ¥ Sﬁaﬂilﬁlmg only at
Lhe b VG agtd TaldiePledlod QAL  cdi¥s Vi 6] GG By and at

the PTI bits econd case, each In total) can be

marked for  lo@kingenby atrithe WEIAVRE woubinasion ok &Y rinoking at
VP VCl  conbi gigé i @os/ 90T démSinapddmdndat THd dPertwihs 20 Invitte t he

cont i ner o SRR PR (SRRLATT (2" 4R, EPERY) PRBCHENMERKED TPRel 1
VPI / VCI COrrblébatr@diltlme Thlstniﬁ‘leithmIimMéﬁrhmms&dtMIaQIiom
:Etgngg: (C%f/VCI cg%al.(gdt{gﬁs ef%r %1&{' &E&aaéélofeig :{r?dié]a%éa&r,M
with the inclusion of the PTI check. All valid cells
15 received in the virtual container or synchronous payload
envelope, independent of their VPI/VCI combination, are

transmitted downstream on the IQ down interface (cells
marked for extraction are also sent to the ATM interface
bus) .

20 ATM cell insertion and extraction is provided at the
NT both in the direction of the network and in the
direction of the IQ bus, in order to provide for the
transmission and reception of Operation And Maintenance
and signaling cells. Cell insertion and extraction is

25 under control of an On-Board Controller (OBC).

In the upstream direction, the OBC has the
possibility of inserting ATM cells in the outgoing VC-
4/SPE. The OBC has to provide a valid cell header
without HEC, followed by a least six bytes and, at most,

30 the complete cell payload (a total of 52 octets). The
HEC is calculated before the cell is put into the VC-
4/SPE. Interfacing between the OBC and upstream cell
stream is performed by using a FIFO buffer on which a
back pressure signal indicates if the OBC is allowed to

35 insert a cell or has to wait until the previously
44 — e e
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25 bus). ATM cel | insertion and extraction is provided at -the

NT both in the direction of the network and in the direction of the IQ
bus, in order to provide for the transni ssion and reception of

Qperation And Mai ntenance 30 and signaling cells. Cell inserti or;_;oaln_cl53
extraction is under control of an On-Board Controller (OBC).

In the upstreamdirection, the OBC has the possibility of inserting ATM
cells in the outgoing VC 4/ SPE. The OBC has to provide a valid cel
header 35 W ihoeitEECeel D! i OVEFhMnPLE&RS! AN PWET A H ST

the conplete cell ga%%oad a tOtf}ItiOf 52 octefs). .The HEC is cal cul at ed
before the cePP 1BLBETacHRaYR 2 \Righer pyigrity fhan £81\F IRAMh t he OBC

and upstream £ebh the eBceansyﬁcwﬁm&erbxbyiysgdllgﬁc&-ﬁd:Gb}btéfer on which a
5 back press | . hdi c 1 f the QBC is allaquwed,to i nsert a
cell or has t%i}ﬁﬁﬁ%gﬂ#?#gg esé);]i?/il o"ﬂ%’rcgh “%*%%teer%g%f’%gﬁ ‘f%l]t ransmtted.
Cel Bs recei vedinserthen|device iphere ctlieiceoundary betyaen voringentesh cel | s
comng ~ fregyige; V\ﬁsb‘ g FGE 1 D), | ?}&%éﬁé@, Bheé JEt has, the
synchroni zation signal ich 1ndicates to the ce] I nsertion device
where the bouR88F¥PHELITERL t iRSeFEiNG ATM cekls |in ithe HQ K® meXler is.

POQWSSt reamI | thrSB{E. ha@hé_*'ll_@Bc C%acé)()@&iﬁt&&}id/e ,C% VAR ltée(ij!m 41?&\4@& ler i 25t he
own ce ...Stre e s to provide a valid ce ea

whour veC VHERSE RS AoHised By B Mlerancsfx ekds Tnd 3k Rl ot o
celd payl oad thetctmplete5@eDrtpdyploadhea tot:—i-lebe 53 ettt =), V\/r'HmCBC g
transmtted e ' f inte | etwee an

t he downst reg%ﬁgei’g gé&%#%%nﬁ% pfélf e ebé/ %gggﬁ% %@I#‘{ﬁ%%eu‘f fer as
for 20 the ufntexfaciey|betidesn ithe OBE sand dthelcimmstrear atell .
insertion, a r SERd@ N 1S d qﬂgF% ived In
the VC- 4/ SPE ﬁgggag ﬁ?sﬁgff prioy %’f)%é %ér%] ce ?dﬁﬁ%n?l%%%;aé%

Synchr oni zat i BRe;| 'éPiEFg%‘P ngetbyinsergiangnc hbip A% drwgirgan \ggkh

i nggcates to ih€eptién?Sa bAGCKpraFsdiey i fechdieisn e DLipremsntdel ween two
I nserted Cells received in the VC-4/SPE have a higher priority
than cells from the OBC. Synchronization is performed by
a synchronization signal, which indicates to the cell
insertion device where the boundary between two inserted
20 cells in the FIFO buffer is.

For cell extraction in the upstream direction, such
is performed using the cell filtering mechanism described
above. Only the first four octets of the cell header and
the complete payload are extracted from the IQ up

25 interface. For interfacing between the extraction
circuitry and the OBC, a FIFO buffer is used. The OBC
should synchronize to the extracted cell stream by
reading blocks of 52 octets until the buffer is empty.

Downstream cell extraction is performed using the

30 cell filtering mechanism mentioned above. only the first
four octets of the cell header and the complete payload
are extracted from the VC-4/SPE. Before a possible
extraction, the HEC in these cells is already checked for
errors. For interfacing between the extraction circuitry

35 and the OBC, a FIFO buffer is used. The OBC should
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cells in the FIFO buffer is. For cell extraction in the upstream
di rection, such I's perfornmed using the cell filtering nmechani sm

descri bed above. Only the first four octets of the cell header and 30
the conpl ete payl oad are extracted fromthe 1Q up i nterface.

I nterfaci ng between the extraction circuitry and the OBC, a FI tnﬁ%er
I s used. The OBC shoul d synchronize to the extracted cell stream by
readi ng bl ocks of 52 octets until the buffer is enpty. 35 Downst r eam
cel | eXtraCt'Q?nbﬁ BEEEQE”EQ Eﬁénﬂxﬁ §cted cell stream Kflteddidering
mechani sm nent oneg above. | 1St four, octets of the ce

header and théleﬁﬁﬁlefe55a9FB§és untj} cthe butfer % SARRE vEhe Lgefore
a possible  wheshr ast efiratBaaHEbwapashene oBt! can Soptimay:rmkmhﬁ or 5
errors. For igteg&ac&ag getmeeﬁ t?echg actlon circuitry and the OBC, a
FI FO buffer i of hg ¥BCBHGEF §3hchron|zed to the extracted cel
stréam by readi ng As shpgestedf abovectthe nﬁtdbwnhen®uIQeup|huem®ty The

| wh d h
fﬁe I Q downlfnfgéfgé££a§&ﬁ cb918" fith § Eg\(;eest %Pa %€2é£¥%e I%}domn and I Q

up buses pekatpénformation| fieldn aInu Eob‘ét@f erclicrebhoia e
octet i nfor magaRyf beltét |Eliﬁ9€£a€&de§ﬁhF§§| | 148. ONfhe ATHUSBY19CARE,
illustrated in FI g he ATMcells are

encqg sulated in 54 octet

sl ots and pro?P&éHsH&éE§§ ip Pheoctet, glgts andPrA%Pied| 3FCeFs 158, ve
Moo/ s to 152164bBIt/ Fhe adéﬁﬁéﬁ%ﬁSEfSiss/bsn/mbzt;sspeasfDszreel4 llﬁbi'hﬁs

del et f be d d t h f th
maci mum bi 1 r 453/ 58508 B3 kit def oLa oReRPRERSH o pehgcac Tt ibiiber®, o
limted to 149dle Weldss (ZBig7caBSbs2done @uette)the fact thametugmw
octet 1s addeﬂa&?mhﬂ Fé%wgﬁeelaf'gai?ﬁeﬁT? cei?saébﬁﬁeﬁyéaaﬂﬂeeﬂérVéL0”1One

LT to anot her Interface (between ce he 1 Q down
i nterface, 254SVﬁP§Soé§eﬂlmétﬁ@ttP|lﬂ8d7ﬁanéﬁ/$hézﬁtﬁablﬁﬁté?face t he

15 Mbit/s).

The dummy octet is added to the ATM cells in order
to allow a changeover from one LT to another on the IQ up
interface (between cells). On the IQ down interface,
this octet is not filled in, on the IQ up interface, the

20 bus is in high impedance state during this octet.

The NT card is managed by an ADSL workstation (AWS)
which may be located in an operating system (OS) as shown
in Fig. 5. Such an OS may communicate through an ATM
network and an ATM switch in a central office with the NT

25 card in the shelf. See copending and co-owned U.S.
patent application S/N (Atty. Docket No. 807-160)
entitled "ASAM Network Management System with Open Loop
Flow Control", filed on even date herewith for further
details, and which is hereby incorporated by reference.

30 Fig. 14C shows a front view and Fig. 14D a side view of
an NT card, such as may be used in a slot of a shelf of
' Fig. 1.

Fig. 14E shows a more detailed functional block
diagram of an NT card 12a of Fig. 1. An
35 optical/electrical transceiver provides a SONET/SDH
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bus is in high inpedance state during this octet. The NT card is

managed by an ADSL wor kstation (AWS) which may be |ocated in an
operating system (0OS) as shown in Fig. 5. Such an OGS may communicate
through an ATM 30 network and an ATMswitch in a central office W ide
NT card in the shelf. See copending and co-owned U. S. pat ent
application S/N 08/891, 259, filed July 10, 1999, now U.S. Pat. No.
5,991,814, entitled "ASAM Net wor k Managenent System wi th Open Loop Fl ow

Control", filcomphidst iwmberflace Her cl$s 53 MbprsTMY aletstd>-c and which is
her eby i ncorp, b : .

r ef ergnce. Fi Q.ieﬁlﬁg:ss %V\gn%. %rrl%%?ra\‘;l:%(\i/v %%%‘ﬁ%‘. 1%%k @ecosxlr%zar Vi%®w of an
NT card, suchdeBentd) Bhe SLENIH. a Er erdgr to do sthis alogk gecovery,

Fig. 14E showstar&gifréstai téflefencd i O16ek D! offe Fedbividiéin @lo@p NT card
12a_of Fig. 1 $§ 16ﬁgtlcallele trical IranspelverEPrOV|des a_SCNET/SDH
conPliant int E}7AcR2 ¥H2) 558 5‘%1%%%" me’cﬁh%m_-%he /BiGhAnd $eBRsS

i nt egrat ed paakagme ofl titk iwpuverfor Sservix@bf)r& Fy ﬁé)ithzﬂkw _I*plod:]ﬂ tﬁderdt 0
do this clock,r Y | equi r es ence_cl qck. [ecovere

cl ock (ESﬁ@g ﬁgﬁu#s) %éc\t:ﬁ%%% By %i%giﬁ{?ﬁ%e@ ﬁc}hrﬂi%‘?ﬁes -
as one of theoWHPIE sciork saust rgrack a( iff oemceimingkis ;enabled) PLITHa r ](c:w t
| ocated in a | [

| oop timing |i§£€%€%’g§jk"i§‘ﬁ%‘g@ ?fesguiﬁgti%%?%l%%t%%@%’ggﬁ‘(es as
inbﬁt cl ock fifansmit dakaitovprds ttherertical dtansgeivemsodians thimre

this cl ocdlock U usdd Stydt SipstHes 12 tHENSFks®i 0 Krod0d A Ghicn 2l SO
serves as a s%/%em clock. The reference I%c_k I nput and the VCXO out put
i

clock are furtte? TWXIYR LD LYWL CIRF The Refguenqey clogk sinpyt
Bel | core and ahd& {28 YCXO outpdt)cldék edre fnfeer APAIdSED b esftdhe two

R R

15 ITU). After a phase comparison between the two resulting
divided clocks, the resulting voltage is fed to a lowpass
filter, after which the signal drives the VCX0. Loop
timing can be established by locking the transmit clock
(system clock) on the receive clock.

20 At the ATM side of the S/UNI+ there are two internal
four-cell synchronous FIFO’s present that are controlled
by the UIAC. This interface acts as an SCI/PHY (Utopia-
like) interface. Back pressure (upstream) is inherently
present due to the FIFO’s integrated in the S/UNI. For

25 the upstream direction, this means that if there is a
full load of 155.52 Mbps on the IQ bus (152.64 Mbps at
the Utopia interface) and a maximum transmit capacity of
149.76 Mbps ATM cells, the four-cell FIFO will be full
after 1.5 ms.

30 The UIAC component is an LCA device which is
programmed during "power-on~reset" from a serial PROM.
It uses three synchronous 512 x 9 bit FIFOs for cell
insertion and extraction and one 128K x 8 bit SRAM for
routing. . The UIAC module has a SCI/PHY (Utopia-like)

35 interface to the S/UNI+ component. ATM cell insertion in
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timng can be established by locking the transmit clock 25 (system cl ock)
on the receive clock. At the ATMside of the SIUNI+ there are two
i nt er nal four-cell synchronous FIFO s present that are controlled

by the UAC. This interface acts as an SCl/PHY (Ut opi a- i ke)

I nterface. Back pressure (upstrean) is inherently 30 present due 7 T3
FIFOs integrated in the SSUNI. For the upstream direction, this neans
that if there is a full load of 155.52 Mops on the I Q bus (152. 64 Mops

t the Ut Qpirg i A .and i Ne & ity of . 49.76
Nbps ATM cel | Soth, CBECHIBEEL R0 FRE) HUEUOER)eEh/ SOMEE) (4o in tnd
The Ul AC conp8a&gctienapf| thedbPscéswhandled by apt offBnfetonaling

" pover - on- r esghsekt@BhAFIed) abuPREM. an bBcUSES i@r@@nﬁaé'@@&%%céﬂ% X 9
bit FIFGCs for cel¥ . Lns F%IOD and extraction and gne 128K x,8 bit SRAM
threelipht fatia

for 5 routin§® | ePRYES OEHhe FIFR opFle | fikEgCtionief erf ace
to she S/ UNI +ce(ll’rpclnsattiéﬁl\/lise‘sﬁebmﬁﬁégiBy the oscf: M{preiﬁﬁjrsﬁtdafméog

t he network . in_the lfectio .Lhe S i ndl e y a
1S E (o) gnal RRgLEront) B3Rc Reliffrer, che hifPachet e the il tn
directly 10 usethOEighﬂldayachnpnisabionhan&lfﬁserﬁhenddinectbgnof

cell insertioBnhSi Lhled b RPN I tiona

Ul AC registerg?$ﬁé%§§%F&b§Ft %fkgﬁe£§§¥ igébié g%égég%fﬁ%gl?eff

synchroni zat | §A15R8E1pasen: VBE/UCTceonbinationpeci The aRAMhas 18K ookup

t abbe i s usedeherieel brleight! beegng on VPI/VClH conbinations. The RAM has
128K entries o [ wpstream cel | extraction is

eight bits. . Do
performed by a B&EﬁggFﬁéﬁan%bnﬁFFﬁ@cﬁi??ai?iEﬁr§?¥¥??EE¥F7. The ei ght -
bit output daewnStream bighaling emtnactidntPIFO2(DSEE) i pheEnel ebyist- Al |

Craffic stroanrt et 8alhcof *Bhe pugely £E dinhocled FolRITs LOETL)

regi ster in tperipheppAcbus. All cepisrebicheate caxtrnacted axepeopibeded

vi st he USEF by default to the downstream traffic stream. This can be
disabled, however, by a traffic control register in the
UIAC.

Upstream cell extraction is performed via the USEF

(upstream signal extraction FIFO). The eight-bit output
20 data of this buffer is connected to the peripheral bus.
A cell received on the upstream IQ interface is sent
either to the OBC or to the upstream SDH/SONET interface.
All cells which are extracted are copied by default to
the upstream traffic stream. This can be disabled,
25 however, by the traffic control register in the UIAC.

In the downstream direction, ATM cells are
transferred to an ICOM interface. In the upstream
direction, ATM cells are received from the ICOM.

The UIAC may be equipped by a boundary scan

30 interface conforming to IEEE 1149.1 (JTAG) Specification.

A block diagram of an ADSL Alarm Control Unit (AcCU)
is shown in Fig. 15A, while the functions thereof are
listed the table of Fig. 15B. Fig. 16 shows a front view
and Fig. 17 a side view of the AcCU.
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25 (upstream signal extraction FIFO. The eight-bit output dat a of
t.his buffer is connected to the peripheral bus. A cell received on the
upstream |l Q interface is-sent either to the OBC or to the upstream
SDH SONET i nterface. Al'l cells which are extracted are copied b
default to 30 the upstreamtraffic stream This can be di sabl ed,207-153
however, by the traffic control register in the U AC In the
downstream direction, ATMcells are transferred to an 1COM i nterface.

In the upstream ' | o ELELVELEL ongide | COM 35
The U AC may be eqﬁ?pgggsg§bgn%%ﬁ%%%réééégﬁgﬁb'&f X !

48 following: disateseres cane Maexeby Hcanpurated HaG)

Speci ficati onreference: A bl ock diagramof an ADSL Al arm Control Unit (ACU)

is showmn in Fig. 15A_ while the functions thereof are |isted the table
of Fig. 15B. Fig. 165shBAk- aNOr SR edr3s HRMGE (Tune 3 1% wiew of the
ACUB ehbitillddt 'Methoedt ber f Deeget g dErLd e ein tReceived ol | owi ng

di scl osures by_LDgoOr porated by ref erence: U S. Pat.
No. 5,636,252§f?2§égd¥35%e'3, 1997, 10 entitled "Method for Detecting

Erasures in Recei vBdS. Pabi gNoal5633,817, issued WM&y Fai.19W7, 5, 633, 817,
| ssued May 27 tq " R ' r | ed
Processor"; em]:ggiedU'.'gégga%‘%{rlf%pﬁ%%{?%%ﬁ gg?cli_% &) %%Q%S' filed
15 Novenber 21, 1989&S.nBatent Applicakion $eriagbNo; s@8LH61,44%ugfkled 2,

199¢, entitlefovehB8a! 2F) 086660 et &4 nsigndll SPLOCe e P IR Qg Fe®LL i Ve
DPLL; U. Tlcatlon Serlé? No. 08/560,938, filed

. . Patent Ap :
Novenber 20, §§§§£2ﬁ6RFLﬁ%§L gleqpive BRRLE18 | ssued
'U.S. Patent Application Serial No. 08/560,938, filed

November 20, 1995, entitled "Signal Processor",
disclosing a DMT—based-transceiver;

15 U.S. Patent Application Serial No. 08/593,885, filed
January 30, 1996, entitled "Frequency Division Multiple
Access (FDMA) Dedicated Transmission System, Transmitter
and Receiver Used in Such a System", disclosing a DMT
modem for multiple access;

20 U.S. Patent Application Serial No. 08/677,468, filed
July 10, 1996, entitled "Method for Allocating Data
Elements in Multicarrier Applications and Equipment to
Perform This Method", disclosing ADSL bit allocation;

U.S. Patent Application Serial No. 08/675,323, filed

25 July 10, 1996, entitled "Method of Allocation Data
Elements to a Set of Carriers, Mapping Unit and Modulator
to Perform this Method", disclosing an ADSL BIGI

Algorithm;
U.S. Patent Application Serial No. 08/700,756, filed
30 August 15, 1996, entitled "Method for Interleaving Data

Frames, Forward Error Correcting Device and Modulator
Including Such a Device", disclosing interleaving in
ADSL;

U.S. Patent Application Serial No. 08/718,641, filed
35 September 17, 1996, entitled "Sensing Circuit",
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20 June 16, 1998, entitled "Signal Processor”, disclosing a DMT- based

t.ranscei ver; U S. Patent Application Serial No. 08/593,885, filed
January 30, 1996, now U.S. Pat. No. 5,809,030, issued Sept enber 15,
1998, entitled "Frequency Division Miultiple 25 Access (FDWVA) Dedi cated
Transm ssion System Transmtter and Receiver Used in Such a §>9§t'&r5?13,
di scl osing a DMI nodem for multiple access; U. S. Patent
Application Serial No. 08/ 677,468, filed July 10, 1996, now U.S. Pat.

No. 5, 812,599,.] 0,.5e Eﬂ?ﬁ{ 199 [ d " (o]¢ R (o] ARG
Al l ocating Da?%%éfggg?irr?a'ﬁt%él n tz%%:tar r |°§}'%ol | cég'f’i 3%% angzhlfqtﬁopr}gnt to
Perf orm Thi s apiebly awaitingifer Amsots tachiwidati on; U.S. Patent

Application SerialyNg, PH&E iphiddtsh seriltl Wol0.08l53, \¢iSegPat .
No. 5, 790, 550, | ssued Augijst 3 4, 1998i ent |éled " Met hod, of, l.qcati on
Dat a El ement Sbcg%ober 11, "1996, entitled "Metho for4§[‘ransm1ss1on Line a Set

Sf siiar riers, IMypplsg R&uipclam Bkl it idw &3 faomavice o splertdmd |

i scl osing an_ADSL _BI.G . Al gorit . U, Pat ent J.cati.on _Seria
o 081 700, 7oghs wegeat, At tling ap T, kedncdi g a1 s iy 43 o)
i:ssueddlvaEy agloqge_ﬂ;oméxpd)ectfamd:mﬁvém I nterl Savi ng Data Er anes,

or war rror rr@céi {E% ﬁiEEJ@EHH : | vice",
di sclosing interl egﬁhn%n %ZEP . Ej E.Agg&e'ntd%’la%'csa%#i:'onﬁéerl al

No. 08/718, 643anyargdle, 1%hi eenkitlied "Mefhodapd) Modemifomdidaptde® 835,
' S?Gedt 10d ?Af’i’@é?‘éio%%,tl\?l\é‘b@ﬁﬁ cé@ﬂ?éf‘@a.r@ag ?&ﬁiﬁi-é&x&?i't&m n? ant
activity detector r ere the CO.is quie awai ting for renote
activity: systen{, Jdisaloging PNT (,%ﬁp% "ég?? HedLoR oY 120, filed
Cctober 11, 1996, wosi PfovidiondD.appLidhtich sesisld Mdb. @airwary 9, 1999,

ent itled *Netod, LoreJr a5l S50 HOP on eddR dae TRSRANNG FUAL G O
"Method and Windowing Unit to Reduce lLeakage, Fourier
15 Transformer and DMT Modem, Wherein the Unit is Used",
disclosing single frequency or banded noise immunity;
U.S. Provisional Application Serial No. (Atty.
Docket No. 902-576) entitled "Transmitter with Phase
Rotor, Modulator/Demodulator, Communications System and
20 Method Performed Thereby", disclosing a rotor for DMT;
U.S. Provisional Application Serial No. (Atty.
Docket No. 902-577) entitled "Method to Transparently
Transport an Incoming Clock Signal over a Network Segment
and Related Transmitter and Receiver Unit", disclosing an
25 ATM time reference transport over ADSL;
U.S. Provisional Application Serial No. (Atty Docket
No. 902-578) entitled "A Method to Synchronize Data and a
Transmitter and Receiver Realizing Said Method",
disclosing reversal of clocks for ATM over ADSL;
30 U.S. Provisional Application Serial No. (Atty.
Docket No. 902-579) entitled "Initialization Protocol for
Adaptive Data Rates and Related Transceiver", disclosing
ADSL rate renegotiation; '
U.S. Provisional Application Serial No. (atty.
35 Docket No. 902-580) entitled "Method to Allocate Data

50
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this Method", disclosing an ISl reduction algorithmin an anal og

(front-end) transceiver, U. S. Patent Application Serial No.

08/ 783,859, filed 20 January 16, 1997, now U.S. Pat. No. 5,867,528, issued
February 2, 1999, entitled "Method and Modem for Adaptive Al'l ocati on of
the Pilot Carrier in a Miulti-Carrier Systent', disclosing DMI #Q%t1%%ne
real | ocati on; U S Serial No. 09/113,719, filed July 10, 1998, 25
claimng priority fromU.S. Provisional Application Serial No.

60/ 052, 124 fi e i 4.0 enti " Met hod nd W ndowi ng
Unit to Reduc% geéﬂgﬁygﬂcgﬁ%gr#’g& #%?1%’%‘? %fﬁﬁqﬁ'ﬁle tg}en t he
Unit is LE@EhOdanﬂnthehat%d bablocanidurNessageht eiusd&qslrtgamm 30
96201060, filpBgahetibnlPn AP OsyHOUEP Pat No. 0802649, di scl osi ng
singl e frequency or banded noj se rmmuhi ty U S. Serial No.

08/ 892,923, filed YuPy BEOVisignal Apnlw#ﬁw pIewkak Wa s olAtEys.
Progi si onal ApptkeBtiOn 902- -581) %n@btl&i)/'%?ldizﬂi ddsh Hededd, 1997, now

PTrSansP?r;[tter #ﬁrg’hqgég 38$o?|‘§s g %‘K?&' %E]tﬂesnfrl‘gt lae’dbcﬁﬁﬁﬁfﬁ%tﬁ’bns
Syst em and Neblh@df@arémmedtil'mg:rabm to LTesclosing a rotor for DM;

U S. Serial No. 084967,34 c priority
fromU S. Provisi géla %v +ﬁl W%%t*o%@e%bgy g@gﬁﬁl ed July 10,
1997, entit| eRocket "lﬂm T%anr Rt led | iCurzent cantarol donkerfac@ ock

. Sigpal over aaPei ,{geﬁ@g b %gq&;n Recei ver
.Unit", and which l‘ldws)ébasedngil}f{%uro iggé]aélggod- {1568“4]?&7}27 |ssued June 13,
1998, di scl osi ng an- ATWEPYEsional Arpligation fgrial ey (Aidy

U.S. Serial Noockét 285, 1862-583 e ceNoMETdE MatHRP For pﬁ&*iﬁf&dﬂd&{éty

1997, now U STIgRiSs SR ARERAs Frantil fuien ASEATRRESE Sy nchr o z¢ Dat &
and a disclosing a preferred IQ bus for connecting an NT to
15 LTs, as described in Fig. 3 above;

U.S. Provisional Application Serial No. (Atty.
Docket No. 902-584) entitled "Multicarrier Telecom System
with Power Reduction Means"; and

U.S. Provisional Application Serial No. (Atty.

20 Docket No. 902-585) entitled "Multicarrier Telecom System
with Power Adaptation Means".

Although the invention has been shown and described
with respect to a best mode embodiment thereof, it should
be understood by those skilled in the art that the

25 foregoing and various other changes, omissions and
additions in the form and detail thereof may be made

therein without departing from the spirit and scope of
the invention.
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Transmtter and Receiver Realizing Said Mt hqﬂ d| sc1 osr ng reversal of
cl ocks for ATM over ADSL, U S Serial m‘ filed

Novenber 10, 1997, claimng priority from a Application
20 Serial No. 60/ 052,127, filed July 10, 199

“Initialization Protocol for Adaptive Data Rates and ated °07-153
Transcei ver", which is based on European Patent Appl I cation 96402413,
filed Novenber 12, 1996, now EP Pat. No. 0841771, disclosing ADSL rate
renegoti ation; 25 U.S. Serial No Q907,865 filed January 15, 1998,
claimng priority fromU.S. Provisiona cation Serial No.

60/ 052, 141, filed July 10, 1997, entitled "Method to All ocate Data

Bits, Milticarrierqand 1P I f and
A telém&f%t%%éﬂ? £375 ig¥bdiE e 1,

Rel ated 30 Al ocatlon Message” on Eur pean Pat’ent

Appl i cati on gremRORMRANg |ang 12[%9&1%93}‘@5:‘59@9@:35 fevaEPlmpality 9§, 0854619,

di scl osi ng RRAupLskibhé® prtenidds S Sdnip®ising: U S. Serial No.

09/ 022,177, filed February, 11, 1998, m r|or|t from

Provi si onal Applicat i ona% Leagt jone \ghe ]6%/1%% cfg% Shiamy l-‘i‘lf'997
entitled switched teléphone mqtﬁaﬂed(messarﬁ)rﬁamlcdmdrmimd:o

Arrangenent ", yﬁ%gg][:]b a@@]%hl:— t%twi%ﬂﬁé I on 97400303,
filed Februar?/nl s ,ﬂén%%/)v % 8%5 | s{tﬁ)m ng an earlier
| * bus for cd?ﬁmfPWgﬂ%rSMd tRSTN&ang said ATYM Detyark toEash/ 987, 949

filed Decenmbeg 1&&1@7& subé‘éﬁiﬁﬁf‘%ﬁﬂfgéé Wid CHnééﬁ-e ?&ﬁﬁi na
Ap Ilcatlon Ser /052, 11 led July 10, 199 now S Pat .

05, 951, 66(PIWFAIITR LT EHishRd GARRY RIS 7 a'ﬁéi Ar r angenent

di scl 0sing a power-up G rslikaliy of sunéc&lm ixﬁidé‘dﬁs 5% Fehnddtidn | ed
May 26, 1998,

Serial No. 607%5?&%%&7%3%’%&{%{ ?#Dr S8 QFQE%)%ICRCF%B

Prioritized Beéterdimnsach soHrsaidl Daisted cdpmrpm&m#\rfmgenent ", which
| s based on EWOPE#{nd San Rl Aftle PR | 701 ON YA ber 1165 Moy 26, 1997,

now EP
15 _ providing both plain old telephone service (POTS) and

digital channels in an ATM format.

2. The telecommunications system of claim 1,
wherein said asymmetric digital subscriber line utilizes
discrete multitone (DMT) technology.

20 3. The telecommunications system of claim 1,
wherein said shelf comprises:
an ATM network termination (NT) card for
providing said connection to said ATM network;
an ATM signal bus connected to said NT card for
25 transporting ATM cells; and
a plurality of line termination (LT) cards
connected to said ATM signal bus, each LT card for
connection to a plurality of said twisted copper pairs.

4. The telecommunications system of claim 3,
30 wherein said shelf further comprises:

52

TAIS SHEET HAS BEEH | R R II_ Il

REPLACED




Pat. No. 0881853, disclosing a preferred 1Q bus for -~ - connecting an NT to

LTs, as described in Fig. 3 above; S PrOV|S|onaI Application
Serial No. 60/052, 133, filed July 10, 19 i‘m dt icarrier

Tel ecom 20 System w th Power Reduction Nban US. Seria

No. 09/087,708, filed June 1, 1998, cl ai m om U, §07-153
Provi si onal Application Serial No. 60/052, 140, flled July 10, 1997,
entitled "Multicarrier TeIecon1Systen1mﬁth Power Adaptation 25 Means",

1967 now EP Pat. No.  ORepuerLicy BP 1SRG tiaeel Chs et B2 Thoen

shown and des@??b@ﬂpondlmthor%&f g %ﬁanﬁﬁefmdmnnq@rm it
shoul d betgngdeigt PN bynd hese édfﬁﬁé@l.dléx{‘ wea ddridsorddihe0 foregoing

and vari ous other fh nges on1SS|ons and ditions in the Torm and
detai| thereoPlHEFLBEY Rfesald ?Wk§¥ﬁ4l?ﬁ?ﬁﬂﬁn9§kﬁﬁu§¥9RPfV%ﬁﬁtﬁﬂ}@nnr|t
andsscope of corrébpon@ﬂﬁ@t0ﬂ@ of said LT cards for isolating said

CLAI M5 atlo system for providing both
nar r owband anﬁ %¥05%%3n i c %ﬁ%ﬂlty of 5 subscri ber
prem ses, conprising: at |east one shelf for connection to a

public svm'tchdt %FQ: r o‘%‘ﬁeﬁg nto an
asynchr onous trans e.k. g netvvt)rétg%‘%;ll\Q écngnonfec I'ng said PSTN and
sai d ATM net \mhﬁrebnsawhl eAxA sineludgs dskghprss pfkfersfar a a

Correspondlngconnec@iéﬁatbtébéﬁ 6ﬂé3&?d§&£&¥5&rf€&ﬂéhdfﬂ§’tw1sted a
plurality of subscriber nodems, for connect al d_correspondi ng

pltality of ERPREE PR PPt Oht§elating W@W%a@ﬁp‘bfs%ﬁ &% FaxEd copper
pairs is for 15 providing an asymretric digital subscriber line for

Providing both plagn ol i, (e} ephone, 38l Efol P Trdedihe crafh@ A channels

wherein each subscriber modem includes a highpass filter
for connection to said corresponding twisted copper pair
for isclating said subscriber modem from said POTS.

15 7. The telecommunications system of clainm 6,
further comprising a plurality of subscriber lowpass
filters for connection to said corresponding plurality of
twisted copper pairs at said plurality of subscriber
premises and for connection to a subscriber telephone for

20 isolating said telephone from said digital channels.

8. The telecommunications system of claim 3,
further comprising a rack for.housing said at least one
shelf among a plurality of shelves for connection to said
PSTN and for connection to said ATM network, wherein said

25 ATM signal bus is extendable for sharing between said
plurality of shelves.

9. The telecommunications system of claim 8,

wherein only one shelf in said rack has an ATM NT card
and wherein other shelves in said rack without said ATM
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2. The tel ecommuni cati ons system-of -cl.aim.1,.20 wherein said asynmetric

digital subscriber line utilizes _ discrete nultitone (DMI) technol ogy.
3. The tel econmuni cat i ons -syst efig$he enl Replaced wher ei n sai d shel f
conprises: 25 an ATM ni E ion (NT) card for

provi ding sai d connection to said e an APNrirgnal
bus connected to said NT card for transporting ATMcells; and

a plurality of line termination (LT) cards 30 connected to said ATM

signal bus, Ei@fhcaLx-'rd legxpe fe%tenﬁ]eé:' { %thjo(}n.cto?itn%éyi rgalsiatiﬁ Q%hcﬁ?i d tw sted

copper pairs. el'ecomruni cat1 ons systém o aim 3,
wher ei n sai d shelves ka erid AEM issienmalidus. a plurality of |owpass
filter cards each corresponding to one of said LT cards for
sai d connection to said PSTN and for, connection to a cgorrespondi ng

plurality of said % st®e depraomunicahions systemiaf claime§urespondi ng
one of said Lyh&refls $01d PG ¥ GubscribelN griewisesy d<di gi t al

channel s. 5. The teleco ni cat,i system of .cl aim.4,

whe? ei n each FanReFYLd ke Rdd 2t ong |€§’€&?’r§a’ aa re&?ﬁ:ﬁefhe(}%'t o each
one of said carmdesparsimgdid Htediedst ompmlrelfiiss Usmakileolast iandudai d POTS
fromsaid LT . . ' i ¥§k&@(ﬁ claim
5, V\hereiﬁﬁég%c%oxéu %%r}el%telf"%ms(f‘-egﬁi%@ uﬁes a lh%ps?é?% ter

shelf as well as directly to subscriber premises.

11. The telecommunications system of claim 10,
10 wherein said remote shelf is for connection to said ATM
network via said hub shelf or, alternatively, via a
backup hub shelf in said rack.

_ 12. The telecommunications system of claim 8}
wherein said plurality of subscriber premises are

15 connected to said at least one shelf via a remote shelf,
and wherein said at least one shelf is useable as a hub
shelf for connecting said ATM network to said remote
shelf as well as directly to subscriber premises.

13. The telecommunications system of claim 12,
20 wherein said remote shelf is for connection to said ATM
network via said hub shelf or, alternatively, via a
backup hub shelf in said rack.

14. The telecommunications system of claim 1,
wherein said shelf connected to said plurality of
25 subscriber premises is useable in a remote configuration
as a remote shelf for connection to said ATM network via
a shelf used as a hub shelf, wherein said hub shelf is
useable for connecting said ATM network to other remote
shelves as well as directly to subscriber premises.
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for connection to said corresponding tw sted copper pair 15 for isolating
sai d subscri ber nodem from said POTS. e T, The .
t el ecommuni cations system of clgimg urther conprising a plurality

et Has Been lzeﬂ aceg

of subscriber | owpass filte on to said correspondin
plurality of 20 tw sted coppermH Bmﬁﬂﬂ%
prem ses and for connection to a

plurality of subscri®eil=3
said tel ephone fromsaid digital channels. 8. The

| ephone for I sol ati ng
t el ecomruni cati ons st ' f C lsi:ng. .a rack for
housi ng said at Ieg%/ oﬁgh gie%%h‘g%’fc%‘r?rg?ﬁs aé%%ét}rﬂé’l i‘?%”lfﬂs ‘ves for
connection to said - apsieashdore rskehfieti4 brfen hUsingrM net wor k,

wherei n said ATM si gnal 3 byétirdrie Xt SRR ARA €1 &P rcSNBr ( 1ithpetdyeen sai d
plurality of shelves, e tel ecomuni cati ons system of

30 9. Th
cl aim 8, GABRErkien| Foohcbrpaiband Retworkck has an ATM NT card and
whesei n other shelves in saigd phskayityost Findl teMinatdn Grladapes) |
g)lj'fsender car dfoi'oéoﬁgggggéﬁn osgénc.ldoxt'neht?vrwoég texsn;]frkayteigorg Ocasraé %yA-I;n'\éasﬁsq nalo-
The t el econmuefcat backpignechusf (728 piof 9said shelf, asikrein said plurality
of subscriber premses is negt i t §§§ | f
via a renote shelf, 5 %]Fl‘ér%%%iﬁfs%éﬁ?ﬁe%‘s ](')An s%se%]ﬁfés&e
useabl e as a ®apds (24) eachsferfcopneghiorcto ) peblia®mWikehed k to said
reqpt e telephbfitf n@éw¥ek) as directly to subscriber prem ses.

wherein each lowpass filter card is for
connection to a corresponding line termination card for
joining a plurality of telephony signals and a '
corresponding plurality of digital subscriber line

15 signals at an upstream end (66) of a corresponding
plurality of twisted copper pairs (36); and

a plurality of subscriber terminals for
location at a corresponding plurality of subscriber
premises, each subscriber terminal for connection at a

20 downstream end of a corresponding twisted copper pair for
communication with a corresponding upstream end lowpass
filter and line termination card over said corresponding
twisted copper pair, wherein each subscriber terminal
comprises:

25 a downstream end lowpass filter (42) for
connection at said downstream end of said corresponding
twisted copper pair and for connection to a telephone
(56) at a corresponding subscriber premises (54); and

a digital subscriber line modem (72) also

30 for connection at said downstream end (68) of said
corresponding twisted copper pair for connection to a
data terminal (76) at said corresponding subscriber
premises.
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11. The teleconnunica%+ons system of claim 10, 10 wherein said

renmote shelf is for nectlon to said ATM network via said hub
shelf or, alternati Ph“d backup hub shelf in said rack

12. The teleconnunl of cl aim 8, 15 wherein said
plurality of subscrl re connected to said 3@7r&adt
one shelf via a renote shelf | and wherein said at | east one shelf
i s useable as a hub shel f for connecting said ATM network to said

renot e | as _dir.ec subscri ber.. Rk es. 20
13. The tel ecomu Q%atﬂ%ﬁ% QﬁF@Wnglg syggem °9 01§%§n£$h sai d
renot e shel f wherdedm (smrde(nhmluctyswfdug"s?raream end lowpaser Kiktersai d hub
shel f or, m13§f&§'éﬁa3ﬁﬂ$”f$§%rtlon in sl@%ﬁkBE QHstgflithtSBhg rack.

25 et el ecomuni cafions system o aim 1
wher ei n sai d Shedf, ke &lars aryanged aﬂaﬁpﬁytoporrespondmsuEéeﬁu ber

pregn ses IS_lﬁéﬁﬁiﬁhﬂibﬁid#ﬁuﬁéid%%ﬂbﬁgehaﬁlaﬁ least one 8hedfLenpte shelf
for connection to said ATM network vi a 30 a shelf used as a hub

shel f, wherein said hub shelf is useabl e for connecting said ATM
network to ot her rienot &he telecommﬁmﬂcationssystbmasfdb&admlysbo subscri ber

B5°M S¢S+ rugener, comprishg @ sPIATROP Bl 80BatizhCFrohERIL"aES
a networ k t erkgasit iove chelf{ Wd@refior one orcmorecbifosaid plbrsddbyndf
net work, upstream end lowpass filter cards are insertable in slots
10 of said splitter shelf instead of said slots of said at
least one shelf.

18. The telecommunications system of claim 15,
wherein said digital subscriber line signal is an
asymmetrical digital subscriber line signal.

15 19. The telecommunications system of claim 15,
wherein said asymmetrical digital subscriber line signal
utilizes discrete multitone (DMT).

20. The telecommunications system of claim 15,
wherein said at least one shelf is useable in a remote
20 configuration as a remote shelf for connection to said
broadband network via a shelf used as a hub shelf wherein
said hub shelf is useable for connecting said broadband
network to other remote shelves as well as directly to
subscriber premises.

25 21. The telecommunications system of claim 20,
further comprising a rack for housing said hub shelf
among a plurality of shelves interconnected via a common
data and control bus.
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a plurality of line term nation cards (14) for connection to said
network term nation card by means 5 ofyis@hdecadsBeaReplirad (78) of said

shel f, and a pIuraIi&E W f end | owpass filter

cards (24) each for connection to a publ t el ephone network,
wherein each | owpass filter card is for connection to a corr8836A8°ng
line termnation card for joining a plurality of tel ephony signals and
a correspondi ng pIuraIity of digital subscriber l'ine signal s at

an upstream end ( orrespondi.n plural it ed copper
pairs (36); and 1 Olrife 1 ‘P "UPEﬁg'ﬁtt 'sz YRFES 0%ergltaé‘?“ h‘al s for
| ocati on at aﬂlme:'exspsntdi n@mﬂm aﬂhet];f dfs sﬁﬂnmmtlon tor eaiides, each

subscri ber 1 gg argd) "nEQNBISE WA SHid hub sHIAN Gy e%mt%%aﬁ; i1y,
correspondlng tmnste copper pair comyuni cdti on w

cor r espondi ngVims? r%@ld‘mbﬁlﬁ'sf 2'0’1 sg%d @&<kand |ine ternination card
over said correspondlng tw sted copper pair, wherein each subscri ber

t er m nal conprli se dommstrean1end | owpass

1T er (42) for 7430 gh kRS CAmmAN LA o NG ER, SAPEOT S
corresponding 25  tw stulsbcnikear qqnﬂpmﬁntf(nbmprﬁyiﬂg-on to a tel ephone
(56) at a correspondi ng subscr ses a
di gital subscriber line modéem éﬁééﬂ tia %69 Qé%%u§:%ﬁﬁ¥ éﬁzg fgr

downst r eam eree€ 68 afsubgeriber’ s:mrmsjl(rﬁ})t,wmsmpmp@eutm@ r for

connection t cri ber
- prem sels Oté‘leﬁ"ﬁmnﬁaéfgﬁl{i nqme f?do%%%ﬁsa?% ch:E:Ig %Q?Sa
whE? ei n sai d BIeFURREY divigpQ *athAloma) (@6)3n1s haydng: @ for

insertion in widdésasd §fljx€hﬁt(58?a$dcdifm(1ng a p051tlon abdwl basebathas! ot s
arranged adj a ent corres gg detele hon n.at | cin fcoarr %ssél %.tns chl sai d at
| east one sh onty 'providing sai phony s
communlcatlons between said subscriber’s premises and a
public switched telephone network (PSTN); and
15 a digital subscriber line modem (72) for
use at the subscriber’s premises, responsive to said
frequency division multiplexed signal for providing said
wideband signal for use in digital communications between
said subscriber’s premises and a packet network; and
20 provider equipment comprising:
a shelf (34), responsive to said telephony
signal (50) and to said wideband signal (58), for
providing said frequency division multiplexed signal
(36) .

25 24. The telecommunications system of claim 23,
wherein said shelf comprises:
a network termination (NT) card (12a) for
connection to said packet network;
a plurality of line termination (LT) cards (14)
30 for connection to said NT card by means of a backplane
bus (78) of said shelf; and
a plurality of upstream end lowpass filter
(LPF) cards (24) each for connection to said PSTN;
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17. The tel ecommunication system of-claim 16,75 further conprising a
splitter shelf separate fromsaid atThlsSheet S%gé;nlggﬁ_eghelf wherei n one or

nore of said plurality of upstre filter cards are
insertable in slots of said spli Eﬂtead of said slots of
sai d at | east one shelf. 10 t el econmuni cat i Yhs™123
system of cl ai m 15, wherein said digital subscriber line signal is an
asynmetrical digital subscriber |ine signal. 15 19. The

t el ecommuni cati ons syste of cla netri cal
di gital subscriber Iine g%ﬁﬁé? Sath ﬁ?f?¥%%%wgﬁé nulﬁ %one ( DMT) .
20. The tel ecoonnectaonohe 3ysornespondingn LB, caxd ﬁan191nxngcﬁzn | east

one shelf is Hﬁ@?ggﬁohalﬁgrgggéﬁﬁo ny sfgﬁgiggﬁélé(E?§§é§b6ﬁﬁgﬁ shel f for

connection to sa Vi a sed as a hub shel f
wher ei n vifgbangd shanali at anappstrenamcendcRf | dgtwlFed RPN

netyork to otpghrr ¢8e§e ﬁﬁéﬂéﬁﬁ dsidetblasohintcatyidls stémlbﬁﬁl‘tliﬂ‘
prem ses. 21. The el ecomunj cat fons sysfem o i m 20,

further conprFQPHﬁlﬁeﬁaEkPiB?a%ﬁﬁglﬂﬁ subgcriBex ipment a plurality
of shel ves i ntempeistnged &oanetzéménaomdpassaﬂﬁlt@nt(m) barsd a

22. The tel ecoumupicatj.on e Lm- er.ei renot e
shelf is for @&ﬁﬁgéﬁi%ﬁg§§r§§§% iig&bﬁé%%ﬁgﬁézhet%%r %?%gsgfﬁgﬂub shel f
or, alternatieghjpmedt fou cohnekbpohubosaetorrespondingchpstream end
10 LPF card and LT card at a downstream end of a
corresponding twisted copper pair.

25. The telecommunications system of claim 24,
wherein said plurality of upstream end LPF cards are for
insertion in slots of said at least one shelf, said slots

15 arranged adjacent corresponding LT card slots of said
shelf.

26. The telecommunications system of claim 25,
further comprising a splitter shelf separate from said
shelf (34) wherein one or more of said plurality of

20 upstream end LPF cards are insertable in slots of said
splitter shelf instead of said slots of said at least one
shelf.

27. The telecommunications system of claim 23,
wherein said wideband signal is a digital subscriber line
25 signal.

28. The telecommunications system of claim 27,
wherein said digital subscriber line signal is an
asymmetrical digital subscriber line signal.

R
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23. A tel ecommuni-cations.system conpri sing: subscri ber equi pnent,
conpri si ng: a downstreamend | ow pass filter (42) for use

at a subscTﬁiEiiet agyfeemReplaced( 54) , responsive to a 5 tel ephony signal (50)
occupyi ng a ion in a frequency division nmultiplexed

si gnal (36) lt ﬁllwmr wi deband signal (58) occupying a po#io7i3453
above baseband, for only providing said tel ephony signal for use in

voi ce comuni cati ons between said subscriber's prem ses and a 10

public switched t h P3TN)... and ..adigital
subscriber 1ine rrgéd%lron % r\f%i;&)%ééé“ﬁ§c 1 s?&&?@r ﬂ?elgl?lﬁ’r@ i'ses,
responsi ve t¥heifeln ragif asymmetnficalsidigitalt splbeced bergidnef sigmadvi di ng
sald widebandsti1iAddnfiscditd! Wit (B0 FEH ncAARIAC! veen said 15
subscriber's prem ses and a packet network; an provi der equi pnent
conpri si ng: a shelf (34), responsive to said tel ephony

signal (50) and t @®ai drhé ddlasbrEhaiidatidhs séf@'\:em ofPQWid P, said

f di ' | tJ pl [ | (36), i.d shel f, ] :
L vork + e pad SRE, Yl iheale 1073 nanbte: Hined obERE iosukar
net wor k; as a remote shelfn firucwnnigetdon itee saddnipadkiet nelttorkar ds
(14) for con§ﬁ§ 'aq{laérfézsaéﬁlqru%%ﬂida%ya ansis?{?%f %5555'??) a%!aa e bus (78) of

sai d shel f; ] ] | owpass

filter Euviiden mmemmmmmm shelfaiis BSeable for

wher ei n each diirdcRafd- Fa i ighdiet! ‘i‘fetworkﬁ%%n‘?ﬁ:&l'egn F‘Eﬂlog:ec Shiedtgndisng LT

card for joini rl%aaasir% correspondi ng tel ephony signal and a correspondi ng.
t

witdeband si gt IReatlya b fukscribey preaisesper pair (36),
wherein said tel econmuni cati ons system furt her conprises a plurality of
subscri ber equip t each conprising.a downstreamend l.owpass filter
(42) and a 35 digital T SeteERmnI Sakip0s F??%Fmeé’c?h POser

equi pnent f owhsgredgrtsadd tprovidenr egudpdient fousthexmncomprises a rack

58 for housing said hub shelf among a plurality of shelves
interconnected via a common data and control bus.
15 32. The telecommunications system of claim 31,

wherein said remote shelf is for connection to said
packet network via said hub shelf or, alternatively, via
a backup shelf of said rack.

33. The telecommunications system of claim 23,
20 further comprising a plurality of racks each for housing
at least one shelf for connection to a plurality of
corresponding subscriber equipment.

34. The telecommunications system of claim 33,
wherein said racks are for installation at different
25 geographic locales.

35. Subscriber equipment for use in a
telecommunications system having a shelf for connection
both to a telephone network and to a wideband network and
having a plurality of subscriber lines for connection to
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LPF card and LT card at a downstream end of a . .carresponding tw sted
copper pair. - 24. The teleconnunlcatlons systemof claim23, 5

wherein said plurality of upstreamend LP H Ibaf laced insertion in
slots of said at |east one shelf, said slot adjacent

corresponding LT card slots of said Th807-153
t el ecommuni cati ons system of claim 24, furth er conpr|5|ng a splitter
shel f separate from said shelf (34) wherein one or nore of said

plurality of trean1end LPF ards_are.inser .slots of said
splitter shaﬁ“qﬁﬁgl S 091§5F&1g¥ P a§Pg8ﬁ51§§r shel f.

26. The teleqnnmnﬁsasnleach syﬂﬁu;nﬂbbrcbqu&pﬁant comphéséng:sai d wi deband
signal is a digital subsqgy %r 'E’i‘itz;gr (ib?mgl:r fde at a subgéri

t el econmuni cati ons systen1o SFeln sardodrgrear gugsgriber
line signal ipremises @%&nnﬂﬁﬁmgaﬁlaﬁgtpaﬁ teBephpp¥r sigpalsi(§Ral 52) 25

28.5 The tel RIpiinpld %e%&%he%@&t%w ngZ frequwéﬁeyeaavseuan
asynnetrlcal digital subscriber line s l,i.zes glscretﬁ]nultltone

(VD) 1 or ot iRkexed signal (389 alsd DevdssnAnviderens syone
co(rjrpri sit ng: 3<%sd 74) occup;ﬂb@:ral PO id dinh aboie bagpbaadr;gfor only
a downstream_en ass se at _a.
prem ses (54#’ @§§6ﬁg 4 n?éF&ﬁWB&yb$%8ﬁ§P f§6§ g pylng a
baseband p03|ﬂ;xherr142) an&Iaeqmnmmgrnhem’SI&alnphbnpldséd §pgnase(38) al so
nag ng a 35 il Q8D il g@@i tiond) Ht 218 BABskiIBeahY prRRIgkaNd,

Ing sal

for only provi ony signa use 1 n voi
59 and said telephone network; and

a digital subscriber line modem (72) for use at
the subscriber’s premises, for connection to said
frequency division multiplexed signal for only providing

15 said wideband signal between said digital subscriber line
modem (72) and a subscriber’s data terminal (76) for use
in digital communications between said subscriber’s
premises and said wideband network.

36. The telecommunications system of claim 35,
20 wherein said wideband signal (58) is transported in an
asynchronous transfer mode (ATM) format.

37. The telecommunications system of claim 35,

wherein said frequency division multiplexed signal (36)
is provided on a twisted wire pair connected between said

25 shelf (34) and a downstream end node (68) at a subscriber
end, said downstream node (68) for splitting in a
downstream direction said frequency division multiplexed
signal between said lowpass filter (42) and said digital
subscriber line modem (72), wherein said shelf includes

30 an upstream end node (66) for joining in said downstream
direction said telephony signal (50) and said wideband
signal (58) to form said frequency division multiplexed
signal (36).
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conmmuni cati ons between said subscriber's prem.ses and a . public

swi tched tel ephone network (PSTN), and a digital

subscri ber 1ine nmodem (72) fo use Tais ShetiHas Bézs Regleer ' s preni ses,
responsive to said 5 frequency di vi si on gnal for I’O\él gg
sai d wi deband signal for use in digi i ons bet we&P’ 13
sai d subscriber's prem ses and a packet networ an

provi der equi pnent conpri sing: a shelf (34), responsive

to said tel ephony n 8 f

provi ding said fre‘ﬁ}gen?%/lsil %?é?%%m%%% exed %Mr& sd%% 3(55 ). for
wherei n said wherélnssalséa@ﬂJmﬂ;tr@amamelOWpasﬁ)rﬁﬂg}'tmatMﬁﬂ) 2n& saditbt e
shel f for congegitel Lepsartbd 1oRekRlaEE! (PEK M dRidiited el fa Used as a

hub shel f part sal d_provider equip nent wherein said hub(ihelf |s

useabl e for c@ﬂﬂ@%ﬁFﬁﬁmseﬁﬁ %@Q%e(6$kHWR#?Pt%Fc&qmﬁurn CoMARITLe
wel 5 as di recﬁbé{ti'éaﬁuéﬁ&rh@&é (66) PAEBERS SROLE (34) by I .twiisted -

t el ecommuni catLons _system of ¢l aim n_sai rovi der i prent
further conprViES Ba¥ﬁckw erein, s ‘is#?@lga*'b"eﬁfé) %h%lf" fell‘?ﬂ’?af). ty
gf shﬁlvesI (4bptendoanhtgnﬂagsafbltannvmaﬂa¢@nuemtedntmcﬁahms 25

1. The tel ecQ t S t f
shelf is for ngﬁgg%g éR oné%ﬁéd%%f) p‘?(l: %?kh%sal dfﬁige gﬁ)eor
aIternat|veIy;svcannectadbggkgpléh@iaeban@a$ugmgkk(sgn and vhereimp A
tehﬁconnun'Ca&59351§¥ﬁ£§§3fﬂfféf'Pﬂe) is connected é&bé&idb@élé§h6g?ﬁfor

conpri si ng: downstream end | ow pass filter
use at a subs&igBaL' 5B} eni ses (54) responsive to a 35 tel ephony signal
(50) occupying a baseband position in a

39. The telecommunications system of claim 35,
wherein said shelf includes an upstream end lowpass
filter (40) and an upstream end highpass filter (38) both

15 connected to said upstream end node (66), wherein said
frequency division multiplexed signal (36) includes
upstream signals including an upstream telephony signal
occupying said baseband position and an upstream wideband
signal occupying said position above baseband, and

20 wherein said upstream end lowpass filter (40) is
responsive to said upstream signals for only providing
said upstream telephony signal upétream and wherein said
upstream end highpass filter (38) is responsive to said
upstream signals for only providing said upstreanm

25 wideband signal.

40. A shelf for use among a plurality of shelves in
a rack for use in a telecommunications system for
providing both narrowband and broadband services to a
plurality of subscriber premises, comprising:

30 a housing for connection to a narrowband
network and for connection to a broadband network for
connecting said narrowband network and said broadband
network to said plurality of subscriber premises via a
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frequency division nultiplexed signal (36) al so having a

wi deband signal (58) occupy. bsde laceQove baseband, for only
provi di ng said tel ephony S|ﬁ¥m| ‘Hﬁ v0| ce comuni cat i ons

bet ween sai d subscri ber’ public switched tel %EBOB-%:’
network (PSTN), and 5 |gital- subscriber 1ine di

(72) for use at the subscriber's prem ses, responsive to said
frequency division nultiplexed signal for providing said wi deband
signal for u APHA ¢ Is u r's
pren ses and%ﬁfgacke%dnlg%m 3:? gf]%ﬁgt\%egogper ? lgedu?’%%lﬁq%
conpri si ng: said housing 1n0111d9§ el sectionsydasilyding:sai d t el ephony

signal (50) and to said W dehparg pgrgr@gct(l@,) (zfzqr for hogrsqy,bdllg,gasal d

frequency division mul ti Iexed nal a plurality
of racks eac!F¥BTaHo R st @of a aler °§oﬂ1‘?§’£’ﬂs§n to a
pl@gality of ﬂ:drtrmmmﬁmguth ccmrtmﬂdﬁmlttmleqwrm. insertion in f&3. The
t el ecomuni ¢ f. £l [Eis is [ Nols
installati onagdt g Tf‘ere &ldc h?é{gr \Mg\ é'%l% = % 5%%‘3. %2%*4%

Subscri ber edi@2n@f sagid amemmalso thalsemmﬂrctamrmsmssysmsehmdng a

shel f for comctdditherti %&rgg@ %%d&?y
net wor k and havi ng eiL ura |ty of subscriber T1nes %at:.% g’nnect
subscri ber ed@fi piifitedt aeppen BgixEomrndibscri ber preni ses, each

sulgscri ber equi pgent Cogp“ d NGwer section (20)afdi""£ﬁ%'i1%1§i tae[] (42) fggl
1(128 agzgi subsgrl gr tr¥g p,rem ses ﬁ @*%{]%%%onswe@%%v eﬁ%g%%‘)m g
mul ti pl exed S(i]gnaltl'(e'i:@oﬂa,l sadhwith Tosumddtwrd dhgittlon for insertion
in said backplane of said housing, and wherein said lower
section (20) includes at least one end portion (35)
15 reserved for at least one network termination card for
cable connection to said broadband network.

41. Line termination equipment for use in a shelf
of a telecommunications system, said line termination
equipment for connection to a plurality of subscriber

20 lines for connection to a corresponding plurality of
subscriber equipment at a plurality of subscriber
premises, said line termination equipment comprising:

plural subscriber channels, each comprising a
hybrid circuit for connection to a corresponding twisted

25 pair from a corresponding subscriber premises, each
channel comprising:

a highpass filter for isolating a telephony
signal occupying a baseband position in a frequency-
\ division multiplexed signal (36) from a wideband signal

30 occupying a position above baseband;

a modulator/encoder, responsive to said
wideband signal for providing an encoded and modulated
wideband signal to said hybrid circuit for providing said
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(58, 74) occupyinga position above baseband, for only provi ding said

t.el ephony, . E&%%@ﬁ&méald |l owpass 35 filter (42) and a subscriber’s

t el ephone ﬁ BHHEE “ voi ce communi cati ons between said

subscri berf 61 and
sai d tele and : - a digital subscri ber i @ dden

(72) for use at the subscri ber's prem ses, for connection to said
frequency division nultiplexed signal for only providing 5 said w deband

signal et veegnéaid o LAl HOSES PRIabP ¢iondDUEN4a

subscriber's data termn connunlcaf%ons
bet ween sai d SPBRE¥|BRirsin Sa*ﬁeﬁﬁﬁ&%&QﬂuﬁhﬁﬁQjhﬁaﬁhﬂnﬁfrﬂﬂ@mwk 10

35. ITh(e51‘é )el eco?wum cat?oadéméaﬁiﬁwidéé&d% 3$equ[né’mﬁi?' &g asgaida(éxﬁ\ioﬁoand
Slgna I S r orte 1 ncnr onous ranst er, npae

format . nalsgron, said| SRR MERRIAER (R AENIABA 15
whesein said denqdnha‘yedlamdlmméd iyl delsethds igiigial 3f) said ivkigelsaddied on

atwsted wirg fFxconnected between said shelf (34) and a downstream
end node (68) A subscrlber end, said downstream node (68) for
splitting in a domnstrean1direct|on said frequency division nultiplexed

20 signal between gaid Aop@@ﬁcédg%él ncﬁ@e@%a&aﬁ (Eéié&iﬂl? ng nftgqgcrl ber

l'ine nodem (72), wherein said, shel an upstr (66)
for joining iW%atl YoRpelf dina telpeammumirationg S¥piiy Whepsin (50) and

said Wi debandsaid sherglis 5&rt<§brir€éé1&f&l cbéﬂ?wrspw@héﬁr&m‘m rBydri exed

25 3' gnal (363nd to a w:Ldeband ne echrl eacr?d anwlrfnagt Iaonpsl X asfftn; 0‘; claim 34,
subscriber lines for connection to subscriber equipment
at a plurality of subscriber premises, said replaceable
PBA comprising:
a corresponding plurality of lowpass filters,
15 each having:

a first port for connection to a plain old
telephone service (POTS) interface (50) comprising a
plurality of twisted copper pairs; and

a second port for connection to a corresponding

20 second plurality of twisted copper pairs for connection

to said corresponding plurality of customer premises and
to said wideband network via a wideband multiplex bus of
said shelf.

43. A telecommunications rack for connection to an
25 upstream network service provider for providing said
service to downstream subscriber equipment also for
connection to said rack, comprising:
a plurality of shelves, at least one shelf for
connection to said upstream network service provider by
30 means of network termination equipment, each shelf for
connection to different equipment of said downstreanm
subscriber equipment by means of line termination
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wherein said downstreamend | owpass filter (42) and said — -digital
subscriber line nodem (72) are connected to a 30 domnstreanlend node (68)

which is in turn connected to an upstreanT laged saj d shel f
(34) by a tw sted wWire pair, wherein sald alo

filter (40) and a highpass filter (38) con S%gfr¥§ﬂn
end node (66), wherein said highpass filter 38 35 1s connected to said

wi deband signal (58) and wherein sai d Iompass filter (40) is connected
to said telep h [gnal
(50 Bdipmgnt, wherein sach,of said plufflity of shelyes 1

wher ei n sai d 3h&arej henyedvndanypfeatrernd | owpass 5 fllter (40) and an

upstream end hi ghpass th Eéaé@%n@%i'lr of FENRNELRE 1 hé A &knidedt £avn end
node (66), wherein said qE €§¥ di vision pul tipl exed sjgna] (36)

i ncl udes eﬁBéPF@&ﬁ?SPﬁﬁa}én? RRtion RAEIRNERY Pk FRAF RAYhal

occgpyi ng sai dobaggbaifl §asat 4DN1EAS adne! PStié BAM W dsdih lon srtial
occupyi ng said ?§5|t|on abov sai d un sfream end

oupass 111t epeidopaps noneygutdtte Mheae, enerddfand J rendfliS O |
provi di ng linedtepsinatimon eégpipmenti oficsaipspabanfanduskeiri n said

upst r eam end Qf.a{aﬂazﬁssgéﬁeaf(§§ia5§1ﬁf§ PEFT §E déxg%ggéglgxga?é@ééi%mn

signals for on provi di ng said ream
with said same nonredundant feature thereof; and

10 means for connecting said at least one shelf
and said another shelf for providing said same
nonredundant feature redundantly.

44. The telecommunications rack of claim 43,
wherein said same nonredundant feature is a shelf bus for
15 interconnecting said network termination equipment and
said line termination equipment.

45. Network termination equipment for use in a
shelf of a telecommunications system, said network
termination equipment for connection to an asynchronous

20 transfer mode (ATM) network and to a plurality of line
termination equipment also for use in said shelf for
connection to subscriber equipment, said network
termination equipment comprising:

physical medium termination equipment for

25 interfacing to a physical medium by means of a serial
input/output connection to said ATM network for providing
a parallel input/output;

transmission conveyance means connected to said
parallel input/output for recovering/mapping ATM cells

30 from/to frames of a transport format of said serial
input/output;

ATM layer processing means connected to said
transmission conveyance means for layer processing

64

THIS SHEET HAS BEEN TR ) DL

REPLACED




10

907-153

downstream ATM cells recovered by said transmission
conveyance means and for providing upstream ATM cells to
said transmission conveyance means; and

an ATM bus interface responsive to downstream
ATM cells from said ATM layer processing means for
providing said downstream ATM cells with a guard byte for
an ATM bus in said shelf and responsive to upstream ATM
cells with a guard byte for providing said upstream cells
to said ATM layer processing means without said guard

byte.

Sheet Has Been Replaced

BT

|||I||I| Illlll III|| I|||I || IIII

65

THIS SHEET HAS BEES
REPLACED




