; e3enmXnBF6TX | Lr | COVMUNI CATI ON APPARATUS SELECTI VELY CONNECTABLE TO A
COVMUNI CATION DEVICE Field O The Invention 5 The present i nventi on IS
directed to a conmuni cati on apparatus sel ectively connect abl e

comuni cation device, such as, for exanple, a nodem andﬂ&m,m’mmmﬂmmm

ehabl i ng data communi cati on, and in particular, to an ap tively
connectabl e to a communi cation device and nethod that detectsisusrious to
comuni cation configurations and sel ects an appropriate conmunication

confi guration to establish a comuni catilon link between a plurality of

comuni cati on devices. Discussion O Background And O her Information 15
Tradi ti onal | GOMMINICATION ARPARATUS SELECTIVELC GOMNNEGTABIX 30ph e, nodens

(both anal o el , been enpl oyed over public swtched
GBS ating oriE

t el ephone n Fransmt data between a first location and a
second | ocation Such nodens typically operate within a conventional voice

band (e.g , ﬁgtﬁr&)ﬁih”qt\?el giongO through 4 kHz bandw dth) of the PSTN. Early

nodens tran the PSTN at a speed of approximately 300
bit/secorsd, or Less. Over tinme, and with the increased popularity of the

Internet, f e munj.cat.i denmanded and
devel oped. @ierérﬁic‘%,' lph@&'g‘éﬁgé%@% %Hg'&%t'ow%’ %lﬂﬁ el?Ctl(@érred to as an
| TU-T V. 34 nmxhesttabls tmjefcbme'cdmmptimmeewm emcriaas fonzixai@bleTe hreclemyand aat i on

Uni on Tel eco ni,cation. St andar di | T smts data at
a rate of aprB? )c(;Fﬁpgteg?gh@ﬁ&%rﬂ@@}ého@ogﬁfﬁwﬁnégfculag't a}‘é’BH%ﬁ Sons. Hybri d
di gi t al - anal sejeatieelp nennectbér toedcdnom@scdtidh)dévive 80d netfexghataziecéclarieue dat a
transm s ) on rat es u i d cond tions. These
rodens. oont 1 srangaodBeinRrahs 2 EERE AR el R BRI bondwi d i of
t he PSTN. SOCdmlgmmtlmmtoastabbshmnommuhrcam'flmk hetbteenfa blemhtyhﬁt are several

megabyt es (I\/CQA demthat operates utilizing the V.34 nodul ation
requires a | on m{fhé&t%ﬁ @rgsﬁsfer V 7 such a file. As a result, a need

has devel oped for even faster nodens and I nternet access nethods.
Govel oped | BRI ERBRE R B ER 02 On [he' I ocal fwi ot ed
wire paits that uses the spectrum above the traditional 4 kHz band For
modens. have Badnrly”§breonph@itih Wedice; sdndhe Bor SR, HBbght JBotnc )
exanpl e, DSlLanakigSind ¥ip§il), hH%beerSHDSIand]QVSDSIbIIQ svdcheol telephorenneifvordsi ch i s
general ly re(fP%Fl'rl\ﬁqottpangﬁlitXcB%')between a first location and a second location Such
modems typically operate within a conventional voice band (e.g, approximately 0
20  through 4 kHz bandwidth) of the PSTN. Early modems transmitted data over the
PSTN at a speed of approximately 300 bit/second, or less. Over time, and with the
increased popularity of the Internet, faster communication schemes (e.g., modems)
were demanded and developed. Currently, the fastest analog modem available
(referred to as an ITU-T V.34 modem, as defined by the International
25  Telecommunication Union Telecommunication Standardization Sector (ITU-T)),
transmits data at a rate of approximately 33,600 bits/second under ideal conditions.
Hybrid digital-analog modems, referred to as ITU-T V.90 modems, can achieve data
transmission rates up to 56,000 bits/second under ideal conditions. These modems
continue to exchange data within the approximate 4 kHz bandwidth of the PSTN.
30
It is not uncommon fo transfer data files that are several megabytes (MB) in size. A

modem that operates utilizing the V.34 modulation requires a long time to transfer

R
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| 0 Each xDSL variation enploys a different communicati on schene, resulting
in different upstream and/or downstreamtransfer speeds, and utilizes
differing frequency bands of a twi sted pair comunication channel. A w de
range of physical and environmental limtations of the various
configurations of the twisted pair wires 15 leads to widely varying
expectations of a feasible conmunication capability bandw dth. Dependi ng
on, for exanple, the quality of the twisted wire pair (e.g , CAT3 wire vs.
CAT5 wire), a given xDSL schene may not ‘be able to transmt data at its
maxi num adverti sed data transfer rate. 20 Wiile xDSL technol ogi es exi st and
of fer the prahsdilefAsalresuiigameed RpgHewinned farrvgntfadersnedens and bigrnetever al
obst acl es ex%]c%gsg Reld@sr api d depl oyment and activation of xDSL equi prent .
Several of the various xDSL schenmes permt sinmultaneous comruni cati on on a
25 single twisted pair in the voice band and in a frequency band above the
voi ce band. % S I i e d
conmmuni cat i o%&()%'lr;fkjeﬁ %éﬁ yvﬁ%a‘%ﬁﬁ@“?ﬂ?ﬁl ﬁﬁeet'?ﬁgt g%[s]%eﬁﬁcl ué%gé& %W%ass
filters, Hi g¢’ﬁV|§hi>§§d o tremensit high spepdbn BrOAERENCdata iontthe éocahwste Wire @t i mes
referred to 81 USHY dnb{etirum HREE ihd BagHGRRA RIS LRAE FoPUNERE, Bals! hat

carries voice ymiuni cat i on from the frequency above Je voi ce
band car ryi nfjagus'alvedatang) efdinibn su@rebae@&amtﬂy@@e@fs maweteere@/armwemgf fer

bet ween '”Sté’é\)eﬁaﬁobﬁ’”&ch as &@mnﬁt&r«otﬁaﬁ Qarﬂﬁ%,slgféf_” AtD%q_hﬂﬁd%L d mar ket

nmotivation to elimnate or he use of ilters or a
gi ven commun$id@fl 6nd SREhH1e, colle@iopobwbish & eanerally r@f9t§edtﬁa91¥@$ler is often
unknown. sThere is a need for the communication devices to "know' the

exi stence and configuration of such filters before initiating a 5

communi cat i oiﬁaqlmwﬁﬁg V%@tl@nucﬁﬁnmwst ar differepta comnmmnicehiont Geheme.c asulling mét hods
are viabl e. &(ﬁé}lénﬂ'ufpét‘?éa‘?ﬁ‘t %ﬁ'%fb'ag‘h tRRSRA s}fe%aesahechm%@%fé
sol uti ons have been descri ed in proprietary, ? acto

st andar ds. HigfAushehbangis oéaéwsteﬁcpamormm@w@é%ewneh Ardriei rapg ecpfiysiedle
standard (orageyRiBhmshafiAAhs bitb VAR GlnrERASH of (HE et daliuires
compatible. In general, startup and initialization nmethod the vari ous
st andar d¥ ha'@éd&)é@nwﬁéWeV@W@Qeemﬁ%ﬁﬂﬁa% i ¢l @. faasibie éﬁﬂ”ﬂtﬁ'ﬂﬁ@éﬁ'ﬁ scapabifilsundi ng

the xDSL dat gy ammmnicedkh@hg 25 mamsléchq@@aniﬁom@ st hvie daliqely ability
to co-exist wmth a conventlonal anal og_nodem t hat comruni cat es W|th| n the

convent i onal CAb} wite yandAT @ wie). apgivenxR3k, seliemifainay Ryt bejpble dp Eaewait Patacent r al
of fice equi paBRImaxMEMBdaehitdd @ta trBRsrbi AR, etc., are nunerous, differ
significantly) and are conplicated. Accordingl y, it is essential to be able
to determine the capabilities of the conmunication channel, in addition to

bei ng abje tWwhioxost ﬁé’dﬁh&@g»b@@xu@ﬁé}%béﬁe'rEHeeﬁroﬁhﬂset&?%oFWl@TfH@h@ﬁtdp@Qd gt prrent
in order to establish an opti num and non-interfering communjcation |i

User appl i cafdn5HE p&%mernawee'ma@clﬁaﬁget grthgderid HSH'&WIE‘W%%&&W?%% S.

Al t hough a ugssi eqQisferdl ways use the highest capacity xDSL standard
contained in a nultiple 25 xDSL box, in general, that wll be the nost
expensi ve service, since conmunication costs are generally related to the

avai | abl e bagshersltdi.th¥Wano@ koBL tsan@mésibbrrﬁpeinmtahéae tSmafiBatichnén dser may
desire the ablll -t in |§ate.a§%05ferenc§ or a Io(\{!v E)andh\n dth xDS (and
hence, a che%l’ﬂﬂi? DRfPAl YRt eaRIcE @Sl In 3 Ireguency band gbons thg vaichP @ﬂ

bandwi dt h XDﬁLaﬁﬁé\)éi £E8mbBarfeolE FUicE bahd ahGatReiviorBlant @oleiicatiey Sbew 30
that aut omati c% g i ndi cates éﬁer servi ce, and %)Wti ca iﬁn I‘equl rements to

the other entP FRiioNs Ryl jiters Yyding fop pass filters 4 high BRRSH t1HSh a9 t he
physi cal congpsitdtens off flitess qmmmelsm{etmsa@wneaemt as’andplmemmmh@amté;@n

channel , high speed data access | exi.t | so i nfluenc
gsepa[‘)ate qhe %requency Bancf%g% carrlesy v0|ce and communlcat|on rgm the
30  frequency band above the voice band carrying data communication. The use and

type of filters may differ between installations.



regul atory issues. The result has been that possible configuration

conbi nati ons at each end of a conmuni cati on channel have grown
exponentially. s The US Tel ecomruni cati on Act of 1996 has opened the vast
infrastructure of netallic twisted wire pairs to both conpetitive (CLEC)
Usage, and the incunbent tel ephone provider (I1LEC) that originally
installed the wires. Thus, multiple providers may have differing
responsibilities and equi pment deployed for a single lo wire pair. In a
given central office termnation, a given comunication channel (line) may
be solely provisioned for voi ceband onl | SDN, or one of the many new xDSL
(ADSL, VDSLRerp8ly, themshas been jechrglodyc msrmtmotlmlocatmeémmgr soliee

dect &1 0n) Land G BAMAEe FREY! CRUNSRIS g.ﬂaaﬁtcemﬁfu% caliglY Enghnth dfe ToRERCO!
freedom for pel acing (r. Ing“and util1zing) comuni Cgtl on cust oner
prem se equlapdiehtlyp(eeofgflltertleloéphmsowansmfﬁ Iy a | feedhe woemupjcadio ) on
voi ceband ch ‘hoNeNe! r ): ciated
with | eased g\mts%l t(%l)l rkcw tfégheé(lsS?ﬁ%?dgglﬁO%%u é&%%@@gﬁs 6qurﬁemlser |éce

provi der 5 Asomhemhatﬁn wethed, evArtiless lnmacisowmm k@mrrtslowaimuwthodsml ve,
custoners & bieal so expect and demand freedomin selecting and providing
their own Ig fe hi gh speed circuits using the band above the traditional
voi ce band This will place increased pressure on the service providers to
be prepared e n 0 ed to a
gi ven |i ne. %9 g}%ﬁts%%%%%d%%ﬁ%gbgm@%egsc%egﬁ %ﬁf%g%ﬁ%é’upgﬁqgﬁ&ﬁ nsi de
of the cust dasaribpd m@@c(r@rognetamvnend/@fde ia@to %@@a)dsarﬁnttlmmemtahgecmendjev| ces
al ready gtt : j A j i T For a
cervi co B off AEnb RISy bR eh@hg (fNohEl SRR AR MaE e
preni se wi rimgy rtidbeomutnale campatitie.aln aenasdl. Siortiegnddutinlisation methods okt
Accor di ngly i ARl bEhEDks RBE BARRRASI/CinbbmBatipidion- human int ervent i on)
nmet hod i s needed to provide the initialization of circuits in the 5
situation where a plethora of com‘rum cation methods and configuration

et hods exi $ine eihirbiméds SIfbunditd eI BA' QA icbn SthathebedipRER the
conmruni cat i on channe term natl on & actual commini cation devi ce
That swilf chfafgexafui@nthetr akility f tonce-eyat withdpr edvertiagial @ralogneodemathgt ven
type of conuym i at up
techni que (ap m{chgg’aﬁg‘m %}?1 ; thﬂgﬁa@oo?é\}egmcﬁge garc‘?oﬁtgﬁggﬁ?@daﬁth
communi cat i d eEEmGRt &1 cerérrahomég@nwpmeyt éhey Ardnehthelmeppishbl aserumereysgent | y
needed. 1n hig, Qi@ﬁﬁlcaﬁﬂ@eaﬁmﬁ}fe coIASlcaIE! 'ﬁ&%‘ﬁmﬁ@ ?%%ﬁtléﬁ& rP)‘édaQ’olf%
initiating data conmmuni cati on over voice band c anne ecifically, two
Recormendat detggminethe ganslilitesdof ﬂl%cqmmuﬂéétt%ﬁ'ﬁd@?h igradyitign E) Qiogingable to

" Procedyp es gbfmink dhd bé&bﬁﬁ%bﬂﬂé cBhnfdRicatidd qashes Abrexab dshgiseaer al
SWl tched Tel ephone Network"; and 2) Recommendation V.8bis (08196) -

" Pr ocedur esOP'HF‘UW?é'dIneéﬂﬂtﬁﬂf‘i’r{f‘@tqoﬁﬁn‘ﬁ}‘ﬁf“%i'%t| on of Common Mbdes of
Operation Between Data G rcuit-term nati ng Equi pnments (DCEs) and Between
Data Term nal Equi pnments (DTES) over the 20 CGeneral Sw.tched Tel ephone
Net wor k" Bot§eTreRI¥AHONE 81 BRY {1 wiedargs,efedtata badvidth sequirgrents: t8#oEgH M each

modem t o i dgnjskf e{omgwaﬁggéé ﬁb%ldﬁé&ﬂ@ddaﬁlty?mﬁaﬁc%}arcﬁﬁiﬂamgﬁﬁ atngpigrodes,
such as the nmpdul ati on schene enp protocol, etc However, both startup

sequenca’ 25XRak BR%eRg5PE8h &ah ! %Fpﬁ'lel’ﬁ%leép%}ﬂ"? $65/1¢6 NCB FOBATUNSAEPN voi ce

band comuni;ea izpd geRERM Felafet'tbNBE  avhildse vapavamt | onain stigktupdarmiences
do not test é‘andl or indicate) the constitutjon andlor condition of the

comuni cat i APICAUNHIEIUSB R HFETPRY Qﬁ’%e 30 tHbEdIcRte 3 Prodererasdt A v

i nf or mat i onpasdipBthassIf @én&ﬁéﬁﬂé' e, crferaﬁarlleé}ﬁﬁﬁumh@tﬁcﬁhcé@mé)t la‘é%pd@@é&@o
characteristics, h;k)resence or _absence of a Sﬁﬁt is useful at the

time that pPEPaie NessPandvedtBPSkiservies of's at' '%BW@EWBWEVB%%*% 6

act ual | yo conealionthtibAlyandibated 08&r sdrficd BRd GPPIRENGIE AluREPehts N the ofhar be
successfully established. Voice band |ine probing techniques are known in

the art and®eaff e lifsee.¢ eentral office).



5 determ ne voice band Iine condition information Such techni ques have been
used to optim ze a given nodul ati on nethod, such as, for exanple, V.34, but
have not been used to optim ze startup nmethods andl or comuni cati on
selection nethods. In a set of devices with nultiple nodul ati on nmet hods,
V.8 or V.Bbis has been used to negotiate and then select a particular

nodul ation. After the nodulation initiation 1o sequence has started, |ine
probi ng techni ques are used to receive sone indication of the condi tion of
the comunication channel. If it is detérmined at that poi nt that a given

conmmruni cati on channel can not effectively support a chosen nodul ation

met hod) ti men castitioni teg theephysieal cconipasition sef| thel @@mmunlgaathnalenwamlent @oni ques
are enpl oye i it i

works. 15 | gcoor er{r}'eattlgﬁ ecgéré hléwﬁ)s%éée @ér}gvafec ni cg?%gﬁs% ﬁﬁ{?mgd kgt hod is
requi red thaeguatonrigsuss( é&@n'iewétsblaq bﬁ;enl thﬁfepczsgtbm eanhiggratiest otpreblatatmsmtu ng to
sel ect the Lraty nhé?% t echni ques have
been est abl %Egﬂggf?%ﬂpﬁgggﬁt 25? Hrag%I for Oa%lpgghfnodul ation, the
prior art does not provide a 20 met hod for using channel information to aid
L ot e 7 e RoteONsOfe b fiHERBh o241 o8B! MR ood O AL actl b DSy Cut T ent
state of the art, capabi negoti ations occur wt

prevailing ah@tamertWIetedeIgmpalts mbothomp@tlmvekMCéd@@gafarybé@tlnwmb%
splitting, t eusel ppr

communi cat i o%lgﬁe rﬁaél}&s@ﬁe{ rT@_'déu(_ﬁat”fl?agn?ﬁlq s'ﬁ%ﬁﬁ&?éﬁ%i’”é@f | of I Al ?bﬁtr'\%eS
During the frobvideck mpydhaveudtert, resmsfbdltlesa\nhﬁ@qd@mam deglpgecaioe aesmdloy ed:
activating shal n%é?p (calling station) - the DTE, DCE and ot her associ ated
term nal equi pnent which originates an activation of an xDSL servi ce;
answering station - the DITE, DCE and ot her associ ated term nal equi pnment

whi ch ansvens 2,6 LebASEL: RGN o8 EbfinARbiian Shafb @he RSy B More

frequenC| es ass cl at a parti C ar xD ndat i on,

5 CAT3 - catﬂoiehgprawalocacbfqrwglcemﬁ@m@héS@Nd@rqurgan@‘dhaﬁwnvé@we@&Lo /’tDSinsmt
cleanly to %WHB‘SLC@BQL”'&et'Qé?ﬁcesUSeﬁmEé”th&OtsﬁerB%ed%é‘h idigaffic to

10 negabits per second -'cabling a ng comnponenets eS|gned and
tested tig trtelaphane S@r\e%vsm @UHWemzwaae awﬁmﬁﬂg@atf fr@ﬁéom for idapieLtEcat i on

met hod - for o) I d
ﬁ@ItIQ rllrégccgﬂ(?égutfﬁﬁh%)onco%%ﬁ%ﬂ%ﬁ c@étSFn%? Fe%n@ %ﬁ?m &9 from

nodul ati ons, downstream - di rec i on of
the xTU-C t dE|?h‘é0fb€‘-FLﬁrRWGéﬁ@ meéhmeq‘s anademst eignont vergebarhekannglsa Haweer, check

sequence ( FCLtoffel 0gfrem%%l Eqwﬁ)rﬁgnto Bt) Rayddied Qﬁthvﬁala'égd &bt circlit€ hast he
ones conpl enent of an 5 initiratin nal - signal which

initiates atmwﬁ/@se@f@ei@h&ﬁ@y erfiervIee Proy et s e ighoREedyomnayticaioer

associ atgd tREREMNENtIRGRY RIMBIveMbustdmad WilkhRS e@(pﬁétaéﬁdlﬁer%@@%léﬂ&n |h nval i d
frame - frame that has fewer than four octets between g excl udi ng

transpar encyself-‘@i"& and ErGV'H‘@SéB@bOW“ AP&nfetNioR FBPFAREITTHS HSHQ ndi gboNBdul at ed
transni ssi onhe MRIAOhAICVAIQE and 00Phis APTERHY fRFdaRBd Givadynrd o, thehgervBE al | i C
wires that formthe | ocal |oop to the custoner prem se;
providers to be prepared for a wide range of equipment fo be unexpectedly
connected to a given line.
25
The customer premise wiring condition/configuration inside of the customer premise
(e.g. home, office, etc) and the range of devices already attached to nodes in the
wiring are varied and unspecifiable For a service provider to dispatch a technician
and/or craftsman to analyze the premise wiring and/or make an installation
30 represents a large cost Accordingly, an efficient and inexpensive (i.e., non-human

intervention) method is needed to provide for the initialization of circuits in the



respondi ng signal - signal sent mresponse to an initiating signal
responding station - station that responds to initiation of a comrunication
25 transaction fromthe renpte station; session - active comunications
connection, neasured from beginning to end, between conputers or
applications over a network; signal - information conveyed via tone based
transm ssion; signaling famly - group of carrier sets which are integral
nmultiples of a given 30 carrier spacing frequency splitter - conbination
of a high pass filter and a | ow pass fiPter designed to split a netallic
| ocal loop into two bands of operation; 8 tel ephony node - operational
nmode i n whi clifustzincehere a)phmoraaaﬁp@ﬂmpanch@qﬂ migthodan@dd | cenBiguration methods

i nformation-pearing nmessages) is selected as the method of conmunication
transaction - sequence of nmessages, ending with either a positive 5
acknow edgnment [ACK(1 )], a negative acknow edgnent (NAK), or a tine-out;

1 nal j h
el S, QoGP GAn S PR She L ARATANL SR Lo
t hr oughout tteenidatioai dreldthdi astuat Sommuniaikon dwiken olkiab ydchitg sagemeADRY -
Asymmetri c %r%n%ﬁ‘ é"&%%\a\\/}l@ﬁﬁ%@ﬁpwéﬁ N'3f zo %ﬁlc wcteone ANSam - V. 8

modul at ed answer to str |on eration and Managenent ;
CC TT - International Tel egraph and Tel ephone Consul tatl ve Comm ttee; CDSL

- Co I
coconsuTer  BeBb By o B85 oL e bTengRRBbL LSRRI o
Mul ti pl exi n@oﬁqalﬂmmﬂous anmenmcommwaium chempeldend keaviatgry Rmsisennstit f t

Keyi ng; 25 = _Di gi I fication Signal; DMI - Discrete Miulti-Tone;
DSL - Dlél tgr(?bé%rﬂgcsg‘?rggéﬂyf%%géd EC - Echo cancel | ng; EOC - Enbedded

Operations channel; 30 ES - Escape Signal, FCS - Frame Check Sequence; FDM
- Frequency lP'tHé %agf? th@llfbw fias rb@blishea r%commended methods for initiating data

communication over voice band channels. Specifically, two Recommendations
were produced:
15 1) Recommendation V.8 (09/94) - "Procedures for Starting Sessions of Data
Transmission over the General Switched Telephone Network”; and
2) Recommendation V.8bis (08/96) - “Procedures for the Identification and
Selection of Common Modes of Operation Between Data Circuit-terminating
Equipments (DCEs) and Between Data Terminal Equipments (DTEs) over the
20  General Switched Telephone Network”

Both Recommendations use a sequence of bits transmitted from each modem to
identify and negotiate mutually common (shared) operating modes, such as the
modulation scheme employed, protocol, etc However, both startup sequence
25 Recommendations are applicable only to the conventional voice band
communication methods. Further, these conventional startup sequences do not
test (and/or indicate) the constitution and/or condition of the communication channel

between the modems

30 However, line condition information, such as, for example, frequency
characteristics, noise characteristics, presence or absence of a splitter, etc., is

useful at the time that plural xXDSL modems are negotiating a connection, prior to



FSK - Frequency Shift Keying; GSTN - General Swi tched Tel ephone Network
(same as PSTN); HDSL - High |level Data Link Control; HSTU - Handshake
Transceiver Unit; 5 tETF - Internet Engineering Task Force; 1SO -

I nternational Organization for Standardization; ITU-T - international

Tel ecommuni cation Uni on - Tel ecommuni cati on Standardi zation Sector, LSB -
Least Significant Bit; 1o LTU - Line Termnation Unit (Central office end);
MR - Mbde Request; MS - Mode Select; MSB - Most Significant Bit; NAK -
Negative Acknow edge Message; 15 NTU - twork Term nation Unit {Custoner
prem se end), OGM - Qutgoing Message (recorded voice or other audio); ONU -
optical net mwlymnﬂectlngﬂts eaciploffien, iOthe cusmregheationSnrkiscle [rspuccesful
Spectral De %% &0 PSTN - Public Switched Tel ephone Network; RADSL - Rate
Adapti ve DS 5 " Request Message Type Message; RFC - Request For

Conment ; RTU - RADSL Terni nal Unit; 25 SAVD - Sinultaneous or Alternating
Voi ce and m S e, Ra D itV ed Digital
Subscri ber Dﬁ”ﬁeé bgygslwe-sblgﬁi@bot%e?%!e\%a?dgomﬂnygesﬂeo a‘?gdygé}} %g lEstégr?)ber

Li nes (DSL)detem’lTQﬁ @oice bemd find cansitionriafpriaiion  SfuchtechDEUes AAve BeekT8dR -

remote termn O@n'u migH & fNendodiRlon methBd IMYRR P(fcgzexyﬁ e WMUW&J&%P I's

provided a c ni catl on appar at us se?ectl ve connect ab
communi cat i egendesadcte, opélmnqsar istsﬂwg meélﬂqdﬁaamdfﬁrtqommw@tlom isaieskan methofir st

predet erm npd, 9otSdrYaGked ﬁitﬁﬂﬁllt@:’l@%d@iaﬁ&?ﬁb{ 883 ”(Pﬁ%r\PatM‘g d§ ”%e%at I on

devi ce; and a receiver I ves a secon redetermn fromthe
comuni cat i t@rnem@wte@ndﬁhemqurhpwaiemdwaérpn prf‘édétf@rmvdté@ilm lglhation wher ei n

the firsj pg&@%ﬁ&r ﬁﬁgn#%@ H“ﬁd{é‘éﬁr%g@é’s éﬁéggggfta Fe%dve%ome%gm;t t stores

nodul ati on epen t|on an stan Information field that
st or es nodupfdhé eenditigneai tencommerieatignicoannalall 4 is detemninedat thatgiaint teat g

hier ar chi cally, $hhificalibeRoAR Yoant H& %ﬁercﬁ\yel)prsﬁgﬁdr? nb%@nsrhgg\‘?étlo%onp“ S€es

a Ms signal and t he second predet er m ne ri ses one

si gnal and meNadK tigiegsansumisg AeRraitia ded usel-learmag N@ibadhéecmea pleural ity
of octets, E g‘%}FﬁJthQ drioPhrt ?oatFJ‘aﬁdfnﬁd@mBHMéﬁdd h¥theh R Wehg, del i m ting data

vmthlnthep Ity of octets. I's preferabl e that the transmtter
transm ts a CLR signal that requests t he conmmuni cation device to transmt a

comuni cat i RNy AeV i BsthbRRt AP ndrbide cARRUMBSIAR fhk, a method is required that
observes (examines) the line conditions before attempting to select the most

appropriate communication method. While techniques have been established to

increase the data rate for a given modulation, the prior art does not provide a

20 method for using channel information to aid in the selection of the communication

method.

Unfortunately, in the current state of the art, capability negotiations occur without
knowledge of the prevailing channel configuration. Explicit knowledge of spectrum,
25 splitting, etc. is vital to the selection of the most appropriate communication

mechanism (modulation) decision process.
Definitions
30  During the following discussion, the following definitions are employed:

activating station (calling station)} - the DTE, DCE and other associated terminal

equipment which originates an activation of an xDSL service;



20 the receiver receives a CL signal that includes a conmuni cation device
function list fromthe comuni cation device. Advantageously, the CLR signal
includes an identification field and a standard information field, data in
each field being hierarchically stored 25 Preferably, one of the CLR signal
and the CL signal includes a plurality of octets, a highest bit of each of
the plurality of octets delimting data within the plurality of octets and
the identification field within the M §| gnhal includes country information
and revised information. 30 Preferably, 'the standard information field
within the M5 signal includes information designating one of G 992.1 and

G 992.2.  TaNsMering siatien pihe\R e @GE aushplliAl 2xCrigleddpimanalegyiraentehichel v
connect abl e gngwgrs@ggw&@tdn%gemm nal, conprising a transmtter that
transmits a first predeterm ned signal to designate a specific node to the
comuni cat i GRrKet setrad sehpfdonge eewefs, Bequensies pseegiated withseP§RdMpstedl@er mi ned
signal fromde. b $OBIMHY6ARARatigr M nal in response to the first

predeterm ned signal, wherein, the first predeterm ned signal includes an

i dent i fi dat i@ 1 eakling pad cahligs sempeiRnel dasioned @ap derirchio tansortlgantyioand a
standard i ”f@rMﬁt'o‘f”EoﬁhwﬁhEaﬁd?@t @E@?&%oﬁ@%ﬁ%ia‘hﬂ%@'ﬁ%@@@% rﬂeBElSl%’E%?' on,
data in each field being hierarchically stored. 1o Preferably, irst
predet erm néGC@mbnal conprises a MsS signal and the second predetern ned

si gnal - conprg gps. @mngén@@abﬁ%céma&%nemsegnu&%%éswﬁﬂo tFQ?\@Fnﬁ cne%n@rtev' ded a
met hod for establishinhg a conmruni cati on bet'ween a pluralit

communi cat i dRO0NMIVE ebeommuiipatiosting: transnitting a first predet erm ned

si gnal - f,0M GndrAuhichfibn CABTRYA CHolRMordedhiGinicftich S6GEfHeE QBMBLCR! Len
device to des!@gi«r!;‘;a}id gem node to the second conmuni cation device; and
receiving a' Medegaens: H’i‘ﬁh@‘lﬁe§| gffal , at the first communication device)
in response &d%vr%tl%%ﬁpﬂcﬂre%ﬂ&ﬂ@ﬁt?&n@n%%n?#e@ﬂﬁa’e T80 edtna% TR, second

comuni cation device) in.response to the first predeterm ned signal,

wher ei n t he &frered frarrweffaémﬁhabaoré@'@ﬁarframcqha%geoaﬁn% FCR#Mof.i cation field

that stores G@ﬂ“&rﬁ&ét@tﬂwa‘vﬂ@@lﬁ’@@&l@é‘m nfer t’PiEtdn@Q c@rﬂgleﬁaeﬁi SnhaisLE RAQr Mati on
field that stores npdul ation ependent i nformati on. Advant ageously, the

first pr‘édet'@'ft'ﬁf'ﬁ@&'%abn%lgn%&ﬂﬁhl'%‘B%teéam"%’ipg)rﬁ%ﬁedafﬁd t he second

predet er m nqgitiatidg dtatONRI DPESDEECaRd otbr AldSosh@BaerARg 8qliENtShEIBR! 25
and the M5 signal transmtted by the transmtter includes a conmunication
appar at us fd’ﬂi tP%HSFQ®EP.rW€U@Fesent di sclosure relates to subject matter
cont ai ned i Nnddlfd frifievl FhpBahat\RM ki tAah MblFdst&s GRLARD, Bddd fe‘xblﬁﬂngn Apri |
1, 1998; 601089,850 filed on June 19, 30 1998; 601093,669 filed on July 22,
1998; and 601298RA8TY od8leled on July 29, 1998, the discl osures of which are

expressly lﬂﬁé&s@gbamﬂaeheﬁf@mﬂatﬂaﬁ cbﬁ\fe%@n@enodu|étb@trén§m§¢|6rety 12 The
present disclosure also refers to th | owi n Recomn ation

t he
subj ect mat tegtafic Repkipops- 695}3'?“8@@?%?” ﬂ??é‘F‘ﬁ'o?a 8d“ﬁté reﬁ)}h?‘e?"é’?‘éﬁﬁe in
their entiregas |08§¢@mmn§t@h1e@are\;h|§&n s (09194) - "Procedures for Starting
Sessi ons of Dat%qu Trans over t he neral Swi tchﬁd Tel ephone
Net wor k", pUBER 'Eigﬁkgn? Wl"&éetslp%s AdIHNIHIGh Sector of the | TU;
Recommendat ir@ébc\hcﬂné Oﬁhe&) - siaﬁb@ctﬁdtufﬁoﬁ@é tb higitibslentof f4 cabintuhication
Sel ection of QOeratl on Between Data Circuit-term nating
Equi pnerts t@nﬁﬁegfro%tge@p%gé}? 'BAt a Terminal Equi pments (DTEs) over the
Ceneral Swi ts@beid»nTebetnAaOdstﬁmNemwrohs coﬂu@dtioshméabwrea"eﬂmwgmningatbi &1,
St andar di Zatb'ﬁv Sector of the ITU, Rec mTq ion T.35 - "Procedures for
the Al l ocat iPSHVE CHPHETHRE ?9@8“@88&9@%”? n-standard Facilities",
publ i sheg b;sug'rﬁlemasrmambna:bm\@pecsvlamwséa&naﬁm&@hor of the ITYU;, and f
Recomren ation ting. i gnaling Rates o
in To 33, 600 A1AIG FER L QIR P et i PEnord) BIHORS St AOFR and on
20 Leased PQjarrteftspaqmgﬂréqu%nw re Tel ephone-type Circuits") published by
Tel econmuni cat. on St a r di Secilﬁ)r ofd the | TU IBRI EF SCRI TI ON OF
THE' DRAW NCSPUKST SoTBRRIAR Ao haR rashufer et RS PA1EF SRR Baving ages. of
t he inventi onetalli¢ lochigo@piptrt@dtbahti© bl dgeeationl | owi ng nore parti cuI ar
description of preferred enbodinents, as illustrated in the acconpanyi ng
drawi ngs, which are presented as a non-limting exanple, in which reference
characters refer to the sanme parts throughout the various views) and
wherein: 30 Fig. 1 is a schematic block diagram of a general environnent
for usage of the present invention;



13 Fig 2 is a schematic block diagram of the present invention under an
exenpl ary situation in which Central Ofice equi pnent has been provisioned
for xDSL service and Renote equi pmrent does not enploy a splitter; Fig. 3 1is
a schematic bl ock diagranms of a preferred enbodi nent of the present 5
invention used in connection with two exenplary high speed (xDSL) nodens
adapted to transmt signals to each other over a comuni cation channel

Fig. 4 is a state transition diagramfor, a transacti on message sequence of
an xTU-R unit; Fig. 5is a state transition diagran1for a transaction

message sequence of an xTU-C to unit; is a |labeling and order fornmat
convention ft8lePhepreiecde,- é’pﬁﬁé'gﬁﬁjénocifl {j‘ W?'ChsVoéFef ‘i’reP'Be'frﬂB%Pr(gatB@nt\b‘éﬂti on

for data thahodlPfsd Nforr@abrlBedrihgd hédg @s oqé e§e|e&b@ a8 kS amBirodorgfer for
two octets of a Franme Check Sequence (F is the structure of
octets in a 9PPWMENCAIGNFi g. 10 shows three types of fields of information;

Fig. 11is "%réﬁs%@tlér‘irUCEH(?L%nEQaToﬂ h2kSagear | Qh@ndJarWeélﬁw(fNBarp%sﬁlog SPar s)
in an ldentification d a Standard Information (S) field; Fig.

12 shows Sa tachwweﬂ[%@*a@al BNegdhiye ackinwiesiament (NAK), pea §mgeoutiFi g. 13
shows the stipigindl Sst@forosh®ts in the Identification (1) field;, 20 Fig. 14
shows the structure_of Non-Standard infornmation blocks in a Non-Standard

i nf or mat i on YPRYPEany Ehe direglign of ansryssemifam X déRee the ¥léCure of data in
each Non- Standard i nformation bl ock. DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENTS 25 According to a first enbodi nent of the present invention, a
dat a commnif@ﬁ!@ﬁ%@stem conprises a central office system?2 and a renote
system 4, which are interfaced together via a comunication channel 5, as
shown in Fig. 1. 30 The central office system 2 includes a main

di stributi o%hﬁrf%!l?é"r(g\@b[e"latloﬁﬁ?rq Ldﬁ‘fé’t*W@HShQ%therﬂ%ﬁ'PQ@esct‘?ﬁéOftent ral office
system 2 to the communication channel 5 The main distribution frame (MDF) 1
operates to connect, for exanple, telephone 14 lines (e.g., comrunication
channel 5) &K ndckiowigdordiesseeside, on one side, and internal lines (e g.,
internal cempgil - R§frhketrik DRG) Sesclibg Lgiher side. The renmpte system 4

i ncludes a network interface device (NID) 3 that functions to 5 interface
the rendfe Y&} eth?2 A8WEHEN®ormuni cati on channel 5. The network intertace

device (N D)Ansarﬁte'rs‘,a@@@at@bgng\u@tt@,ﬁ@r S eqU| pment to the communi cations
network (e. g ”Bcormunl cation channel 5}. It is understood that the present

i nvention & MBI $tERtiop CRRrARNSe APRIEAMSHs 1o devi ces without

departing f ragIrt hentsphfidrial Fa64r@PH 86O Pelephorid CorlstaVeiGymmitdet her, while the
pr esent |nvent| on IS des%ﬁg wlth reference to a tel ephone comruni cation

syst em enpl tSWpsceler Lingi s underst ood that the invention is
appl i cabbe tGROCB@’bnmégR%mjé‘ﬁl on environnents, such as, but not limted to,
cabl e communj cat.i on ﬁ%/ L’ﬁ{m (e g., cable m)dem;) opt i cal communication 15
systens, W e gpag)} ® i nfrared conmmuni cati on systens, etc., wthout

departing frOuR i Qgpabjities LiseReduasst; scope of the invention. Fig. 3 illustrates

a detail ed lﬂ(ﬂ\ﬁg-g)iig?t%r&pgu%fMlﬁltt?ﬁe;iri]g;r Eamgmé)gtdl nment of the data

DPSK - Differential encoded binary Phase Shift Keying;

25 DIS - Digital Identification Signal;
DMT - Discrete Multi-Tone;
DSL - Digital Subscriber Line;
EC - Echo canceling;
EOC - Embedded Operations channel;

30 ES - Escape Signal,
FCS - Frame Check Sequence;
FDM - Frequency Division Multiplexing;



communi cation systemof Fig. 1. This enbodi nent represents a typical
installation, 20 in which both the central office system2 and the renote
system 4 inplenent the instant invention. As shown in Fig. 3, the central

of fice system 2 conprises a low pass filter 34 and a high pass filter 38, a
test negotiation block 46, a high speed data receiving section 25 B8, a
hi gh speed data transmtting section 70, and a conputer 82. Conputer 82 is
understood to be a generic interface to network equi pnent |ocated at the
central office. Test negotiation block 46 perforns all of the negotiation
and exam nation procedures which takes place prior to the initiation of an
act ual high5§ﬁéé%eﬂ%¥§yéWﬁHﬂﬁWEétion. 30 The low pass filter 34 and high

pass filter G¥IN UBehéraNSWichbl MeRbheMTRERNIRAIshAR &ifama)s transferred over
t he conmuni cati on channel e test negotiation block 46 tests 15 and

_ 5 Th
negoti at es ¢tHRk tighdevetpiadiink @trakt c. "of the central office system2, the

renote syst ¢81 - RAshshAR: TN &niton channel 5. The procedures of the
test negotiation block 46 are conpleted prior to, and initiate the

sel ecti of ofEThelntgroet Bigiegringdash F¥e®i ving and transnitting sections (e

g., nodens) |$8 - dMiméafonal DRganidationfor Besfiaf@sfby] Ng section 68 functions to
recei ve high speed data transm_tted fromthe renote system4, while the

hi gh speed dBYd trandtareationg sdelscemmepiceieths QN high TQreomnaticatien t he
renot e syst &RrbardifioRisgbioppeed sections 68 and 74 may conprise, but not be
limted to, for exang,l e?, ADSL, HDSL, SHDSL, VDSL, CDSL nodens. Hi gh speed
sections 68 L3Fr LaestaiENHeeM BY ural ity of high speed to transnission devices
whi ch " spar ¢'rut-hen<parmmatidh Ok (EEntlIbifiRE ehBe 1 nitial negoti ation procedure.
The negotiation data receiving section 52 and the high speed data receiving
section 68 MRANMeAe ReAYARl s to conputer 82. The negotiation data

transmtti ngasegbh®Beldt:and the hi gh speed data transmtting section 70
receive signals issued fromthe conputer 82 15 In the disclosed enbodi nent,
test negoti MIBNMIBILRIRNHEENEBHpri ses a negotiation data receiving section 52

and a negot INBK oneg@tvaptckm@agetﬂnggbaggpti on 54. The negotiation data
receivi ng. section 52 receives negoti ation data, while the negotiation data
[

transmi tifi nd SectetyRIskermingienUnd (GeeneReBIFeRCa The operation of the
various 20 ML @ugdrg MBSsageniccaldeaibice @r set i), Wi | | be described, in
detail, bel qw,.  Renpte s Séﬁ{rjn}ﬁ conprises a |low pass filter 36, a high pass
filter 40, N"é's?ptl’?@g?ﬁt?\:’a i'"UH bl ock 48, a high speed data receiving section
72, a high PoTsl plaihaolt marphbhd Segicgsecti on 66, and a conputer 84. Conputer
84 is under?é%g to he a %%ﬁ%ene.ri c interface to network equi prment | ocated
at the reno VeEhoPeeld LROSHBE | ati on bl ock 48 perforns all of the

negot i ato on PETH et SRlttiox Pelosae Naswdrkat take place prior to the actual
hi gh speed tga.Co i cation. The | ow pass filter 36 and high pass filter
40 operate %%Ht%?‘d’%ﬁh‘fﬁ @%‘l’l on signals 30 transferred over the

communi cat i RE@hRafnedst Meddmjet BHE Mzgadd;at i on bl ock 48 tests and negoti at es
condi tions, ﬁﬁa@ ti ﬁﬁlﬁ ettcc. of, the central office system2, the renote
system 4, a TSR R TEN channel 5. The hi gh speed receiving section
72 | 6 f UN®TUCIRADSL Tepehad)rii; gh speed data transmitted fromthe central
office ’éSt%W’@hi L&l e hiAﬁh S@ee? dat a hr%nsm' tting section 66

transm hi sSp B AR SO0 N RO P'aT @ cli Pt system 2. The negoti ation
dat a recei VISNR s&ighaldo NoBed&atiof he hi gh speed data receiving section 72

transmt si s o the conputer ~~€ 2 _negotiation data transmtting
section 50 %Lt hvg?%é'aﬁsé%eérn;g'g' 'tsglgf?@ an?ti ng section 66 receive signals
i ssued fromxDB& eanpofitee v8dbusltypdsh DiflitetE usedbariadi (Sn) ; t he test

negoti ati on k 4 rises ne iation data receiving section 56 and
a negoti ati 5?1"8%& 3er§?aiﬁe§ n?ﬁ'r?{tg&?@@(?ﬁma%. The to negotiation data

recei vi ng setUiPnrentote sominaésningfgot il on data, while the negotiation data
transmtting section 50 transmts negotiation data. The operation of the

various sections of the renote system4 will be described, in detail,
bel ow.



The negotiation data transmtting section 50 of the renote system4
transmts the 15 upstream negotiation data to the negotiation data
receiving section 52 of the central system 2. The negotiating data
transmtting section 54 of the central system 2 transmts the downstream
negotiating data to the negotiation data receiving section 56 of the renote
system 4. 20 The central office system 2 includes a plurality of channels
6, 10, 14, 16 and 18 that are used to conmunicate with a plurality of
channel s 22, 26, 28, 30 and 32 of the rl@nte system4. In this regard, it
is noted that in the disclosed enbodi nent, channel 6 conprises a central
voi ce channSUMMARYiQF THEANVENTIONct | v comunicate with a correspondi ng
renote voi ce channel 32 in a conventional voice band (e.g., 0 25 Hz to
approximately 4 kHz), which has been filtered by |ow pass filters 34 and
36. Furt her Therer gamotrevidesi ce cohmmmidatia &moamtm/thimly heonneotable &ysi em 4
that is not fr voi ce
channel 33 Fé’gg@hﬁép& decm: 8ch8 rﬁﬁ'ﬁ%tﬁﬁﬁ% th%o{rr%'rﬁs% %‘a Oﬁrgﬂetgﬁﬂﬁ&g (but
prior tost henghaivﬁopmsgnétel aepecaf@:) modado ttﬂrmsommuomamm\h@ sade sEeivece as
the renote n r ' ect ed
prior to the%It gg\?eg\g%sgﬁe#ﬁdr p%ge{é?'ﬁ@\érgen%@e?@& E:HeéI g aﬁﬁg{gg@ (ai%ﬁ éz;lr"‘ns bot h
t he hi gh spessgondsd 0 thedistl pradetesmined signsl, guhatein thelfirsi preidstenomed sigmat t he
filters may m%ﬁjdg% aﬁ”&%ﬂﬂéa[‘?o#ﬁ&ﬁ 1kt sio%ﬂ%%dul%ﬁ&“.ﬁ&%ﬁ’en%gﬁtr ﬁf%hﬁétﬁ %tén%sz%

that a communica conmuni cati on
met hods, sustandard mfmtrmemmpélé thatS{DNesheod\éatmnvdnpmdemtannfmmatlc& alate 82. The
hi gh pass filf.ef cted to ensure a frequency 5 spectrum
above 4%ineé%qﬁeﬁ? ?gaﬁﬁei%gh‘%@ io%l? and 18 (in the central office system
2) and bit streans 22, 26) 28 and 30 (in the renote system 4) conprise

digital bit

conput er 82Pgéf1f§jr%? ﬁztﬁegﬁr%tt é{eﬁet‘éﬁﬁ o %ﬁgﬂg&mér%g%}cpg/éﬁﬁa %r@%é%%rﬁserst ood
that it is wedetenmined smebmnmnsemenepofm%|srwelrandcmNABbitsigJiat. streans 10,
14, 16, and 18 could be inplenented as discrete signals (as shown), or
bundled into an interface, or cable, or nultiplexed into a single stream

wi t hout 1@haﬁgi/argagermeslsdbpéfl%aidh@lrhastmrdwiabtry abfoctetse aihighteahbit pheashtafdme  For
exanpl e, igured as (but are not
limted to) blu?éh%&?&%ew %{ingt'n on t%%nh'#}hmxgﬂgso?gg%?sgpar allel) FireWre

(I EEE- 1394}, Universal Serial Bus (USB) wireless, or infrared (I1rDA)
sLandard. ikS"hEfrabl e WRISLALARG WARmAL b BLROGARa hat Fhqudfh A 20 can
be inplenmented as discrete S|gna in ng s bundl ed
into an i nt ephangisicalinn devisiedo trensmmatcpmnme:amm@@n@ fgncrt@hélsfstanrémereas

descri begl ah’%vr%cel%% \9%; 2EL N ?Pt‘n%t B ubes a E%H’uﬂ'ca i &’éJ‘&%H? o list
corresponding to the condition™o e conmuni cat i on |ne requency
char act er i sfrpsthengprmupisatione deyiret Aééantqge@wm@eoﬂ&bwnabmfudas sHlitter,
etc.) 1S expRANafoRlne ehat BesBRany | ol ARicHAliaa! Yarl Vi Mo chidih Bbim? and
negotiation data transmtting section 54 of the central office system 25 2,
and the negberaehieally@tared recei vi ng section 56 and negotiation data
transmtting section 50 of the rempte system4. The essential features of

t he hardware portion of the invention is the functionality contained in the
test neddti Brafefablyl ensel the Chiasiare! appithenCl signaldngudrsgo piuialiy efirsteds a

condi tions, h%ﬁ@ﬁbénﬂ bt E&%, ofethe- pll%htWF o%?e‘f@ Bakmifhd Ws@ wiiSh &R8 Blurdife of enot e
system 4, an he conmuni cati on channel In practice, the configuration

of the cent PePtSANd the idspdfieation f'&WdN*E%tWeeMﬁtséG@%/mCMﬁ% ‘cpyntsy pfaspetiay wi de
variations ERj r&fx@BMiEmdibs. 18

30 Preferably, the standard information field within the MS signal includes information
designating one of G.992.1 and G.992.2.



configuration of the external voice channel 33 is not under the control of
the sane entities that control the central office system 2. Likew se, the
capabilities and configuration of the comuni cation channel 5 are al so
subject to wide variation. In the disclosed enbodi nent, test negotiation
bl ocks 46 and 48 are enbedded within 5 nodens 42 and 44 However, the
functionality of test negotiation blocks 46 and 48 may, alternatively, be
i npl ement ed separate and distinct fromthe nodens 42 and 44. Signals
transmtted and recei ved between the tekk negoti ati on bl ocks 46 and 48 are
used for testing the environnent itself as well as conmunicating the
results of tTherd ésalso b?eomwhatmrwmatiah apfplrates sglectely2ceméctahle toeaot e
system 4. t%om‘ﬁjrﬂ%ért' Qr(?s‘?erﬂ\ ac rgﬁ’u :PaErQné |t§f gtha’?‘ WEH] |F§e EX%&' ned
foll owed by an explanation T the Tdevices use create the signals

Exanpl es of mgﬂaterfmmedvagmmm ﬁeslgmaie avemeptﬁgmddedqdb@commumcmlorb'ermjmbussed
o deal s o Bl 1 deselaced cobadl Trble hiaak g dikhe T 00
nultlpIeX|ng gF ed For Various commun cation Paths to exchange
i nf or mat ison doetnwedgatiom éeroéral iratespdrisede tls;e/ﬁrtsémeziemmdmteu@lmhmrer@ysthem 4

et o4 SRR 0 PN I g o
spirit andl omd@aeoqb@tomfom@wprysﬂeatstarmaemtmfonmat@o f“EIfcéthaar‘a@;He$ rrmmdulatlequency 0

o SRR SRR LS BB BT v o

kHz for data conmunication. Typi cal ly, the first frequency where

transm ssi o I $Ssi t any
251 equincy A any- e st BRI el BRPRECTE NS Sshal S0F el CUSHEL, 707
bursts at a predsgeranned @Qna:Bdorﬁpm@Iez oae of arsé@&mgnahand atNACKLsignalT1. 413 ADSL
nodens, As a result, if possible, that frequency should be avoided in the
spectrum used by precursor negotiation nmethods. 30 The communi cati on pat hs
are defi ned Tihereisiprevidesing mettdd fooestainisbips iarasarmwisationibetitseora Hlurlitytdie
renote syst .y a
Gounst r oam caniai et dERRls, B AIdAE RaBUrhER s IS ORNDE] SBRb ST

renot e shjst dinst4conireumiedjioni eeviesn taigs secsarh mrnrgumf:@tlomr device ta eigsigpatehe
hegotiation ?E&ﬁc LhaS ) thd r%cﬁr?d:tdom?n&q)ca%n t&b@jdéergﬁ ere%¥§lh§”b4secﬁﬂ .
recei ved by e negoti ation ta recelving sectlon of t central office
system 2. Tmeedﬁégmm@t $lgmald@immgtﬂrséanwmwcaap@ dternaﬁslm resranspyto tehgecond

negoti ation gt tem 2,
and receivedﬁ hL neg %%é%%gﬁ gébggﬁgﬁgféyﬁaaﬂggﬁﬁgﬁﬁg%’of%%ﬁgmégﬁnte
system 4 Ondee tfll’ﬁé nr@gmrrrmeidoﬁg@idwmrgw tpdiset predetaintipethaigndleispludesph et ed,
the centjal @Jrﬁlh%mﬁ)fﬁoemat? gl%Péjs ﬁw'&@uléﬁé@h@eﬁéﬁ%ﬁmnﬁr%ﬁom'aHH' SHeRahrgat a
transmtting sections , data receiving sections 72
and 68 to péenfpanation f'Glﬁ’rih%@tQJ’G?rmSPﬁP@ﬁ@ﬁ @ﬁrpen@entﬂmfprm@@@ages in the present
invention are sent with one or nore carriers using, for exanple, a
Differential (Binary) Phase Shift Keying (DPSK) nodul ation. The transmt

poi nt is rotAtvadtagedistiedhe destiRradsterangst s@nausopeiises @ M Heanat #RdnNe bit is

a 1, and th%eEér%f‘ﬁr@H&teﬂﬁlhEtE s alr&)tn%r%gs OndeengeTK Elgﬁl\lteh*@ PNROKOsI§n4r0i nt i f
the transnit 15 bit is a 0. Each message is precede poi nt af an

arbi trardy cangi the Mﬁassé?”a*rﬁ@”ﬁmﬁdehbl g E@n%%ercmcﬁdeﬁ s2 CRRUNYMHeation
procedures fa‘bba@tlﬁlfhhaﬂnm&e nmodul ation of carriers and nessages, will be
descri bed below. Once the renmpte system 4 begins receiving valid user
downstream data, all of the 20 various conmmuni cati on channel s have been

gslt abl i shed @adpsent’ 8i8dlysrOrelahd REIGEEAL MaflePEORSHEY 88 1.8, Rodassdi bed
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After the renbte system 4 has received the spectruminformation, it

anal yzes the equi pnent capabilities, the application desires, and the
channel limtations to nmake 25 a final decision on the comrunication nethod
to use After the central office system2 has received the final decision,
the transm ssion of the negotiation downstream data is stopped. Wen the
renote system 4 detects the loss of energy (carrier) fromthe central

of fice system2, the renote system4 3q23tops transmtting the negotiation
upstrean1data After a short delay, the“negotiated comuni cati on net hod
begins it's initialization procedures. 20 In the exenplary systemof Fig.
2, the voi céhelpserest distlosure gisocielerd it feliowing Repgmnesdrtions. heosubiast t he
functionali . office
splitter 3oﬁ*@%ﬁ%ﬁpﬁgﬁggh?%§§%55?“%5993b&gﬁ*@Hﬁﬂﬂﬁg%4ﬁg§2 mﬁﬁ%r 38. In the
remote system4, multiple telephones 30fi are connected to voice channel 32
or 5 33, anﬁieE@rﬁn?éI@étBn?’QeBbﬁss ogm) pt&gdur@snﬁg&'ﬁ‘aﬂlﬁ %%ow €€ Mata

i nvention goes to great ength efore the han %h e procedure is
per f or medl adERNSOVSSIRY tOMer h%&m@ §W6@:h§§hr'r@|eph@n%é\lejwé&<f,r aublshpdl PX e or as
non obtrusi ¥ge émﬁ%ﬁéhﬁ?%ﬁt%ﬁdér&zét‘]ﬂnssé&&%ﬁ‘Fhe e instant invention uses a
uni que met ho crlter|a or selecting the transmission and reception
carriers (frequency bands), as enbodied in a PSD. The spectrum and carrier

al I ocati on h%Eorhﬂ]%nH’ét%Eev BQ@B/@gppqirHEéHurég fob e Rfe‘ﬁﬁf%%hoﬁ BH@@e‘lé?:ﬂorWol‘ | now

be descri bed description begins wmth a review of upstream and
downst r eam ﬁSlW@hLMQQﬁfreﬁf soﬁﬁra%%v&eéwew fPatp eﬁtrct;ttSsLmlaatmg mlmwaﬁs are
co- m nghgd e HhBded PONaSRININEFEqUTBAG 10TEGMePhe diherp By on the
present 1nv ntlon PSD are al so di scussed. Downstream carriers are

transmitt ed TBigphore Netysrk'arubishadtby TelasnsmmunicalignslendadizatipGegpr ohe
central offj @ysten12 and upstream carvers are transmtted by the
negotiation data transmtting section 50 of the renpte system4. The
present invention is used to initiate or activate many types of existing
and future RQ@&m%%hMétB‘ﬁsr 39 h@?rBé‘éHén'rése'F&”Ih% ﬂﬁoctalﬂ@n Eﬁtbﬁ“stéfP{%'d BehYd ces
have been 25 taken into consideration in design present invention.
Thi s dedéri fri d¥erastaneasd edaciibes npeblished é’tye'ﬂe'é'%ﬂﬁ%mﬂ@%ttoﬂoﬁ?ﬂd%@@émmm and
activation ggtldpgshd ry:h@dpresent invention, suitable bands were selected
for the transm ssion of the negotiation data channel s. The bands were

sel ect ed based upon several criteria, including considering the existing

overal | PSDReedminRRdatiagnly. %gwge@s ‘B M dérh TperAthg 3R DREd s*ga&n R&kYBAYS Of

exi sting xDSL services, | es of various_ spect typi cal xDSL

and exi sti ng°SSEPPLES f%aps?nfﬁ‘hfheb@eﬁﬁﬁ’bﬁvﬁicﬁﬂd b-Eﬁ'QH‘i‘Qnﬁr'?i%té’ﬁfk PAde?t i on are

shown ”ba_abLéas]edForPoﬂﬂftcBlﬁ&ﬂﬁ of - wﬁlef I mélbblﬁlfhe-ty,b@StCi?ﬁﬂtb” angdyb/dpegst peant
di recti ons usi ng t he nonencl ature fromt Ozf varl ous XDSL serrrices are

i ndi cat ed i AefPaPPE@UDicatiefyptandardizatian Segterighihe lati ng 5 activating sequences
of several xDSL. Together these tables outline the typical environnent in
which the p i e of operating. 'lahle i, sur-~eG
of e~cixti ubﬁgﬁbﬁ%ﬁ%ﬁ’&f’% ﬁ&ﬁ@ﬁ%&r ~la! L F-s7;cdi'Y ~wi Snaarn.
Dr-urrx-1i Iwdwu; h hard idlh 3Iandnd|h[ ~s~e UpFer Lawer UFpt. Lns'ar

L-Df xrrkH~) (kllrs ftHz~

L ) TSl 57 i B el ki gn o aguaptesegy e fpppaon il be

~FDAI') ~:, | f bypgdértfrotd Jhé@ﬂbﬁiﬁg%r&)p&ﬁdﬂaﬁ@ﬂ@crlﬁh&ﬁbf i;re‘ierl:dd émbodithehts997? |

annex C2f i 102f tl) -
T Bl -1 g HHSHRIST hiie £Sopipanying SERINGS G 216 BippaEes 86 giey-imiting
0~a, 0eu57D~gkardplBT BrWwhizh lrefiilend@3eharaktérs) reléd (€ the tsaRO patSetrbighout the?

FrcGtlcy f al TA-L~ 2. FIfSITII) VS OF ><i PSTRE3a~l ~~D JLI cyw~| STRFAM
various views, and wherein:

30 Fig. 1 is a schematic block diagram of a general environment for usage of the

present invention;
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~hle 3. rs.cti~stiun signals of existint ~1~SL~ Sl ~ouldl | gn
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s, APR CUsR mveniien RSedkin adnhredtion iwit2 Bo laxemalady hair speedr &RSLat mpdershok
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rZLSI C~) 1- T%?ﬁétsﬁﬁé'i a@ﬁﬁﬂ%ﬁé@%@éhﬁ&yﬂ@@fwun AR Bk 3 trrnsrn.is
CSON f V t : -Figs #ris a RGiteriransitioni digyramtfenrlransaction messtge seteenzefas bR | 2D s;
.rrsl:ol5 of |zt eFscud6é noise at5vtnbnl n'el!DS L2Td ~1 L~ hut drluud
S'rITS.Zhia¥4J7C%I~dratI', Wth respect to the bands used by ADSL nodens,

t he present Fimbenaistate tigraitianrriadramifeve ngnsaetier meskageiseeyansetopag &l
approprigte garriers for the upstream negotiation channel and the
downstream negoti ati on channel: 5 1. Consider all of the senrices/famlles
known t oday Fig 8ds a labefepand gdeofrmatmenesntian foxmstets B,a massageC, HDSL2); 2.
Upst ream an : j-ak L : ; 1Ci es
e e T o R b o e o A R BHEE T 1 ¢ v
| npl enent at iFin$ i§ aibitlerder feniwn ontetssef arftrane Ghegk Seowrce{FESy , avoid to

upst rean dowystyr: J kngi, 4 .d existing T1.413 activation tones
(e g., tone%tﬁﬁgﬁ‘s@ég{%@% S AR L & 0021 Annex a and G 992, 2
Annex a lase FichdOsanws tipes teasmifietisodwafenatiam carriers. G 992.1 Annex C and
G 992. 2 Anneyy Gquge &%@sﬁgﬁ&&qggﬁz ﬁ@egaﬁms BAURR %Jﬁgms@rgddeﬁérsgm 4 |east

one carri er ass_qm_ate 'WI . nnex .a | S t e Sane as e carriler
used with Glémntificatinndefieldande Standard thhiermadien (Difiesk G 992 2 Annex a is the

Sae as 1 Ne G isRpuliaGlnih BoRoRR oPNABRSHIGP FRTs ABLlLgupst r eam and

downstrean); Annex a downstream band |Is reduced to tones 37
through 68, Fitad@shews thegdmctpre piatets Bethe idendbicabpy () tildst agai nst

| nt er modyl atH PR 4AheAY Ghe strRt@e BF NSnERENHREG irTEri 080 bRk Va ARRALdteRIIE fOr
Annex a and Annex B ’%l This allow a sanple clock that is | ower than the
Nyqui st rat enfernalion INSKH@ld: &8¢ the required information, because the fol ded
over signal §id Rsishews BRI i@lle HdaRGhleYcPRoh SRarfarERfdimalidielleckSi Nnce the
tones for Annex C have special 15 requirenents, they often cannot be
aligned on the same grid as the Annex a and Annex B tones; 10. Hi gher
frequency t gEnIskEo WES PTG ©F PREFERREDEMBODMERTSICE | eakage in the
filters, 11 In general, there are 3 tones per Annex (however, Annex C has 2
primary 220 tones each way, and a third borderline tone); 12. Tones between

14 and 64 sheub@ingofo Herd: lerbodinidrRbf ithe RrebeM INSEMioAN I d08 BMmunfd2tod 3.
Avoid (if possible) RADSL activation frequencies. Thus, in the upstream

carrier, avGVHeBsCURRIISEs AL E§NENPTIES RINEN 2437 2 TEMAH EYUS NSt VRS Grri er
25 avoi d 28Zntkiiced tédeMeranta d8mishizatiortchhndel 5, as shown in Fig. 1.

30 The central office system 2 includes a main distribution frame (MDF) 1 that
functions to interface the central office system 2 to the communication channel §

The main distribution frame (MDF) 1 operates to connect, for example, telephone



Based on the above di scussion, a preferred Enbodi nent #1 uses the foll ow ng

carriers: F,rmw ~ U fr.~nrsn-unc IWt~..:, L, |Jpsaranv, | 1, 17, ZI. 's3,
7, ~If.~untx i ~n~ 4lurm u~Ih, CRi ~n+l;l ~~1, flnvns' .rcma~. ~. |~)
~~. ~Rfir, ~~ '10, : I-Wh~~x 5 BOG R tane.s use lhc ~;td $~t2; L= Sc _nu
14" K~i ~YY4 | ~4f It ~~G~ ~-; 24 A preferred Enbodinent #2 uses the
followng carriers: F~nulw' ~'"lrc~:ynTane hxlexLt:r _rnml t |~nstrearni,

l. :i.33, 55, ~9(~~rtx 11':1 R Inner urx the god ~~-13~ i k U-wnsf~t~rt:b.
1. f ~6i. 70, 5%, 5b, ~a, ~JD. | 1 ~i'"% nnex a zed fi loots usr IF.c Er.d
aN -' _'"a k f,~~ilx~3eeerve Tone nead-5 A preferred Enbodi nent #3 uses the

f ol | owi ng chmesi erg. cqamunication dhiannel' 5)i ean@ from| th equitsidgron ene-gide, &nd

~ | - o
Cavasst 11 o niergahpes e o Pl geifloog IReqy nthe BGAe TG0\ 8 6 - - s
the $T1ld $~+~)4 k font IwRcSel~Y T~C i CCB :"5- A preferred Enbodi nent #4
uses the fo%%%rﬂ&fgs%tgbwei gmldé@é éMe\f\ivsrkt?ht'é%cé &ﬂﬁfén{] Ilb 3%51"%?6&1%@?5” | 3k

Uostrt~tnT nt~ a.v~d es’ use god 4N# | 1}
., k Dawhsl intgrface thelremoty sygt¢rs, 4 69 thegscommreinicaspn ghasmetld. ~Thsi netwerkcones

use Ifse go ~ q‘?r?;{}ﬁ
Cxu~l T~K Pu%ter%}\ézE R Bc%-eﬁ Itbﬁ g_%ﬁéﬁékrelsl)rihéﬂ(&%%?&%re o to; t%ré\]c-ézr{ﬁﬂunrcah%g rsaev-~
~| ~- ~ ~ ~ hetworlefe.d., communicatiorshannel 5.y - | nryx x ~. - . . . 1 ~n, 3
"3 ~T,l; nnx G9 .1 I71i 17n"'..1 .ai=SG_. h'xy. i /,mds ; - H'.5
L' :~i) Il ~nr a’ " '""?l iC3R66 I i ~0~a6 ; 'a 90l1lla prx 11 ; ~, Tx i'

| d 7 ; ; SHigungerstgod that theqorgsent gnvention mgy be @pplied to-othdricgmimunidatipns a
E~|71§|1-;:16_ ‘Jdojewcél warlnouft %%B%ﬁé:%ﬂﬂ'mel r"étbéﬂdZ%lgc%éé%TQﬁé |r|jve|]r%.| Hﬁ)rt%ez - r :
OSL'. | nr xwhlle ’@\3 prefenhninvention’ is descober 2wt Fefq:fence 40131 telephor@)mnts
on the sele £ i e

corpl et ety CFRURRRIE SFsjerh Ry H MRl LAR M ERITE N FRRLSRE et ¥

exi sting Tlinedionds apelicable tﬁ@ﬁl@g tran@mps@a@mvwmes\ts AtpleRs B inobimiteche
optional us g i i eto
use sone buf0 g‘%]tbF al W@ﬁlcﬁeg ng@g@@? 33 %bﬁ%lnﬁ?eyé gia?é ?rugﬁﬁﬂ@x a; 1o
4. Annex5B aqaséemearmeﬂﬁﬁ@y@tﬁ@SAnfﬁ@rﬁdéoammsqaﬂ@aﬁy%nﬁ eé%s‘ehﬂmuéﬂe@ﬂrmgerl ap,

so the comMmppmRRRdmMesdtinscasomRs MEgRidhhe two requirements;

Fig. 3 illustrates a detailed block diagram of the first embodiment of the data
communication system of Fig. 1. This embodiment represents a typical installation,
20  in which both the central office system 2 and the remote system 4 implement the

instant invention.

As shown in Fig. 3, the central office system 2 comprises a low pass filter 34 and a
high pass filter 38, a test negotiation block 46, a high speed data receiving section
25 68, a high speed data transmitting section 70, and a computer 82. Computer 82 is
understood to be a generc interface to network equipment located at the central
office. Test negotiation block 46 performs all of the negotiation and examination
procedures which takes place prior to the nitiation of an actual high speed data
communication.
30
The low pass filter 34 and high pass filter 38 function to filter communication signals
transferred over the communication channel 5 The test negotiation block 46 tests



5 The tones associated with Annex a and B are set along a conmon grid; 26
6. * Tone 26 nmay optionally be used for downstreamtransm ssion, so that a
much | ower frequency could be used in situations in which high frequency

| ine attenuation exists. However, since it is in the mdst of the upstream
band, certain filter inplenentations may preclude it's usage; 5 7. Tone 74
falls in the null of TCM | SDN spectrum so there is sone positive SNR there
and it is in common with Annex B; 8. Tone 74 was sel ected as the frequency
for Annex B's C-ACT2m and 9. The band'to allocate Annex B upstream tones
Is very narrow Using 3 carriers places the two outer carriers very near the
band edge. 31d egotiatep eprditiansacapasities.iai¢. @fthe canégl ofticd eysteavad, acambtet t er

pl acenent . t [ r e | Al S 4 1 of

t he revi sedéyéb%??{éagnﬁcggp?i%@gﬁﬁﬁgha%ﬁg g\?\stn in gﬁ?%dg%sTgig}héngta

L YSTREr ~~i nagaRatichRo| pei- 46 BRREDMBRiEIRANIr e Eand iniate thepseteatiod f ItheyhighSL= pnx

NP7 2 st it gl s PSRARACTE o i Pas sha 7B, Toe® O )
9p 11d 35 Nhigh Apeéed FEceSiNgURSTPR-6BifurlcloAR EReFRENIGICRRFEN Bath Rtangmitte@NT 3#~
i O e 4 e Wt Btfhlindften 0 4
Pf i r _~ERREi fyansmits-highGpepibdata tofhe remotelpysiteis 4g Thejhigh $peedisestions 68land ~ i |
P n1 1 i ek g8inprse, byt ol o nitebp, {of BuatpOR0SL HOSL SHSL VRS | 2o,
r ~ 55 (14ACRSk modenis; ' HighZpeed se@ions 68 ang. 70Ccan be a-plurality jofrhigh spéed| i 1
3 1R P depk it Fd e o R W e i T
hnx ~- negotiation procedure. The negotiation data receiving section 52 and the high
speed data receiving section 68 transmit signals to computer 82. The negotiation
data transmitting section 54 and the high speed data transmitting section 70 receive
signals issued from the computer 82
15
In the disclosed embodiment, test negotiation block 46 comprises a negotiation data
receiving section 52 and a negotiation data transmitting section 54. The negotiation
data receiving section 52 receives negotiation data, while the negotiation data
transmitting section 54 transmits negotiation data The operation of the various
20 sections of the central office system 2 will be described, in detail, below.

Remote system 4 comprises a low pass filter 36, a high pass filter 40, a test
negotiation block 48, a high speed data receiving section 72, a high speed data
transmitting section 66, and a computer 84. Computer 84 1s understood to be a
25 generic interface to network equipment located at the remote system. Test
negotiation block 48 performs all of the negotiation and examination procedures

that take place prior to the actual high speed data communication.

The low pass filter 36 and high pass filter 40 operate to filter communication signals
30  transferred over the communication channel 5 The test negotiation block 48 tests
and negotiates conditions, capacities, etc. of the central office system 2, the remote

system 4, and the communication channel 5. The high speed receiving section 72



T 1 :~6";"' .S . ~or t 'y,w Gx~:~~Anx C~7V\ﬂr ~~131 A1 1, 1~~ 1S

shdsl $ ' ~t|1pnx v 'l 3~~~ ie<s L, - $3ANt s~~ i1 "~
.~ S8 T i~L~C~nAlI~t~11t t 5 Al t hough Tables 4 - 7 describe
preferred enbodinents, it is understood that other sets of frequencies can
be used for other environnents, whsle still conformng to the selection

criteria described in this invention The frequencies of the carriers are
derived by multiplying a base famly frequency 10 (e.g., 4.3125 kHz, or
4.000 kHz) by the carrier index. To achi%ve robustness, multi ple carrier
synbols are used for each data bit. The 4.0 kHz fam |ly) designated as
fam |y B, adiicliorsstoarespive highespsedgtate transmitied jroa the dlentjalt oficesaistem 2,
synbol s/ sec

V\[hﬂé%éjbﬁggfsp%%gd%g% E ('S'I‘fg g%‘ﬂbr‘l %6 t%ﬁ&‘nﬂé‘ﬁgﬁ%gggd Eéﬁ'twh

achieves a bit rate dividing t synbo slsec
rate by 8. cenptgaliaffiqeheystgnovk Tder mmtlatm é@tﬁl 'GREIIRD e B8 anor the iignDSL

bands,  SeUCkabeX Uoka LSl PTRAIGH YOT alpilARROUS i SXRHLARdag | LTho 2] SO

prudent to be aware of the spectrum use wever, as of the
time of thi yepetiation idsta tmnsmnwwg seetioni 8&iand tf@chlghqwgdh@at@ trstsTitéieg)
finalized. { following criteria and
consi derati gﬁg{%\whdgnre!é% wﬂggég‘ar&r?%rﬁﬁ%ﬁus%% th VDSL devi ces (nodens).
1. Sonme VDSL splitter deS| gns begin the HPF roll-of f at apprOX| mat el y 600
kHz. As ar ! dis FSYER tone to
#140} . Clhe(rﬁﬂéHequ?ter @g‘{"dln”gé'?cfﬁ?%fl ﬁ Q&'aagﬁ}sgﬁ?%gféﬁé”é KE ﬁ’?%n., ADSL
tone #70) Tﬁata ra\,sawmgewtlarm(ﬁﬁeamm@s@eg‘qtlehmeﬁéiaegamutldg b?@cm&@d The
Al t houghot NeEGoafiofl 854S Rl RBih Ye GeoRA! Hegofmi estgv%lemﬁ&h .
ensures no in erence to ADSL |1 nes, by signi ant | uci ng power in
the car versn@mfwwfldﬁtal\ZF@Smaf“N@SECt@é\ﬁocféar@HhtstﬂeﬁﬁWﬂ ta.r The openation
conpl i ance %ah\envranoagw@ege%qmmowe@erﬁwm BOQULAIKBE, ih AkEH, RGO

ormance degra

i ntroduce per ation to existi Nng Servi ces, In partl cul ar,

ADSL service; 3. In this regard, current VDSL proposals call for carriers
to be Spacee"h@neﬁ&ﬂa@gﬁ dél'éztrérﬁ’é‘#mﬁ]ﬁ%%géldﬁ% om\é’edéﬁ'bte §yfstdns 4l tHR tsttlhé"t
devices will Initiate in SO carvers wt rid of

43.125 KBz iugstsast Begadigtionydataie meewegogai@0|datao@cwn@®eglqm@ QféhﬁuFfmi'l nt to
ADSL tone #Q%Em 20 ﬁh'&aﬁegtohﬁ%gcééla Q%n@ﬁw‘it@r?gt 88kt éﬁgf Hengswtal st

capable lines; 5. Carriers should avoid known HAM radi o bands,  such as, for
exanpl e, 1. yzngmr«nqtze(dw&umar% né@ﬂ]iaU%Q dafe taths neastiationdaty rece#’mf)ect'@ﬂ Nor t h
Aerica, or 58%ftheGdmotelydteM. i n Europe, 6. Carriers should be selected so
as to avoid interference fromAMradio stations; 7. VDSL may enpl oy Tinme

Di vi sion Duplex (TDD) techniques. Accordingly, upstream and downstream

separ at i,gns TReenti offlee s§§ie§1t:!" |h§lhde93£) plrali§ &%bﬁné@@Vﬂ) 3!411%% 1@tdabe VDSL
band should be transmitted in Sénc ronismwth U s_chosen superfrane

structure, P BIYeC g mYHtale withq %Ei’r“tyliﬁﬁtfh@ﬁ'?fé%?ﬁl 3@ EeEend st ot her

TDD VDSL | R@fioteNsykteen @i npethis ?éég@rc? it A nbteashatOiRethe edisddsedaéniBscimemoul d be
i nsi de the VDSL spectrum pl an. sed on the above, preferred carriers for

VDSL, accor &pwe{ H“@l’lﬁ?%géﬁfdrm voice channel that is used to directly communicate
with a corresponding remote voice channel 32 in a conventional voice band (e.g., 0

25  Hz to approximately 4 kHz), which has been filtered by low pass filters 34 and 36.
Further, a remote voice channel 33 is provided in the remote system 4 that is not
under the control of the central office system 2. Remote voice channel 33 1s
connected in parallel with the communication channel § (but prior to the low pass
filter 36), and thus, provides the same service as the remote voice channel 32.

30  However, since this channel is connected prior to the low pass filter 36, the remote

voice channel 33 contains both the high speed data signal and a voice signal.



5 invention, are as follows: Downstream Gid = (ADSL downstream gnd) x
(vDSL grid) _ {8N+2) x (10) -> 100, 180, 260, 340, etc. Upstream Gud =
(ADSL upstreamgrid) x (VDSL grid) _ {4N-1) x (10) -j 350) 390, 470, 510,
550, etc. to The inplicit channel probing feature of the present invention
can be used to assess the characteristics of the comunication channel

whil e concurrently transmtting information over the comruni cati on channel.
15 Channel probing is perforned |an|C|tIy by observing all of the
initializing carvers sent during the act’i vat i on sequence, and to verify
which carriers were sent, by reading the corresponding bits indicated in
Tabl es 23 atid 124not@irthaly thmefilwefterpa&’ obe ofrrangaddtd dave giferenér Bequehey x TU- C,
uSing. Lhe negabbRlLRN. Ualfa £CBIUNEARET TiANGRE AR LG IR B Hsha'd L he
negoti ati on data receiving sect B ORIt O the 26 communi cat i on channel
(line) to pepforumicatiapeethodm aml gesufgr ofamtie 1SPHhdetwasncwlicsuthaneelspiect rum
i nformation a r LGl r.ab e

precise; it alné_r%nl ﬁ%ﬁe@@;{ g;&@tnﬂérs g:”ﬁ %’;10 %(F;%gﬁ@!étse?ltga%%%r{% ﬂedl%hﬁb| n the
channel . 5 An spadirux abbaverdiskHzchanges) it's nodul ati on and paraneters

sel ections based on the contents of a CLICLR nessage exchange and the SNR
fromthe 25 inplicit channel probe. Another problem addressed by the
current inv&itstieamsellatdés1& and hd (indke oéntrad offisarsystenr 2)i andsbit sireanie 22se of
too nuch ”%Siﬁ 554 96 HWemo?é‘%ys Ecérﬂ%ﬁéead %%ﬂn't ea‘?ﬁé’ﬁﬁf’b‘rre%?eb@oso”e
envi ronment s S n cessar redu er of carriers 30 used to
transmt negomimanicete bam@enamammrﬁl epiputer B2hang e treeibtey cpwputer 841 n such
cases b ! Tedlpbhief s RadRIBLTAR MUER hOREDE!did BESkSHychBonfikral LY
receiving. Ing to afirst exa of the i1nstant 1 nvention for
reduci ng th@ltrﬂ]rwbms M t‘hrﬂi earsd 18 egonitdy éd npleareniedPab rdistigts esigeale (asl
exanpl e, UPSHEGATLAAHNYAR LEHRARASS: e PRI Ath MG BM KRk XbaRS! Vs A
tone froma particu pair, it transmts phase reversals on It

cor r espondi mghewttchapgag the b@m@r@dmgwnﬁpn@f ﬁlma@hhmwt@ncd?meeamphomever :
this exanpl gyexhihitfo 4ae 160 'wgm@uwas’t (o L RRGRE eapal 1

mat e mi ght not be usabl e because o taps or Interference; t he
ot her pdbr rmie&aogmANEPrHIg talaeRS43, EQFaWeFtE%Wé%r(@E(EaWt) dniviergal Frsialini quel y

paired. A S%QQQSB%?&H&E‘%S Ofy dhf?aré@ SI%AFQ ré‘s RelVRdUuh &L & Séoefhaﬁﬁi fore

NEssages exa ter sen unrm u ate Cal'l’l er an ef ore sendi ng a
modul at ed cét‘rﬁﬁ"éii 23r€§53§@§d6@g¢3@ e tplemeried as iHisoratersignatsdas shewn an | of

it's carrie [ | Shirk@HdcbebScadie | & HBESEXdG goaq%sﬁecan be
created by {ﬂfea?l%mn[g'?l) nﬁddcl@ﬁrggtlﬁﬁr%at eld 50% dut3c/ ci/c(ﬁe pafﬁt er nstoof s and

0's, with distreamean dgserprdaPoVadi cating different carriers. The f| xed duty
cycl e albhows reception w thout octet synchronization. 20 However, this
exanpl e exhibits the following limtations: 1. The schenme is not bit or

time effici &ipgotigtion|datgyiepd coBtrglriafoepalinne Wﬁemnémsﬂ?n@ﬁr%ﬂi'én fof lﬂé‘% and

then send tﬁsmmfn%n&{ ifNeld), PedlieBéy MarfREFAOE noke dHArEtGEIRrdRpELasES
the tine required fo the activation sequence; and 25 4. This codi.ng schene

does not inér QE%G@PP(B@ PHtt§Te8ici) dﬁeﬁﬁaﬁg?%b%tw&ﬁﬁlt@ negqtigtien falg reeedrd o

Carvers Usede@tf S3e8HESgolaRINSHELh traRiiRiRy Ba6& 154/ BPIhetdRftrhll dHideddysAs Of
this schene (d| scussed bel ow), exanple three is the preferred schene.

Carriersgdto bé”‘éléﬂ‘f‘d”‘?%t'at'%rhﬁ%téd%?ﬂ'”%é%%tIOBrFGa?@' H%%ﬁi'taf'% datafrapsantingt et s in
message traRsamphi 50N the remote system 4.

The essential features of the hardware portion of the invention is the functionality
contained In the test negotiation blocks 46 and 48, which test and negotiate the
30  conditions, capabilities, etc. of the central office system 2, the remote system 4, and
the communication channel 5. In practice, the configuration of the central office

system 2 and the remote system 4 is subject to wide variations For example, the



31 During an initial state, every applicable carrier transmts CUCLR
messages. a list of transmtted carriers is indicated in Table 23 and Tabl e
24. Paraneters in the CLICLR nessages used to determ ne (negotiate) which
carvers to use for subsequent nessages are shown in Table 34 and Tabl e 35.
The nunber of 5 transmitted carriers may be reduced in the sane
transaction, such as, but not limted to, MR M5, ACK, NAK nessages in the
same transaction The nunber of transmitted carriers may al so be reduced in
subsequent sessions and transactions thdt initialize with M5 or MR
messages. As with M5 for M5 nmessage contents and states, the xTU X uses
some nenory coofigtustiont dfdheigdibingl veiee clanneh3dismeativpder the dohtrel of izensarne

i mpedi ment, Lt nt r-Qr

arises | at ere%HEJ% th%? ngthlgg%iégh%li anﬁ%%;g y?t%@mbt h@f«%ﬁé% th n%agqltfggn | ows
all of the mosﬁgtmtwntaﬁmeqromneicat@ecbhfanmhﬁtafe alaei subject tegwidd Madiations Inn t hei r
nitial stalssushBdThapRmh 1lihodilo P BEOW AOEH b8 o4 SRBEkeARITRY
carriers as possl I'n or term ne whet any conmon carriers
exi st. aSspaimodsmsx ArR) ‘béhdH&W@eC the fctienabityuaf itesy npgetdtior blecks46 prndd&dur es,
defined abo : rriers
for subsequ\éﬁaty tﬁ@%@g eg éﬁd’lﬂgleh{seg{%e@n?giaﬁél]taﬁi ?Ei@?@ﬁﬁ%a%ﬁbﬁﬁsﬁi Q}?‘%-X has
been instr u#e@lg@lsmmqwdﬁa%@d lesftweelr the dest negetiadionbldsks 46 acdAdl et i ng
a Lransact] ape uLberor Tehiky M Y REERS 4l asGa0r SLEomMRiRaly 18 Lk
process of transm tin ags. ter e transm ssion o e e flag,
the xTU X trtmmmStt@tvanhmdmtraépﬁlde@mtemérar@rthe remote dustelart. carrl ers for a
peri od two octet 25 tines before stopping transm ssion on the redundant
carriers. If an xXTU-R and xTU-C have negotiated to use a reduced set of
initializatiThe peposs f Bach hsgnal gt un 699.d8f witlelbe axplainedt toowedibyedn set  of

car ver s Sha'ekgl?ﬁat}b%‘%ﬂ tﬁ@&e\ﬁ?%%%aqu%ﬁ%té ﬁ‘]'et3§ ﬂa‘lazaé&a‘?ﬂ% ?é L ciﬂB%ﬁb?at ed

response is n recel ved rior ructions fromthe
ot her xTU- X ferdhe watinse frefiuennigsmst befdiscassedén sletaﬂ éelaynored and t he
initialization schene re-comences. 32 Either the central office (xTU-C

system 2 or the renote (xTU-R) system4 may initiate nodul ati on channel s.
The negdbi atlh ¢ diaclesad embedimentn dregeency shivigen afultidiRxingethbi\d isy4itizad for

transmts t h?n LSrRATNBARAL bthd ?d“eﬂ&ﬁﬁgé anBrfﬁ?atlBﬁgd?ettW@éH fR G| bRES! ving

section 52 o e centra sstem € neg otratin atatransthngS
section 54 &bsteme %f&ﬁhﬁa?mgtﬁﬁyétﬁmz“t'r*QW%\fﬁr,t'EIStWéeré éhat@amrrh@@@tqluam ng

data to the gegof a&amlmata F6rEd 4, %ﬁﬁ\ﬁAOfDrﬁﬁ ofc Y ths, em 4.

After the negotl ati on nodul ati'on channel's have been estath ed e renote
station is &epayisg femdhelepidiandiy scepe ¢fdbe Apsaidevantiont er ms of the
transactj,on nessages. Likew se, the central office termnal is thereafter
referred to _as the responding station. A discussion of the initiation by
the xTU- R wiTle raeae fem diegeenayedtitz ptill ferpeanen4 sHaisyaisaivoisfesfeditaasithg t i at i on

by the XTU @gsTN voice band. Newer communication methods attempt to use the frequency
spectrum above 4 kHz for data communication. Typically, the first frequency where

transmission power Is allowed occurs at approximately 25 kHz. However, any

25  frequency above 4 kHz may be used. In this regard, it is noted that tone bursts at a

frequency of 34.5 kHz are used to initiate T1E1 T1.413 ADSL modems. As a result,

if possible, that frequency should be avoided in the spectrum used by precursor

negotiation methods.

30 The communication paths are defined in pairs, one path for an upstream
communication from the remote system 4 to the central office system 2, and

another path for a downstream communication from the central office system 2 to



The initiating xXTU-R transmts unnodul ated carriers selected fromeither
one or 15 both famlies of the Upstream group, via negotiation data
transmtting section 50. When the negotiation data receiving section 52
receives the carriers fromthe xXTU-R for a predeterm ned period of tine (at
| east 200 ns in the preferred enbodinent), the responding xTU-C transmits
unnodul ated carriers, via negotiating data transmtting section 54,
selected fromonly one famly of the 20 Downstream group After receiving
the carriers using negotiation data recti ving section 56 fromthe xTU-C for
the predeterm ned period of tine (e.g., at least 200 ns), the xTU- R DPSK
nmodul at es, disd mgmntegeystami 4n That aegatiatieiupsiream stst mon t@Dsmistelybyribe of t he
famly of carrier. n r ( - dat a.
1Tt he xru RepRiBnREs (BRI SeloR SEPERE ahBE S et o BB B RS 57
25 stops tr aegotiatibh dgtacaceiviey sedtioo H2tah heoteméral ¢ftive $ypteneRolbe inegdteagjioms

nodul ati ng I t fam.l. I ki . fl.ag, via
negot | at | on cApafead oligHle P harbEe Rbctihor A ahSfd Rub Baa

nmodul at es ortthey camiml office Isgstérand, lapdotcaieadviey the( negiohiationedpdd irexteiving sktian
transm ttinggs i 4 tr ] A - dat a. To
facilitate ?’ﬁéﬁﬁen%ﬁ?ge gs%ﬁéon@r{%%qééeﬁe@t%g%é ?r;\cgpgh(sF?gr% H%i@ng%agtb)egﬁ’i f an
XTU- C r ecei wespteted; ites sentfal afffcandysignt Radndi the camotst systeamginugg high speed

nevert hel es e . htLlhg. rLer f am. 55 1S
capabl e of t% 3 %n@?n&?rﬁﬁ'ﬂg?ée?hoﬁg é’ﬁ ?’g%vs%‘t %r(l‘adqglpﬁf%e% g d%(ta% Eae%? th ﬁe&gwé%slse%%e of
the xTU-C, and$§8itd perforhea duiex canpabinitattop. t o do so, attenpt an initiating
procedurlfé with a different carrier famly. s In the disclosed enbodi nent,
the xTU-C and the xTU-R nonitor the line for existing services prior to
transm tti nd\lloeessagesin the peasentlinierttionface eyt witht dneesri rebliengarsars wisingsfor usi ng

t he negoti at atay L] NG td - BB, i . xTU-C
transmts i (?g%ﬁ)@ala ggrfeg&t%! ?Iﬁln?@gnﬁhﬁggl éﬁtﬁle%ér%oﬁDgﬁfipzlﬁ%ugﬁ%Xdomgt ream

t o carri er s traiboit pdiot R rotatets WG degrdemtromdhe davauaipohnt ifdieetracschit bit i mg on
any and all ,u LI , knitiati - 1 | at ed
carriers sel1e§tﬁ(§e@%ﬂgg%ﬁ]giéoﬁg?3 %’g%g%tr)%géie%gff%ﬁ% ﬁ)ﬁggé&é%ﬁﬁzﬁpﬂﬁﬁ%?{gﬁgﬂ% group
usi ng thé négat A&t ikechdaessage snyatededriy a poigteattdncarbifary ounierphaseeilié ng t he
(i the proneapeliRdobl fid BardR, BriChE, HgbRanee i Banlio, IeCMeb IR = 1o
transmts uscaBEr %ﬂd?fdemgeﬁi.e’fmsb@l§ﬁ$¥§§ibe‘ﬂléethO',[i ation data transmitting
section 50, selected fromonly one famly of the Upstream group. After the
carriers are received for at |east 200 ns by the negotiation data receiving
section 52 @&nceiee ranotdgyFiemt hbegimiraCelyingi vadid DesKdewshiieami daja,oall of tode of
the fam,y ar IRLJeAhL&W ansiMatd i sectihon 54,
and t rar%gm' S’ém(g)%e_g&?élg!‘*%ﬁg‘sk atng.% I%\)e?he X'Fgﬁé%ﬁsfhtgai niti ];.ét é%j\XA ﬁﬁ tb:%r riers
sel ect ed fr ogg®fistinn Peagedures to behdesembpadelewps transnitting carriers fromthe
other famly before it begins nodulating carvers fromthe selected famly.
After receiving ones fromthe xTU-C, the xTU- R DPSK 25 nodul ates only one
of the fam Ntepihecr@mqt@pgstgﬁdl hasreegived the gpectiumEingImalory gt analygesdpe t he
flags are reggbMRelt E4RMilide heThbdRcatidRtiostl, GnBRSKchmidl Fhestiorftymake of the
famly of carriers and transmts flags %6) as data. In order to
facilitafe @Hwatdaffaeathe sABRINGStOHMed AP Eps (if they exist), if the
XTU-R 30 receives carriers of a famly that it cannot transmt, it

nevert hel ess responds by transmtting carriers froma famly it is capable
of transm t AftegthensntalAficefystene2 hagreceivgd the Bnal deeigion the tishawisaier obf t he

XxTU-R and atfeRpdotiatiod BblhsiebRNdith tid s@ppéd.f Uit the remote system 4 detects
the loss of energy (carrier) from the central office system 2, the remote system 4
30 stops transmitting the negotiation upstream data. After a short delay, the

negotiated communication method begins it’s initialization procedures.



carrier famly, if it has the capability to do so. According to the instant
i nvention, the xTU-C and the xTU-R nonitor the 5 comunication line (using
t he negotiation data receiving sections 52 and 56, respectively), for
existing services prior to transmtting carriers) in order to avoid
interfering with existing services. The xTU-C transmits identical data with
identical timng on any and all downstreamto carriers. The xTUOR transmts
i dentical data with identical timng on any and all upstreamcarriers. In
the present invention, an error recoverd mechani smconprises (but is not
limted to) the transm ssion of an unnodul ated carrier of ones (FF,6), or

fl ags (7E, 6)n theagxet®larhaslybtemoof Bige@ethe voee shamsl &, isaoftenngonpecteddoat 1
second. AN Ik TBY 366 Sndlthe Fdﬁ‘éudr@'m& oRire %W&%@qyér%b%ue&'ﬁ%’m&?@ém qoal I'y
start alternative Initi'ation proce one conmuni cat1 on device

i n the commantcaltoffive sSplitted aoﬁmoe‘rmm%aﬂqvepwefd@nmuandémh passdilter 38.ehr ed

act | vat! on BR.BAde Gelirgh ADRAE GOMNRL38h LLCIMLCAA o D2 inaRsrsbLe. The
foll ow ng descri bes ani s (or escape egacy

communi cat i 3% andbexE-Rs3fis igplemantedon miogemeld. t o, | egacy DSL systens or

voi ceband communi cation systens. Fallback to xDSL systens will|l be described
first, followed by a description of the voiceband fall back procedures: 25
1. Fal | back Thepresest imMeertiengogs scBeaModuthat hodin befgartinel randstyake DBbcesiyest ens

(exanples o nt

i nvention. %Hﬁm;ﬁﬂggﬁﬁjgﬂv ?%g%¥%ﬁéﬁiééggggggééhE@E&%ﬁg% FFE&% ?ﬁ a

| egacy xDSLobtotsivessi pmssibet hod. The present invention is intended to 30 be a
robust nechanismfor activating a multiplicity of xDSL nodul ations mthe
presence of unknown equi pnent with unknown transcei ver PSDs. The activation
of regi onal Irsthisrrdgardsthgiinstant invegbeyuses\d weg)e mathoddcitanallferdsetsctinguthe

di fferent cape),

or an expl|C|&9ﬂ§gﬂ1aﬁ?mﬁgmkmgghﬁﬁggﬁ%%Q@ﬂg&ﬁggg?3%5&b§@P£€?F%%?égﬁ%r

st andar d i népadram énd . caBirrhalpsehetdorathe pseieired embogimenieofnthe iprasgat of

i ni tializat |0t BAdSew %e é‘sﬁ:ﬂﬁéd VaFHeOHeé’drlgt|@r§(B§B| s TR 90l R%/ bt i €s the
startup of devi ces pri or resent I nvention”beginning the negotiation
nmodul at il®n. urrwegrralamd)\ﬂgwmeeam Eﬁﬁjrﬁqafrernemscéssemab diffefesit xBhngsrdces

i mpl ement cArsP i (wth
i Tt or i ng OB O e P B 8 1 ORE TR
T1.413. Theoptheguasent H\Y@'i’thnd?ﬁ%fﬂ Q'@ﬂ@'s@@&éfﬂ al different 1o frequency bands
using XxTU-C s data receiving section 52 or xTUOR s data receiving section
56. Thus, a device that also supports a regional standard (such as, for
exanpl e, T1Dawgstresahcabeie are EaRgn)itted by Hedrqoptiationcdata Hﬁ'ﬁﬂn?')t'nﬁﬁﬁiitt%‘r54f or the
regi onab, st gngay demtpd!! Mftd %95t§h1923|a%dV‘(ﬁ'Bs r@aMDBérh@rrs' 8@ t@hsrhited agt kneat i on
signals of the present invention. ocedure for interworking with the
ANSI T1. 413nggadetenbtiata dranspitingisgction %%‘It'@e BEMotesygrir43. ~SCx~E AC ~~Y4TZ~V
5vL'"1'H T1. 413 ~~:~m~s flavus. 4apabrlrl-rsrl 4orithr~A flJ-C.T L~ L 5lua~ls
Par Jt-A~'L'-Rk,~. | ~4ve~ praxnt inventan arl cYOLi Of 1 signal s~ clrlaksTL I L3
whol ct ot | wi&e Rresent inventign is-ugedjoTinitigtezorggetivete msek-tyrsscat. axisting-and

bnvtrili OllfulthreB('E)@I"_nébr\I'l@é@“’ﬁ'tﬁg %ﬂmqrehemg”dmﬂé)dé@u@xﬂ SAPEEP AR ABeen! ~T
Il ~ | 3Tr~l~ruts ~.."~Gt-1tE~ SY~ wOISS fnr ~'"~TQNL ~r _C A~ rlgnaro any

t AA ans?2311tKen iner Fensidsiatios inHihs fAesign 04 rrgsenfjnuentiop. | Thigrgescriptiong T

VO3 p~~t padragdeaawaChiar-rdidten dom@ér%@arfsqggéctmarfara@tn}a‘noﬁonémmzaanﬁe to
roeni Tvedl 00. xrivativn mnsls. ~nsrn AC CGR Et7 The activation via

non- st andar Hef AESERt: NNtign, sYitaRleaPandsnyerenst e Sed ot fanmissiemel % t he

i nt er wor ki ngegﬁtlad@vu&a&:haﬁﬁeeé trh@ blaHdsT. wald Zabdted based Disorngsdediakifria,
nodul ation, by jindicating comuni cati on systemin a nessage. The

36 nessage & lﬁ‘géoéﬁ'fiﬁré?g *é“er?d‘ﬁ“ @8 eral & Shsr UrihaPSh seregesrand gsothey

St andar g | nhgivardrd 9gndShf dxistihg xDEh@ericesent invention allows the

transm ssion and reception of a non-standard 5 nessage that indicates a
di fferent nodul ati on. Regi onal standards can be explicitly negotiated

t hrough non-standard facilities.



The present invention also provides for the transm ssion and reception of a
standard i nformati on nessage that indicate a different nodul ati on. Regi onal
1 o standards can be explicitly negotiated through a code point in the
standard information field. It is understood that other DSL conmuni cation
systens, such as, but not limted to, for exanple, RADSL, can be negoti ated
using the sanme explicit and inplicit 15 nethods di scussed above for T1.413,
wi t hout departing fromthe spirit and/or scope of this invention. 2.

Fal | back Met hods To Voi ceband Mbdul ati ofis 20 Fal | back methods for voi ceband
nodul ations are simlar to the fall back nethods descri bed above for xDSL
nmodul at i ons;Exahwplesi of, vanious spegita efi typiaaldxDPkp and iexistivg Isediceethatt mgnhéei ni ti al
signals for i n ti e, spect fi il TU ndat i on
V 8 and 1 TurPeBAET TR PEREE) iR a PR R TaBE! T, Fof bR 8
or V. 8bi s cawénipoi,nt'spsineams @indc tednstrgany’i dugchansserirg theckeroswdalgrediretht h an
ACK(1) ness t ol L exec ( et ed),
the V.8 or il 406, BERTER orb MABLER Ty BRCE0cEae S RIEMERIRIBLZS, 5
cal | i ng st atactivatingdethences ¢f GeverkbsDoh tTagethsy Ithese tablgs udimevibeitwgjcalt at i on.
30 1In the i I Cl ' I Al diat ?‘&9& e session by
transmtti ng@%kt@&?ﬁﬂ@g? ghﬁ'eﬂsreﬁél}tt%géﬁ%nnrg%&rbgccg?e%eg res%@ﬁée froma

possi ble xTU- X at the J7 other end of the comrunication channel 5, the
initiating xTU-X may assunme that the other xTU- X does not support a high
speed comuni cation, and may2tEHFERPETCETESTAT'IEN ng a communi cat i on

usi ng voi ceband [prAzedures such s V8 and V8Bl s. H~3Re |jnstant invention
al so addresses the.psi or art probl eswah havergul ongreprwconpl i cated
initialization §ransactions when et hér goptiu ;‘gatljmn ﬁﬁ\/i ce in the

communi cati on | ibak— _ et g ot rgetetati~ t he XTU-C i s
usual Iy al ways @NoG%- Wil kahave Heenut uined d\l bef or et hedxTU-R i s turned
ON. The XTU- R C@1@hdeye sl €NAI N Cbutusf 1 s{npré liRgely|that there will

be periods in witehsthe=xTU R | s |[turmed GEE ¢ pkaceddi nt®® a "sl eep” node
(a mode in whi clzThest i RbR i.s pl geedn & st dhdbil redB-tdini ni mi ze
i A& HPHE WSRO shdse Ty 1A b 1 g Ll [ I
el ectrical po"\ei.,-nm-‘u:.:tf‘."',a,;m‘ns'nﬁ'" H ,’,"i%o"intﬁaf'ﬁo T A gw node, the
central side ~ F°HéeHs ,pmgvablé'g] Jp he XjTU- R| bef Pre 4 datla transm ssion
can occur. Four |Bagi'¢”t¥ansactiods for acconplish t|hi d i bed i
) ¢ nmplli shing is|are described in

- [

Table 9. Tabte $=“Four—f==3="-Tr=m=acr==n deeds 1 pnG-esxl F~~on: ' ~~r~c' ensL
SR ;rw/C~ Fmt :vry f rst nnx mtiol~ian9Ca. A ;.-Ritirinr-s
r~utu.olrar~~nr~CCir.? at<clrcu,t- fuliG-p~i'.iurexch~nge Syrpic~I

iri~alitatiur.h~ ano-~i |euc nDERrMdxs OF UBITgbix st R frsERa¥us| y ne~ahal ed-
ATU-R .nil-al es moduLW anL~tt~~~bti af:vpt: ~ng noda re=nrfirrnahon ut
p~e-nuu~ nr~u~el ifulimdd=r, rrunurAl [ttcoea~t|:erlwas=Push Thr ncOM~< sidr;

mad t-~e R -1J-choke-A fUC Iflirjigtes rnodulpl-aei=rge 1 ii nc Ja, |: wc
u: ~rG-r f,7r" hr {pet.s~rk Iv~ fu p ~%E*:ﬁﬂim e?#*i‘;;i?ﬁ“ Ctih't' a -p~h"

a - —~— {13 Yaoplouiare o b ATU-RIATU-C ) L ATL G . _ .
-S. $ erO y _ r pm‘g?r\“‘_ N T.I MI.II T “:_ll;quhJ}:Al,.‘ ..' ;ﬂ.&oxm I tG~9|EI I Sh . Tf U y
i ~Yi SI8rt5 rn4{i Eot L e STV Tt A Y OO A Rl [Pl eV | aus

ful  c3FdGI i fi E§ v enr=ngar ~t nn=all_ T Geham 38nbimce Jthe xTU-R wil |

al ways send the #igST _nessage of a itransaction, 'Fndity first nessage
shoul d be as neanvRgkub~@sspossi bl § wlestie x PR TARt) al i zes the

nodul ati on, the presew: Waveift'Phh Uses—a—preforred—i-A4 al i zati on protocol
schene shown in Téale 10. Alternatively, an initializatfjon protocol schene
illustrated in 5|T4BIME- " IHE7"BE used. However, it is upderstood that

. . Ve 7Ll ugig1e denvprc side Sy f . L .
variations to thdSEtFLRsEEEroRS—rmay-—bemadewithouToeparting fromthe

spirit andl or scope of the instant invention. ~-able 10,'~' eansacliurts
Preferred Sch~~~e #1 fryuacnanseruencc ha,uncxl [ ~-R Y ,1,-f: -aTU 1
XxTt:, C -~ U-K3hirb5r .Tr-r~ef f Rv:L11S

A- Kl - OAKR- _est xh' sSI W SACK, M~K: 4Ccdst ~I Push Frra T-WtRC CLR(: fM ~ uCf GTa
| K4 enzal Push kMk~hlishftC715At h.-'V.xK



S\~nere LL Try~emit 1 Cf~hrlities Lint | h S 1 ~SUge car.vt;n a nsl J7
905s h r r-rndes of aPcr,rtrOn 4F the hvrsnsltm ;rynn ~Lq Trxn:mt a

CAl Ahr:rtra>; f rst and ~e~~eet the ul7s4f 4ni -n tlvs tranSiwl ~
caPahilit~es inl Thss nr,i3~r crrve~s ~ hxl af nsiLt i'rQd45 9 n[>t"~i an
4:'ht rx-~~r _rrnLr sta;iOn aAC alS) .'~l~s~ 'hs IrQ Err' ~r.~rr, rf ~: L
il rWB ~. St C- the ~enofe stahun 4~S 11, Nr Salact sprcrh the rnm~ted
rnr.de I1'i5 yes®o~e ru~~st-1i I|hr ~nrnanr n of a pSnL~JI _ rYI Cd4 rf
ip_r~ltr~in lhr rh'rd4st u3l-rr |~ 39%%- ~—~ | . ~cknuw ttgt' h95rrvG c~

Tni e. kCK(11~ Tnls Tcs~i oeV,:Ahls~ ~as reel, t a ~r ~i 5 ntssaga and
recnnrults a; ransacvm | 13:ﬂ1J$1,xYJ~|m.unE&nM%sh soekn4l eege rc~wpl O 1537 4r

a C-.-!'rj'" W=SS~c_icarnhmaltan utd :equesl t1_nsrnBSl QL. ic renal ndrr
ui the nts90gfem®ut bt a~il: bnA~i €5 Thi srhsJ&F T~ ackfWil'ed$ti tar~tof a
~L. CLf ~ ur 11S—okti-hittiad ¢ Ag-usls—t-hel-harsissirrod- rnisrri BrlDn
by i h= renu, elSralt i dn— D opier e tap s —s—Bhqnhas smr—rtat ed | hu

addl C, tn.s: s e L drSpavar aol ey QRN ATRTo=ttugt {ht SC-G4: 4d

1

nrceTha -ness ~ntl | cuej 34§,gy,m]; RE, LXE8sV] NPuskatson 13 unbSblt{So ~r' erprel ~
rurr.~al nctaSrr Cs SO MW .g.thernude . cyufsshd iy jtie tr=~srfu' tng slalcn.
Fuvr ~ ASC n' fCSi ~gcs ve d@J,Jmm@dMRS[G&LJ) (A1kwmandi 4. K- EES , ~I CClis nat the
rece:vui $ SrJSl4n itl unifhka-t.@-habredr tt|dderecened nessabe|bacBuSi Il is
Ell ErtCrcd Ffame, NAPG | ) t:@sidtear ¥&i-@- NRI| kndie@uti| rhr t here¢ehng ~19n4n
issrrtttlorut]y uxuole tqg Irrveftethe nvsi®creyut §StYl by d 14 rran~Tlrtrlg

s~auun, s1' hPGS3}?s k.i 1:1dlC~S] ~rldnmtri mer-wé L r‘gw ~q ggatssn es| ber
Il ecsnut  suppfm Tir=haidi §BG bduFhiial o+ ‘t'-*&*j'ém” y-F—e—t+anf ~ Y | ri ng

~t zi san~ anl | £ MEEHY a.k a’“‘?‘“A‘Bt“W’) : 1% L4 1h-~7 the ricervng 318t 1Dn
;i unoble to [sloecpret grxca: VEEF r'ssasage; g%k ]_~) RrCrl |[COnll101 O rhC
rfanaetisxl tp rheA7U-C |'he ness o tells 'SELﬁquﬁ; +~= to | ake¢ covltrol

_Si R"u9 rnrupgertetveo s T LLSEHRIE T TORL AL [ T T ~ndr sellrc; rnt58P s
by she -cnatrju~Ls~n Al t Hough.d4heiewake nanessand scenari os associ ated with
the transacti on, the nangs shaphd..aemel y be considered..as | nfformati onal in
nature. 5 All {{mssages 11} a transaeti on af é™requrr pd. The RC|inessage

cont ai ns Only one bit of linformation Setting the-bit tgo "l represents
that the xTU {wa3® " safprii sed ™5y tF8 push*té& “"'““‘f or is inla state of
confusion. Injthis situatfi'8H™e#e ¥ eesh ”Dd q (bt not mandated) that the
XxTU-C to use fransaction |X instedd of W M alWays|includes tlhe desired
node. 40 | f a6 F-RINAKRs T tpansacti gn X but SNES 10 Keep trying, it
shal | send NAz amd—ttentransaction Z. On the ot hers«dare; iff an xTU-C
NAKs, the xTU R.shomlg.asgdnd RC to start Sltransaction X or Wl The foll ow ng
is noted in the situations where the xTU-C has initiated the nodul ation: 1.
If the xTUUR is prepared for the xTU-C to dom nate, transaction X or W
shoul d be utWithi madectThitiee baraisl Ld;ebebytAﬂBSlt yoidesks, maa:eeeudm@mvbhtﬁarmaés(ﬂwe
initiates t nmodul, at | .1h % have equ

control - ¢ QIBTRele At e b REBN St Faridig S B bRt G o be
used, it |scbam1dlynqbthesdum'stnm negottaltlenplaartnebf the xTUR and 15 4. The
initiatign af nodyl i nvvlth
a power Smnggene#ngtdgfglrln&f.lthgesem-%s?ar%ﬁlgs E}Jngﬁnqué??ggfrbggfh}g'ﬁéﬂ?

Tr Snsas. UOn nmar nPFnneivbdAmek' B, Anngd O; RDSL2K ~ ~ y~r~s, ~. ~~' |~ a~~C~l (. sarre
a~ ?~J~i Fl ~ -1 ri - i f~k~
Al perm tted trgJ SIE: rlnOatﬁg%vavxfnlsﬁgarﬂW%go%%@g?%lzaéetge_ﬂpgnsggqg{'flre@eg n%/ol vi ng
t he use of nessades; tﬁ‘e peerierrecl Enpedimint doet nahefeerchorcarsathgnge of

capabilities, bet | I n h e of
nmessage MS Sﬁ I ow\@%gfllé%ﬁ?%%%ﬁﬁ@%%aﬂg arfeewuiﬁfé%s%ﬁﬁal a%%éﬁo?@ st?e aéi g\ﬁolfgand
permt tiee ot her uss%artddownstmaeipterleavmmcl ine the transition to the

request ed de. r d t aLhng node
W t hout fi pgt est%'[g &&%ﬁ%% Q%QCW&&% g foltr{[élnzjg-!b% r%%sqaggl%ghg@'i s used
to exchange i nfornmation about




41 each station's capabilities. Transaction Bis intended to allow the
responding station to take control of the outconme of the transaction. Figs.
4 and 5 illustrate state transition diagrans for a second transaction 5
enbodi nent. The state transition diagrans show state information (e.g , the
state nane and current transmtted nessage) and transition information
{e.qg., the received nessage that caused the state change). In Figs. 4 and
5, message nanes followed by an asterigsk (*) indicate that the state
transition may be taken upon the receptzi‘ on of a conplete nessage, or upon
the reception of one or nore to segments of the message. \Wen a nessage is
received wi%h tHe99addhnienal annfGPHaLi dAnawai Lebltee spareanpsteaans endt o
binary ONE in t I ion end an
ACK(2) message 1 B B e e T LR e Aok 2)
15 message is redstrean anflgownetreamEdrfignst i on is sent. The transm ssion of

Sl gnal s assec) Al adottl oA Rl eal8lalARP et RBALAL thy ahkcls HR°
transm ssi on of en a station recelves an nessage requesting a
node that it is eandblused witké DIRbKR@NeX Re Ateast one cEpOPS 9BY 2dendkag a NAK,
If an invalid fr, A t e sends a
NAKCT ) and | et STy Pediy caip DUt Bidtn 2 M e BSiRle R
transmtted a neysldpwnstseam];s not receiving flags or valid nessage data
from the otyier xid Koot Nk wOiod REGUEA NN 0 GEAEAT0 (YRICH EGLdPEYE)
apply. If an xT has transmtt a nessage and 1s receiVving ags, it

wai ts 25 for a prasddoeG?9ed period of time, for exanple, 1 second, before
re-trangm td i ng ansnmitted the sane
rressageﬁ)a céertal %@%ﬁ%@\{e‘?&;)Jﬁﬁ&&%@am%tﬁnfeﬂﬁo@ﬂﬂ'&éﬁ?&&s{ hout receiving a valid
message response? bndifert dasiroatiosr (memly pplicatlet foaAonex eiang AMexBtir dhisnits a
Hangup message afjd,,s Qélrﬁplterc%ﬁnfhétt |'sr|9wem:=1ﬁ@ﬁé T\gf]wstl rfatéjﬁjsétﬂleéictra]j:p@lex-rux
may restart the rnitiation attenpt 30 start ternative initration
procedures. 4zemm@dmafqrmemmm¢§emseomed@lﬂed SVERSIgRgHs limfilsy ﬁmqtr@m fllel d is
64. If the infor i i ormati on
may be contai nedmal}gg?)gge&Eg%t&ﬁrrg{sh%zrigeégﬁéeT%‘Ehﬁ %sﬁfaﬂt? A}ﬁﬁ% S%?%géaél

i nf or matsi on exi s’tegwremﬁnts«@mwa%n&mmﬁﬁemﬁm%w m%ﬂan"eﬂﬂféi apthe Hmeee i s set
to binary ONE i ddghded@nbhdéd: cation field of the transmtted 5 nessage.

This information, however, shall only be sent if, on receiving the nessage,
the renote t at ifbahesdragyengy tpeq ghou %eﬁéﬁjﬁ@éﬁp%tq igetiereleakatiedPmat i on.
Wher e non- st andapdfikdisor mation is present in the information field, the
standard and to non-standard information may be conveyed in separate
messages. |1 t hdnigeneiehdererare ¢ thaeBe AN (NAWeYRs ANNereSdRge BANRAYt be

conveyeg) in a sqagéseea{gﬁs,@a@ggnd gmrdtgbederm@bhé onal | nfor matl on Avail abl e"
paraneter is set_to binary ONE response |s required from_the receiving

stati on m ot&er ?Qﬁ‘restll’ﬁéw?‘?rhﬁﬁrﬁ'ﬂq g skeud ineh tt%”é‘ﬁ%‘ﬁé‘i‘ e”t? arfdil8kBNon of
t he conbi ned CL- é\ﬁwaﬁﬁ@,ﬂgﬁﬁj |rrespect| ve of ~5 whether the additional
information is to be sen case, an ACK{1l) shall be sent if no
further infbknmathei %W%&Fﬁ)r %D‘“ﬁh@%!ﬁtpéﬁfeq“ﬁvﬁﬂ?l dihusl Bothgdthslieads t he

desirability of dararsaiod eaﬂle oi#aeyrahdi 85 kHR () t irPhal dowdstréen eakiepMENt
capabilities {e.g, channel i nf on, service 20 paraneters, regulatory

i nf or medi on, et AYPdRA4 K (EH10) ﬁ@&@@péﬁlzén#ﬂr)ocedure In this regard) the

present i nV@4HeldOsh eRNAGIVRSAISENEILA| adirbfeftl HmiBdtimastditt uedathd ymewingf
information, as conpared to V. Bbis and V 8 The types of |nforrrat|on

enphasi ze SR Re requi rements instead of "application groups”, It is noted

that the types rml_Lan_a.t_e_naLeJ_y_exa-FFpJ—es—eAf—-t—he—t—ypes—and
met hodol ogy Bt g ey change  and HEAMEY spdificat-i gr‘.lj: =ariations)
ot

may be nmade W air Vi Al B7F i ii"tlt’i baa&ﬁ Ifgﬂ uﬂé !_h,—’(t gors :-‘. . ;j.l;.
i nvention. THhelrefens odi. bt R Aaid Y0qf+ PR s e e i BN | t he
general organtzatkonal isfercpnpre i . | +—hdependent

information is presented in 30 an "ldentification" field, and nodul ati on
dependent information is presented in a "Standard Information” field. In
general, service paranmeters and channel capabilities information are

i ndependent of the various xDSL nodul ati ons. The



43 overall conposition of nessages according to a first exanple is shown in
Table 13, while Table 1~4 illustrates a second exanple. fable 1~.

I nformation ~7rgflnia~tiou Structure I . lderl.ucaoor ( ~' ~ Parerrrelcr5~'
Chan~l vl Cop~b:l~rirs) NPor(l1l ~~o0 slb-~~r~n,elcrs) ldcnl:tlr.rr:nn |
SMC P?t~nCrcr~' fharslel Copcrbll IliesJ SPt~l) [Sub-peers? wW essaecl YPt

~d s'crsaon ~" ar~Lur IdCnrific~tian usm ~ 35 todtf

Anu) 1111G Sy~cai barsdsnd7l : nunl xr of tat. ehanr:sls dnuai Ytfrrvrn sphtttr
InfrX-ny::an sFectrurr u8~ble'rrqunc:e3*- gratrai aanon fl( FCLYl and

wer | appbd 3px-rwn c~rrstr:anrhef ~jraup5. 815d ; 041t W-nbc5 hang

rnu' sni | | nl Aprefpred Babadiment #2 usdsahé foloviagoduEBs| oh5' (KO: 8C0155 NF ar (1] c;
arAlord fnfarrnat:vn | hEQd4: | mns~pral xal s~ SPz-ti) k'~ 1 :Ch h'fx ul xi7SL
alc H.; 4r41 ~ros;5nt'lnars (-,c . ~c uCa S~n P.C Arpex.In 0o RewxTCr~ndb;
| onl  PrncuguinnSiniona] Teagider t uc i 4crtvt | pyadders~D ~~gl nr - ~cC
v~pr st v, 5shillnkeksar apy b, .zakl® | 3, Onewl il :essaae-Conmoesiiunn_{ Enbodi nent
T1) 1dtll; i omuand: af dare. shnd s6m8io. 6y 0, | Sbrey 2 :5d, Bubgks b k@832 Oi
|, 1 e~~3e: L[Fenmca~€ | aekePeromema@- - yNr :T[ c\WWar; Counh-; Csde P oyl'iU
Leng:r. p' 9 Wii1de I1rI+LGi~ealSefi [to & Cn~nnel F8f0Y' stICrs ('t'clcls;
Lfcdulrt:un5 3t Prolocc~s ~n~labrc (". aete's] rt*~ ~*~oc:ars~RvY ~'"'L L
y' ' ~YYss naAgsefetrechEmbytimeat#husasdhé foflowByYaviess r ~ecessa~sr~1i KY .' ~

r-4. WY~. “,rlcs " r't ~~L ~. 1 ICl Iris :ne reaun for m- rvr.. _r. vy
acung L15 V145 V| n ~unr,mg par;u nc~r:~ a
| Foratly ¢ Dicectian Tone ey Camment
d 5 k Upsiream 12, 2,27,33,36, 319 (A rones uge thznd MY
3 3 k Cuwnsrem i, 7, (26, 50, 5K, &f, 74, 90, k14 {Anatk B and B rores L5¢ the gnd N+
4k Farnly Resere Tane s 13

s A preferred Embodiment #4 uses the following carriers:

Eannlv ¢ Dirdcian Tone ledey Commenl

4 3 k Uasiredmn T4 17,15 37,.43,31 {Annex o and B iones use the gnd d4W- 1}
43 k Dawnsboirn |2,14, 4 36, 64, 72, R3, 96 (Aringx 4 1) B 1anes us= Ihe gnd 3N)

4 k [lasicearm. j

4 |, [Wwnsizezm 3




44 Tflt~le 1~. ~v~~ull J~tessaae ~onpo~ition {Enboflinment #2)
crbLrr:lifica~~nSSAndar G nFar maLar ~an$t anoud | nfarnvron !Ac~5~~5sSlas:,.~G
TSf~e Re~ns~m i T uCcfS)verdO id (8 o~k6lServsca ~ Gh8~11Cl

psrort~m =licWIBLivnS fir. Pru;uSOB ilYBila~leN ~ + ~t 1 + ~d, .i
ae~ect-__ CL~xxxxa nc.xxxxas na-~uyrfvi sx-xxas ruacessarva~KxOQAK~c__ REf"' - X~~
- I'"l - J The follow ng describes the organi zational details wi thin each
category 5 Parameters specific to a givegn xDSI_ nodul ation should al ways
appear under the appropriate nodul ati on® cat egory. OF those nodul ation
paranmeters, sone of them m ght be nore general than others, and can have

hi gher positions in thg, NParsloRams: 8t EnbRaE ARt ers that are negoti at ed
in T1.413 are al so negotla_t_e_d n_the present invention (with the exception
of Vendor ID, whicheuses!T. 35 Fﬂﬂﬁg——Hémevuel;t—”Hé’f—‘@—&pe—a—f—ew cases when
rel ated paranet@ers need tid be Hegoti at ed by the present invention: 15 |If

t he optional ity ef _IJne_..pa.LarceL.éLs_l_n_G._Qg%m—Lf—er—#@mﬁ*M& I f the

paraneter actu I"|"}LF—heeds—,Pq—b§~—ﬁ¢geH—a-héd—fﬁsread—ofﬁﬂjst—1ﬁdl cated; or If
a general preflerenceaboyt_a class afparaneters needs to Dbe i ndicated. 20
I f the paranmeterics_very igeneeal, |t should be negotiated.in the Service

Par anet ers octets_on: the.ldentification f—l—eJ—d—l»-f—t—he—Q&r-&n%ter is fairly

Tad -H
closely relatef to the | ;
Asonds E ' E
T i !
Anx o i i'zi E 3t < 66
Arz B | Mot § ; T4 90 L1a
Awte 1 8 7 5o T.
Index 2] : 43 (612 48]9 l'il& 16,|21]26]31 3352|4094 48| s0| 51|59 |50 63‘65 ﬂaa RN RLIE AT P M
: i ] ;
Up 2 ¢ :’Ei 'E
- i
H3SL? s
Anx L :?; al
Apns B 3 &3
Ant € & 5 13
4 1 1 T
RDSL?
Arx 3 \ 3} H .14
anz H | ' 43 223
Any L 1 a3 13 . :
Comments on the selected carriers:
1. The upstream and downstream carriers are completely separated,
5 2 The upstream and downstream bands of the existing T1.413 activation
tones are preserved,
3. Annex B allows the optional use of tones below number 33, in which the

ATU-x may be able to use some but not all of the carriers originally
designated for Annex a;

10 4. Annex B upstream band and Annex a downstream band essentially overlap,
so the common band was divided between the two requirements;

5 The tones associated with Annex a and B are set along a common grid;



45 5 nodul ation, it should be negotiated in the 2"d | evel of the

nodul ation's standard information octets. Even if these nodul ation
paranmeters are fairly simlar anong various nodul ati ons) they are coded
separately for each nodul ation. Al so, other xDSL nodul ations, such as, for
exanpl e, VDSL, have sone very different paraneters, nmaking it very
difficult to have one large list of paraneters trying to satisfy all of the
xDSL requirenents and capabilities. As @.result, there is sonme redundancy
in the nodul ati on paranmeters, m nuch tHe same way that redundancy exists

with V,Bbis. Further, many of the parameters under the various apgl i cations
are identidal. tolongr&emaympdoraly ber dsash for dPWpstiesAs trangnaigsionreieuihat@uri ng,

provi si oni ng angnigaeivbrteslicdBy cOMa -beluselBin Witasions imUnRtAigh Fedency
Manuf acturi ng options are defined as optional portions of a specification
that a nanuf act WperatieReationeaystho bueven stee ihisoaube res! ¢frihe ARSESaMpl e of a

Manuf act uri ng Odah@Medrint fMeEMIEVerstions mAyRYecMOKE aside i ng options nust be
di scl osed and acknow edged in the startup,” since a comunication_woul d be

20 i npossi bl-e wikmeut fa AaInu yf BRRCIAT i SQUBeTgdy isere. pasitive

Provi si oni ng Optd\ithedakd 0141is cOMde vabtApes par e defined as optional
capabilities that are in sone way fixed a priori. An_exanple of a

provi si oni iy optlionA 7AgvastrelectrsipstthpiTRgUaRCY {He\0ex Brtde-AT 2Me@lf red to be
mast ered byy ei t hgl bR EaRjcateNAnkdx BTHRIESNCRRABY I Vbry hairddPr MRdgyafi xed by
a priori decision prior to the negotiation. It is notéd that this option
can be nerged i rfedieEs pIRess thedwawnler £arigrs YRJY ARG dRNALEge offtd GRikersAs a

result,gonly a feWs0RikieRNIhY Bolid halkd $nuThl RARF YiacBRedt. MeaREicat&dnepti ons
46 Negoti ated options are defined as an option in which an item nust be

sel ected from a dPPEAPTilE YREHRART FidisatMi®l Kl aY cbpta WYised ApskEsHmAcEisHf a
negoti at ed opti QAjes atd'éh@tia Thh@sM ssion rate In negotiated options, the
transm ssion rate is nade peer to peer. 5 The information coding format for
the present invention will now be described wth respect to Tabl es 15-45.
The discussion provided with respect to Tables - ovi ded as

backgr ound i nf or mat iTo‘f'i‘.“:?a'b’fsgy%Eltga'ﬂ‘é’“&f%%%%%mg%@?ﬁg?{aatures of the
instant invention. 10 The basic format convention used for nessages is
illustrated in Figlve®; Bits arewgrouped into octet s> fHE bits of Jeach octet
are shown horEZORERI TYy:and arexunbered friom1 to 8 Qciefts are displ ayed
vertically, andi@=g nunbered from1 to N iThe octets are transnifted in
ascendi ng nunerical_order .t Wthi# gn.octett hit 1 15 s the firsfi bit to be

transmitted. [For=6relds which are contiai d%d withih—a—singe—oetel, the

| owest nunberledabft off the' field representis—the+east—sigai-feant bit (2).
Wien a field STLTFII,{;\I] r{.ﬁufﬁ 50 e g‘{f h ? S EER R AL gde field in
1

)
rne

t he hi ghest ndfberetl-eét contartmn d Zo represents the | east
significant bit (2). The order of the bit values within each octet
increases as the bit nunber increases. The order of the bit values from
octet to octet increases as the octet nunber decreases. Fig. 7 illustrates

a field which spans. Lo, OGLel S w1 CARRIER PREFERRED EMBODIMENT #3

LY [ [lostenm il Drawaisireain
[ amuds s 16 1 i
TE ' ]
Ak A L e il !
Ans 3 . 33 35 g

apx G ! ? 12

PR 73 5 1 EB 31735 5 7 S 5 0 €2 5 GO39 2 B (0 7

15



25 An exception to this convention is the Frame Check Sequence (FCS) field,
whi ch spans two octets. In this case, the order of the bit values within
the octets is reversed. That is, bit 1 of the first octet is the MSB and
bit 8 of the second octet is the LSB (see Fig. 8}. 30 Messages of the
instant invention use the franme structure shown in Fig. 9. Messages start
and end with a standard HDLC flag octet (011111102), as defined m 47

| SO I EC 3309. The Franme Check Sequence {FCS) field is defined in ISOIEC
3309. Transparency using the Octet stuffing method is defined in ISOIEC
3309. The nessage information field consists of three conmponents; an
identification field 5 {1), followed by a standard information field (S);
and an optional non-standard information field (NS). The general structure
of the message information field is shown in Fig. 1 D. In both the
identification (1) and the standard information (S} fields, nost of the to
information to be conveyed consists of paraneters relating to particular
modes, features or capabif4HLEdsCaRigeRFaraaRap FHBPREE WS *st ati ons. In order
to encode these paraneters in accordance with a consistent set of_ rules;
and al | ow fut uTe.gxtensiom of the parangter! llist iin a way.that perpmits

associ ated wi t " t e A 3
and possi bl y SPar{2j—pearameters—{NPar((3y= M MO CAreSA~cer g@g%eve

48 3 NPars asspci g} gd—wrghtiggirthteval_2 SPar [ Which 1h furn is

associ ated wt ne mth revel 1 SPar. The transm ssion of paraneters
begins with the first octet of NPar(1l) and ends with the |ast octet of

Par (2)N. s The use of delimting bits is illustrated in Fig. 12. At |east
one bit is defined as a delimting bit within each octet of an information
bl ock. Thi s Altsoughethidas 4lefq descrihe predstredemnbodimantshig isblrmmskstodd biahathgr ZERO i n

{00 s DIt POSLI Rk BAIER kAL LIS A rleafie Ly PO SR hapAt ot et i

present and future.d plenentations of the pyr g@sent 'invention to corcectly
parse the infgrmation fieldi: theiparaneters: dre tinked 15 tagether in an
extensible tree stracture. The order jawhipH thi¥paraneters in theltree
are transmtted and._t he tuse?of delimting bjtis.whiich cnable—thetree¢ to be
reconstructed |at _the receivey will be ddscriBbed the—+rules—set—ouf bel ow
Par anet ers ( Papts pwar e cl assifiod—as—1 y—Raxs L deaki-ng—par-ameters which
have 20 no subparaﬁ$fn*°gasslciatcd—ﬁktkwth et 2—Sfars—meani| ng
par amet er s whi ch *Ha\re—subparareters—assdcrat-ed—wtithem —The; general
structure of thi <"tfee—s as.?'wvm. g At ever L which™ T35 |t he
hi ghest | evel |[of The—tree—ehchSPar—tas—a Fartes o Pars {NPars and
possi bly SPar sirat Ilgygi.,lz]; RIS EEL AR5 [ &4k b [tohos [t | r:pasfn [k selpes | at
| evel 2 in theftree, €ach SPar has assodiated with it a series of 2% NPars
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The frequencies of the carriers are derived by multiplying a base family frequency

10 (e.g., 4.3125 kHz, or 4.000 kHz) by the carrier index. To achieve robustness,
multiple carrier symbols are used for each data bit. The 4.0 kHz family, designated
as family B, achieves a bit rate of 800 bits/s by dividing the 4000 symbols/sec rate
by 5. The 4.3125 kHz family, designated as family a, achieves a bit rate of
539.0625 bits/s by dividing the 4312.5 symbols/sec rate by 8.
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3. This scheme increases the time required for the activation sequence; and

25 4, This coding scheme does not include error correction

A third example is referred to as a Carriers Used and Request Transmit scheme.
Based upon the limitations of this scheme (discussed below), example three is the
preferred scheme. Carriers to be used in a subsequent session are negotiated via

30  octets in message transactions.
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I nformation fiel I'S conpose several octets NPar

and possi bl paINIDér)(TZJR @PhrﬁTQJ)C ReRtizPaksing . prﬁilteifﬁrmqectarwmcspaﬁe@a}deﬂr@qdets are
speci fied hg %&cﬁ‘yr ggneaﬁké/@}?ﬁssﬁdr@m&dhééjd nLlh'ﬁB‘éJ(Jf)caPrfétrﬁor%ﬁﬁgéH#'éﬂt is lo

described in Tab e 36, e SPar octets encoding Is descri I'n Tabl es
37 and 38. mﬁésagﬁﬁtaémssbmumaw(@pza i@par (2), and SPar (3) octets are
transm tfed only if the corresponding bit in SPar(1) is a "1". In general,

the contents regard nodul ati on 15 and protocol details specific to
respective {PO-XTURECBambARMITSEHEed S fRduce Ithes pymbenel ciass i Eiet Misles obf

nodul ati on 66}ﬁ|9Q!|rg)9aﬂFaﬁmsgbt)bﬂ” then xToH 6ﬁly3r%dﬂc595 the arferEated 86 imtrt | d3rd
I nf nr~n3tion fief ; ~ ~~di nd
process of transmitting ﬂags After the transmission of a complete flag, the xTU-X
transmits an unmodulated carrier on the redundant carriers for a period of two octet

25  times before stopping transmission on the redundant carriers.

If an xTU-R and xTU-C have negotiated to use a reduced set of initialization carriers
by the procedures defined above, the reduced set of carriers shall be used for a
subsequent initialization. If an anticipated response is not received within ttime T, ,
30  prior instructions from the other xTU-X to reduce the number of carriers are ignored

and the Initialization scheme re-commences.
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“section 56 from the xTU-C for the predetermined period of time (e.g., at least 200

ms), the xTU-R DPSK modulates, using negotiation data transmitting section 50,
only one of the family of carriers and transmits a predetermined flag (e.g., 7E¢) as
data. If the xTU-R nitiated with carriers selected from both families, the xTU-R

25  stops transmitting carriers from the other family before it begins modulating carriers
from the selected family. After receiving the flag, via negotiation data receiving
section 52 from the xTU-R, the xTU-C DPSK modulates only one of the family of
carriers (using negotiating data transmitting section 54) and transmits flag (e.g.,
7E+s) as data.

30
To facilitate the finding of a common set of carriers (if they exist), if an xTU-C

receives carriers of a family that it cannot transmit, it nevertheless responds by
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nTmltir 5 The M5, CL, and CLR nessages may optionally contain a
non-standard information field to convey information beyond that defined
.herein. When non-standard information s to be sent, the "Non-standard
field paraneter is set to binary ONE i’ the identification field of the
transm tted nessage. The non-standard information 1o field may optionally
be conposetarimbing eariardfiem arfagthanidigr epraReoshiansontting.oclis @lews they. 14} .
Each non- st i i h. i i ; a length
i cator {one: Ser ey PERSIBPHE STPS. P ey CRTERIAY hdo ksl L he

bl ock; (2) atererham pjatingduogesiuigwigt e giffetent aarrigefemilied i n Recormmendat i on T. 35;
(3} alength indicator (one octet}, that specifies the |ength of the

provi der code(e.g., the value in octets indicating that L octets follow);

(4) a p¥ovindée disstpsedsmbpditient, e pAJ-Cranddbe T YR meaiterithe bre fon existing
Recommendatdoned #ﬁéé tcﬁi}gns(rﬁiﬁina%'rﬁré,”%aé%ia ’iﬂ(j@ﬁ%' #th EMs05d Sblces20 The
present invention permts the nodulation used by the present Invention to
conti nue t Bsin@thernagstationsiataaceling sectioeg dRiead S6nreppestivelir es are conpl et e.
According to a feature of the present invention, the nodul ati on can be used
as, for exanple, a clear channel EOC. For exanple, a standard infornation
NPar (1 ) bilhe KRdiCctiznssnitshdendioalidate ivithtiendieal diomaronresy ag@ 8ll dawestiea® same bi t

is used,tocdnisCatie xTOR §8hShils RBniddI WRaNESS ARAGcal 'ﬁmmgOpﬁ V%Qﬁ]é?\t%haeu ACK

term nation of the present invention negotiation protoco
message, thest€anY¢ashereéoul d remain ON to provide a clear EOC channel 5 In
the past, the configuration of an ATU R Handshake by a Term nal was
performed using either AT commands, or other proprietary means. According
to the insir%t'n"i'awgmﬁ%ﬁ,tr%ﬁ”ﬂwm&b’&ﬁeﬁ@f”pﬁoﬁi@@?d froMuSther pwewelen a

Ter mi nal  apglnt A iREWiRneaNGwAsthaM bRTUpCHITE! e AkbatiBAt D &lLNERRidhe ATU-C
and the network managenent systens.” In the preferred enbodi nents, "t he

Ter m nat useadiop Iﬁé-_ MW@@'%%’?%%F'?VGI s REgOtiat g7 dasa e Geisaggn §§,_90) to
configure RAME BRI fdrP, tRE PPRBed BMBRAIRA!) it TRRHSHRKR, MHeOe8HHEhg N an
ATU-R Since the present invention's handshake procedure data rate is under
10Q byt es| ¥E&R &apemipapioduipiade CAEEHs UsBIbBepReaatiaten gk tigesmiting nal to
actively paddibgishasdedidy b8 Impneihakgy %E%I%trea@ q]roﬁb.gﬁ?ﬁ&rtﬁé cafig® CL and

CLR nmessage paraneters can be set before the handshake procedure begins.
The pr esen®'® 'ReRivRd O abigas) <9 rf‘ﬁéyﬂﬁr'ﬁ‘i’gﬁ’élﬁ“qrbdqtﬁtﬁ%ﬁer‘Véng(%ﬁC“P%ézﬂf (BleR) t he

stat us,of SRYE e PfU-ChEGIRIBPSK BictiulaBNVBnI}oRR Sf G Fakflly 86 E8nb@ dsi cat e
critical parts of the received nmessages th be acted on by the

Ll a ; at 20 nust
Termi nal i ¢ Reogatingedata Fapsmiftingrrestion atsandliatsmils, onesr(FEehap data. or
ACKI NAK negsagrs.C Mhhitistel Nath batBevsi edias freMesutid darhilies!| e [rusO aspsand
described with reference to the Erégferreﬂgenbodl ments thereof, it is

under st ood!"#FMitige £agiery fry the,ofh lly Berpge itepoing merdato GRS §R% in form

and/ or det fhel séBatedBMMdE AREE radeiitulonge Fadnt itRg TR, tthe 8emI-Ri bpardl or
scope of the inventjon, as deflnefd b%/ the foll ow n% clgi ns. Al though the

i nvent Pon WRSUIBIEE PYEA BsfalHY AT $8EFLP GRE HAPYN A5 A ek St nelfls,
nmaterial s madiagslapslictents fromtthé KSTUR hige NNUET BPERONbdIAited bRy ioR¥@AtHeON 1S not
limted to,the gart.i cul ar.s di gﬁﬁ:ﬂégse(gEherei , but extends to all equivalents

wi thin t hefSH¥RECTesRRddEnEn s (/Eghagfift | s CLAI MED I S;

In order to facilitate the finding a common set of carriers (if they exist), if the xTU-R
30 receives carriers of a family that it cannot transmit, it nevertheless responds by

transmitting carriers from a family it is capable of transmitting. This allows the



1. A communication apparatus selectively connectable to a conmmunication
device, conprising: 5 a transmtter that transmts a first predeterm ned
signal to designate a specific node to said comunication device; and a
recei ver that receives a second predeterm ned signal fromthe comunication
device in response to said first predeterm ned signal, wherein said first
predeterm ned signal includes an identification field that stores

nodul ation i o0 independent information a ?d a standard information field that
stores nodul ation dependent information,” data in each field being

hi er ar chi cal | é stored. 2. The conmmuni cation apparatus of claiml, wherein
said first piddetepeteeidbe sragaate efdhpxiddsand ﬁ,@'ﬁmtgﬁﬁdnlt'atﬁ‘ with Figferent
comuni cat i Q. RPRHMiAL i hQ&tHéJ% kw1086 N said second predetermn ned

si gnal corrprlgrsres on'g ? pgllmgga and a NACK signal. 4. The

comuni cation apparat us of cI aim 2, wherein said second 20 predeterm ned
si gnal CO”prAc%Gr%n N, Ahe & sf%ﬁ< nﬁs}eﬁhﬂéﬁ Wﬁu%%@'tﬂé'ahuf& mdttor the
conmruni cat i on app rat us o wherei n sai has a plurality
of octets$, &OmWIO%l“ﬂeo@S@QcWeome@é{?@f‘pIdaﬁaarqctevlf‘@f S%‘P@% $2dend i i ng
data wi thin saladipyr i dostiR sBRIBS SoriofTo SrandRHEOBITMEICRL b@B: @PBAsAL US of
claim4, \/\herr%enlsaﬁd trransI tster trsnglr?sn?tsna CLHE si gnal JI?l rrequelsts t he
communi cat i dmedeingodthexistingaseicesa communi cati on device function list, and
wherein said receiver receives a CL signal that includes a conmuni catl on

device function list fromthe comunication device. 30 65 7. The

communi cat i dieadba® Atensmisy identiqahriata withedentisak tireingor any gndlallidewnsioeam an

| dent i 1,6at icQichd elifle 9. R 1*-@RH8dkokiBh SRR TadiiRhiCimg!ch 2y gRe [ el d
bei ng hierarchically store 8. e conmuni cat1 on apparatus ‘of claim?7,
wher ei n one Upptreate carirssi gnal and the CL signal includes a plurality of
octets, a highest bit of each of said plurality of octets delimting data
within said plurality of octets. 9. The commruni cation apparatus of claim 4,
wher ei n sai dn theepresst dwentn. enargr EQPOWWH‘i‘ﬁ‘Fh?WémI\!@”W@ﬁ%Kb@ wendidededount ry
| nf or mat i oNyolfle yEAGmERMEAL A AIAER AP oPbndd @FD).or MIRTPEN) Bk
|dent|f|cat|onf|edvmth|nt e i gnal includes rewsedmformatlon 15
11. The Somshall Beltaxspedpyaxampe. eﬁmﬁ %ﬁrmd@f 1\eaeensd A ¥l drxdpamigstad the

i nformationfiiglod ‘Mc,telabl% Jr%x\@tlﬁhﬂ@%]tad RErNAR8 irifHieh PRddeBikedesi gnating one
of G992.1 and G communi cati on apparatus selectively
connectable to a comrunl cation 20 termnal, conprising: a transmtter that

transmts a f dfipbndESHRLAENdNGSLyRE HRe JofhrilBRBBRTI AnphREHE ife pFESIHL O the
conmmuni cation termnal; and a receiver that receives a second predeterm ned

si gnal frominveatiemsmpisiereast AGHataT Methed. prighspRRsseprpHUBIRRion; Mgy not be

predet erjgi NeRs§bi@Nathe BB Hested RecHdnishis R RUBAART @ Recape) 30 ddgakpc! udes
an identification field that stores nodul ati on i ndependent information and

a standard iRPOUEGAIOH TYSIEMS (HEP 2% MUsNHdARPEt iCoreerSYeRekntysisMohat i on,

data in eacRofckBird B@hmmhmﬁfnamtun&;@l Iqufatc;art@&DsLSSysEa@s GANB8I bsabE@N

apparatus of claim 12 wherein s 8 ? eterm ned 30 signal conprises
a Mb signal . first, followed by a description o the vonce an fallback procedures:

25 1. Fallback Methods To Legacy xDSL Modulations

Some legacy xDSL systems (examples of which are shown in Table 3) do not
implement the present invention. The present invention includes procedures to
fallback to a legacy xDSL activation method. The present invention is intended to
30 be a robust mechanism for activating a multiplicity of xDSL modulations In the
presence of unknown equipment with unknown transceiver PSDs. The activation of

regional standards (i.e , legacy devices) can be handled by two different methods.



66 14. he communication apparatus of claim 13, wherein said second predeter
fined signal conprises one of an ACK signal and a NACK signal. 15, The
comuni cati on apparatus of claim 14, wherein said second 5 predeterm ned
signal conprises one of an ACK signal and a NACK signal. 16. A method for
establlshlng a communi cation between a plurality of commrunication devices,
conprising: transmtting a first predetermned signal froma first

conmmuni cation device to to a second connuni cati on device to designate a
specific node to the second communi cat i dn devi ce; and receiving a second
predeterm ned signal, at the first communication device, in response to a
second pr ed@tnermwlnédﬂgihgﬁaﬂeg s§9’@@ﬂb§}' it ces§apRIn Pr comarpiictametidéadce,
in.response Wﬁ%

predet er m neatgﬁ\é%tgﬁa\)jd i"hel tQﬁ s@gﬁéll entl %rg%ﬁ E’)”r‘; ?'Ic? Eg?] @Fg@gg]ﬁ%

nmodul at i on Mﬁd@ﬁb{tﬂﬂ/@htﬁelwﬂtﬁﬂd@tﬂ ipitializatiomethwdsiar d i nformation field that
stores nodul ati on dependent information. 17. The nmethod of claim 16,
wherein the first predeterm ned signal conprises a 20 M5 signal and the
second phedéiher mtinet@nsvigr@ﬁcan@mth@béacdmewheaﬁtm afi gpyides anipr 40 NEK
O 8 et PIBMRINCh oA HeBbSioR mdiBh O T SHek Tno Blcfhy by o1 onal
transmtted b Sald tTans Incfudes a comruni cati on aratu unction
list. 25 .Ayiemycxs whichp fomeﬁam%eAmelsnem Annex A, B\ gofAofAa, weAetArmlned
CACA LA AY A
A@A Y. A@Ac,‘lg\mﬁluulqw%tlgtﬁéta @a éwﬁgp ﬁ%;rsﬁé‘}’arﬁi a'fség%cyb‘SgDSf‘sfstel‘ﬁ @tuff\sasA

. AS. AS. A Al y]ut Moh linyteAd@R. Al @18 h, Ther prgsant gnyention monitors several different

10 frequency bands using xTU-C’s data receiving section 52 or xTU-R’s data receiving
section 56. Thus, a device that also supports a regional standard (such as, for
example, T1.413) can concurrently (or nearly concurrently) monitor for the regional
standard activation signals while monitoring for the activation signals of the present

invention. a procedure for interworking with the ANSI T1.413 protocol is shown in

15 Table 8.
TABLE 8. ESCAPE ACTIVATION WITH T1.413 DeVICES
MNeviLe. Lapabiluey A'gorithm
AMS-C Thalh was for R-ACT-REQ,
lgmoras pracent invenian acieealion signals
Tnjriates TL.AL3 wheas ciceives R-ACT REG
4 1U-C TI4:3 & Wals for R-ACT-REQ or present invednion irinzhng mney)
presenf Inventon loitialed 85 sppropnale
ATOR T4 Tranamuts B ACT-RED and wans far STONE or C-ACT
l Ignares any prolcal INvenrion dccivaliun signals from e ATU-C
AR TL413 & Tronsmes preyent invenbaon JC0¥A1I00 Signals
present invenlio IF na respanse ba present mvention activation aignals, manwmizs RACT-REQ

The activation via non-standard facilities or standard information embodiment
20 allows the interworking of devices after the initialization of the handshake

modulation, by indicating the legacy communication system in a message. The
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Although there are names and scenarios associated with the transaction, the

names should merely be considered as informational in nature.

5  All messages in a transaction are required.
The RC message contains only one bit of information. Setting the bit to "1"
represents that the xTU-C was "surprised” by the push request, or i1s in a state of
confusion. In this situation, it is recommended (but not mandated) that the xTU-C

10  use transaction X instead of W.

MS always includes the desired mode.
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and then transaction Z.

On the other hand, if an xTU-C NAKs, the xTU-R should send RC to start

5  transaction X or W.

The following is noted in the situations where the xTU-C has initiated the

modulation:
1. If the xTU-R is prepared for the xTU-C to dominate, transaction X or W
10 should be utiized. This should be the typical case when the ATU-C initiates

the modulation;
However, if the xXTU-R is to have equal control, it should use transaction Z;
Although transaction Y could be used, it is overly presumptuous on the part
of the xTU-R; and

15 4. The initiation of modulation by the xTU-C can also be used in conjunction

with a power management system.

Table 11I. Transactlons Preferred Scheme 82

TransuLidn Rambar ATU-R 3".“.] z HTU-R
AismeasYi ME- | ACK/MAX

B {same 29 X MR- M3 - ACKMNAK
< 'medificazian of 2 dnG W CLR~ TL- ACTAX

All permitted transactions will now be described
20
Transactions involving the use of messages CL and CLR permit a transfer or
exchange of capabilities between the two stations. Transactions involving the use
of message MS allow a specific mode to be requested by either station and permit
the other station to accept or decline the transition to the requested mode.
25  Transaction a or B are used to select an operating mode without first establishing

their common capabilities. Transaction C is used to exchange information about
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10Mf When a message is received with the “additional information available” parameter

set to binary ONE in the identification field, the receiving station may send an

ACK(2) message to request that further information be sent. When the ACK(2)

15 message is received, further information is sent. The transmission of signals
associated with a selected mode begins immediately after the transmission of

ACK(1).

When a station receives an MS message requesting a mode that it is unable to
20 invoke, the station responds by sending a NAK. If an invalid frame is received in
any state, the receiving station sends a NAK(1) and immediately returns to an Initial
State. If an xTU-X has transmitted a message, but is not receiving flags or vald
message data from the other xTU-X, the error recovery procedures {(described
above) apply. If an xTU-X has transmitted a message and is receiving flags, it waits
25 for a predetermined period of time, for example, 1 second, before re-transmitting
the same message. If the xTU-X has transmitted the same message a certain
number of times (e.g , 3 times) without receiving a valid message response from the
other xTU-x, the transmitting xTU-X tfransmits a Hangup message and stops
transmitting the carrier. If desired, the xTU-x may restart the initiation attempt or

30  start alternative initiation procedures.
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The maximum number of octets in any Information Field is 64. If the information
exceeds this limit, the remainder of the information may be contained in subsequent
messages. To indicate that further information exists, an “Additional Information
Available” parameter is set to binary ONE in the identification field of the transmitted
5 message. This information, however, shall only be sent if, on receiving the
message, the remote station sends an ACK(2) message requesting further

information.

Where non-standard information 1s present in the information field, the standard and
10 non-standard information may be conveyed in separate messages. If the
information to be conveyed in the CL message cannot be conveyed in a single
message, and the “Additional Information Available” parameter is set to binary
ONE, a response is required from the receiving station in order for the transmitting
station to complete transmission of the combined CL-MS messages, irrespective of
15 whether the additional information is to be sent. In thus case, an ACK(1) shall be

sent if no further information is required

The current invention also addresses the desirability of transmitting information in
additional to the equipment capabilities (e.g, channel information, service
20  parameters, regulatory information, etc ) during the negotiation procedure. In this
regard, the present invention contains several different and additional types of
information, as compared to V.8bis and V 8. The types of information emphasize
service requirements instead of “application groups”. It is noted that the types of
information are merely examples of the types and methodology of parameter
25 exchange, and thus, modifications (variations) may be made without departing from

the spirit and/or scope of the invention.

The preferred embodiment of the present invention has the general organizational
structure shown in Table 12. Modulation independent information is presented in
30 an "ldentification" field, and modulation dependent information is presented in a
"Standard Information” field. In general, service parameters and channel

capabilities information are independent of the various xDSL modulations. The
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overall composition of messages according to a first example is shown in Table 13,

while Table 14 illustrates a second example.

‘l'able 12, Information Organization Structure
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‘lable 13, Overall Message Compositinn (Embodiment #1)
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Table 14. Overall plessage Compositien {(Embodiment #2)
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The following describes the organizational details within each category

Parameters specific to a given xXDSL modulation should always appear under the
appropriate modulations category. Of those modulation parameters, some of them
might be more general than others, and can have higher positions in the
NPars/SPars tree.
10
Parameters that are negotiated in T1.413 are also negotiated in the present
invention (with the exception of Vendor ID, which uses T.35 codes). However,
there are a few cases when related parameters need to be negotiated by the
present invention:
15 ¢ |f the optionality of the parameters in G.992.1 differ from T1.413;
¢ If the parameter actually needs to be negotiated instead of just indicated;
or
o If a general preference about a class of parameters needs to be
Indicated.
20
If the parameter 1s very general, it should be negotiated in the Service Parameters

octets on the Identification field. If the parameter is farly closely related to the
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modulation, it should be negotiated in the 2™ level of the modulation's standard
information octets. Even if these modulation parameters are fairly similar among
various modulations, they are coded separately for each modulation. Also, other
xDSL modulations, such as, for example, VDSL, have some very different
parameters, making it very difficult to have one large list of parameters trying to
satisfy all of the xDSL requirements and capabilities. As a result, there is some
redundancy in the modulation parameters, in much the same way that redundancy
exists with V.8bis. Further, many of the parameters under the various applications

are identical.

Three types of parametersfoptions exist, manufacturing, provisioning and

negotiated options.

1. Manufacturing Options

Manufacturing options are defined as optional portions of a specification that a
manufacturer includes/chooses in the product design. An example of a
manufacturing option i1s to employ EC vs. FDM. Manufacturing options must be
disclosed and acknowledged in the startup, since a communication would be

impossible without commonality between the various devices.

2. Provisioning Options

Provisioning options are defined as optional capabilities that are in some way fixed
a priori. An example of a provisioning option is the Loop timing at the CO that is
required to be mastered by either the CO or the CP. The CO capability is normally
fixed by a priori decision prior to the negotiation. It is noted that this option can be
merged into either the manufacturing or negotiated options. As a result, only a few

options are in this category.

3. Negotiated Options
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5  The use of delimiting bits is illustrated in Fig. 12. At least one bit is defined as a
delimiting bit within each octet of an information block. This is used to define the
last octet in the block. A binary ZERO in this bit position indicates that there is at
least one additional octet in the block. A binary ONE in this bit position indicates
the last octet in the block.

10
Bit 8 is used to delimit the {NPar(1)} block, the {SPar(1)} block, and each of the
Par(2) blocks. There are "N" Par{2) blocks, one for each of the capabilities in the
{SPar(1)} block that is enabled (e.g., set to binary ONE).

15 Bit 7 is used to delimit each {NPar(2)} block, each {SPar(2)} block, and each of the
associated {NPar(3)} blocks. Fig. 12 indicates that there are "M" NPar(3) blocks,
one for each of the capabilities in the {SPar(2),} block that is enabled (e.g., set to
binary ONE). "M" may be different for each of the Par(2) blocks.

20 A Par(2) block may either contain both NPar(2) and SPar(2) octets, or NPar(2)
octets alone. To indicate that a Par(2) block contains only NPar(2) octets, bits 7
and 8 are both set to binary ONE in the last NPar(2) octet. Bits 1 through 7 at level
1 of the tree and bits 1 through 6 at level 2 of the tree may be used to encode
parameters. To allow for compatibility with future revisions (developments),

25 receivers shall parse all information blocks and ignore information that is not

understood.

In a first embodiment, the identification field consists of three components; a four-bit
message type field (see Table 15), followed by a four-bit revision number field (see
30 Table 17), followed by a bit-encoded parameter field.
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Koxs100& 8‘ 1 ‘W‘??s O«E‘”EQ’I’}P & ?e P oRYyioy 4o pichy Wi,
equipment conforms. The identification field encompasses mformatuon including,
but not limited to: (1) non-modulation specific information, (2) channel capability

10  information, (3) data rate information, (4) data flow characteristics, and (5) splitter
Information. The ldentification field comprises several octets of NPar(1)s, SPar(1)s,
and NPar(2). NPar(1) and SPar(1) octets are always transmitted. NPar(2) octets
are transmitted only if the corresponding bit in the SPar(1) is a "1". Octets are
transmitted in the order shown in Table 19.

15
Vendor identification, including, for example, the country code, provider length, and
provider code fields, follows the format of ITU-T Recommendation T.35 and is the
same as used in the Non-standard field shown in Fig. 15.
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109 (9 -) eL 1
C 100 5{ ﬁ%?’t%%’&“gag%& |92e1%§}«egf's g?/]ﬁﬁz %@é’e 2SR P IR () - ¢
OY10%&' () - mﬁbbb(bbfﬁbw | @pinary ONE in t e assigned b|t position |nd|cates that the

Tove 13- éﬁi@%ﬁf%&"& ) TRRIARME; 60 rm iR Wb abrlendr ROGHDSNN oy B4Ry & ()- 0! F

encoded as described in it's table.

in each bit position corresponding to a valid parameter. A field is

10
NPar(1) and SPar(1) octets are always transmitted. NPar(2) octets are transmitted
only if the corresponding bit in the SPar(1) is a "1". Octets are transmitted in the
order shown in Table 19. The level 1 NPar is listed in Table 20. The level 1 SPars
is described in Table 21 and Table 22 The level 2 NPars are separately described
15 in Table 23 through Table 35.

Tahle 20. Identification field - {NPar{1}} coding

S7arflls

Leserved Jor |TU-T

Aer. ¥ B

Ree v ghix

Addiinnal infermation as ailahle
Trarzmul ACKLT)

* Rmtenerd for 1TY-T

| Non xlandad field

Nu pa) IKIErs in this viler 1 )
E‘mv’. — Rev ¥ Sard Rec. % Sous woalabilry can ae wdenlified tu allow escape inta vaceand msdulangn

M X X W H ® x{iwm
Wo— MW R oK ox =D
X ¥ X — =% = A
K X M M o= W W gLl

HK X — M X K m

O — H X & m = W
1 e W WM WP = A
oM R WM A H =

o
o
>

oracelures




109&' ()-0! 109& ()-bccc ccc+cl H | F 10% ()-0! #3F 10% . ()-0! F 10%& ()-0!F
109 ()-0'F 109 ()-0!'F 109 ()- 0! +c, c- c8cBcCcTcUcdH, | F 109 ()- 0! F
109& ()- 0! #3F 109 ()-O0!'F 109 ()-O0!'F 109%& ()-O!F

10%& () - 0! UcVeWeXchei cj ckehLOI F 109%& ()- 0! F 10%&' ()-0! F 10%& ()- 0! F

109& ()- 0! #3F 109 ()-O0!'F 109 ()- 0! kcl ccccecchDOl F 109&#3F 109& () - 0! F
109 ()-0'F 109& ()-0!'F 109 ()-0!#3ccccccd_COIF 109 109& ()- 0! #3!F
10% ()-0'F 10% ()-0!'F 10% ()-0!'F 10% ()-0' ddd$d%j dkddHOl F 10%
10% ()-0!' F 10% ()-0!#3F 10%&' ()-0! Ry

Table 21. ldentification fleld (Capabilitivs

Information)- {SPur(1)) toding - Octet 1

=]

SPar 1)

Currenlly Lansmizted curr.ris
Zzecmrum Gt wsnble Pegueicy
SDLLTTIUTN MAX IV rEquent y - apsream
Bpecerzm maxirrurt frequency - downsmeam
) Sphieer infermanon -3 TU R

Raserves Jor [TU-T

ann wardurd capabilities iaft-maticn

Ma paramerert in ths acte
_NOTE -

.-

E I N . B I € )
B . . T S S AN
- S 2 T B

O R A - XK ¥ X X |w
C a4 m W oy A A @

Som e A = e X
[ TR I U L R O AP ]
(=20 T TR R R P

Tuble 22. ldentification feld {Service

Requests)- {SPar{1)} coding - Octet 2
f 5Pail1)s T 5
Daa rare ATacnt Downsiream
Lara race Amount Upsirearn
Dara rate Typs Dnwnsieearn
Data rate | ype 1'pateard
Reyues) Taramit of LTINS
Resezved Jor [TU-T
oa mandard service request
¢ rararretei & in this aile

A

X X H N X

D% & Rk m H e X bhd
5o WX W A W — e

Z 3 M % X M 4 N |
O e~ X A M N X &
o N X —mm =M
QX M N =K K = |p
[~ T B I R

Transmitted carriers and families are indicated above.



109 ()- 0! F 109 ()- 0! kdsd| d} ddddcCOl F 109% 109 ()-O0!F 109 ()-O!!F

109& ()- 0! #3F 109 ()-0!'F 10% ()- 0! ddd6e7e?eHecCOl F 109 109 ()-O0!F

109& ()-0'F 109& ()-0!'F 109& ()-0!#3F 109%& ()- 0! Hel eeeeeed@I F 10%*3F

109& ()-0!'F 109 ()-O0!'F 109 ()-O0!F 109& ()- 0! #3eefffffhDOI F 10%H3F

109&' ()-0'F 109& ()-0!'F 109 ()-O0!F 10% ()-O0!F 10%& ()- 0! f nf wf xf f f f hDOI F

10%H+3F 109%& ()-0'F 109 ()-O0'F 109 ()-O0'F 109 ()-O!F

109& ()-O0!'ffffff3gdgdH, | F 109& ()-0!'F 109& ()-0!#3F 109 ()-0!'F 109%& ()-O!F
54

I'able 23. Identificotion Field — (C1) Currently

transmitted carriers {NPar(2)} coding - Octet |

-

MPar(2 5
Cumocly mansmonrg 2 125 kilz femely 1o
Cunensly rarsniRing 4 k7 am:ly 1BY
<7 PrERLY rangnnming camier A s
LT rent.y HANST IR CAMIRr A
Furrend,y irdnsmibimg Laniel S,z
Currently ransmiting ca ey Ay
v No parmeiers oo ks vule!

E
%
H
%z

N X X W

- A < & a0
X W oS L = & [l
X K oM o W e |-

[PV

WX X X W N x|

» A A R R %X A |-
S o, A M = ok om |

=
=

Table 24. Tdentification Field — {CI) Currently
transmitted carviers {NPar(21] coding - Chetet 2

=]
L

| NEal 25 I
¥

Y Cptreriy Imnsmiling COMET A ¢

v Cemreetly rRasemating Saoeaf Ay,

Currntly Faasmilting a2 Aoy,
Currently ransmiting S576N A s
Currently ransmiting canitl By »
¢ srreathy rzansmithng camicr By x
N purgniciess N ikis acle

_—H A oA om IO

LI S I . S
S X — & X A A |la
2y M s — & m ¥ |
o KR X OB W O— M )b
OOH M o4 Rom -

X X = m W W X
(=T S T

5  The usable spectrum frequencies of Tables 25 — 27 are useful to indicate the
TX/RX capabilities of the xTU-x (such as, for example, an xTU-C that only transmits
through tone 68) and can indicate FDM vs. overlapped spectrum operation

availability.

10



109& ()-0!'F 109 ()- 0! 4g?gHgl gggg_?, | F 109% 109% ()-O0!F 109% () - O!

109 ()- 0! #3F 109%& ()-0!F 10% ()-0!ggg hhhh_?, | F( )10% 109&! (QOP'FF

109 ()- 0! F 109%& ()-0!F 10% ()-0! #3F 10%& ()-0! h#hsht hvhxh{h_?, 1 F 10%
_10% ()-0'F 10% ()-O0'F 10%: ()-O0!'F 10% ()- 0! #3F 10% ()-O0!{hhhhhhh_?, IF
109 109 ()-O0!'F 109 ()-O0!F 109 ()-O!#3F 109 ()-O!F -
109%&' ()-0! hhhAi G Fi Pi_?,1 F 10% 10%& ()-0!'F 10%&' ()-0!'F 10%& ()-0!F

.10%&' ()-0!#3F 10%&' ()-O!'PiYiZiiiii _C |F 10% 10% ()-O!F
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Tuble 25. Identification field — (CI) Spectrum
first usable frequency [NPar(2)} coding

: NZar(2)s g T & 5 &+ 3 1 L
Neserved tar FIL-T % ] | | | L i '
" nspecitied by permnal % x 10 0 1 0 0 J
Soevtsnre fizsl usable fraqeency faws 6-1 a 10 XH2) n % l x By % x 1 %
Table 26. Identification field — (CI) Spectrum
maximuem frequency - upstream {NPar(2)} coding
[ Npor(2is Ts 516 = a 3 2 1|
Tocserved ForiTL-T L3 % 1 i | 1 | 1
Lirspzified by termiral box a J q 0 ) )] 0
| =pesmur a1 AshTum Sreyacney - P ibis 3T L MHZ) % 1 1 x . X % A
" omerman A T.Om e oy - LpsTeLTibie 54 5 3 KHI I x RS \ ¥ % A x




109 ()-0'F 109 ()-O0!'F 109 ()-O0!'F 109& ()- 0! #3F

109 ()-0'jjZi~jfjpjgi < | F 10%3F 109 ()-0'F 109 ()-O0!'F 109%& ()-O!F

109& (

109& ()-0!'F 109 ()-0!jjk' k(k4k@hH, | F 10%H3F 109 ()-0!'F 10% ()-O!F
109& ()-0'F 109& ()-0!'F 109 ()-0!F 10% ()- 0! @AkkkkkkdD, | F 10%t#F
109& ()-0!'F 109& ()-0!'F 10% ()-O0!F 10% ()-O0! F 10%&' ()- 0! #3kkkkkkkk |yX7F

Table 27. Tdentification field — {C1) Spectrum

mayimum freguency - downstream | NPar(2)} coding

»Pav i)

-7

eserved for |TY,-T
Unspecilied by sermmaul

MHZ)

- KK

speemam man it fequency - downaiearihos 5-1 2 1

spotium Tasunun frequency - dowkieearibus 5-L x 10

LY

I

3
x
x
4

5
1
J
|

F =R I A

Ao -

L = B V)

» o =)=

Tahle 28. Identification Field - (C1) Splitter

Inforination {NPar(2)} coding ~ Octet 1

r NPari2ls

L.PF s vouce

LPF g 1JSA [SDN

LPE s Curonear SO
Heserved loy ITU-T
Resarved for ITSHT
Xoa-siandand LPE

No psrameders in this dcte

®*oM MW oK oA w |on

L I B 3

O — X =x & ¥ » |

A — A x N = |.a

D x r - omox ow|n

A M = o~ X % ju

FI M A &4 ™ — x|

QA A X Kk Em |

Table 29. Tdentification Field — (CT) Splitter

information {NPar(2)} coding - Octet 2

[ NTar(2 s

. BE2F 1 253 kA7 { vauc!
| B2 15 40 AHz USA 150N
APF 15 130 kHz { AD L with Turopean LSDN)
HFE is M0 k25 V3L
Ruseved for ITU-T
San-standwt HPF
N parameliE ir £s ecil

A< K oA W onm W |e

Mok ox X ox ox ox oy

- I I -

F X e e m w s

[ T T I

w

R M om as

TR M eoom o= Mg

e A -

Table 30. [dentification field — (SR) Data Rate
Amount (Average) {NPat(2)§ coding - Octet 1

MPardn

[

Keservel o [TH.T
L'nsrec 1ed by 1ermriaa!

‘ Avesgr bundwrlish Ik 13 3-0 ¢ 971 kbps
Aezmige Dandwilth [bws 51 % 12 ibyst

L T R ] ]

I L )

[
0
1
J

L I — BT PP




10 F 0S,10%&' ()- F S,1094 & ()- F 109 & ()-'101010F 109 ()-O!#3

|l mmo<o|[:yX7F 10 F S% 10% & ()- FI# 104 & ()- FY 1094 & ()-1 F
S1094 & ()- 91109 & ()- F 91109 & ()-<oo00xozo|o~00 ?yX7F 10 )V10%
L& ()-#)VI0U & ()-#)V1I0W & ()-#)V1I0% & ()-#)V10Yg & ()-# F 3(10%

& ()-30000000cG y) V10U & ()-#)V1I0YW & ()-#;,cPv*R)V10% & ()-#)V10Y
)-#)V10% & ()-#0000000_?y)V10% )VI0W & ()-#)V10W & ()-#) V109

#) V1094 & ()-#)V1i0% & ()-#)V10% & ()-#oo0o0000hH(y) V109 & ()-#)V10%W
#) V10U & ()-#)V10% & ()-#)V10¥4 & ()-#, cPv*Rooooo00cG y) V10%
#)V10% & ()-#,cPv*R)V109% & ()-#)V10% & ()-#) V10w
#0000000_?y) V10% )V1I0% & ()-#)V1I0NU & ()-#)V1I0N & ()-#)V1i0o%

#) V109 & ()-#)V109% & ()-#oopppp phH(y) V109 & ()-#)V10%

#)V10% & ()-#) V1P / oz B ppppp) p+pcG y) V10%
#)V10% & ()-# ¢ {%ﬁ} )@fpt}l?é&} %53 tei#.,. 0%

#+p- p/pin’“‘f‘pﬁp -56‘71 &7 & () -#) VIO%
#) V109%4—8-)—st)- : —pPphy ,pvp ’th\‘,y;L‘yl 1 #) V1094

#) V109, & ()5, )my;ltO% & ()- #)Vlo% & ().~ #acPy* RXpZp\ p, papipwpcG y) V10%
#) VIOA & [z dinahes MUY & () - #)V10% | & (k- #)V10%. -

#wpyp{ p \ppﬂ.meWVL@%niMiLO% & ().1#) VIO &'+() «#) V1004 &) () - #) V10%

#) V109 “H)VI0Y & () - #ppppppphH(y) V109 & ()-#)VI0% & ()-#)V10%
#) V109 & () - #) VIDMle . (dentificiPel RO ppFRY DoCRyEV10% & () - #) V10%

#; cCPv*R) V109 &' (ymastpVdMimun)(INPa2)L09ioes Osterd¥ 00q1920939495qt Xy) V10%
#)V10% )V10% & ()-#R)VI0% & ()-#)VI0% & ()-#V)V10% & ()-#)V10%
#) VI0Y & () - #506qReks FqCqHal PAY) VIaVI0%W & () -#) Vi0%_& () - #&) V109
#8&) V10Pfeet %) HH&) VI0Y & () - #, CPV RquvqrqKqEqququsy)v) /10%

(
()-
()
()
()
()
()
()
()
()
()
()
()
()
()
()
()
()
()
()-
(

#) V10 undit '(')‘h?#’"U‘P\/* R) Vlo% & () #Y\V10% | & (P-#)Vvibygt ¢
) - #NGCaPEOTS LY 3 € () #)Vi0o & 1) -%] vion
& ()-#) V10°/-]" & ’ié'/q &)=V & (’) = #quq/\quLqTq"qur V)
Sf109%GGE ()- SLO%GGE ()-10] 10] 10] ))V10W & ()-#:

%i’éi&?a%‘?aQ??qaqS%%éeg%@egﬂo? f%&m 9{%@.@%@2@% st (1)

0 R0 R0 R0 Ro R0 Ro R0 R0 Ro R0 Ro R0 R0 R0 R0 R0 R0 R0 R0 Ro R0

109%6GGE () - geaasees CER-H OV O TPV () -
109%65C& () - AOAES STITH( @OV T - 19V () -»
Conslant 1xency a3 ke E 3 I3 % | X
Bussty X X E] 1 A I X ]
354 b z x ¥ | A H [
X % % i K a % X
x b A T * x x x
Np pazuiberets 0 this oclel % X 0 b [} J 0 H}

An XTU-X may request that the other xTU-X transmit only on a certain number of
5 carriers. This permits a reduction in the number of carriers for the rest of the
transaction, or for the next initialization, as described above. Note that an xTU-X

should only send a request that it knows the other xTU-X can fulfill.
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109658 () - 1096G& () - 10%C5E& ()- ;csSiCer& )r+r,rSrvrcG @O%GL () -
10963G& () - ; csi ClO%EGS () - 1096G& () - 1096G& () -
VEXrZr\rAr rdr_?2@O0%GL0%GGE () - 109668 () - 1096G& () - 10%6G& () -
1096G& () - 109%63G& ()- drerrrrrrhH @O%3G& () - 1096G& () - 1096G& () -
10963G& () - 109%65G& ()- ;csiCrrrrrrcG @O%E () - 109 () - ; csi ClO%E () -
1096G& ()- 10963G& ()- rrrrrrr_?@0%GLOYGES () - 1096G& () - 1096G& () -
096G () - 10963G& () - 109%63G& ()- rrrrrrrhH @O%3GE () - 109%6G& () -
10963G& () - 10963G& () - 1096G& () - s
Tubie 34, Identification Field - (SR) Request
Transmission of Carriers {NPar{2)} coding - Detet 1
Nl'arf s 8 c 6 3 s 3 3 )
Fuuest mansmit uszng 4 31 %5 kKH7 fmy (4, X ¥ ' oz x 1 1 X |
Ruy 1 1205002 ua ng s¢Hz farmly <) X 3 < 3 3 1 | x
Reyuust UpNSIMIZ an Lanierl Ao < x x A ] s [ A X
Requisl (ransmis an camer Aoy s X X ' A L 1 2 ¥
Reques! GaNSMINON Camier A,y X % t | X z 1 x
Reques transimes on camer Ay o v+ X ! x x x i £
No paruritpes in lhis ectel . » 1 3 0 L 0 o
‘Table 15. Ideutilication Field — (SR} Request
Trawsmission of Carriers [NPar(2}} codlng - Octet 2
NPan 2= 2 T |45 5 4 ) 2 1
Request [ransmit on camar Agy x ] X 3 L ¥ H x L
Request aNsMit on curcf b b X 1 1 k] x 1 kY
Reques? transmil on £x=ief Arsa L x x % L3 i z R
Rnuts TansmLl On CLTIRE Mgy x A % % | b & Y
J Requesl trurshkd Of 2xmer By« Y X x | 1 ® % K
Reques) yarsrmy ar camer 3;. 5 X X L & ¥ % x x
| N purainerers in. thy Ottt % x Y D n 0 b ]
5
The Standard Information field is composed of several octets of NPar(t)’s,
SPar(1)’s, and possibly NPar(2), SPar(2), and SPar(3). NPar(1) and SPar(1)
octets are specified herein and are always transmitted. NPar(1) octet encoding is
10  described in Table 36, while SPar(1) octets encoding is described in Tables 37 and
38.
The contents of NPar(2), SPar(2), and SPar(3) octets are transmitted only if the
corresponding bit in SPar(1) is a "1". In general, the contents regard modulation
15 and protocol details specific to respective ITU-T Recommendations. Some

illustrative specifications of modulation encoding are given in Tables 39-45.



;csiOrrrrs*sC @O%3G] () - ; csi CLOYG) () - 10%6GG& () - 1096G& () - 109Gk () -
*s,5.50s2s4s7s_?@O0%3EE (10%6GG& () - 10%6G& () - 109%6GG& () - 109%6G& () -
109G8&" () - 10%6G& () - 7s<s=sYs]s_sbsgG @O%GE ()- 109G ()- 1096 () -
10963G& () - ;csi ClO%EEE () - bsdsgsi snmsnsusC @O0%3G& () - ; csi ClLO%EE () -
10963G& () - 1096G& () - 109%5G& () - usvswsxsyszs{s| st X<10%E&10%EE () -
1096G&" () - 109G () - %4096 () - 1096G& () - 1096GG& () - 1096G& () -
-| s} s~ssssshH, <"10%&' ()-"10%& ()-"10%& ()- Y m 10%& ()-10%3C& () -

; csi Csssssss_#; ¢?1 "109& ()-"109& ()-'540%& ()-"109%& ()-"10%& ()-sttt tttdD
c?1"109%& ()-"109& ()-"10%& ()-"10%& ()-"10%& ()-"109%& ()-tttt6t8t:tgG ;
"109%&' ()-"10%& ()-"10%& ()-;c?l"109& ()-"109%& ()-:t<t>t @Bt & Ht _#,
c?l"109& ()-"10%& ()-"10%& ()-"10%& ()-"10%& ()-H htjtltotqtstdD
c?1"109%& ()-"109& ()-"10%& ()-"10%& ()-"10%& ()-"2109%& ()-stutytzttttgG ;
"109& ()-"109& ()-"109& ()-;c?1"109%& ()-"109& ()-ttttttt _#;

c?l"109& ()-"109%& ()-"10%& ()-"10%& ()-"10%& ()-tttttttdD;

c?l"109%& () - "10%&' ()-"109& ()-"10%& ()-"10%& ()-"10%& ()-tttttttgG ;

" 10%&'% " 10%&' "10%&R' ()-;c?l"109%& ()-"109%& ()-ttttttt #;

c?l " 10% " 10%&' ()-"10%& ()-"10%&' ()-"10%&' ()-tuuuuuudDb,

c?l " 109%& () "109& ()-"109& ()-"109%& ()-"10%&' ()-"10%& ()-uu"u#uCuEuCGugG ;
"109& ()-"109& ()-"109& ()-;c?I"109%& ()-"10%& ()- GuIJuLuNuPuUuVu_#;

c?1 " 109%& () - " 10%& )1 36 %kafdard MO a(idn (UQURNEIr vpampuuLU| [ 21 109 () -
10%&' ()-) ,f109& ()-101010 , 109%& ()-"10%& () - uuuuuvvhH| e

I_ SParll}= 4 L": ¢
Yoicebard iRee ¥ §.or V¥ fhiss
967 1 {zhear ECCYonapmel a3ing preent 1avenhian
Raserver s IT0-T
i Rerervag for [TU-1
Reserved for [TU-1
i Reserved Jor [TU-)
i Reserved for O LT
No pammetcis s nceet

-

X X == x A M S
=N I A . A s
\QHﬂHH—Kd -
L T R T I R

Qo HoH X H M =]

L I A A R e .
B — X X & L oa -
S e e A e A XX

‘1 able 37. Standard information field - {SPar{1}} coding - Octet 1

L_ 5Part 135 g * & 5 4 3 1 |
G052 1. Annea A x x X X ® x % i
5972 | - Antea 3 x [ x x % S L x
G992 | -Annex T ¥ K x x % L x »

. O.ndsi bl x A % L X L1 a
{ Liynd 2 n x EY | ] x x 1Y
G )92 2 - fin TUM-L50™ emvironmenr) 1 o] 1 % x x x a
Nar.standard <apnbrines [maiulutions} A 1 x 3 x A EH 3
Na =sranittéss n this cctel 3 )] 0 0 g 1 G q

Table 38. Standard Information field - {SPar{l)} coding - Octet 2

5P’ 1)F i ? ] 3 o H 2 1

ANKIHDSLZ 7 G hakl2 x X % % x y 3 I

' ANSLVDSLa S G ovdsl Aonck g n % x % s 3, i ®
ANSIVDSLA ¢ Gl Aanex B ] x ] N X } % x
ANSETH AN Y Issue 2 T b 3 3 | X % x
Reseoven fro I TL-T x X x K % X % X
dpserved fom |TUST T Iy H x H % x 5
qesarved fo- 1TU-T T L] [3 x % A Y
2 rarumeles ol RIS eeesl 1 1] 0 1 0 1] 1) 4




1098 ()- 109%& ()- 109%& ()- 10%& ()- 10%& ()- 10%& ()-vvvev7vIv; vkK+|[?
1098 ()- 109& ()- 10%& ()- 10%& ()-;c =9 (12)%&' ()-;\(/):v?vAvava{/C | '
10%&' ()-;c =9& 109 ()- 109& ()- 109& ()- 10%& ()-fvgvi vkvmvovgvdD]
J109& () -; 109%& ()- 10%& ()- 10%& ()- 109%&' ()- 109%&' ()-

10%&' () - gvwxvvvVvvkK+| 10%& ()- 10%& ()- 10%& ()- 109%&' ()-;c =9

10%& ()-vvvvvvvC | 10%& ()-;c =9& 10%& ()- 10%& ()- ’

60

Tuble 39. MModulation — G991 Annex a {NPar(2)} coding - Octet 1

MPand : |6 5 i 3z |

Spevity parzmetens ur profiLes for (e 5971 Anncd d x 1 ¥ x x X X :

x 1 X X % X 1 L]

STy =4, ATM=I X x % X x L % 3

NTR X x % » ' a x 2

[158 x X X X A 5 X

x x 1 % T S X H

“¢ parmetsts 0 okis acke! ¥ x ] q 1 d 9 [
‘I'able 30. Modulatina —G.992.1 Annex a {WPar(2)} coding - Octet 2

a NPur(23s y 76 ¢ 4 31 2 |

A5 ATM. cownsream % x E ] L1 X a 1

AR dowrsmean % R x & X K 1 x

AS3 dowpsmeam % ] x A X | X x

L5} Jowniream x E x H { S x bl

L52 downsream w x S l % % % X

L5) s ATai} wpstream x A | td ES ® % x
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5

The MS, CL, and CLR messages may optionally contain a non-standard information
field to convey information beyond that defined herein. When non-standard
information is to be sent, the “Non-standard field” parameter is set to binary ONE in
the identification field of the transmitted message. The non-standard information

10 field may optionally be composed of one or more non-standard information blocks
{see Fig. 14).

Each non-standard information block (see Fig. 156) comprises: (1) a length indicator
(one octet) that specifies the length of the remainder of the block; (2) a country code
15 (K octets), as defined in Recommendation T.35; (3) a length indicator (one octet),
that specifies the length of the provider code(e.g., the value in octets indicating that
L octets follow); (4) a provider code as specified by the country identified in
Recommendation T.35; and (5) non-standard information (M octets).

20  The present invention permits the modulation used by the present invention to
continue to be transmitted after the negotiation procedures are complete.
According to a feature of the present invention, the modulation can be used as, for
example, a clear channel EOC. For example, a standard information NPar(1) bit

indicates the availability of CL/CLR messages, and the same bit is used to indicate



I R& ()-MLOYR ! R& ()- MLOYR ! R& () - 2489RTVgG ; MLOYR ! R&' () - MLOYR ! R& () - MLOYR
IR& ()-;c\?el MLOYR ! R& ()-MLOYR ! R& ()-VXZ\~bc_#: c\ ?el MLOYR ! R& () - MLOYR
IR& ()-MLOYR ! R& ()-MLOYR ! R& ()-MLOYR ! R& ()-cvxz| ~dD; ¢\ 2el MLOYR

A R& ()-MOYR ! R& ()-MLOYR ! R& ()- MLOYR ! R& ()- MLOYR ! R& () - MLOYR

IR& ()-gG ; MLOYR ! R& ()-MLOYR ! R& ()-MLOYR ! R& ()-;c\?el MLOYR ! R& () - MLOYR
IR& ()-_#; c\?el MLOYR ! R& ()-MLOYR ! R& ()-MLOYR ! R& ()-MLOYR ! R& () - MLOYR
JTR& ()-dD; c\ ?el MLOYR ! R& ()- MLOYR ! R& ()- MLOYR ! R& ()- MLOUR ! R& () - MLOYR
IR& ()-MLOYR ! R& ()-gG ; MLOYR 6

selection in MS messages. Following the termination of the present invention
negotiation protocol with the ACK message, the carrier could remain ON to provide

a clear EOC channel

5 Inthe past, the configuration of an ATU-R Handshake by a Terminal was performed
using either AT commands, or other proprietary means. According to the instant
invention, an AOM management protocol is used between a Terminal and the
ATU-R, and a similar communication path between the ATU-C and the network
management systems. In the preferred embodiments, the Terminal uses the SNMP

10  protocol (IETF RFC 1157 published May 1990) to configure and monitor the present
invention's handshake procedure in an ATU-R. Since the present invention's
handshake procedure data rate is under 100 bytes/sec, a reasonable time needs to

be provided for the Terminal to actively participate in the handshake session.

15 In general, the CL and CLR message parameters can be set before the handshake
procedure begins. The present invention enables the Terminal to inquire (of the

ATU-R) the status of several of the parameters.

SNMP Traps can be used to indicate critical parts of the received messages that
20 must be acted on by the Terminal if it desires to influence items, such as, for

example, MS or ACK/NAK messages.

White the invention has been particularly shown and described with reference to the
preferred embodiments thereof, it is understood by those skilled in the art that

25  various alterations in form and/for detait may may be made without departing from
the spirit and/or scope of the invention, as defined by the following claims. Although
the invention has been described with reference to the particular means, materials
and embodiments, it is to be understood that the invention is not limited to the
particulars disclosed herein, but extends to all equivalents within the scope of the

30 claims.
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field within the MS signal includes information designhating one of G.992.1 and
G.992.2.

12. A communication apparatus selectively connectable to a communication
20  terminal, comprising:
a transmitter that transmits a first predetermined signal to designate a
specific mode to the communication terminal; and
a receiver that receives a second predetermined signal from the
communication terminal in response to the first predetermined signal, wherein, said
25  first predetermined signal includes an identification field that stores modulation
independent information and a standard information field that stores modulation

dependent information, data in each field being hierarchically stored.

13. The communication apparatus of claim 12, wherein said first predetermined

30  signal comprises a MS signal.
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receiving a second predetermined signal, at the first communication device,

in response to a second predetermined signal issued by the second communication
device, in.response to the first predetermined signal, wherein the first

15  predetermined signal includes an identification field that stores modulation
independent information and a standard information field that stores modulation

dependent information.

17. The method of claim 18, wherein the first predetermined signal comprises a
20 MS signal and the second predetermined signal comprises one of an ACK signal
and a NACK signal.

18. The communication apparatus of claim 6, wherein said MS signal
transmitted by said transmitter includes a communication apparatus function list.
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