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CROSS- REFERENCE TO RELEATED APPLI CATI ONS The present application clains the
benefit under 35 U.S.C. 119(e) of U S. Provisional Application Nos.

60/ 132, 702, tiled on May 5, 1999; 60-136,333, filed-on May 26, 1999;

60- 146, 140, filed on July 30, 1999; 60/159,588, filed on October 18, 1999;
60/ 162, 150, filed expressly incorporated by reference herein in their

entirely. BACKGROUND OF TH Wt@l@pf' it EN]’he fol |l ow ng
definitions are enpl oy Tg? é M .Qn: activating
station - the DTE, DCEﬁfain % her ﬂlaégcl)\tcf% g‘ éaf %&@Hﬁ‘iﬂpmnt whi ch

originates an activation of an xDSL. service; answering station - the DTE,

DCE and ot her assocCRIONS-REFERENCETO REEBATHD APPLRIRYTRSNs@ cal | placed on
the PSTN (GSTN); carrier set -~ a set of one or nore frequenci es associ ated

with a PSD nhb&psserd appligation gladms gpdiensondmed@bitS.6n§ 1C8E3of U.Labl i ng and

cabl i ngpconpaonent s..desi gned test to .trapsm Ly, t 6 _MHz of
commun BAVBeT ApBuG PR AN, 60852 e R AT P oldobe 60-§ 0¥ aciled ooV
second; 26, 35983 60-£4)1 40) Giled vh RAP BODIOOSIIVSEFES MPbH0RDHLENR 199hed to
transmit cleanly to 100 .MHz of communi cations; communication nethod - form

of comm@fiieal3G iledwpressiydnearpatatesibn refesencabersimin theimontitelst.i ons, |i ne

codes, etc; downstream - direction of transm ssion fromthe xTU-C to the

xTU-R, Galf - an octet haRAGKGROUNI OF BIlENVIEENTION he ones conpl ement of
an HDLC fl agg' Qi.gi tiating signal - signal which initiates a startup
procedure; i g station - DIE, DCE and ot her associated term nal

equi pment Wi followirid déf@stichs Sk@Ehployed BEAHNGE; th B¥alldkhisgop - frame that
has fewer than four octets between flags, excluding P18066. SO1 transparency

octets; 7 O@rtivating stadiongethe TE, RCE and othanassesiated darmynal eqitipmentiwhithed

transm ) } - _conmmuni cation channel 5, the netallic
W res tE% égrmtﬁgéﬁ%c%ﬁ%ﬁq{%%%g%cfhe custoner prenm se; 5 responding
signal - si gmavesimgistitivw-ethpdXEE, DGEand otliet asbtiagdemiiail equifhRai Which
station - statign,that ﬁ%iﬁ& nitiation of a comrunication
transa@f’f"ﬁ?fsaf‘:f‘gﬂatc op SAHPIOW session - active conmunications
connection, capAer$dd f $e0BT HRIGINNbRATd RIS asbELNEE With a PSD mask of a

particular xDSL Recommendation;

CAT3 — cabling and cabling components designed and tested to transmit cleanly to 16
MHz of communications. Used for voice and data/LAN traffic to 10 megabits per second;

CATS5 — cabling and cabling components designed and tested to transmit cleanly to
100 MHz of communications;

communication method — form of communication sometimes referred to as modems,
modulations, line codes, etc;

dewnstream — direction of transmission from the xTU-C to the xTU-R;

Galf — an octet having the value 81,; i.e., the ones complement of an HDLC flag;

initiating signal — signal which initiates a startup procedure;

initiating station — DTE, DCE and other associated terminal equipment which
initiates a startup procedure;

invalid frame — frame that has fewer than four octets between flags, excluding



conputers or applications over a network; ,10 signal _ information con ed
‘vi'a tonpldE&EShIt ransni ssion; signaling fam ly - group of carri & 1s8C4

are integral nultiples of a given carrier spacing frequency; splitter -
conbi nation of a high pass filter and a | ow pass filter designed to split a
nmetallic local loop into two bands of operation; 15 tel ephony node -
operatl hm%géf V\/ni ch voice or other audio (rather than nodul ated
|nforna |ng ’messages) is selected as the nmethod of communi cati on;

transaction - f; i psitive

acknow edgmemesﬁa g:l(?ﬁ%ﬁ 81%%%a | vevg‘"rl%nomple Etheﬁ t{%ﬁ)@ olﬁbr a tinme-out;
termnal - stati 20u trea The dj t|o of tra SSi r mthe
XTUR 1o t hempificlorahes s sphiblialon it %ﬁ%@e%b%‘amﬁﬁaﬂﬁw (B1058Es
‘throug Rofiiscussion: ACK - Acknow edge Message; ADSL -
Asyrrrre?lrg% éD gl tgﬁ{)ﬁietgscrléber Line; 25 CCITT - International Tel egraph and

DSt © D gi ¢ of o o el S g e AR MR YT e h066. SO
?Sf? D1 g t o FspR S Etiob” ERISR s MEOBRL o AREROABe L0 ouni SO pran bl '

central £4,81H Afoté Batiod; X TU- C  HSTU-R - handshaki ng port| on of the xDSL
renote termnal unit (xTU—R | SO - International Organization for

St andar di zat {Q8on L 2slive condritfié itk 0bmlection, @68HRA ot boindiAE @lend, between
Tel econmuni cati on Standardi zation Sector; 15 xDSL - any of the various

t ypes ofonipugers af aghlivgtensoyer 2 hetaor;DSL) ; NAK - Negative Acknow edge
Message; NTU - Network Term nation Unit (Customer premise en PBO - Power
Baok O f; PMigmalPaufermiGorecsareyrd x tinertgeed tRismissRaner Measur ement

Mbdul ati on; PMVB - Power Measurenent Modul ation Session; POTS - Plain Od

Tel ephone SesignalingtSmily -Rooey oSpeder sts Waink ateyntemll' nultiplehdf zgisw catied

Tel ephone Net wor k;
spacing frequency;

splitter - combination of a high pass filter and a low pass filter designed to split a

metallic local loop into two bands of operation;

15 te]ephény mode - operational mode in which voice or other audio (rather than

modulated information-bearing messages) is selected as the method of communication;

tramsaction - sequence of messages, ending with either a posttive acknowledgment

[ACK(1)], a negative acknowledgment (NAK), or a time-out;
terminal - station; and
20 upstream: The direction of transmission from the xXTU-R to the xTU-C.
" Abbreviations
The following abbreviations are used throughout the detailed discussion:
ACK - Acknowledge Message;
ADSL - Asymmetric Digital Subscriber Line;
25 CCITT - Intemational Telegraph aﬁd Telephone Consultative Committee;
CDSL - Consumer Digital Subscriber Line;
DSL - Digital Subscriber Line;

FSK - Frequency Shift Keying;



RADSL - Rate Adaptive DSL; VDSL - Very high speed Digital Subscriger bi\-ngmg
'20 xTU- Bi806deSAral terminal unit of an xDSL; XTU-R - renote teri aP uni t
of an xDSL. 1. Field of the Invention 70CT2002 The present invention is
directed to a high speed comuni cations device, such as, for exanple, but
not limted to, a nodem a cable nodem a xDSL nodem a satellite 25

communi cat i ogsYN$L Bherdl HRjteHedtRIPMALAE Netw R (RncWisPHTRSS conmuni cat i on
system which 1includes a handshaking or initializing protocol, and in

particul ar, {h@n. ApRfSRHSDAIA SRELRAGer Linat provides neans to robustly
e

sel ect measurenent procedures and robustly report the results of such
nmeasur ement res. &ﬁ#gﬁ% i i 1%?1'5 Qﬁhf\_ . O her

I nf or mati on %q%g’u’ttﬁ%dflﬁpo arﬁ%aﬁggi onalci%p%rgsteo F e 5 ri ous’ xDSL
schenes is t tel control t n Lah e ﬁgﬂg used on a
speci fic xD Slall‘iﬁ'g ?@“ﬂ%{}é%orﬁ%%aﬁﬁ‘g%f‘u%@?e L%’or g&ht as 'u&{r}i que

par aneters, h_as, f.or a I tenuati.on. interference, crosstalk,
ete, 5it is s'il?tﬁmago?%%ge%?%oé‘%r ﬁ@ﬁ&fpléaté%se paraneters before
blindly trangp tii | ‘ar.ge unts._of .power i t he | oop. Heretofore,
each xDSL Scﬁ@%‘é‘t hgfge‘ﬂgté‘g“ail gggg%ﬁ“ﬁPBB&i‘ %ﬁ’r“fn}‘gf"iﬂr@nﬁ?’cg% r neasur ement
and congﬁg&ﬂdi%ﬁ({,hg‘%&i ng degrees of measurement and control. Additionally,
t he power control neasdrenent procedures of the prior art were typically

used after t Dﬁl‘E ool ?5]@ %@ ed, with I arge anounts of power

al ready bei nlggfs rﬁnsm”‘%x eg.%e cgbrl%%%%elt’y, there is a need for an apparatus

and net hod t I Ny : asurenent procedures
Ry PRel e TelflSod Bnit!(@RUSHEY prREh & nat®

and robustly fep ere asurenent”™ procedures, so as to

m.nimze th upt  ofo t m ssion power used to transmt data. The ITUT
ha‘@ publ i s_hgfd’ﬁgég%%r? ecg%rr@t hods for initiating data comruni cation 15

over voice chann __The Lng three Recomrendati ons have been
| ¢ nEE £ BBREE Bppselfont B

pr oduced, is expressly incorporated herein by
reference i irpenthrety:. 1 : T dation V.8, entitled "Procedures
For Starti n?@sﬁp@%&réﬁ%ﬁaeﬁm}l ragsmigél’l on Over The General Sw tched

Tel ephone " . puUbkished | - 1994; 20 2) Recommendati on

V. 8bi s, en{\ﬁwg'rlﬁ%@)‘&e@ ueraé%rel?gfm hﬁﬁg%gg}%?{éﬁs}%étl on And . Selection O

Common Mode rati t n Circuit-Term nating Equi pments (DCES)
P i g TRl b B

And Bet ween ui-pne E:( DTEs) Over The General Switched
Tel ephone rk, blis i-n..August, 1996; and 3) Reconmendati on
G994. 1, ehﬁ%é?uﬁﬁagﬁg&ﬁaﬁ%@@edures For Digital 25 Subscriber Line
(DSL) Trans Clgé'}l’ﬁr—sPﬂbhg lg%\lnltcigg Q'efeghgn%rﬁetav%ﬂg'

RADSL - Rate Adaptive DSL;

VDSL - Very high speed Digital Subscnber Line;
) xDSL - any of the various types of Digital Subscriber Lines (DSL);
20 xTU-C - central terminal unit of an xDSL; aﬁd

xTU-R - remote terminal unit of an xDSL.

1. Field of the Invention

The present invention is directed to a high speed communications device, such as, for
example, but not limited to, a modem, a cable modem, a xDSL modem, a satellite
25 communication system, a point-to-point wired or wireless communication system, which
includes a handshaking or initializing protocol, and in particular, to an apparatus and method
that provides means to robustly select measurement procedures and robustly report the results

of such measurement procedures.



It is noted that docunment (3) is the final version of Tenporary Docunent
'MA- 006 PHaBeEsd81 published in March, 1999. SUMVARY OF THE | NUENTI{ON 2003
Accordi ngly, an object of the present invention is to provide a uniform
power 30 neasurenent procedure that can be used for all. xDSL schenes.

Anot her obj ect of the instant P18066. SO1 7 OCT 2003 invention is to perform
t he uni f or m poyRE- REaS O BEERdroRi PAGE WtBeTntdmatiéh t he sel ection of the
speci fic xDSL schene. e procedure of the instant invention may be

i mpl enent ed qu,{.?% i EOSHKb 3RgsRak I i

procedure, s%%ggf tﬂafg?ﬂﬁt%ntaggto, tgﬁat ??%S@ﬁﬁgimﬁFgﬁgg% gned

U. S. Pat&ifo] Apparh&ait b raiddit p®Pérdikéd dha shiedifid xDEL Deee Siere eddh 1duallidep naad/ or
09/ 281,813 filed on March 31, 1999, and/or ITU- T Recommendati on 0.994.1,
publ i shéut xDSLbesemiqegaraneitrsguah apgfor pramplowaticpuntiopontegfrgence aasséalornic,
procedure with the xDSL sel ection procedur | | pws..a. nore. accurate

sel%ect i Bas gs’rtah]é B é?‘i‘ﬁr?:tlﬁ-lp’zf?e%glfg?ﬁ?dlﬂr %F%Bﬁ%eg’éﬁgmqu H&gﬂﬂn@?fg tjaf"%e power
reasur Bl Sfpé,&rﬁr intt ¥he RIcBS Bilrelb e AR RDRL Sehdhé RSt it sBwlBroprisaaHr at e
determ nati on of the m ninum neede requency dependent transm ssion power
10 duri gigledfPairgr hicanaemeitiaad comes, witoargdhydegreesand noap@ement atd@npoesent

i nvention, an apparatus is disclosed for determ ning transm ssion

par anet er s WaidiRidnBily, it @k EtLoatr6 DMBRNUIr& At PRocediitks ofthp pEidrelt &fere fyptialigt i ng
device, that is associated with an initiating conmunication device,

t r ansmi teedfaiftes the ¥XDSnswilslstionhabstaried, avith largetamanntstd peded abigadytheingespondi ng
conmuni cati Qn (gevi ce to a 15 respondi ng comuni cation device. |In response

t ot% he FPAYHFYted first transmission paraneters, a neasurenent receiving

section, that is assocjated with the initiatin [ ni cati on devyi ce,
CEceives fi rAecQmiY, dhsre i AdhPeR Jor HbARRT A et e A PEoYiqes Bt .

fecel v . : COTTHne rce.
ccor di ng, Ly ﬁ%ﬁ@%fg.g&g&grggjéoééaﬁrés%af}&mﬂ rbdift thkdsufil bPehc BRI ReRRLE ON

devi ce al'so u nmeter recervin evi ce that receives, fromthe
I espondpidgediRes)uo ks Al nbiim?43 theahoent cfernsmissionpewesssedrio panamitdetas t hat can
be used by the initiating comunication device, and a measurenent

transm ssi onTRECTONhidpiblitHedstorhmendrinethedofonimtisting duta commpaiediing
communi cati on device, in response to the received second transm ssi.on
parsanet eves voiedand chapnels. The doliqwiogdhree Recomipepdatiors bavbseagpadureadhe

communi cation devigce . 25 addi tionally incl ud [ r.indicating
devi ce T“??éetcg)frfagtﬁgﬂf‘?’glcéé%?ﬁ?acsf alﬂ%?FPérsﬁt%ﬁh&%gigﬁ%f'ﬁegep ggﬁ) i egg'{ée by the
initiating c ni cati pn device..t,0 id inityatd i j device- It
i s noted tha?%@‘?‘?’?%@@? %%WE@F%??&F%“&%S(%?rsgt%r%ggr%é%gesgﬁ{%g%t | east one
of a power irg¥Rhissfonl RFURRCenlAl SWitthbd TalefhtmRNAWorlpuldistiad Iri er density
of the communication link. According to another feature of the invention,
t he respondi BeptembenhP24t i ng devi ce 30 al so i ncl udes a neasur enent
receiving section that receives transmtted signals, so that the
i mgtiating coyReconmathdation M Bhis, eatited NBrocedpesihirigheddentifiratanifad devi ce can
performan Pl so066. SO i c "
' Selection Of Common Modes Of Operation Between Data Circuit-Terminating

Equipments (DCEs) And Between Data Terminal Equipments (DTEs) Over

The General Switched Telephone Network", published in August, 1996; and

3) Recommendation G.994.1, entitled "Handshake Procedures For Digital
25 Subscriber Line (DSL) Transceivers”, published in June 1999.

It is noted that document (3) is the final version of Temporary Document MA-006 that was

published in March, 1999,
SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to provide 2 uniform power

30 measurement procedure that can be used for all xDSL schemes. Another object of the instant
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1 7 OCT 2003 exchange of information between respective rreasuren?n?t

receivi MI866&E0bns. According to another object of the invention; arfCT 2003
apparatus is disclosed for determning transm ssion paranmeters while
initializing a comunication |ink. A paraneter receiving device that is
associated with an initiating conmunication device receives transmn ssion
par anet ggventibils 16 dBrfbien Qi foym oS et Mebduddrh g pesretiataipeiat toothe @elttich ofAhe
measurenent tranSm ssion section that is associated with the initiating
comuni epddifnxD8kiscenter dieprocedus afith¢ Histant inventroagpaynet mpleoamtadreat i on
device, in response to the received_ transm ssion araneters. . According to
an advastiggEonio adnhandshgdng Wfbseﬂ@ﬁﬁﬁﬂ?%éuréoﬂﬁﬁgﬁﬁgjé’fiﬂﬁhlnagﬁtf’et fso 10

i ncl udes, a_par anet er, i ndi catiag viceqth LS, i.ni Ly ati,ng
communi 815?“(18}? SRy a%sﬁ%ne? r[eha‘gs}r)ngg%ti o 1%3@%%@%’ %?@ @1?%562{%%& glgdﬁ géel}c]iﬂ)%? Y he

i nisti at iy 5 GRIPRIY/BALE 18MIEE YA MarcH BE, 1950 24FrIFUOT RRasmRh&4thonAG 894 ¢ at ed
to at | east one of a power |level, a frequency bandw dth, a duration, and a
carri er pobliskied yn hine} 1999¢ dmagrativg theqower ctmtridend mtsigementprocadurrewiththeant age
of the invention, the respondi ng comuni cating 15 _device al i ncl.udes a
measur e¥BDSL seleeion pregeduae aHQyys 3 mere ?@B@%@i@%@ 0? thepeiqat gl lymepulaten, o
N1l at LA GORTNR LY Ml vl SYdaG oAl 08 SERIRAAG AU MEAIN EY! Ce

per f or an  exc ,angpe of “informati'on between respective neasurenent

recei Vi piprs St D GetertIQAtDN of Al REAITRIm hitded eGedhky deypidentarnsHidsid power

di scl osure of an apparatus for establishing a conmunication |link using a
dettoer mi dedngadatatrapfmisgiomsmdssi on power. A 20 paraneter indicating device
that is associated with an initiating comunication device transmts, to a
respondi ng cdwnendingdt aoebitetofithe pfésettintenting nsappeanatysas diselosedsiorhat can be
used by .t he respondi ng. conmuni cation .devj.ce. A measurement.receiVvin

sect | onAEFIRInIgG TERSTEIOR PEEALT WS PIRRLEGS 2 SgRBBRITPR Sk of. PGPS

recel vemdidaipk sy Mat id ASUSECR Y inliRARL BALAENCANTABL AR HARSHRY RS 1N
response to e first transm ssion paramet@rs. . Then, a 25 selecting device
that i strasssiediad patamitets thitecanbetused by thecesponding abinominietioodevicatsai ts, to
the responding comruni cation device, power. |evel Bgr aneters .that can be

usiéd byrespending eRIRRNEGANHRTIAG dRIFSHANIEQ tRetransa t BgRSTYSPhe i nventi on
is that Y ' t - ﬁﬂ,,ﬁf] . Wik t he

initiat P%SR’ %%%T’rugtrlﬁ?%a ?%%ht gg‘?ﬁe’l@;%%&n\’/g%? lsfar§sc')(rﬁn§at'i er e?%oﬁm%\%gcomni cation
30 devi ggmmeakenéh dd¢videsracsiveo firsp sigank isusd bjdic responbing eortmimicdtiva device.
initiating comuni cation device. A neasurenent transn ssion section that

i s associ at ed chéritthgtth en bivantalel oTehFhSOESAE itidtifE dorridicat omdaicails®n
device transmts second signals to the respondi ng conmuni cati on device, and
a sel echichujesie prrsmetenserstiing devies that repeivese SponGE FFPeRding APEMUNRtgRYI ce,
transmts,. to th initiating c ni cat. on vi,ce, . r - raneters
IR C e St Tt PR PRATE Ty AL et BY i g colfyedigno ™"
as'vant 28&/iQ, 2hd§ nicANEBhEA rdnSmiddRn! REShANtrfsmits 60¥hlGitnaRGodRyi ce that is

responding communication device, in response to the received second transmission

parameters.

According to a feature of the invention, the responding communication device
25 additionally includes 2 parameter indicating device that transmits second transmission
parameters to be used by the initiating communication device to said initiat_ing communication
device. It is noted that the first transmission parameters are related to at least one of a power

level, a frequency bandwidth, a duration, and a carrier density of the communication link.

According to another feature of the invention, the responding communicating device
30 also includes a measurement receiving section that receives transmitted signals, so that the

initiating communication device and the responding communication device can perform an



associated wth the initiating communication device. The configuring device
'sets ‘poEBOb&S$OL transmi ssion characteristics to be used by thTTi@tﬁiggmpg
comuni cation device in response to the transmtted power |eve

paranmeters. A still further advantage of the invention is that the
initiating comuni cation device 10 and the respondi ng conmuni cati on device
perfor %ﬁcr&ﬂgwpin?@ﬁﬂa%n bkidees E@,Bwﬂe%&gﬁeﬂfeﬁt reddilig sb@igomaover | evel

paranmeter 1s-sel ected. Another object of the present 'invention relates to

an appar at us Ac%%rcfﬁzé UL BGed of ARV prgpﬂamﬁsg i hsd @&I&%ﬁﬁﬂ%
amount of transm ssion power.” A paraneter tecerving device, associate
Wi t h an yafdrhissibh parabrerwhilaiigaliAleyi esmmusiesiiortnk. f A@arandtaspesidngg 15
comuni cation device, smission paranmeters that can be used by the

i ni tiat degce Graisdseaidtehwitbwh autiatngeayowdnainn deviosgateteisdransmatssionn,

associated wth an injiti aftl#)ggh comuni cati on device, transmts stgnal s toa

measur eREAMEEE hal FHpPeised Py IheiPtating SERmRPIRGIoR drmtn; LARFEHERR ce, in
‘respons .S S o | j |8 iated
R e L
comuni giahhlgRo BRVE§RNARG WS MiRNGti o AeAEE iR Fapbiito Cirebel ved tahsmisdide
initiating conmmunication device. A configuring device that is associ ated
Wi t h t hpatiamietdrat i ng communi cati on device may additionally be provided to
set power |level transmi ssion characteristics to be enployed. A feature of
t he inventi omceardingto antadvamiage efttheipventinn tieggsnongingepmrauningiionievizs also
respondi ng communi cati.ng device. performa.c ni cat.ion |link.startu

or b edutuges apapmeter jpieringiryice st Srviaks. i eapiiRting omRRiCEion (F PR
obj ect i Yo BRet 61" E&?b@uﬁtﬂﬁﬂ frffiatfR QnithMiBsi A AfRUAhe Of
transm g%i%%%g\%o?’ to use WI e establr's ffngl%l ommuni cation | i nk. g\n

i ni ti at rAgsmissoipaianRidrome deluied o ttrlams oh¢ sf appwadevelpafaqemey basdvwjdél, ato a
respondi ng conmuni cati on 30 devi ce- The respondi ng conmuni cati on device
acknow eargten.raadararagy dgpsied the Rpmprgeawm 1 7 OCT 2003 neasur enent

signal, and additionall “transnits to the initiating comunicatjon device,
recei ved powéyccending fo er\Agyvariage ofifbe rvepliord ithreeRAdNG CURMBAICHIE ce t he

indi cates . transm ssion characterist. f L0t .t i [

de o et S0 FETRE A e REREATRTT g foioy! B8 roHilesithe iRy Befidl 0
comuni gagitRiy GehedcdtiiRievice ahd @ refRniing oM Cdtingtdtaicagetfolifing @&
received fromthe responding device during a subsequent transm ssion. The
r es pondexnpasgmedinfarnation befert tespecyva deHasyremant igceiFmg$asttons. signal to the
initiating comuni cation device proposing transm ssion characteristics of
the power naastheepbiett ofithynpiesand ibentien isithe displpsurh of pe 9pparaiug dor

communi cat.i on. device. A c¢co ni cation |i.nk, startu rocedure ma | so be

i 1 at EHLHINE 3 PSRRI R Oeleriae L RO o CRASRSHEN PORAT At od.

g\girbg ;rg't g;rﬂaﬁlgte@ i Gohipetice 1R id AAVSUb O Rithah ihitdfhg ESBnRhicAfloh BEYitaL i Oon, a
) u'ar,xsmits, to a responding communication device, first transmission parameters that can be

used by the responding communication device. A measurement receiving section that is
associated with the mitiating commmunication device, receives first signals issned by the
responding communication device in response to the first transmission parameters. Then, a
25 selecting device that is associated with the initiating communication device transmits, to the
responding communication device, power level parameters that can be used by the responding

communication device.

An advantage of the invention is that a parameter receiving device that is associated
with the initiating communication device receives, from the responding communication
30 device, second transmission parameters that can be used by the initiating commumecation

device. A measurement transmission section that is associated with the initiating
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result, and an acknow edgnent is transmtted by digital nessages.
"Addi ti oPEH009.5S04t | east a portion of the digital nessages nmay bZT 0CT 2003
transmtted at substantially a sanme tinme as the power neasurenent signal
15 According to anot her object of the invention, a nethod is disclosed for
determ ning frequency dependent anmounts of transm ssion power to use while
est abl i irehiatios Ve @At sdebiksighuls tor ttie rgpbndihy eometuhdtiomdevies, bhdt | ng
commruni cation device transmts a power neasurenent signal with

char actaselesting detiba essciatdd wijlu deopsnvagias gemmunicaion depadrangmite i cat i on
devi ce.. The respondj ng cQmuni cation .device indicatges t freguency 20
dependdnilianps RERRESICEOR AR PV FSIENE PRFOLHE Uik it BF hseg By RIS on
device(&plﬁhemiﬂ$gkg&%ng comuni cation device. The initiating

communiCatt oh aevice hen utilizes the frequency dependent transm ssion

characteristjcs, received fromthe.re ndi.ng: ' [ A ..during a
Subsequent _thmufegmiREe oBE RIS Y PeFioR STR SRR it e

r espondjs g ¢ OMWHR kscAhitRiRing @¥ingfinichfioh HaVIsdN Tie dnERUANE MerEPSAAssRerleedi ved
power mneasurenent values To the initiating comrunication device. According
t 0 anotth&smiseivhuheraoteristivs tb e astd pnthetititatres@enmimmgaticrodavige ioaesponsedevi ce
transmts a signal that proposes the frequency dependent transm ssion

char actthe raasmiliedpoverdetrd RaramaieiSur enent si gnal to be received by the
respondi ng conmuni cation device, to the initiatjng conmunication device.
30 A furt herA still 8thep pdvaneagenf dha inyentioais thahdenpitiging copMUAAIR ISR ni ng

an anmount, of transm ssion power t i -abd | Sshi i.cation
Pk, Ang SRRty wrERe e R Gl 2 oSt o SRk e RGIRLTT
fyom aqﬂephkmwepﬁvgpﬁmgﬁagsigﬁcggyi ce to a respondi ng comuni cati on
device, 1In ich the power neasurenent signal is transmtted at a
predeterm n%{rcﬁﬁ% cB¥Plhe prdsdft iROMRIonFEIARY EE AP AYpaSABN I ebiSblighidd Ansni tt ed
at increnentally hlé er power levels (such as, for exanple, 2 o

i ncr enepheyunivdtion linkaginges ddteniecibareount pétlansnesidmpewera | A paaoisterseceiarg 5
exanple, 200 ns), until the respondi ng co ni cation Vi ce issyes a signal
r epr es &eVICRRsERFitted Wi aﬁ‘dﬂ)é}anﬂﬁﬁ‘érﬁ?‘é‘ﬂ&ﬂ'fw% YA TRREYC g@?{ﬂé’trgwn Weeived. A
L aNSI b RS atloR (RUick Srddifis Rl pd-BheteRthaRuh B LI By @mMag@t 1 on |ink
bdt weert oThe 1 AILT ati ng conmuni cation Tink and the rrespondi ng communi cati on
devi ce copmiebEtidaclevRe! Remsigpnmhent Ganesissivn pgtiphadssohated sathran indagog enent
signal was adequately received, According to a feature of thfea[i nvention, a

comunicemmiwncationidexics, ransmits Siesgiste 2 mEpSHIFRCRI PPN FeSHqnt 3 HEEPAIMSS i

power |evel para r I:Sei 3 Mt ted power
measur &&B}Wu‘g?aé‘ﬁgrdt enﬁ?’ﬁgée%ﬁ’gged%gh%g%ﬁgﬁgﬁﬁgrgégggésAgﬁlegM egot |eé1t ion and
cont r olaséRpiétBivith figd rebor@iigh@ngatnibationsdaviceratismits]. ft tha gnitistimgini cat i on
device and the receiving communication device. 15 An additjonal object of
tBe i nwemmumcationaleviss, powargevel arametesy thabepn e usgd Py SpugHaingdependent

power duri n@gh%ﬁj‘f‘ﬁaki ng of a conmmunication Iink. An indicating device that
ik asSOTFRIRE VIR initiating communication device transmts frequency

band trans mg %::Jr?ﬁlguring device that is associated with the imtiating communication device may

additionally be provided to set power level transmission charactenistics to be employed.

A feature of the invention is that the initiating communicating device and the
25 responding communicating device perform a communication link startup procedure after the

power level parameter 1s selected.

A still further object of the invention concemns a method for determining an amount of
transmission power to use while establishing a communication link. An initiating
communication device transmits a power measurement signal to a responding communication

30 device. The responding communication device acknowliedges reception of the power



paranmeters (that can be used by the respondi ng conmuni cati on devi ce%i é@éa

'r espondiBig06€8atruni cati on devi ce. A measurement transnission séeiB Tt

is associated with an 20 initiating conmunication device transmts (to a

measur enent transm ssion section of a respondi ng comruni cati on device first

signals in such a manner that a power |evel varies by frequency bands. A

nmeasur epRakurt@et sk HAGHHRBnAly FARmiRiIG tRtihifigif0 tFrtifna RGN, Ce

recei ves second signals, in which the power |evel varies by frequency bands

i ssued bscewved powsumeasmément vabws.s Thorespadin gorenuhunihgiongteyma diaigdicates

comruni cati on devjice, wth the second 25 si _%nal s bei ng received in response

to the {RAFBISHPER SRATRGIEEStICS Of Mg BIialBE BRAMHBICRRPIAevace: 10 the WINAIRE | nvent i on,

the first_ signal.s . - 1 SSi vi ce
cabgn g%)‘al%ée?e'trﬁé;%ﬁ?a%n %OM@fch§€8%%1c$@§§ tuhflé‘éé%g% &gdsﬁlas{i‘oe

t hat fuﬁut! T1TSE 'srgn one 1 1'filte_r,
a s§ opedndrhdtbRdtics 2tdivad lfros@hie&es;{ohaﬁlgraevie@amega siRRbaedt Rinskdissiddivention is

that the transmtted first signals naybe subjected to 30 paraneterized
tenpl ates, S§uaSedBndihk S aRAribh BEAEe B3) RddiARRIRFandRith g tling c! 0sed
for establi sg'ihnge%on%%%iecatl on. transn#ess?%n 6allrar72t earns Pl.ﬁgg.%%l 17 OCT
2003 duiditighng coafmuitaiin devideippdpdsitighttanbmisaioh eharabtgritticsd thd poweg, by an
initiating comunication device (such as, for exanple, an xTU-R) , a first
di gi t al meesEementsignehty bracesisedby é@spandlaéwml@&%%ﬂ@ﬂcmSur enent
sequence; transmtiin by _a respondi co I:Cat | ¥ ggvi e (such as, for
exanpl e SOGRIF ?f}mlégt%%ﬁﬁ’ca‘?'ﬂlgpﬁy aE%sbs?algmﬁé egva?tﬁﬁ&ﬁar arrefsglro 8 for an 5
UP§] I eaph RV stide Asi B nBidicaeguence, and al so including substantially the
same said paraneters of said first digital message as parameters of said
second di gi t AlecMRRIPAS: feathfe bR [rivbhtton, BiedsPné BF &d RtiAHDnCOPAEREERL ON
device, a third didital nessage that acknow edges the paraneters ‘and a
node setasscl.entdap stkmowledgmentiis ramspnttedh by digitelhmesegase  Addineady] difleasga by t he
“initiating co nj.cation device, a power neasurenment signal that 10 enpl oys
t he paraw%f)ép they arfémss'aa?@rnaé@ettw@sw?s&ﬁaf%ﬁwemﬁﬁﬁgsw’aﬁs_ PET t he

power %Mﬁ%@%ﬁnﬁl gnal that enploys the paraneters; transmtting, by the
initiating conmuri cation device, a fourth digital nessage containing a

It of th ' ; j ' ‘
Coftmuni cati oAz SEASHEr BBl of Pelfiadob o R aRliob oo BBARAT
the r espefEtnbgdssRdent SafuntofdfkRision poiwki 1o 18k gvHiRl estiblistdgea 15 cont ai ni ng

a result of the power neasurenent sagnal transmtted by the initiating
comuni exmipgmcatean kek. afecardiag de gierraethpd peanfialing ¢qramupisgion desiee{rangilg ag
final operatin characteri.sti,.c _between.,t initiati C icatiqn device
and t heP TR BRI ERRb Aet Lt PR DL B bRV AR S onte
node bycdh@uhibidrpddvice. COETeiohaingdndRviiCfion Advich tndicRePBO Beliiency
comuni cation device; and; starting a training session of the initiating 20

camuni dependont trensmissian ¢harheterigting oh dhergitetngroomuanicetion deviewto theitkring
25\? Sr?’lt z«gfggml O\Iag?%‘ngEﬁimDRAW“ ﬁgs,}nirﬂggpé gr Srhunieation. gev?éeht?xlén ?18 i:?ecsttﬁé ﬁ‘];c?uaétng)l; es and

dependent transmission characteristics received from the responding communication device

during a subsequent transmission.

According to a feature of the invention, the responding communication device
25 transmits frequency dependent received power measurement values to the initiating
communication device. According to another feature of the imnvention, the responding
communication device transmits a signal that proposes the frequency dependent transmission
characteristics of the power measurement signal to be received by the responding

communication device, to the initiating communication device.

30 A further object of the invention pertains to a method for determining an amount of

transmission power to use while establishing a communication link. A power measurement

8



apparent fromthe follow ng nore particular description of prefqzr?r?ct-r 2003
renbodi mMMB8s6.881 il lustrated in the acconpanyi ng drawi ngs which ar J ‘
presented as a non-limting exanple, in 25 which reference characters refer
to the sane parts throughout the various views, and wherein: Fig_ |

il lustrates a bl ock diagram of a data comruni cati on system using a nodem

devi ce geaANERgmiRe@RofROEIIBAL cOhmhiRaRELESAE loeRidnditig donSimudcation
il lustrates a detailed bl ock diagramof a data comruni cation system of Fig.
1;  Fi gdewcd, in whichahepoweRnvsnreMentsjema it trébsohderhat a Rk@Sternihéd pewptrdsvel.
transaction using 30 new nessage types,  and transactij ons accordiln t}ggﬁt he
ﬁ%’EC »f

pr esent Thepewen measutemeni 8g6d iswmtrammttodpri angregentally P IdeYE
dupl ex transacti usi n W, sa types, and. t.r ' ccording to
The s o amRlseA e SRS w RIS A Beeactihinds (RS BEEMARSARACKE. 1O |

Sessi ongf )20 md)NEnti16d é%qndlr%vc%ﬂhhﬁﬁcéiﬁhr&vﬁéliﬁhwﬂ siPRATSSeSen@as that
transactions wth a predeterm ned set of paraneters for 5 the neasurenent
si gnal ; theipgweP nichdurahemtséznat Wwes sdyFatelyTsiaivedusA trgnamit powanlenelss thye setafod
transactions wth explicitly requested, paraneters for, tt]e r;%asur enent

si gnal sestahlighing 2 qompgurication linkdepraen theBuiaime rommamsation; ik apddbeges and

transactions,.in which the,easur nt. .si | w power
to a hi BPOBIRE R s oA ER G 15 B gt ERERE il Bl

neasur e%%réhgﬂaig;naj:{;% a&qﬁt\%\}zsgg@e@s t he PMVB session using existing
messages and transactions in ich the neasurenent signal is stepped from
a {OW pover ho.Gaftedh aROMETe of Ui iAGerfioR! & Borhiininich 66 Bk CErBRpRIREGE Mdyor t he
measur enent si gnal g; Fig_ 9 illustrates the PMVMS session using a nmessage
MR- Pt hié initiatetbafier dige frarsmit ddvariével pargmetss bagessnantl It rsarsedthabths f or  Power
Back Of (PBO; Fig. 10 illustrates another ex | e of the PMMS session

Ui ng AR RgbPETEATEeTIoq SiERAl AP SR AU P TSR 98 4 iggonation

el il s B NG xSt e B0 o,

I illus gramTor a I ng portion of an xDSL renote
20 t er mepdikingiomnnSddtoR)devitewhi ch the instant invention is incorporated,

Fig. 12 illustrates a state diagramfor a handshaki ng portion of an xDSL
cepptral t er ghnahitisAhl objddPdE e nventivh codtehizan apphenis fonweadiring fregnency
i ncorporated; Fig. 13 illustrates a dividing_ of signals_associated with the

PMVB s edspiendent powenduriiig handshalingroff 2 eqompeigaiomiak.  Ap ipdigatingdeviqe fiatiat es a
flat tenplate.that sh s a transm.t - . Flg. 15
1 ust - SeegaEd st R Robiiplon J0AE) Sl oG SRR R3S ch
freque ”ﬁéfam@@'fk_d([tha@ ah bé Gsed b}r@h@ﬂﬁp&xﬁimé tothinbaicatidh &plitd)etot-a@paaidas: t hat
shape a transm spectrumof a i . . . . :
communication device. A measurement trausmission section that 1s associated with an
20 initiating communication device transmits (to a measurement transmission section of a
responding communication device) first signals in such a manner that 2 power level varies by
frequency bands. A measurement receiving.sectioﬁ of the initiating communication device
receives second signals, in which the power level varies by frequency bands issued by a

measurement transmission section of the responding communication device, with the second

25 signals being received in response to the transmitted first signals.

According to a feature of the invention, the first signals may be shaped by a frequency
band transmission device that functions to shape the first signals by at least one of a flat filter,

a sloped filter, and a b-spline filter.

Another feature of the invention is that the transmitted first signals may be subjected to

30 parameterized templates, so as to allow a non-linear gain.

Another method is disclosed for establishing communication transmission parameters

9



frequency band. 11 P18066. SO DETAI LED DESCRI PTI ON OF PREFERRED ENMBCDI NENTS
'1 T Ocp q%%%% {The particul ars shown herein are by way of exan‘ﬁl-(a Gihb 208
purposes 0 l'ustrative discussion of enbodi ments of the present

i nvention only and are presented in the cause of providing what is
believed to be the nost useful and readily under st ood description of the

principles and conc a t t sent i nven tLon | n th| 8 regard,
no att eft ngiasCQFHH%mc’? HB‘VF‘E fﬁ%’t %Qaﬁrﬂﬁ h?’ OREHGE on i n
fror de&e%lcc ;ﬁﬁéﬁa&yx’ﬁ? ﬁ'stfdx'%}n PR3t e Hd@ﬂl%rp%fﬁﬁﬁérﬂ gof the

present i nv scri ptlo fth the drawings maki ng appar ent

to thosc%v&&h’emqmwer ﬁﬁes@érhem@wqﬂehee Rafseitting, byentsmndimconemertaiined in
practice. 10 Preferred enbodi nents are described in the context of a new
mes s ageddvigedsughrascfod exaple, anxll G ocsesond| dltgiitah%lﬁ%&ag@)h%"lﬂép%fa@@@ﬁ fopan

mechani sm (such as, but not limted xDSL st artup
nmefhod RSHFHB@OWVAET WW%ESWH%W%%S@M’F) Q‘befﬁ?n 3@563‘ type or

S
(P vl N S R e B e ces

di gi ta'nﬁﬁ.ﬁﬁﬁﬁg%}ttﬁe ijzitihfig ontitnicaivni dguice, sitgriadigitdlonessegesthati ng  power for
communi catl on devices, to report neasurenent results, and/ or to set, power

transmi as:knmwlepgtrsethepmetm arsiﬁ)@éé%u%ﬁfl*!c“édr B EiTeFI0BANS PREAIHCAOB KEVICEY  and

met hodol o e.PMVE and/ gures can
al so bef 9%1‘5“83’% ﬁ’a‘ﬁg %owg@g% s?‘"oe ﬁgﬁggne%&%e%h&mqrgndat i on
G 394 éprwﬁg @i)araméttcrﬁ%anlsﬁnmlhgd)yttﬁe rdspond@ bRthfnnichtibd dEREEH MEpRdri ons

The details of a handshake procedure that inplenments the
p; esentmeauﬁmtano signll thattrmplolestbe pirentetses; smnsmitting, diviihe intiating pr esent

nvention, a data comunicatiQ em conpri.ses r office system 2
':an\é a LW@“%‘%‘QPG | '%@@iﬁ?ﬁ%‘ﬁ&e lr{’%%éfer‘?g}t ?a&pf“%n&éﬁ‘?ﬁﬁ B4t on

channel Hine lddehrs&h A BowdtGhdiREsna main
distri bsﬁ?? oﬁ%?r ane Pk/&l—%:}e %unctlgdﬁi?h&gfc:e(r??gr%}(%%g the central office
system I%vélotrﬁrﬁﬁnﬂﬂwmaémndmganmﬁiun&anﬁh devige,e fiftls tdigitalunessage f r ame ( MDF)
| operates to connect, for exanple, telephone Ijnes ( conmmuni cati on
ch&nnel containg aﬁ?&?ﬁﬁqfﬁbﬂBQW@llﬂ%as‘n@ﬁ’eBh‘é G@nﬁgm?‘ﬁﬁ"g? %ﬂﬁ’atfrignes (e.g. o

i nt ernal centr 0 fl i
2003 Th%’%ﬁ?ff% °§X/set eaﬁ'dl nC?gsggcng%rtertg% toglq%‘fezr%%ce d %)l ce (I{I’IE% é t hat
funct i oigrdcReristifbeiveas ehd ibRiatiggobamayRheon device fibthe oespondiog comnmaivatine| 5.

The network interface device . . .
device to select and/or acknowledge a mode by the initiating communication device and the

responding communication device; and, starting a training session of the initiating
20 communication device and the responding communication device.
BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other objects, features and advantages of the invention will be
apparent from the following more particular description of preferred embodiments, as

illustrated in the accompanying drawings which are presented as a non-limiting example, in

25 which reference characters refer to the same parts throughout the various views, and wherein:

Fig. 1 illustrates a block diagram of a data communication system using a modem

device according to an embodiment of the present invention;
Fig. 2 illustrates a detailed block diagram of a data communication system of Fig. 1;

Fig. 3 illustrates a Power Management Exchange (PME) full duplex transaction using

30 new message types and transactions according to the present invention;
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(NID) 3 interfaces the custoner's equi pnent to the communi cations networEB
‘conmuni gagpegisghannel 5). 5 It is understood that the present itnledT otdlday
be applied to other conmmuni cations devices wthout departing fromthe
spirit and/or scope of the invention. Further, while the present invention
is described with reference to a tel ephone comuni cati on system enpl oyi ng
tw sted pair-wrne it . ] | | plicable to

ot her trans mF 15gs|4 I?l“%‘%\?ia?%tﬁgﬁ[fzdﬁlgfs%g%ﬁgéflslgg?hg}é%‘pﬁ%?%ggﬁyﬁg,iﬂgabl e

COMMUNI GRidaOMbrRYEs RS 1 instalheeniAens) , 10 optical comuni cation
systens, wreless systens, infrared conmuni cati on systens, etc., wthout

depart g 191D 16l PG MlasBEARR: 1Abaliiod SSR PRIVE] B4 idtst T2t e

a detailed b agramof t data communi cation system Thi s
comuni FRkhtich Sl @MtERhesSaRs Snd trayattals witsd pledateiihed isdt offpjaedindiat ot he
central office system2 and the renote system 4 inplenent the instant

i nvvent i twa mepSuramentmgmeli n Fig. 2, the central office system 2 conprises a

| ow pass filter 34 and a high pass filter 38, a test negotiation bl ock 46,
a hi gh speedFigab dllusaates theRMIES sdssion G8ing axistighmesyagedarabiransketioms mith | ng
section 70, and a conmputer 82. Conmputer 82 is understood to be a generic

i nt er f agPlicHlyTegyasicd nermesers Aot the Bicapwement sig@alsent ral of fice. Test

negoti ati on block 46 perforns all of the negotiation and exam nation
procedur es whige h iHusiates gretMMpY saspiop ysipg existing micssages Yyl Bamsaptions i udhi gh

speed data comunication. The.l.ow pass filter,34 and high pass. filter 38
Flinct | o PR S ot eRet G P BREpoveref a nishaRPler Y BiRR cmnine e
CORMUNI Stk ARetERFHNEL niaskBRcht@ignanegot i ation bl ock 46 tests and

negotiates conditions, capacities, etc. of the central office system2, the
remote syst efpdg jiffittatet B MAVUs6Bh LGRg CRRANEMeS2 e dN dH AREYS $n Fhidihe
test negotiation block 46 are conpleted 25 prior t0, and initiate the

sel ect i tha mehsiirbmetit sighad sestepped drem a beepawerdo athieht pangmitibg agplesdy | ons

(e.g., nodens) 68 and 70. The hi gh speed receiving section 68 functions to
r ecei vaeARsirdERcterg ferthe 1 mthe renote system4, while the

hi gh speed data transmtting section 70 transm_ts high speed data to the
renot e syst dfg4? insaaigs the & Se§BOR BHRE 268rssagg MB-Thpt 1 efdom put not

o e Sy gt CES, Toders, 20 1o
brocedure. g 1EHREFaet Ao FiRRR ot A e Bn ylfee Akl Bie AP A O

sect i Onyepived Boni HEsthtigiheskReR tnd dhAsac 86, i WHicE SihbR & Gahdndiftefitd mehaRal s to
conputer 82. The negotiation data transmtting section 54 and the high

speed datBBfx.ansnmitting section 70 receive signals issued fromthe

conputer 82. Test negotiation bl ock 46 conprises a negotiation data

recei vi ng sdogi binillsstratasia statertbagyamdAor @hanfishaking pertiohof angDSdcteimete 54. The
negoti ati an dat ixi.ng.section 52 receives negotiation data, while the
naflot | deranegmeITRY i M e SRS i amolSTRedot | ot i on data | The
operation of_the yarious sect&_ons off tﬂe central o,ffi%e %SS em2 wll be
descri bed, iFiggkd ustrates a state diagram for a andsh g portion of an central

terminal unit (HSTU-C) in which the instant invention is incorporated;

Fig. 13 illustrates a dividing of signals associated with the PMMS session mto a
plurality of frequency bands;

25 Fig. 14 illustrates a {lat template that shapes a transmit spectrum of a frequency band;

Fig. 15 illustrates a sloped template that shapes a transmit spectrum of a frequency

band; and

Figs. 16 and 17 illustrate B-Spline templates that shape a transmit spectrum of a

frequency band.
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bel ow. Renpte system 4 conprises a |l ow pass filter 36, a high PSP ngﬁﬁm
40, & td¥B80eBH0OLi ation 10 bl ock 48, a high speed data receiving se

72, a high speed data transmtting section 66, and a conputer 84. Conputer
84 is understood to be a generic interface to network equi pnent |ocated at
the renote system Test negotiation block 48 perforns all of the

hegoti ation and DERANLEBIHESCRIPTEON OF FREFERRED RMBODIMPNTSO the act ual
hi gh speed data commruni cation The | ow pass filter 36 and high pass filter

40 operate tqpf h!ﬂrtl‘éﬁ afsgéwr?]ﬂ}fe@&h% . Qﬁ&abfsexaﬁﬁ%% %@Eﬁggﬁ{pggﬁsoo\ﬁﬁ%&qave

comuni cati on channe e test negotiation s and negoti ates
condi t i dfssussipapdehibodiner®é 6f theprdsbit if@MtibA bn?_rfzfnﬁ(h@e gﬁé&rﬁéﬂ % thé Bfuse @0t €
system 4, and the conmmunication channel 5. The high speed receiving

sect i onpridingwhatos bekevedde be vhe hpgjsefopansdreadityauntderstont deserdptiononfi thée
central office system?2, while e high speed data.transmtting section 66
t r ahsni PEOGPIGH 2 e eRHpLASPECts b SRR D B0 1 i3 RS, nerpGeTB A on
data 20 i Vi ! L\ ion 72
transm 10 2008 AR A0tk B n IR R SHELKIR 5FFH g

sect i onfimdarasstal widlehitglinspefte ﬁﬁsam ihveRti6iithé deXGripE6H {aRBn OBhItBE BFavAngd gnal s
i ssued fromthe conputer 84. The test negotiation block 48 conprises a
negot i afiaking@apacrtde dhase silled dr therrrBva e paeseniaguentionimay bacmbodiadani tti ng
section_50. The negotiation data receiving section 56 receives 25

negot i aPPEHdat a, while the negotiation data transmtting section 50

transmts negotiatio ata. The operati.on of the various sections qf the
reffote syste 2Jerii ohgd gt raflegeried i AefoRiext BER BYY metRRes YRR PRECERFeBaL a
Ly ansm Lid AectAEd ribaptforito WifarhSREBambS! B hs! BN m
negoti ation d%?a to ta e negotl atron ‘%ata r(ecei ving seé??g?\@gfog&ﬁ{gg’
cent r al the y®XSEmtatup3fethbé dafigal indTURY Riadraniendation G.OPHJ).SThé hen nkedsfpk t he
central system 2 transmts the downstream negotiating data to the
negot i a&Pon data receiving section 56 of the rempte system 4. 14 Pl 8066- SO
Il 1 7 0 CT 2003 The central office system2 includes a plurality of
channel & sgssioppis cogectivsharedernal torpg PogieeMeaguemens Modwtaon Sessioni (PHDMS)
pluralitw ofmchangel s 22 28 n d 32 of the renote system4. In

7 P pE Sty ipnatier (MBS

thi's regard, rtisn scl osed enbodi mrent, channel 6

cConpri ses a Ge 0oi ce,. .channel that..i ed to directly communi cate

Wi '[rﬁ :a corr GWW P%ﬁa’%‘%@g?eéﬁaggﬁg’ﬁﬁﬁia%%%%i%’ngggrelcgw f GiFapur V’(ﬁl i ce band
(€.0., fovdt fhroaRRimsitioal dviced, th ifgdort WBAGRertla® rd28R8) ahitich &5 84 pB¥el OW  pass

filters 34 and 36. Further, a renote voice channel 33 is provided in the
r enot e EApSIEsTIon pardnagteisdongtbsequdnt tratsatissoonsy ol of the central office system
2. Renote voice channel 33 is connected in parallel with the conmunication
channel 5 (GIie fenittonatity andemetadglagy of wdingthe PVIMS anddortMME mexsapdsdad t he

sanme service as the renote voice channel 32. wever. since this 10 channel
i 29con rfEB‘E"gBmﬁ CpR ISP e ppRligdig lﬁaésia?? P’E°§F£§BS, ‘Ll‘gﬁ‘ety‘ﬁ% o Peroramendation 33
cont ai j i I i j is.-not ed
Pt 55894 kuchile e e SATEA 1612 SO e ESIBARSL8 ohd Vil
characteri St’f‘]fésdetails of a2 handshake procedure that implements the present invention will be

described below. According to the present invention, a data communication system comprises
a central office system 2 and a remote system 4, which are interfaced together via a

25 communication channel 5, as shown in Fig. 1.

The central office sysfcrn 2 includes a main distnbution frame (MDF) 1 that functions
to interface the central office system 2 to the communication channel 5. The main distribution
frame (MDF) 1 operates to connect, for example, telephone lines (e.g., communication channel
5) coming from the outside, on one side, and internal lines (e.g., internal central office lines)

30 on the other side,
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so that a conmunication nmay take place using other, |ow band co ni cation
met hbdsP180§61501as, for exanple, |SDN, between voice channel s 6 .And 02T 2082
hi gh pass filters 38 and 40 are 15 selected to ensure a frequency spectrum
above 4 kHz. It is noted that sone systens do not require, nor inplenent,
sone (or all) of the filters 34, 36, 38, and 40. Bit streans 10, 14, 16 and
18 (in the CEidreloteddysictf4 mehidesh Aktvadill iltetfadel dePREENED) 3 Bt fudictigmho30 (1N
the renote system4) conprise digital bit streans that are used to
comuniinttfece thetrowets systemckntthatommmupicaton gnaeld. t Fie negrnokentevpriderics4,
respectively. It is understood 20 that it is within the scope of the

pr esent(l\ilmémtpﬁ”ﬁpeﬁﬁ%& cystomeg § cgpmenpio thy FOTB]PI‘%SH'&O%.I@W&Q?%I( She

i npl enented a i S ignals (as shown), or bundled into an interface,
or cablcé)fm%l%méartrﬁbtc%ﬁeeigg into a single stream w thout changing the scope

and/ or functjon af the ant invent.ion-_ For I bit streans 10, 14,

165 and 18 Rm ettt 3be Breseot VEREs Ry beapRRSLIR oLisT CRmIHERPEE o

conf orrg : : sit LS O hhentoh, i Seri al

B, (USyee, Py T cpafing WPl Spir apll g Sdpe o et Fullbitr by 0

under stppexdnt ingéntivintis dedcribedwitB 2efeithice fiBa tuephdhle canmbeicatin sysent edplaying

di screte_signals (as shown in the drawings), or bundled into an interface,

or cabltwistesyPayLWires itk aadsrsiped that thegmeendionds appligable i ethesamsamesion

Negoti atjon dat R ontraol .i.nfo tion) .carre i e ndi tion

of 't he TSRS sbfia . prfEtiptteasS IRy ERIASTRRAYICE, bbit HiodEely,

Char actoBfibAl lebfSnunidAi5R R, WIRAEGRGYsteMsOinfraredRbhintiBlicatith Gystems,aabi | i ti es

of the equipnent, and user and application service requirenents is

ex c hangeathobbdspatmg fremibesriiitandér sdopaof the &ivention.sect i on 52 and negoti ati on

ata 15 P18066.SA transmtting section 54 of the central office system 2,

and the negdig.& illosirated adetaitd blockgdiagmot ofthe 8ataznimmmigationsyssemadFag. 1.

transm tting section 50 of the rennte yst%el{nA. 'Theig ssetgti al fglatfgres of

the harldNEAOEUBENEIIAR SYPtepEPREsENs & iestaliatian.og) syhich bgth thg gentral gfbice o

functi AV pned J b cks 46 and 48, which
Q0L DorBRL ANRE sydlerd, B%kgeglf,en@ B Eht iA0erof)

test an negoti ate it capabilities, etc. of the central

office syst 4 : vGakd 81 5. In
bt oo A BonIE EET R S, P2 chR BRI AL BRI e
syst emhih ffass lth) 38; fa 1&D nepcltivablozki4e0 s highupeakdapieeeividpesecini 68urtdghon of
t he external voice channel 33 is not under the control of the sane

entiti sreediigta EsERiGIME spetiond and 2 spmpuier 83.s Campater B2 paidsestoodgohgea
capabilities and confi tio t C i [ . S

subj ect ¥ cvhn%'ggc?/%rﬁ;e;\? #%‘ﬁeqhipn?mt%% (laoc ?eg C#g%@;%h%%%@?%ﬁ%? H?%“%‘?“ﬁég%‘%%.&‘a I on
bl ocks péformichINSF tBE Begitiaaios ettt exdniiRbilon PR BRrd?whiaH tAés plloyBHey to thbe
functionality of test negotiation blocks 46 and 48 nmy, alternatively, be
i 2pl embmtigtibnsefparagtual high speesk datweormmymcatien.nodens 42 and 44. Signal s
transmtted and received between the test negotiation blocks 46 and 48 are
used for tedheidgwiphss fAlkrdrand bighgrass hiteed§ fumctionetd filter commmumdatignisigpatshe

| t f the tests between.th t ffi . S) 2 th t
EPCRERIRL) S ARt (e PR e ME et N
foll Owﬂggog%étegggggigbﬁa%a £tiesOdtc [d19nE BMFE SAURRYsthR L HRALR IS sfelnDA AL

Vies
Exanpl e I ¢ values for the various
the communication channel 5. The procedures of the test negotiation block 46 are completed

25 prior to, and initiate the selection of the high speed modem receiving and transmitting sections
(e.g., modems) 68 and 70. The high speed receiving section 68 functions to receive high speed
data transmitted from the remote system 4, while the high speed data transmitting section 70
transmits high speed data to the remote system 4. The high speed sections 68 and 70 may
comprise, but not be limited to, for example, ADSL, HDSL, SHDSL, VDSL, CDSL modems.
30 High speed sections 68 and 70 can be a plurality of high speed transmission devices which

"share” the common block 46 during the initial negotiation procedure. The negotiation data
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frequencies will be discussed in detail, below 20 In the comunication
syst em SH8WAO.BAL Fig. 2, frequency division multiplexing (FDM 1 ifsQgm 2003ed
for various communi cati on paths to exchange i nformati on between the central
office system2 and the renpte system 4. However, it is understood that

ot her techniques (such as, but not limted to, for exanple, CDVA, TDVA,
spread $RRELRLEBCLBH 62 and ik High sfeed dive &RiMing SR8 68 B@nérhi? Bighhk t6 Porhpihter
and/ or scope of the present Invention. 25 The range from frequency 0 Hz
until f83qlbnaygetiakiba dat trapginigting section 84 prditheduglssiehe dateSRRsMuiitesdsting.
Some of _the newer conmunication net hogi typically attenpt to use the

f r equendl) TS S ERMSIBHIFE Trom il COBPUEEES communi cation. Typically, the first
frequency where transm ssion power is allowed occurs at approximtely 25
kHz. However Testmegotizticqidpek4heqmpsiscya apgotiaon Hata recsyang section 53 apdeed t hat

tone bursts. at freque of ..34 30 are ysed to.initiate, T 1.E 1
To1a. Apkstiaon e TAST Ve irpn s, ThEackhuRlion AR FecPabdiontioh S2festivesie
avoi ded ] MHeSR ioR B 9hi ik 152 ek i

P18066. g%%btfidngn %@%3 Thegg?hmﬁr?i% fé;lati on tgg?ﬁésdug?esq defi nte}gg?gno%g?? g?ta'one
pat h f oThabpe¢rptdd eftie vedomisetiatsiofthe deatralt dfece eyvidne 2 syitberdedcribed) inaletlnt r al
office system 2, and another path for a downstream comunication fromthe
central b®PM ce system 2 to the renpte system 4. The negotiation upstream
bits are transmtted by the negotiation data transmtting section 50 of the
5 renpte sysRemot system # sempuess ajowipass il 6i ahighrpagafilier 4 ajtest RegAdialion on

52 of t tr office, system2..T n tiati ownst rea its.ar
e bioeh ¥y Bigh Shessh SRR s8ction 2, A A e Fe SARSRERT G Bon Bo il
ffice §¥§ﬁ1?ﬂ?e?84.a@9rr%r 218 ehulridia 1098 QldeAthiOmtéttice to hERRMY EQipEanat i on 56
of the renpte system 4. Once the negotiation and hi gh speed training has
been colhiet atithetrbmoteaystenl. Trfsf iagotiatyest WnTlo4@inefonns allkofshensgotintion 4ndise
hi gh speed data 10 tyansmitting sectionsg 66 apd. 70, hi gh speed data
recei vi %a’%‘éétf‘?‘b?%’cq‘é“%%fg]atéékq 20ERIB RCEMB SBB%? 6‘3{11“831%%%6195
are sent with one or npre carriers, u in%, for exanple, a Di.fferential
(Binary) Phabelorpass fikisy 3 gnd b\ﬂémﬁ%@&‘iﬂ 1qpsrate G COHETHTECARIP §i80A
rojat ed f L pei i . i Bt a 1, and
(B £ o lTRER T e SRt R Shaiie] SPThBtest hedolighd BREEAS Bidand %, 1 P
t r ansm hegddkibtes soRdiflond;aapecitkssagefils jenreladce bystan pothetrermbteaystamby, tndr y
carrier phase. The frequencies of the carriers, and_ the procedures for

st ar t i nthecpmmBdeRter chammed . diE Predyspeedigconsag sgetion T4 funchiensdadeqeivsdugibel ow,
G eat | t g h - i d
and. dur g Opin BB o ML RERNficd BT 2 WA el A Giedh BataTrallihie B4

non- obt gdeGiby 86 danaRRShizghepecd@ity lodhs cetfraBbfick ¥piteald. YTieenepotigtbsdutas to be
different for the upstream and downstream paths, avoid existing system

acii vat fegsivingraestiorhs6 andithehigh sperdala recayanmsectipm 72 trapguil sieprls o ther oduct s,
have sufficie acing, .etc. Sonme .suitable sets, of .carrier .tones using
4 3125 KrpPHcEh. BReeEoaud i RNt es S Catl e i Rl o48 b o

transmitting section 66 receive signals issued from the computer 84.

The test negotiation block 48 comprises a negotiation data feceiving section 56 and a
negotiation data transmitting section 50. The negotiation data recetving section 56 receives
25 negotiation data, while the negotiation data transmitting section 50 transmits negotiation data.
The operation of the various sections of the remote system 4 will be described, in detail,
below.
The negotiation data transmitting section 50 of the remote system 4 transmits the
upstream negotiation data to the negotiation data receiving section 52 of the central system 2.
30 The negotiating data transmitting section 54 of the central system 2 transmaits the downstream

negotiating data to the negotiation data receiving section 56 of the remote system 4.
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Tabl e 25 30 Si gnal Upstream Downstream Desi gnati onFrequency | ndi ces
(l\l)Fr‘eqdéW@?G-Sgai ces (N) A439 17 2540 56 64 B4337 45 5372 88 961D 2803 4
64 A435 B44 28 3466 67 76 After the renote system 4 anal yzes the equi pnment
capabilities, the application desires, and the channel limtations, a
final decision is made with respect to the comuni cation 17 P 18066. SO 1
met hod t o useThekéntXIbIHENS st 2 indlikizs a@hirkidty ofthamelsss; 40, 26had 18 degiaped
the final decision, the transm ssion of the negotiation dowstreamdata is

st opped ustthiercontrautieato withaypluaiityiofrhanegls 22,76, 25 39 apd 32rpd g remotesyisieat ¥-
fromth entral, of.fice te - the repote sysiem 4 _stops transm.ttin
the 5 ndgur Hierth i S0 AT nis Sisgo3eq CEOBHBITY SRFHY: © EHEPREGA earHcoice
comuni Sk Dk 8 L ' : :

it at ol 0 RAAIERY chnrRinicd Wi LBl BnBh 5 EHME Bice Dahel 32 n - o
renpt e g\shedBiohilasds Hand $¢.6)) 8|1z fohppradmate BoEkN e wihych Hue begpfikéred bg Yok em
that responds by transmtting predeterm ned signals, such as, for exanple,

si gnal s prsscfillaredd pmd 36. hBurthenckeeniode ¥eise FhannelB3ds providgdandhewmatonistan dne of
a half duplex or ,full duplex_.stari-u rocedure, An exanpl e gf,.such a
tar t- ubbdbroreanne e oot B g rial BpFT SR S Repbre W RCHaRed 57 47 ses,
11 ed oBolReRNNEhadllel wildthe doRfntHieRlAMEAS MRIgH S HRADH PRSI Hier 36),

i ncorporated by feference herein inits entirety. The start-up procedure
est abl i ahéthua, friovidies thetstnn abrviczrasitin eatatovoicetiannel 32 doweswer ynca thiandshake
session. O her exanpl es. of handshake_sessiqns include, but 15 are, not

|i M t edchame] pgommertedriag i) the lawpags fltenpogtiedemgieyqagegdignnel 35 septepsypoth
r ef e”eﬂ-{ethq%ﬁ‘?%ce@dgﬁ)sé%ﬁi L&{a;,&@e Q%Hglshake session has been initiated, and
| rm nated, e

bef ore i one or no transactions are used to exchange
data between,t.he ng..the x R. E t ' Si f..one (or
nor e) messag(l.tsls Pﬂéﬁ%‘gﬁ% Iﬁe’aé‘%a E%a%ggdr:%qhﬁgg?l ?%?%ﬂﬁﬁqﬁé%@c%ﬁi tu 3%CSW th
20 an agkpRvh eSRFRMAlcaliBS sgeak<OflaceAlsify BBitr, 16 Yandecon@gaticatmankiodd, sagnent

messa The nmessages include, but are not |linmted to, node select,
capabi | as,ifesexanpiad§EN, beager yoive charmhelsdy and g ukhetygh passgdiges Shendedfearent

Pr P 5cedu geﬁeszctgtp 1(.'10 énggxeraef?gci\}exslcyoépeg S&Bbove 4 kHz. It is noted that some systems do not

require, nor implement, some (or all) of the filters 34, 36, 38, and 40.

Bit streams 10, 14, 16 and 18 (in the central office system 2) and bit streams 22, 26, 28
and 30 (in the remote system 4) comprise digital bit streams that are nsed to communicate
between the central computer 82 and the remote computer 84, respectively. It is undérstood

io that it is within the scope of the present invention that bit streams 10, 14, 16, and 18 could be
implemented as discrete signals (as shown), or bundled into an interface, or cable, or
multiplex.éd into a single stream, without changing the scope and/or function of the instant
invention. For example, bit streams 10, 14, 16 and 18 may be configured as (but are not
limited to) an interface confdnning to a RS-232, parallel, FireWire (IEEE-1394), Universal

25 Serial Bus (USB), wireless, or infrared (IrDA) standard. Likewise, it is understood that bit
streams 22, 26, 28 and 30 can be implemented as discrete signals (as shown in the drawings),

or bundled into an interface, or cable, or multiplexed into a single stream, as described above.

Negotiation data (e.g., control information) coresponding to the condition of the
communication line (e.g., frequency characteristics, noise characteristics, presence or absence
30 of a splitter, etc.), capabilities of the equipment, and user and application service requirements

is exchanged between the negotiation data receiving section 52 and negotiation data
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process nit responding to a nessage indicates an accept

an ackn ’%%gﬁ&ﬁ 25 message), a rejection (wth a negative- aaﬁzoﬁﬁgmgm@nt
nessage), or a desire to initiate a different type of nessage with a
request nessage. Depending on the response, a unit nmay initiate another

transaction or term nate the handshake session. An acknow edgnent to a
node se@@@mﬁﬁnmg%@é“ @f the cenlyal @hersyRiarmdS 19ad sheseagetiaipn @tm@cmmﬁ nat ed,

dth t h | b
S L e R R echﬁg@secfgn%ﬁ%%%% Ao 585051 2 he
d f h 3 th f t 1 1
CorEnosi oM, Slume SraseBAhiEARt PEe agi;marc’wapgﬁéizg focompppgation systemsof
under st g gg Tzrlpﬁ{etiﬂllétﬁﬁn c\sst%gerd%%e ELYELHESD %ﬁ‘&é(g%se”ﬁh ﬁlg}% Lo

departin e sp scope o Inv

cony ent pefotietheREFRAGHE, Bapabiliis 20¢ Q&R defitrd JHRBS RN, th@?ﬁﬁ&gls?stelﬂﬂﬁ
extensi ble manner so as to pronote interoperability anong equi pnent and
conpat i bid theycomimumicatigh ghannehdi pnent and services. The prior art (e_g_,
V.8, V.8bis) provides general exanples of neans to franme and format
handshaki ng diapﬂctiddaﬂﬁshaﬁgmgtiémbf thBSentrad dfiee sybtem 2 efliheeembRSystem 4 is
transm ssion of ,new data t}y such as variables and nultiple resol ution

par amet sftject {QwilekppRrRESyf Oéﬁé@aphgthﬁﬁewgnﬁw@hg Externabepigechanngll iss 2
through %unﬁ%e 'efcbx&r Ve Ahe %@?8&’{11”98‘ n?rfolﬂbrc%”ﬁél Ofh asry%g%?ege;‘ eel%ff'(s)?r;?gs

parti. cuPar spee conmmuni catl on s S el ng use

t he forﬂﬁkaﬁﬁihw%dbﬁﬂﬁ%ﬁ J:fﬂn@b@:ﬂﬁfunit@ﬁbﬁ@lhﬁmel@afgaa@oesugjett fupaer O
Segnents Cctet Segnents NPar(3)s8 76 5 4 3 2 1 Unspecified by term nal x x0

0 0 0 Ovaniatignbém ﬂ?@fdlss:kgndz nmbO(hman test nygotm«ou blocks #6 andd8 arevezmbeddad 1 1 1 1

1 20 Table. 3 at t f t . f bl

arger HAR PRI B Breeerin fucjonaliy prisprreenrin Beceada T at o
NPar (3) §a$ a]t@nﬁtl%li e tngihattb@ Qeﬂapité gnddidtinct FolF the’mddefns42ant 44. *Signals

transtnitted and received between the test negotiation blocks 46 and 48 are used for testing the

tion

15 environment itself as well as communicating the results of the tests between the central office

system 2 and the remote system 4.

The purpose of each signal path in Fig. 2 will be explained followed by an explanation
of the devices used to create the signals. Examples of specific values for the various

frequencies will be discussed in detail, below.

20 In the communication system‘ shown in Fig. 2, frequency division multiplexing (FDM)
) is utilized for various communication paths to exchange information between the central office
J system 2 and the remote system 4. However, it is understood that other techniques (such as,

but not imited to, for example, CDMA, TDMA, spread spectrum, etc.) may be used without |
departing from the spirit and/or scope of the present invention.

25 The range from frequency 0 Hz until frequency 4 kHz 1s typically referred to as the
PSTN voice band. Some of the newer communication methods typically 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
ﬁ‘equ¢ncy may be used. In this regard, it is noted that tone bursts at a frequency of 34.5 kHz

30 are used to mittate T1IE1 T1.413 ADSL modems. As a result, if possible, that frequency

should be avoided in the spectrum used by precursor negotiation methods.
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Reserve 111 1 Table 4 illustrates the format for enco
parahetg?égéi% Iti-resolutions. Bit 6 is used to indicate a gL? P@Fy?%@
factor for bits 1 through 5. Additionally, a special code is used to
indicate a data rate that is not a nultiple of 32 kbit/sec (or 64
1-bit/sec). Table 4 - Training Paraneters - Cctet 2 - NP (3) Coding Data
rate NPar(3)3Be mﬁmmauonmp@mfdpﬁmdbypmmmnma&l fxoomopabreamData rate (bits
5-1 x 32 kbit/s)x x0xxx x x Data r? bits,5-.1 x 64 k? 1024ﬁ?|tls)x
X1 Xxx xCHmTHpigaton Eom Qlf%ﬂt? e 18 e Pop DL uaiers. frand Apothenisnth for 2

P18066. le ggg r

descri bgg&%%ﬁ oW, a onggavm gjlelr%%\%{slsogﬁ 5 E%%nggos%% Zé}ﬁg%(? &rﬁre&gsﬁg%e

cont ent gegoVBtidifupsheardeme M@ﬁ'ﬁr@ﬂllﬂ&fdhy tHe deftiativh dstasLinsthitfibPsecribh B0 bEFRect
to xDSL conmuni cati on protocols, it is understood that the present

i n\sent i tamdts sysesaud) 4nd racpqmddabuhe negotiobamdata a:@qetmg seysypeﬁg of thereenigal difice not

limted to, cable nodens, 5 satellite comTunlc éstemsrﬂgmnt t 0- poi nt

wired ofYSHm & d5e negoRiatieR daypyiTram Ritsang ranspitte t”‘e A first
erbodi nﬁgﬁsrﬂl m %%&{ok'x f'tﬂe éhb fraf OfHcE st(%fx 2, cél?émﬁ?ﬁk'rﬁgoﬁﬁ ?& pSL
startup nec Ism (Ssuc ut not Imted to exanple

ReComTEf&déﬁrfg%céﬁ&% ofkhe f&h’é(ﬂé systi@ e Oncd i regotidticaddiiplospeed ra@finy iad t o
as "Power enent Exchange” (PIVE It is 10 noted that the functionality
and rretbm@p test, therpeneaipoifise system and therempleesysieandysaitieh spred detdur es,

CAGD, 2Rt 5B . R APR) Bt PR AR Y o

with a fphlx chphefcaul ation negotiation communi cation channel, and
assunes that the first nessage is always sent by the HSTU-R 15 Table 5 -
PMVE Ful | DuplexsaItaie 3Gl vath Jdedd $hdrk t&nMRS 844 gf@% &Imfma@ﬁ RThe
nmessage: is a refjuest for the HSTU-C to send The power neasurenent sighals
(PMe), Pide ShifcK eyies (DPSK pmoduiatien. sThd tréfseitpsint s dotatedgridl degioks from the

transmtted. HSTU- CPI Thi s _nessage incl udes:
previous pornt 1f the transmit bit 1s a'1, and the transmit point is rotated 0 degrees from the

15 previous point if the transmit bit is a 0. Each message is preceded by a point at an arbitrary
carrier phase. The frequencies of the carriers, and the procedures for starting the modulation

of carriers and messages, will be described below.

Great lengths are taken, both before the handshake procedure is performed and during
the handshake procedure, to be spectrally polite (e.g., as non-obtrusive as possible). Carriers
20 are typically selected so as to be different for the upstream and downstream paths, avoid
existing system activation tones, be reasonably robust against inter-modulation: products, have
sufficient spacing, .etc. Some suitable sets of carrier tones using 4.3125 kHz and 4.0 kHz base

frequencies, are shown In Table 1, below:

Table 1
25 Signal Upstream Downstream
Designation | Frequency Indices (N) | Frequency Indices (N)
A43 9 17 25 40 56 o4
B43 37 45 53 72 88 956
C43 7 9 - 12 14 64
30 Ad ) 3 5
B4 4 28 34 66 67 76

After the remote system 4 analyzes the equipment capabilities, the application desires,

. and the channel limitations, a final decision is made with respect to the communication
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the paraneters of the PMc signal actually transmtted (in case iq 7cC o]
" conply RiL8M6IME full request of the HSTU-R) the paraneters of tﬁu?a @ﬁ/l?{ 2003
signal it desires the ATU-R to transmt. Sinultaneously, the HSTU-C
transmts the power neasurenent signal (PMc) for the HSTU-R to receive. If
the ATU-C does not wish to receive power neasurenent signals, it can also

I ndi cat gethbato et e. -)o P18066.501 Table 5, continued 1 7 OCT 2003

HSTU- RP2Thi s nessage: acknow edges the reception of the power neasurenent
si gnal ( PMc) AfEY thBQerftfal offided)StBint ShAR ¥R vddaHE FinMATeaRRIne e ttRAsRB oSt thhe
HSTU-C, includes the paranefers of the PVMR signal actually transmtted (in
case i tneatistidn dowrsirgamidata it bepped. | Whenthesemofe sybiemHEddsedty theSosndfteaaggus| vy,

the HSTU-R transmits the f%gwer ‘nangtgenent sisal PMRif it _was requested by
t he HSTigamgenHsruticreenirkoffes syitfan 24he rsmeigsrigad sors FasEtinghcof t he powver

Toohe. vadirpr heeerdae s Bl B ne bhQRRRY SuBRIRpl BB pTRATEL O °

tion of;B3n;ke.aNeh pfike@irei.Ne pover neasurement signals PMR and PMc are such
that they do not interfere with the sinultaneous transm ssion of the

digi tal neg%ﬁ%saﬂg%tﬂgdad@ggﬁ%g c‘aﬂﬁﬂﬂx?éa]ﬁon SF%{&?%@&PH]E Q?Atrﬂ%?ﬁéei de PMR and

PMc i ncl ude power |eve density of carriers, etc.
10 Tabliembtd dykteaisranesits bignale that brnsaitdddy the oppeyitengstemrthatiredpoadiiby f
dupl ex nodul ati on negotiati on comuni cation channel. In the follow ng

di scl ostanemitiing predgtemmined signals, 1B o ifprexample sigpelsisquirenaps headshaby t he
R ki s B B Ao 8 0 R 5
) example of such a start-up procedure is described in Applicant’s Application No. 09/473,683,
filed on December 29, 1999, the disclosure of which is expressly incorporated by reference
herein in its entirety. The start-up procedure establishes a bi-directional communication |
chahncl-for use by a handshake session. Other examples of handshake sessions include, but
15 are not limited to, ITU-T Recommendations V.8, V.8bis, and G.994.1 (formerly referred to as
G.hs).
After the handshake séssion has been initiated, and before it is terminated, one or more
transactions are used to exchange data between the xXTU-C and the xXTU-R. Each transaction

consists of one (or more) messages that contain data and/or requests, and then concludes with

20 an acknowledgment message (or, altematively, a negative-acknowledgment message).

} The messages include, but are not limited to, mode select, capabilities exchange,
requests to defer, requests for power management procedures and the results of those

Processes.

The unit responding to a message indicates an acceptance (with an acknowledgment
25 message), a rejection (with a negative-acknowledgment message), or a desire to initiate a
different type of message with a request message. Depending on the response, a unit may
initiate another transaction or terminate the handshake session. An acknowledgment to a
mode selection message will cause the handshake session to be terminated, and the
communication mode selected in the mode selection message to be initiated, using known

30 techniques.
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15 Transm tter Message Descripti on Name HSTU RPRRThe message: 51? @ﬁﬁ g@a
" for thePH6-30lt 0 send the power neasurenent signals (PM), and ‘i'n€lud
the paraneters of the desired signal (PM) to be transmtted.

HSTU- CPRH- | This two part nessage includes: the actual paranmeters of the
PM signal to be transmtted (in case it cannot conply wth the full

request of thethki@kthd)oncame hivestictto \follow,eesears ot thedrammitnatire setdbannel
and term nates the nodul ation. Then, the HSTU-C transnmts the power

measur emdFU-E Rpsemmertaont G994 HendieTebare: Homeyer, itds undersiopd gt atia\tﬂ e 6,
continugd 1 7 O CT 2003 TU- Th e, i s tran tted a
cont Iro:JgEIBﬁﬁ'ﬁ‘I‘ﬁt'(‘fﬁf FBhPE l_ﬁﬁ ﬁ%‘férﬁﬁ%‘ﬁﬁ%%ﬁ% 'IESP’Qé @m’bﬁwBF °¥h1§ povver

rreasurefm%}gﬂ sl gnal (PMe) during PRH and transmts power |evel paraneters
to be used 1 n'the HSTU—C HSTU- CPCRThe nessage: is a request for the

paranst er s of i HOTROPT EaMER L BBl IRy Be bhdliea E cop I BT APY ¢ o
part nessagflé ehhdes as td PRnifé HdropR RIS chgQquiphfed? MR %bﬁﬂﬁﬁblhﬁr\bﬁh

transmtted (i1n case it cannot conply with the ful'l request of thé HSTU Q)
conmuni fudtre dquipmentmdsontcss| Theo umnnmt &t 2.0¥.8c Nl pravides general akaspkeh ef

nodul at i on. hen, e HS tr.an ure nt signal (PMR
for theDRRFle E2/G apég L@J@#‘ %m%ﬁag&%ﬁe“ﬁ@ AB8E odim aish Aire
the transmission of new data types, such as variables and multiple resolution parameters.
10 Examples of encoding mechanism are given below in Tables 2 through 4. Specific names and
h encodings of parameters are dependent on the particular high speed communication system

being used.
Table 2 illustrates the format for encoding a small integer variable:

Table 2 - Number Of Segments Octet

15 Segments NPar(3)s 8 7 6 5 4 3 2 1
Unspecified by terminal x x| 06 0 0 0 0 0
Number of segments (bits 6-1) X X|x x x X X x
Reserved X X 1 1 1 1 1 1
20 Table 3 illustrates the format for encoding a variable with a range larger than the
number of bits:
Table 3 - Duration Octet
) Data rate NPar(3)s 8 716 5 4 3 2 1
! Duration (bits 6-1 x 5ms) |[Xx X | x X . x x X
25 Reserved X X 1 1 1 1 1 1

Table 4 illustrates the format for encoding a parameter with multi-resolutions. Bit 6 is
used to indicate a multiplying factor for bits 1 through 5. Additionally, a special code is used
to indicate a data rate that is not a multiple of 32 kbit/sec (or 64 kbit/sec).

30
Table 4 - Training Parameters - Octet 2 - NPar(3) Coding
Data rate NPar(3)s g8 7 6 5 4 3 2 1
Unspecified by terminal x xft0 0 ¢ 0 0 0
Data rate (bits 5-1 x 32 kbit/s) x xt0 x x x x X
35 Data rate (bits 5-1 x 64 kbit/s + 1024kbit/s) X X 1 X X X x X
Data rate 1544 kbit/s X X 1 1 1 1 1 0
Reserved X X 1 1 1 1 1 1
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acknow edges the reception of the power neasurenent signal (PMR) during

" PCH; ' an818@46%¥ni t s power | evel paraneters to be used in the HSTUYROCAr 2008
HSTU- CR_ HSTU- RACK( 1) The nmessage acknow edge the reception of PCHA It is
noted that the instant invention also permts manufacturers to utilize
their owmn proprietary signals that are transmtted instead of using
standard si gWatisusdwerstaRiYemedheanbiktioae aefdetdrbep bolow, atoapywish theal i s

i ndicated i n nmessages PRR and PCR.  Second Enbodi nent The_ instant invention
wi | | nosssbeatgd snessagesiand mhssege prasents. oWake #psiesgintionpsoviged helawspsetifaghosed

in, for exanple, icant's | i cati,on Nos.. 09/ 217,556 and .09/281, 813.
15 The PONGFPRAAA DR FOTERRSHER R oRES!S dbivgPriwaioof fin fprE ey mbeafiahiss (1)
digi tal oqaRYabbiRb RN ROfnfiiatiBh sFHANSICA as WM nbAImRRIR cAMARVIERRI
signal s.* Par aneters that escri l%e power neasurenent signals are negoti ated
ang i ndistéligtoatmiicatiogeystems,igunt-togoiit mdtadan varudess oamminician spdtamgfetd. he
PME. After the power neasurenent signals are received and anal yzed,

pr ef er r Balst Brabislifént! evel s are indicated in nessages to the opposite side.

20 A PME transaction initially transmts the power neasurenent signals at
the | onwest 23 RiSHESIBON 1T BSTADOBINEbE striiexs of @ met iranpactiphEe en ARSActirorp may

be repeated at increnentally .highe ower, | if the si l.Ss .were not
adequat BEShapsEL{syeEs, PBipt Bpiisd g OBE"%QH&#? JH%?FWBE’@E@%\‘RPQ@Q%&MW power
is calc d :] ¥ j .@@'g s from
t he traélﬂs?%gf Tgéc()\l}\%? %%?%gl?%(fg ?%egﬁggym@a%gﬂggé?ﬁg%}ég% ng't 235 above,
the f unsdtedihat (he Yumnidnaey had edaigndobi gyt itingP Mias Ridsapredoedibechaaishakel so be
applied to other handshake procedures such_as but not Ijmted to ITUT

' Reconmeprgesduenss sugh@s.cowd not emitsd top forrmxpmpls, by éd’ RespmmendsHons ByEasd Y 8bisup| ex
transaction of this enbodi nent corresponds taq the transacfi listed 10 in
Tabl 6 5, abobeblc AMASTRIEE diq BB BRI PIess Tt CRURLT AP D 2 Al 8hRlsted i n

Tabl e el ,
exehangBR RaTE Rernd iR RAREAL PR, SRS Bl (ERRREIT rhtBlect By,

set ti NGseAOHY HieEHPTWR. | evel s on the desired carriers in the spectrum of
interest. Although a prescribed nunber of carriers are defined, the
deagsity of the carriers c&dables + BhiickEd! DyplsefTransgctic® t he transmit power
l evel of individual carriers to zera The power level of each carrier is
encoded byTbinsmittba| Massigedq Resdoiptibnr zero and nomi nal power. The
request ed nmeasur emepNangtur atjion is encoded in a tinme expressed in
m | |isecondsTule HbpR- R nmaKephepausigdieasur enents based on the signalls in P

1 and PM4 . The » is a request for the HSTU-C to send the power
measurement signals (PM,), and

» includes the parameters of the desired signal (PM,) to
be transmitted. '
HSTU-C Pi This message includes:

) | « the parameters of the PM signal actually transmitted
(in case it cannot comply with the full request of the
HSTU-R)

-« the parameters of the PM, signal it desires the ATU-R
to transmit.

Simultaneously, the HSTU-C transmits the power
measurement signal (PM,) for the HSTU-R to recetve.
If the ATU-C does not wish to receive power
measurement signals, it can also indicate-that here.
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HSTU-R

ACK(1)

The message acknowledges the reception of P3

5

The nature of the power measurement signals PM; and PM_. are such that they do not

interfere with the simultaneous transmission of the digital negotiation and control channels.

Parameters that describe PM and PM(. include bandwidth, duration, power levels, density of

carriers, etc.

10 Table 6 illustrates the new transaction in conjunction with a half duplex modulation
negotiation communication channel. In the following disclosure, it is assumed that the first
message 1s always sent by the HSTU-R. The test signals PM. and PM; do not need to be
sent concurrently with messages.

) Table 6 - PME Half Duplex Transaction
15 Transmitter | Message | Description
Name
HSTU-R PRR The message:
» is a request for the HSTU-C to send the power
measurement signals (PMc), and
» includes the parameters of the desired signal (PM.) to
be transmitted.
HSTU-C PRH This two part message includes:

» the actual parameters of the PM_. signal to be
transmitted (in case it cannot comply with the full
request of the HSTU-R) commumcated via the control
communication channel and terminates the modulation.
e Then, the HSTU-C transmits the power measurement

signal (PM,) for the HSTU-R to receive.
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41, 50, 59, 71, 86, 103, 123,41, 50, 59, 71, 86, 103, 123, 148, 177, 21
255148, PIBOéGSQB 255 Table 9 - VDSL Band 128 kHz Carrier

Carrier set HSTU- R Upstream HSTU- C Downst ream desi gnati oncarrier
setscarrier sets Frequency indicesFrequency indices (N) x 128.0 kHz(N) x

128.0 kHz V12810, 12,

14, 17, 20, 24, 29,10, 12,

| ndi cés7 LT 2

AR

14, 17, 20, 24, 29, 34,
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HSTU-C

| PCHA

| » acknowledges the reception of the power measurement

This message:

signal (PMy) duning PCH; and
« transmits power level parameters to be used in the
HSTU-R for the HSTU-CR.

hregée,n? 1

c&’x{neo‘{' oys

ces (N
12, 14,

03, 123,
upi es
bt he

red to
iers
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proxi mately

es of
and
syst ens
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i ng of

al ent
Tabl e 11,

* b e d/-R ﬁartsrmtsmowﬁ%%nbamd i s
ThignaldRdvis) fepvthe HSGU-C to receive.

HSTU-R'

ACK(1)

The message acknowledge the reception of PCHA

It is noted that the instant invention also permits manufacturers to utilize their own

proprietary signals that are transmitted instead of using standard signals PMy and PM,.. The

10

econd Embodiment

The instant invention will now be described with respect to an XDSL startup

use of the proprietary signal is indicated in messages PRR and PCR.

mechanism disclosed in, for example, Applicant's Application Nos. 09/217,556 and
09/281,813.

15

The Power Management Exchange (PME) compnises two types of elements: (1) digital

negotiation and control channels; and (2) power measurement signals. Parameters that

describe power measurement signals are negotiated and indicated as messages in the

negotiation and control channels of the PME. After the power measurement signals are

received and analyzed, preferred transmit levels are indicated in messages to the opposite side.

20

A PME transaction initially transmits the power measurement signals at the lowest
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20 each carrier in the ADSL 4.0 kHz band is coded in Table 13, gejllow. 1@3
~ power | é\MEP64.501 each carrier in the VDSL band is coded in Tabl AOCT 3
definition of the VDSL band power neasurenent carriers is effective for all
types of VDSL band nodul ati on schenes, including, but not limted to,
single--carrier nodul ation schenes, and nulti-carrier nodul ati on schenes.
It is npbRiblé Rkl OHRPME dahéRtiod BRE HRGEpaand @&&ﬂéﬂm;w&gha?o%%vastihout
departing fromthe spirit and/or scope of this invention. 25 P18066. SO

Tabl e | the signatsweere belvaleq@Enelydeseyvedi oo @itSortDe sud npniom 0O@ssaty tramnsti t t ed
001-60 dBm (per, carrier) 010-50 dBm (per career) 011-4Q dBm (per carrier)
100- 30 BEWSI(ip eplcelaied by siblasiing thempastERe reesays Payter of tier signadsfon s transmit er )

Power ( ROLF (it BO bl BB M O 780052 3 Oot ot #14008]  #0123000000x
#2#0}41 : . - 4#040
T M B A R A A s L S

#7#088;j al#@B@xmme&Xdo&e&éxﬁkhﬁ%%l&&huﬁ%&ﬂ@swmwirﬁm@to HYHRTE5[ #198XXXXXXX
x Octet #10#238[ #255xxxxxl1 1 Table 13 - ADSL Band 4.0 kHz Carrier

Tr ans i Reqeawpendatipay Y 2)and(368bisg 30 35 40
A. Full Duplex Modulation

A PME full duplex transaction of this embodiment corresponds to the transaction listed
10 in Table 5, above, and illustrated in Fig. 3.
3 The parameters are encoded in digital messages on the negotiation and control
charmels that are exchanged between the HSTU-R and HSTU-C. PMy, bandwidth is indicated
by setting nonzero power levels on the desired carniers in the spectrum of interest. Although a
prescribed number of carriers are defined, the density of the carriers can be reduced by setting
15 the transmit power level of individual carriers to zero. Thé power level of each carrier is
encoded by bits that mclude codes for zero and nominal power. The requested measurement
duration is encoded in a time expressed in milliseconds.

The HSTU-R makes power measurements based on the signals in P1 and PM. . The
signals in P1 are the carriers of the HSTU-C message modulation. The minimum number of

20 carriers is based upon the types of xXDSL modems (e.g., ADSL, SDL, CDSL, HDSL, VDSL,
etc.) included in a particular communication loop. . HSTU-C message modulation carriers are
shown in the last column of Tables 7 and 8, below. PM allows measurement of the power of
the downstream spectrum in areas outside of the carriers of P1. P1 is composed from carriers
in at least one of A43, B43, C43, and A4. 'PMC is composed from P4 and V128 camiers, or

25 P43 and V138 carriers. Carrier sets are described in Tables 7 through 10, below.

The HSTU-C makes power measurements based on the signals in P2 and PMg . The
signals in P2 are the carriers of the HSTU-R message modulation. The minimum number of
carriers is based upon the types of xXDSL modems included in a particular embodiment of the
invention. HSTU-R message modulation carriers are shown in the middle column of Tables 7

30 and 8, below. PM; allows measurement of the power of the upstreamn spectrum in areas

outside of the carriers of P2. P2 1s composed from carriers in at least one of A43, B43, C43,
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Power 8765432 1 Octet #1#003[ #005xxxxxxx X Octet #2#008[ #OLOXXXXXXX x2
Cct et #f#@@@?-sgblmxxxxxx X Qctet #4#017[ #020xxxxxxx X Cctet Asfodar 003
#029XXXXXXX X COctet #6#034#041xxxxxxXx X COctet #7#050[ #059xxxxxxx x Cctet
#B8#071f #0OBO6XXXXXXX X Cctet #9#L03#H123xXXXXXX X Cctet #10#1481 #177TXXXXXXX
x Cctet #11#213J #255xxxxx11 | 26 P18066. SO01 Table 14 - VDSL Band Carrier
Tr ansm tndPave PMNBaropihosedrainRy drd VPileradri&GS 48241 akb Ve B8 #a#eB81 #010XXXXXXX
X COctet #2#0121 #014xxxxxxx X Octet #3#017#020xxxxxxXx X Cct et
#4#024#029xxXXXxX X Octlable#b#ABSEBdndxdkXddoxkHz Catriet Indd50#059XXXXXXX X
Cctet #7#071#086xxxXxxX X_Octet #8#103#123XXXXXXX X Octet #I#I48H#177XXXXXXX
x Cctet #10#21B-Capigssexixx 1 HSTUFReUpstrenent s [of HIEU-KEBewmptreamr e [shown in
Tabl es 15 througﬁiln%ﬁoltl)el oW. Tgbl e 15 - PR Message Content 20 25 Message
type field - PREEERANSH nu%ﬂf&%-&%—ﬁ%{éﬁﬁ%@#m (in ns) Pl
and PMc ADSL bpnd power [t r antifguencyindices ost| (usFrrgusaayindees or 13) Pme
VDSL band powef transm gsionwegyssis Kiesi ng [Tabl enjd)y37ske, 16 -| P 1
Message Cont enfzlyEssagejtype et = F3f ReVITsTOT gTogE "BEJ' o

B43 37 45 53 72 88 96
C43 7 9 12 14 64
P43 - 115 138 165
198 238 255
10
3 Table 8§ - ADSL Band 4 kHz Camier Indices
Carrier set HSTU-R Upstream HSTU-C Downstream
designation carrier sets carrier sets
Frequency indices Frequency indices
(N) x4 kHz {N) x 4 kHz
15 A4 3 5
P4 10,12, 14,17,20,24, 29,34, | 10, 12, 14, 17, 20, 24, 29, 34,
41, 50,59, 71, 86, 103, 123, i 41,50,59,71, 86, 103, 123,
- 148, 177, 213, 255 148, 177, 213, 255

Table 9 - VDSL Band 128 kHz Carrier Indices

Carrier set HSTU-R Upstream HSTU-C Downstream
20 designation carrier sets carrier sets
Frequency indices Frequency indices
(N) x 128.0 kHz (IN) x 128.0 kHz
V128 10, 12, 14, 17, 20, 24, 29, 10, 12, 14, 17, 20, 24, 29,
34, 41, 50, 59, 71, 86, 103, | 34, 41, 50, 59, 71, 86, 103,
123, 148, 177, 213, 255 123, 148, 177, 213, 255




P2 and PMR signal duration (in P1 and PMc ADSL band power transm s_?i on
"i ndi cat P&¥66x0Ing Table 12 or 13) 30 Pl and PMc VDSL band power 1 ( OCT 2003
transm ssion indication (using Table 14) P2 and PMR ADSL band power

transm ssion request (using Table 12 or 14) P2 and PVR VDSL band power
transm ssion request (using Table 14) 35 Table 17 - P2 Message Content
Message type field - P2IitdwiGi yDSLBdher]3BildlzCRAenindideR ADSL band power
transm ssion indication (using Table 12 or 13) 40 P2 and PMR VDSL band
power transm gsiCarridrizet ¢at | HRTUUS iUpgtrdabl e 14) HRTBIUDGwhstaemi S$i on power

| evel paranmetdrs P180Q66.[SOL Table 18 - P3 Message Content Message type
field - P3 Reui a er fipqaﬂrlﬁgﬂsl_-l:\’ trapsn Qci%ﬁnffrﬁm levell paraneters
1?0CT2003 B. Hal f Dupl ex Modiregienenintises i nvent i dieqiienry igitebe descri bed in
conjunction wijth a half |dupl osiu) g on hegot iy | RiFpruni cation
channel. It ig noted that test’signals PMajand Igﬁj%?%c}&not need 10 to be
sent concurrently with ssages. The PME half duplex transactiog is listed
in Table 19, Helow andiillustrated in Fig i4 The first messade is

assuned to al ayB8be senmt 809, Zht4 AER0, B 2%he & aP11dwihd7A0%e438i dn  assunes
that the band |descripti ¢n OM appky. l; e PPVE Hal f
Dupl ex Transadtion 20 T az’g’%{lt gg’i&;’e Z@Fi Dt Pyo’ﬁll]jrﬁ)i’tg-%zjrlt’esqlqijl’} RPRRThe
message- - isa request |for RAel48STA3 13t o send t138, BéwEl/, BBasur ¢ment
signals (PMC,) 1ncludes the paraneters of the desired signal (PMCH) to be
transmtted. HSTU-CPRHThis two part nessage includes: the actual

par anet er s dforttheba whish gpaitpiasghbwestramanite errrotimptelydel MHzGRyRieallyconpl y

with the_full reque t he HSTU-.R). comupi cat ed .vi caont r ol
Spmmunitegeitto b AP SEhardes Fisk BUeRREmet L fegh For ML bR
approximately 1.1 MHz through approximately 30 MHz (typically referred o as the VDSL

10 band), an indexing method is also used, but the carriers have a spacing of 128.0 kHz or 138.0
kHz. The VDSL band carrier spacing is 32 times the ADSL band carrier spacing to roughly
scale the approximately 27 times bandwidth increase. It is noted that the first eight indices of
the VDSL band carriers are not used because they overlap the ADSL band carriers.

The V128 set of carrters shown in Table 9, above, is for systems that prefer 4.0 kHz

15 spacing. The V138 set of carriers shown in Table 10, above, is for systems that prefer 4.3125
kHz spacing. The spacing of the carriers is selected to be approximately 1.2 times the
previous carrier. This allows a non-linear set of carriers that scales equivalent with frequency.

Power levels are expressed in 3 bits, as shown in Table 11, below. The power level for
) each carrier in the ADSL 4.3125 kHz band is coded in Table 12, below. The power level for

20 eacﬁ carrier in the ADSL 4.0 kHz band is coded in Table 13, below. The power level for each
carrier in the VDSL band 1s coded in Table 14.

The definition of the VDSL band power measurernent carriers is effective for all types
of VDSL band modulation schemes, including, but not limited to, single-carrier modulation
schemes, and multi-carrier modulation schemes. It is noted that other carrier spacings and

25 widths may be used without departing from the spirit and/or scope of this invention.
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Then,
HSTU- R tP33pac80V/e.
comruni cati on channel :
measur enent si gnal

the HSTU-C transmts the power

measur enent si gnal PI\/[:H)I

HSTU- RPR- HAThi s nessage i s transg’i tte((:I Vi a ti}gj[&t:@pgl
- acknow edges the reception of the power
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and PMCH i ncl ude
etc.

bandw dt h, durati on,
The HSTU-R makes a power

power

| evel s,
measur enent based on the signals in PMCH The

density of carriers,

10 m ni mum nunber of carriers is based upon the types _of xDSL npdens

i ncl uded i n- 2398 e APk Bapddlay KHe iqgﬁ“gfgﬁlﬁﬁi'

t PRRey FAEE) S Sodiagr 1 | ers

fyom at |peast—oene—of PEAIL—BE3—CAST—AS; r—RAS a2 o3
Carriers lshown in Tahlod ¥ hroygh 10 aboue AR S l;sf‘ ’fﬂ&g 1 “‘?'é I o ner
medsur engridctttatled orf00Rel si®al s in PMRH. [The & pidxumXurbér xof xcamr | ers
i s based |Upaet #2he tyidd of #HDIL nodens inc! udedxi h :a partixyl ar x15x
communi cgthae w3y st erge2BMT, #ognprises carriferg fxomsat Ixeast |ore of A4B,
B43, CA3,| Bdet #H H040 | #045 x x| x x x|x x x
' Octet #5 #053 | #056 X x|/ x x x|x x x
20 Octet #6 #064 | #072 X xjpx x x| x x x
Octet #7 #088 | #096 X x| X X X|x x x
Octet #8  #115 | #138 X x| X X x|x x x
Octet #9 #165 | #198 X X} X X X| X X x
Octet #10 #238 | #255 X xtx x x| 1 1 1
25
Table 13 - ADSL Band 4.0 kHz Carrier Transmit Power {NPar(2)} Coding
j Power | 8 716 5 413 2 1
Octet #1 #003 | #005 X x| x x x}x x x
30 Octet #2 #008 | #010 X X|] x x x{x x X
Octet #3 #0012 | #014 X x| x X X} x x x
Octet #4 #017 | #020 ¥ X| X X xXx{xXx x x
Octet #5 #024 | #029 X x|l x x x}{x x x
Octet #6 #034 | #041 X X! X X X§{iX X X
35 Octet #7 #050 | #059 X x| x x XxX{x x x
Octet #8 #071 | #086 x x| x x xlx x x
Qctet #9 #103 | #123 x x| x x X{XxX X x
Octet #10 #148 | #177 ¥ x| x x x{Ix x x
Octet #11 #213 | #255 x x| x X X 1 1 1
40
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or

P43, and V128 or V138 carriers shown in Tables 7 through 10, above.

The

* cont'ent £18966-$l Messages are shown in Tables 20 through 25, bemoilvg[j'fitﬁ[]% 20

PMI si gna

| duration (in nms) Non Standard (NS

)

request

power transm ssion request (using Table 12 or Table 13) PMcH VDSL band
power transm ssi diablebie¥DSLUBdndgCafrbt Erabdmit Pabice {¥Rar(2)PRIsdiessage Cont ent

field PMCH ADSL b

and power

PRR Message Content 20 25 Message type field -PRR Revision nunber field
= 0 PMc, H ADSL band

30 Message.-type field - PRH Revision nunher

transmi ssj on indi cati on Pa¥ehg Table 12 or T
transm ss Qet 01 Cat #GiR (Usggig Table

Message Coa L&Pho I\/bss]g(ﬁg tly flel d - PRHA Re
transm sgji pa ters 1 70 C|[T
Contt ent 10 B‘i@Pﬁ%&esagﬁyﬁyﬁe #qiged - PCR Revi 9
duration |(PeehEd Nor#Bdand#fB9(NS) request =

transm ss
transm ss
Message t
trﬁnsm' ssi g
transm ss

|@ctet%5]uest#(l3t43|ln@r0ﬂelbl e 12 or Tabl
| Octet #é|Uest#(50sii ng¢0babl e 14) Tabl e
y@@ce{#-pl d -yf¢H Ragqjggl on nunber fig

aBl e71$)6 I\/I\/|5| VS band! pdwar
X A\
VI SI I H L} C
5{ 08‘3 g age
i & ’ij PERH %S| d‘nal
OXPNPQH A?DSbeaﬁ%I pbwert X
ex13K PMRH ¥DSIx barnd power
24 - xP Cant ent 20
| § MgH| ADSLxband |pgwery
apl e ,18), PMRH \(D$L, band poper
X X X X X
X X 1 1 1

gli cati0n 13g Table 12 or T
|8&8££§i| cat#I% us&lr}g Tabl e 14)
Octet #10 #213 | #255

20

25

30

35

40

The contents of the Messages are shown in Tables 15 through 18, below.

Table 15 - PR Message

Content

Message type field - PR

Revision number field

P1 and PM, signal duration (iﬁ ms)

P1 and PM. ADSL band power transmission request (using Table 12-or 13)

PM. VDSL band power transmission request (using Table 14)

Table 16 - P1 Message

Content

Message type field - P1

Revision number field

P2 and PM, signal duration (in ms)

P1 and PM. ADSL band power transmission indication (using Table 12 or 13)

| P1 and PM, VDSL band power transmission indication (using Table 14)

P2 and PMy ADSL band power transmission request (using Table 12 or 14)

P2 and PM; VDSL band power transmission request (using Table 14)

Table 17 - P2 Message

Content

Message type field - P2

Rewvision number field

P2 and PM; ADSL band power transmission indication (usmg Table 12 or 13)

P2 and PM; VDSL band power transmission indication (using Table 14)

HSTU-C transmission power level parameters
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Tabl e 23 - Message Content 25 Message type field - PCHA | Si
- nunber ?i@%ﬂ@TUR transm ssion power |evel paraneters C Pr }/ ﬁ%ﬂ[ﬁ

Measurenent Signals 30 As noted above, the present invention aI | ows

manuf acturers to utilize (generate) their own proprietary signals that are
transmtted (sent) instead of PMR and PMc (or PMR, and PM,H), while

retai ning a uni form negoti at Teicdfd P3idessags Contentr uct ure as the defined

test signal SMeééﬁgetﬁ)@f [ﬁf proprl Etary power neasur enent signal |

i ndi cated i P-SSat < ARe—PER uy setti N1 e Nbﬁ*S‘i‘ﬁﬁ‘d‘a-I“d—l‘-eq-uejt to
1, as shown .Re“rﬁﬂﬁﬂﬂfﬂbﬁfﬁﬂﬁ hel ow 35 Tables 27 and 30 hel ow

i | Bustrate thHSTUI’%UBm@ﬁ@@@PQW@TIGYﬂ@ath tted signals are indicatled
using a private (e.g., proprietary) encoding scheme. The paraneter and
acknoww in Tables 28 and 31, below, are the sane as
Tabl es = dupl ex nodul ati on negoti ati on conmmuni cati on
channel, di sBUSREHRRAYIRA noW be ées&%e%%fcﬁgﬁmétﬂﬁ; wand hgﬁ%gleﬂtrh&ﬁﬁatﬁﬁ assuned

to be the sane as previ ously di scussed above. 30 P18066 SOl Table 26 -

PRR Messggtaticandogihuiies®aghainepelt fis mited thaPRR denals PMicremdbBM f, de indt myereal
duration 10 Non Standard (NS) request = Proprietary Paraneters (private
erl@odi rigpe vems|congprentipritheessaghs- Cont ent Message Woe field - PRH Revi sion

nmber fi el . PRHA
Vessage Cont Bi e MECELIGHERFRLER s SRR IPHRIFTE BINE At ifeg B mig AT
t r ansm-pgi 136 Hewese ﬂs@!ﬁi!mda&ﬁ alkiyehs s&ﬂluy&haﬁsnPER 'F@éﬁﬂw@ﬂis&ftbmﬁ5 30

Message type field -
assumes that the band descnptxons provided above apply.

)

15 Table 19 - PME Half Duplex Transaction
Transmit | Message § Description
Unit Name
HSTU-R PRR The message:

« is a request for the HSTU-C 10 send the power measurement
signals (PM,) includes the parameters of the desired signal (PMcy)
to be transmitted.

HSTU-C PRH This two part message includes:

- the actual parameters of the PMy, signal to be transmitted (in case
it cannot comply with the full request of the HSTU-R)
communicated viza the control commumnication channel and
terminates the modulation. |

» Then, the HSTU-C transmits the power measurement signal
(PM,,) for the HSTU-R to receive.

20 HSTU-R PRHA This message is transmitted via the control communication chamnel:
« acknowledges the reception of the power measurement signal
) : (PM_,,) during PRH; and
| » transmits power level parameters to be used in the HSTU-C.
HSTU-C PCR The message:

- is a request for the HSTU-R to send the power measurement
signals (PMpy) ; and

» includes the parameters of the desired signal (PMRH) to be
transmitted.

HSTU-R PCH This two part message includes:

» the actual parameters of the PM; signal to be transmitted (in case
it cannot comply with the full request of the HSTU-C)
commumnicated via the control communication channel and
terminates the modnlation.

» Then, the HSTU-R transmits the power measurement signal
(PMgy) for the HSTU-C to receive.
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Revi sion nunber field MRH signal duration Non Standard (NS) re L}est =1

" Propri efdBYoB@lanet ers (private encoding Table 30 - PCH I\/bssagﬂ cObiedll3
Message type field - PCH Revision nunber field Proprietary Paraneters
(private encoding 35 Table 31 - PCHA Message Content Message type field -
PCHA 40 Revision nunber field HSTU R transm ssion power |evel paraneters 1
7 OCT 2003 Third Enbodi nent A thiTabled®bodtitimaed of the i nvention wll now be

descri be T To : N conprising existing nessages (€Jg.
M5, MR) a%%ﬂ?rgns g(h:tltjl?%ns rgﬁﬁﬁéfﬁgf ( Ehiael :%EFOB%E&;&H&&?%&%&%F@H%“ ? h
D TO0 S -

transm sgqi on of the power rreasu.fr ] r?é"a sessi on si gna The
message i|ncl udes dxplicit H8&%4 ‘Mﬁl@gg’ ers of a desired signal

(e.g., PNta) to bq 31 P 18j0stramanits powerdgye! papmetaraioshs yseddn thetH3EURbL ¢d
that the |foll ow ng discuss) fontheedSBE-Chpl enment ed using either full dupl ex
or half JURSEY-ROJUER(ON PTRCREhESackRewikdsE HSeteption 't POHE. PMVE
I ni tial |l y—sefrtds—tthe—powermeasurenent—srygnars—at—t et owest—possT ore—power
|l evel , which may be repeated at higher power levels if the signals were
nots adequat ey hRGRI ofelk pdipieNQEurehlent §gm§pm{,1a@aipmatm5andv@dwaméteon is
not limted to an initial transm ssion using the | owest possible power

| evel ; freddatn, ias theyhmeed notthieaioncaragbwith dieonmuiignedous transminssien ofithic dagitahy

desi red, predeterm ned, power, level. A._ Fixed ure Sighals with

St andar P HRHASTT SRR HIGTRUF| G FHEtEIS Lk AT PBTeaiE FRAGIFBapy ovi ded
wWthr RN : | : eS8t g, measurenment signals. The
transag%’lpﬂgﬁvgdﬁa'l %ﬁgﬁ%ﬁégﬁwgﬁ%ﬁgé’gdg%lgﬁt edin Table 32, 10 bel ow, and

i | lustrated The HSTU-R.mdkes a poassmamtrdrnait bhded onithe signds smBbl,s @Thevays sent

by the HSTU-R Table 32 - PWMVS (Standard Measurenents 15 20 25 )
Tri8ns ni MVERERIPLANOS 6AOSTS 16 Hasod upep Hedypes of xDSL modems ncluded 1n a particular

communication system. PMcy comprises carriers from at least one of A43, B43, C43, A4, P4

45

. or P43, and V128 or V138 carriers shown in Tables 7 through 10, above.
The HSTU-C makes the power measurement based on the signals in PMpy . The
minimum mumnber of carriers is based upon the types of xXDSL meodems included in a particular
15 communication system. PMgy comprises carriers from at least one of A43, B43, C43, A4, P4
or P43, and V128 or V138 carriers shown in Tables 7 through 10, above.
The contents of the Messages are shown In Tables 20 through 25, below.

Table 20 - PRR Message Content

;.20 Message type field - PRR
' Revision number field
PMy, signal duration (in ms)
Non Standard (NS) request = 0
25 PM ADSL band power transmisston request (using Table 12 or Table 13)
PM_,; VDSL band power transmission request (using Table 14)
Table 21 - PRH Message Content
30

Message type held - PRH

Revision number field

PMy ADSL band power transmission indication (using Table 12 or Table 13)
PMy; VDSL band power transmission indication (using Table 14)

29



~Nanme HSTU- The nessage: is a request for the HSTU C and HSTﬁL E[%d
t he pO\I\B?‘8 rement nodul ati on session (PMMS) signals (PM" a d B T ?

and includes the category choice which represents the paraneters of t he
desired signal (PMca and PM) to be transmtted HSTU CACK2The nessage
Acknow edges sel ection of PMMS HSTU- RPMT, 3This signal allows the HSTU-C to
measure the line conditi onsTdJiQIZb@RB-HABbSSaBBQDBI@PNC ,4Thi s signal allows
the HSTU- | METEATD geﬁinq)me CONdi TToNns—and power 655 FSTU-RVRG The

nmessage: S—tk tHhe—HSTFO—Eto—send—an—Mo—HSTO-—CEhvBS6Thees$sage:
COI’]VE?S t e‘fﬁkanm é:grdrnqlmcf HQTILRA(KJUg_e_ng_ss_ag_e_Ag_k_ngw_gd.g.gg_Pt hg
upst r eam PBETEGUsysmissiacpasT Vel BEmisterfessage:  is a request for @
speci fic xDSL nodul ati on node, and contains a paranmeter request a certain
anount of PBO in the downstream direction HSTU CACKO9The nessage

Acknow edges sel ection of tTableSl- RGR Messdpge Gpeentf i ed downstream PBO

- Tr ai ni ngrFaipi-rgbeg-rs—As—ndiecated—above—the—exchanged-parareters are
encoded ?1}@5&?&&1 Ehﬁ@éag’@nn the npegotiation and cont \Fdnl Ir:lhanrual ¢ t hat
ane exchah@euisksstwasher figl HSTU- R and HSTU-C. The P 18066.S01 1 7 OCF 2003
HSTU-. R nplpag, il direfisui(ism)t s based on the signals in PMH . The|mini mum

nunber o mﬁrgtm{l@g)qg&@gt%)on The types of XL)bL nmodens (e.g., APSL,

DAL

CDSL, HDSE € LY HA—&= bUIII o ot conposed from
carriers Rhiﬁﬂ @%L;b kBO‘K?f“EE%m Br4cq gﬁquSIMM or
V138 carr B%Hs\ﬁa%bmfim\mrésanslmswwa@ws@(@fimséfa 6148 Sinilarly Pwéu can
bésconposed froma type of specifiabl e broadband signal. The HSTU C nmakes
power measurenents based onTt y_l n PZ&\‘E‘ IH m ni mrum nunber of
carriers is based upon the t'¢8 CSHRRFEN el uded in the

conmmuni caj Mussdgeayppe fIUI - Pﬁfborrposed fromcarriers in at |east one ol A43,
B43, C43, RlvisionhudbePfigldand V128 or VI3B carriers shown 1 n Tables 33
{ g oudh SBoner HHST Slad AV AT o (RPN nE HaBe 2 FPIERH 13PoC |1 abl e

oo LB M NTISL: bad pesier iaashmisuion motcation (g Tablc 14 o0 o7 1™ O

D

Tabie 25 - PCHA Message Content

25 Message type field - PCHA
Revision number field
HSTU-R transmisston power level parameters |

. Proprietary Measurement Signals

30 As noted above, the present invention allows manufacturers to utilize (generate) their

] own proprietary signals that are transmitted (sent) instead of PMy and PM (or PMgy and
PM_y,), while retaining a uniform negotiation and indication structure as the defined test
signals. The use of the proprietary power measurement signal is indicated in messages PRR
and PCR by setting the Non-Standard request to 1, as shown in Tables 26 and 29, below.

35 Tables 27 and 30, below, illustrate that the parameters of the transmitted signals are indicated
using a private (e.g., proprietary) encoding scheme. The parameter and acknowledge
messages shown in Tables 28 and 31, below, are the same as Tables 22 and 25 m the half
duplex modulation negotiation communication channel, discussed above.

It is noted that the band descriptions as assumed to be the same as previously discussed

40 above.
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t he m'di_j,lgéco um of Tables 33 through 36. Simlarly, the HSTU-C nessage
' nodul at £&#0 Liers can use any, sone, or all of carriers listed in the
right columm of Tables 33 through 36. 15 Table 33 - ADSL Band 413138 k2803
Carrier Indices 20 HSTU-R Upstream HSTU-C Downstream Carrier set carrier
sets Frequency carrier sets Frequency designationindices indices (N x
43125 kHz(N) x 43125 kHz A4BHId7 2BRB M&sagt BA881 45 5372 88 96 C437 912

14 64 PA3-NiiSads8pbRRld IBRR38 255 25 Table 34 - ADSL Band 4 kHz Carfi er
I ndi ces Carri +-HSTUR THS =How SanTaesTgTat ToOTTCar ri er
sets Freq oYicitn BhanBe 2k di-c€ NeHZN e A435

P4$0, 12 | AMcy signalsyration (moysh o 12° 14 17. 20 24, 29. 34. 41. 50] 59,
71, 86, 10Som8tandard (55) ré@est~l, 86, 103, 123, 148, 177, 213, 255123] 148,

177, 213,} Proprictaryiazaabtefsdpri @bkficodingy VDSL Band 128 kHz Carrier Tndices 1
7 O CT 2003CarrTer setH ' ' arrier

sets Frequencycarrier sets Frequency indicesindices

(N)x128. OkHz(N) x128. OkHz  VIZ®127 1PRH Messdge Catflent24, 29, 10, 12, 14, 17,

(4] 20

Revision number field
Proprietary Parameters (private encoding)

15 - Table 28 - PRHA Message Content

, Message type field - PRHA
) Revision number field
HSTU-C transmission power level parameters

20
Table 29 - PCR Message Content

Message type field - PCR

Revision number field

25 PMyy signal duration (in ms)

Non Standard (NS) request =1
Proprietary Parameters (private encoding)

30 Table 30 - PCH Message Content

Message type field - PCH
Revision number field
Proprietary Parameters (private encoding)

35 Table 31 - PCHA Message Content

Message type field - PCHA
Revision number field
HSTU-R transmission power level parameters

40
Third Embodiment
A third embodiment of the invention will now be described as procedures for a session
comprising existing messages (e.g. MS, MR) and transactions for the digital control provided
to request the transmission of the power measurement modulation session signals. The MS

45 message includes explicit details on the parameters of a desired signal (e.g., PMy) to be
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34, 41, 71, 86, 103,34, 41, 50, 59, 71, 86, 103, 123,148, 177

. 255123, &Qﬁésg% 213, 255 Table 36 - VDSL Band 138 kHz Carri er 1 7o 200
Carrier set HSTU-R UpstreanHSTU- C Downstream desi gnati oncarrier sets
Frequencycarrier sets Frequency indicesindices (N)x138.0kHz(N)x138. OkHz
vi388, 10, 12, 14, 17, 20, 24,8, 10, 12, 14, 17, 20, 24, 29, 34, 41, 50,
59, 71, tu@ssm@ed 3t s Adted Biht theofollgwingdBscudd®) map Be upplemen2d usﬁlgﬁtﬁ&' full23,

148, 177, 213 The cantents of the M5 nmessages are illustrat d usj.ng an
exanpl e dpIsk oF Byl IEavpler mod a&atw@svedw An@Ssusoerahoss e MMS apipribegends any

DSL. T h 42,
bel ow Oﬁl%éog%%%%%%ﬁgmﬁﬁt{‘ U AR RUER Rt boS BRI Bl gRTbe g0
Tabl e 331 ARaeld TRy IBdd1Owerle Rk Qde’quﬁ@@rréééwéaoqllé\ﬂe&@ iR understood that
SPar(l)s 432 1 G992.1 - Annex AXXXXXXX I 1 - Annex BxXxxxxxl

G 902. 1the iAvention @xnot¥ivhitedxto GnISiRiaPtransiusseon u&i@&&kﬂw@st pos@b@@ﬁoxﬁer—lcm;nex

Oxxx1Ixxx X, ADSLxxl xxxx X Reservedxlxxxxx .x No paranmeters in this

oct et x0HBbBoths ihp| Eanspussiapgey bpHitalsd vrg My WSS ReEsStergmad pOWE Fosh32 1

GDSL PNI\/I S |n|t|ate (rreasure usi ng set #)xxxxxxx 1 GDSL Upstream PBOXXXxxx1
: XA gnals w X IS ni ngXxXXX1XX X

ReservedxxXI XXX X Reservedxxlxxxx No par arret ers _in this octetxx00000 0 34
The following description of the PMMS 1s provided with respect to a fixed set of

prefabricated measurement signals. The transactions and signal exchange is listed in Table 32,
10 below, and illustrated in Fig. 5. It is assumed that the first message is always sent by the
) HSTU-R.
Table 32 - PMMS (Standard Measuremcms)

Transmit | Message/ | # | Description
Unit | Signal
Name
15 HSTU-R MS 1 | The message:
'+ is a request for the HSTU-C and HSTU-R to send the power
measurement modulation session (PMMS) signals (PM; and
PMyy); and
* includes the category choice which represents the parameters
of the desired signal (PM¢, and PMy,,) to be transmitted
HSTU-C | ACK 2 | The message Acknowledges selection of PMMS
HSTU-R | PMgy 3 | This signal allows the HSTU-C to measure the line conditions
| and power loss _
HSTU-C | PMgy 4 | This signal allows the HSTU-R to measure the line conditions
and power loss
) HSTU-R | MR 5 | The message:
' » is a request to the HSTU-C to send an MS.
20 HSTU-C MS 6 | The message: ‘
» conveys the upstream PBO request
HSTU-R | ACK 7 | The message Acknowledges the upstream PBO request value
HSTU-C | MS 8 | The message:

: * is a request for a specific xDSL modulation mode, and
contains a parameter request a certain amount of PBO in the
downstream direction

HSTU-C | ACK 9 { The message Acknowledges selection of the xXDSL using the
specified downstrearn PBO
- Traming - | Training begins

25

As indicated above, the exchanged parameters are encoded in digital messages on the

negotiation and control channels that are exchanged between the HSTU-R and HSTU-C. The
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P18066. S01 Table 39 - GDSL PWMS Initiate - NP 1 7 OCT 2003 GDSL fyl %(ED
i ni tiat 1306689 3) 8765432 1 GDSL PMVB set #1 (all carriers)xxxxx 4003

PMVS set #2 (all V128 carriers)xxxxxxl x GDSL PMMVS set #3 (all V138

carriers)xxxxxlx x GDSL PMMS set #4 (all A4 and P4 carriers)xxxx1lxx x GDSL
PlviMS set #5 (all P4 carriers)xxxlxxx x Reservedxxlxxxx x No parameters in

thi s oCHSTXXRGLKEs Poder heastPerdént$Pastabh %64@%13.15@9%/{};{93 THe & Pieh nuiNBet 3)
Codi ng (3) Coding GDSL Upstream PBO - NPar(3) coding8 76 5 4 3 2 1 Upstream

PBO ( dBpf ¢dsiiers 1sbasek upetBhe types of xDSLxnademsRege rAl28lx, GDSL, HDSL| ett.) Tabl e 41 -
GDSL Down?t ream PBO - NP.(3 CO%MIQ .GDSL Upat ream PBO - NPar (3) coding8 76
5 4 3 2Uf ? PURMUBISE P 19PP ( hMay 1§ camposed BpmcaTiers jn 3t Igask one pleddtvedx x1
111 1ghkT < @ F r a0 = NP |0 L, t rai ning
par anet gr 35 (tfazbjl\I%é?r"1 ?3)‘%%}%’@? ﬁi%fgﬁlggr am%rgélﬁ)%xlg&éggsx 3%%% Sgr%g N-er
#2)5x X X X BitnitarigDBM ) @A BB L fipdsd3d Roxx  ¥ype JBlei MbIAHPBLETand 4iphxi | XX X GDSL
par anmet er #5xXXI XXX X .
The HSTU-C makes power measurements based on the signals in PMg,, . The
minimum number of carriers is based upon the types of xDSL modems included in the
commumnication loop. PMgy, is composed from carriers in at least one of Ad43,B43,C43, A4,
P4 or P43 and V128 or V138 carriers shown in Tables 33 through 36. Similarly, PMy can be:
10 composed from a type of specifiable broadband signal.
HSTU-R message modulation carriers can use any, some, or all of the carriers listed in
the middle column of Tables 33 through 36. Similarly, the HSTU-C message modulation

carriers can use any, some, or all of carriers listed in the right column of Tables 33 through 36.

15 Table 33 - ADSL Band 4.3125 kHz Carrier Indices
Carrier set HSTU-R Upstream HSTU-C Downstream
designation carrier sets Frequency carrier sets Frequency
_ indices indices
(N) x 43125 kHz (N) x 4.3125 kHz
A3 9 17 25 40 56 64
20 B43 37 45 53 72 88 96
C43 7 9 12 14 64
P43 - 115 138 165
) ' ) 198 238 255
25 Table 34 - ADSL Band 4 kHz Carrier Indices
Carrier set HSTU-R Upstream HSTU-C Downstream
designation carrier sets Frequency carrier sets Frequency
indices indices
(N) x4 kHz N) x4 kHz
Ad 3 5
30 P4 10,12, 14,17,20,24,29, | 10,12, 14,17, 20, 24, 29,
34,41, 50, 59, 71, 86, 103, | 34, 41, 50, 59, 71, 86, 103,
123, 148, 177, 213, 255 123, 148, 177, 213, 255
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Reservedxxl xxxx x No paraneters in this octetxx00000 O Table 43 -

" (St andarRl8Ne@80F enment s Procedure 35 40 Transm t Name#Cont ent s
HSTU- RVSI Tabl e 37 x010 0000 (Sel ect GVDSL) Table 38 xx0OO 0001
measur enents) Table 39 xxOO 0001 (all

PMVIS

1L Buas |

carriers) Table 40 NN A Table 41 N A

Tabl e 42 NI A HSTU- CACK2The nmessage Acknow edges sel ection of PMVS

HST' U RPM , 3 HSTU- CPMmiT 4 85 R%Bmlzs\ﬁié’s@aﬂﬂemﬁﬁcesSO 1 Table 43 -
(Standard Measgs

0000 ( Sel ect G

xx00 0 110 (6 (d
Acknow edges t
(Sel ect GVDSL)
Table 39 NA T

Tall e 42 xxxx
usi ng the spec
-Fi xed Measur en

ent Signaljs

3t xRl £t bl 4

IIEllLQ Pr GC | n” IIC\TII m 3

[ ler'l.sgb 3 pst [rga%Q al/
BPR |21 cf‘\l?"ﬁrfﬁ ‘Wﬁ A HSﬁ‘I ?ggq“ﬁ‘é?’sace

he upst ream PBO r é &?t val ue |HSTU- i85 e 37 x(1
Table 38 Ixx00 M 8d28-0kBE<t r edm PRAMR XA PkHEL 1 1 i
abl e 40 x}00 0110 (6 dB) (repgat) Table 41 xx0O 011
}xa8 HSTUL CAGK2T N8, 1736, A0 28CK Noo) BXJ0851 % 8DEXA, 2] [0
fied dow 5’54 Q@n@d:’%) 71Tr83' 3n- @Shltj(ills@l 0 899%3”5-

LAl $ag 177, 213, 255

Table 36 - VDSL Band 138 kHz Carier Indices

Carrier set

HSTU-R Upstream

HSTU-C Downstream

designation carrier sets Frequency carrier sets Frequency
: indices indices

(N) x 138.0 kH=z (N) x 138.0 kiiz
V138 8,10, 12, 14, 17, 20, 24, 8,10,12,14, 17, 20, 24,

29, 34, 41, 50, 59, 71, 86,
103, 123, 148, 177, 213

29, 34, 41, 50, 59, 71, 86,
103, 123, 148, 177, 213

PMVE
7 x010
A Tabl e 40

0 0000

ni ng)

1 (7 dB)

f the GDSL
g B.

- The contents of the MS messages are illustrated using an example xDSL referred to as

GDSL, but the invention can be applied to any xDSL. Octet coding of the MS messages are

15
43, below.

Table 37 - Standard Information Field - SPar(1) Coding

shown in Tables 37 through 42, below. The procedure with example contents is shown in Table

SPar(l)s

8

6 5

G.992.1
G.992.1
G.992.1

G.992.2
GDSL

25 Reserved

- Amnex A
- Amex B
- Ammex C
G.992.2 -
- Annex C

Ammex A/B

P M M M MM

=Rl I I
[ L B N
-2 - el A

O o M MM
=B - A ]

=R R L N

[=R I A

No parameters in this octet

Table 38 - GDSL SPar(2) Coding

GDSL NPar(2)s

8

7

30

35

GDSL PMMS inittate (measure using set #)
GDSL Upstream PBO

GDSL Downstream PBO
GDSL Ini
Reserved
Reserved
No parameters in this octet

ifiate training

Mo M oM oM MM

D = oM oM M M
(= R R
=R A e A
OMNNHMle

Mo oM oMo oM

= A L L

(= A e ]
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. The folég ] escription of the PMM5 is provided with explicitly

request W% ters 10 for the neasurenent signals. The tra.gs(ahtj 0 ﬁﬁnd
signal exchange is listed in Table 44, below, and illustratedi ig 0%,
For purposes of discussion, it is assumed that the first nessage is always
sent by the HSTU-R The contents of the M5 messages are explained using an
exanpl e xDSL nodem r ef Batledd - GBSAPMDE Initiafe - NFarGn¢edinigon can be appl i ed
to any XOSC W mpmmiﬁ;ﬂg NPQ-I@)’[ he spfgit gnd/er 355 gcope ok the
i nvent i ONGHdTeNVETS Bk %MILQH“:%B THe VB TES$ages J § RMOWn 1§ 1301 €3 441
t hrough |4 SL@Nﬁ\%?&? 5 11 ey th exanpl ¢ congents s §hovyp iR lfe 50.

Power | e X ts as $hown i abl . The | evel
fo:geea § e?'# IaP kHz l)g)gd IS cide |n1Tab EGV\E{I' e
power Ie el cmPﬁré) ADSL 4 0 Kg B cf; is cocf‘ed tn Tadl e

47. The |p Fet# ] 4c°ﬂ”‘5%??r| er in the*VvD3L b?nd 20%i s tod&d i*h |Tabl e
48. 36 Fl%@%'e 01 1? OCT20013 Table 44 - PMWB @Explicit Piranetefs 1O |15

Tr ansni t| Nepaameers mausoctet nri on Unit Si gnhl* Nare IHETIER MR | The Besdige:

i stlta request for the HSTU-C to send the povver measur enment nodul ati on
session (PMM5) signals P ; a ncl u it details on the
paraneters of the des@@%gﬁggg([mﬁﬁmt &epraéégﬁ*’fci{"@d HSTU- C ACK | The
nmessage |ACKk neDEE dipstesr PBOX - Nitur(3) ch Vb HSI'Bl-C PME, 6, -5Thi ¢ silinal all gws

t he HSTUFGpst@ar@BOUEE) (bhe6-1 xnaByondi tions| and powen lass WSTk R WR & he

message:| Rdshi@ed’STU-R i s done receiving PM,x, &nd Is a request to the
HSTU- C to send—am M5 HSTU-C VB 2The mESSage: 1S a request for the HbIU-R

to send the power mneasurenent nodul ati on session (PMVB) signals PM,,; and
includes the expl | Ci tT488d 41 | GDSD DdienshrirARB @ - NFk(3) Iadtesi red signal (PM)
to be tra ”°'CDSf'Upstream PBO - NPar(3) coding 8 716 5 4 3 2 1
Downstream PBO (dB) (bits 6-1 x 1dB) X XxX!x X x x X X
Reserved X x 1 1 1 1 1 1
20

Table 42 - GDSL Training Parameters - NPar(3) Coding

GDSL training parameters - NPar(3) 8 7 6 5 4 3 2 1
GDSL parameter #1 > S ¢ X X x X X 1
GDSL parameter #2 X X X X X X 1 X
25 GDSL parameter #3 X X X X X 1 X X
GDSL parameter #4 ) S & x x 1 X X X
GDSL parameter #5 X X p { 1 X %X X X
Reserved X x 1 X X X X x
No parameters in this octet X x ¢ 0 0 0 o0 o0
30
) Table 43 - PMMS (Standard Measurements Procedure)
Transmit | Name | # | Contents of octets
Unit
HSTU-R MS 1 | Table 37 x010 0000 (Select GVDSL)
Table 38 xx00 0001 (start PMMS measurements)
Table 3¢ xx00 0001 (all carriers)
Table 40 N/A
Table 41 N/A
Table 42 N/A
35 HSTU-C ACK 2 | The message Acknowledges selection of PMMS
HSTU-R PMgy, 3
BSTU-C PMo | 4
HSTU-R MR 5 | Request MS

40
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HSTU-R ACK 2The nessage Acknow edges sel ection of PMMS HSTU-R PMM - Thi s

* si gnal d118B0RSPhe HSTU-C to measure the line conditions and p'ozer | oss
HSTU-R MR 3The nessage: 1is a request for the HSTU-C to send 'a WeT Heii3-
M5 3The message- . conveys the upstream PBO request HSTU-R ACK 3The nessage

Acknow edges the upstream PBO request value HSTU- C MS 4The nessage: is a
request for a specifiTableDS- PG StaodurddMiasuranehts Pricadme) a par anet er
request far a certain amunt of PBO in the downstreamdirection HSTU C ACK
4The nesqdgE EknoWBedgps EEMEIT om181000hSelensiVR®ing t he specifi ed
downst r egm PBO Trfi ni ng| - Ty &abid 3y e§i0aso (Passteem#BC) Power Level Encodi hg
Bits 20 35 CodeDescri pt | on{ 00t Nifansnitted 001- 60 dBm (per carrier)
010-50 dBm (per clarrier) OlTabkO40dBa00Pei0 GaiByer) 100- 30 dBm (per carrifr)
101- 20 dBm (per clarrier) UlDebld1dBNIA per carrier) 111 Nom nal 37 P18066{ SO1
1 7 OCT 32003 Tablje 46 -| AOSrableaypd M/A3125 kHz Carrier Transmit Power
{ NPar ( 2) § Ha@-RT [TACES ¥ |7 R%EIgE ARRAcdEeitht st PRO TeeSt Vel <X X [oct et
#2HO01A#0TERFEXN ]S | 8 | Table 37 x010 0000 (Select GVDSL)

Table 38  xx00 1100 (downstream PBO & initiate training)
Table 39 N/A '
Table 40  xx00 0110 (6 dB) (repeat)

| Table 41 xx00 0111 (7 dB)

Table 42 xxxx %0

5 HSTU-C | ACK 9 | The message Acknowledges selection of the GDSL using the
specified downstream PBO
3 - Trainin | - | GDSL training begins.
g

B. Fixed Measnrement Signals with Explicit Parameters

The following description of the PMIMS is provided with explicitly requested parameters
10 for the measurement signals. The transactions and signal exchange is listed in Table 44, below,
and illustrated in Fig. 6. For purposes of discussion, it is assumed that the first message is always -
sent by the HSTU-R.

The contents of the MS messages are explained using an example XDSL modem referred
to as GDSL, but the invention cén be applied to any xDSL without departing from the spirit and/or

15 scope of the mvention. The octet coding of the MS messages is shown in Tables 44 through 49.
A second procedure with example contents is shown in Table 50.

Power levels are expressed in 3 bits, as shown in Table 45. The power level for each
carrier in the ADSL 4.3125 kHz band is coded in Table 46. The power level for each carrier in
the ADSL 4.0 kHz band is coded in Table 47. The power level for each carrier in the VDSL band

20 is coded in Table 48.
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Cetet, #350834Q37

HOS56XXXXXXX X

XXXXXXX X Cctet #4#040l (
tet #6#064f #HO72XXXXXXX X COctet #7#0881 #096XxXXXXXX X Cct et

#O45xxXxxXxx X Qctet #5#053I

#8#115#138xxXxXXXXX X Octet #9#165#198xxxxxxx x Cctet #10#23811H25%5x2A31 1
Table 47 - ADSL Band 4.0 kHz Carrier Transmt Power {NPar(2)} Coding
Power 8765432 1 Cct et #1#003[1_#;005XXXXXXX X Cctet #2#008#010xxxxxxx x Cctet

et
(2)}

51 gnal

#3#0121  #014xxxxxxx_x_Cct etaiadd 1 PHOAE (ot arammetesd #5#024#029XXXXXXX X
Oct et #6#() T4mGaki x x Message/ O#t et DesFHPEM #059xXXXXXX X Octet #8#071l
#086Xxxxxx¥Umit Oct ef SHRH103H# 123X XXXXXX X Octet #I0#148#177xxXxXXxX X Cc
#1 1#213#255xxxxx11| Mamhebl €] 48 | VDSL Band Carrier Transmt Power {NPa
Codi ng 30| BSTHOR POY\HSB 765287 T TR RlsspL#FOUBHULTOXXXXXXX X _CCctet #2#012
#O14xxxxxkx x Cctef #3#017[ #O20¥6xXXX% £ £LHRTUHAHQ Xxx x Cptet
#5#034#04Lxxxxxxx X Cctet #6#0 5‘%95’3%@3@3%}1?&‘%&5& é@g&iﬁ%@ XXXXKX X
Octet #8#[L03l #L123XXXXXXX K Ogta%'& # 17 7XXXXXXX e 131
e T3 Fatr o] § RIS BB S, 0
esired signal (PMg,) to be transmitted
5 HSTU-C ACK 1 The message Acknowledges selection of PMMS
HSTU-C PMey,; - This signal allows the HSTU-R to measure the line
conditions and power loss
HSTU-R MR 2 The message:
+ the HSTU-R is done receiving PMy, , and is a request to
the HSTU-C to send an MS

_ HSTU-C MS 2 The message:

) * 1is a request for the HSTU-R to send the power
measurement modulation session (PMMS) signals PM,,, ;
and
» includes the explicit details on the parameters of the
desired signal (PMgy) to be transmitted

HSTU-R ACK 2 The message Acknowledges selection of PMMS
10 HSTU-R PMgy - "This signal aliows the HSTU-C to measure the line
conditions and power loss
HSTU-R MR 3 The message:
* is a request for the HSTU-C to send an MS
HSTU-C MS 3 The message:
= conveys the upstream PBO request
HSTU-R ACK 3 The message Acknowledges the upstream PBO request
value
HSTU-C MS 4 The message:
= is a request for a specific xXDSL modulation mode, and
\ contains a parameter request for a certain amount of PBO in
), the downstream direction
15 HSTU-C ACK 4 | The message Acknowledges selection of the xDSL using
the specified downstream PBO
- Training - Training begins
Table 45 - Power Level Encoding Bits
| Code Description
S 20 000 not transmitted
- 001 -60 dBm (per carrier)
- 010 -50 dBm (per carrier)
011 -40 dBm (per carrier)
100 -30 dBm {per carrier)
25 101 -20 dBm {per carrier)
110 -10 dBm (per carrier)
11l Norinal
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, PMc sig
11 38

Eiogied

SOl

tion (bits 6-1 x 20 nsec) x X X X X X X X Reservedx x1 1 1 |

17 OCT 2003 Table 50 - Second Exanple O PWMVS -

Explicit Measurenments Procedure 10 15 Transnmit Nar ne#Cont ent | ¢f 00t 2808 -
Unit HSTU RWVBI Tabl e 37 x010 0000 (Select GV-DSL) Table 38 xxOO 0001 (start
PVI1TVIS nmeasurenents with PMcH,) Table 46 xxOO 1001 (favorite carriers)
Tabl e 47 xx00abe@d$ -(Ala%bHané 4342 ke SJarfierilrensh@it Rr®@€r {I8Ddr()f Alcdimigt e

carriers)] Table 40 N Ariabl e 41 N A Tablje $12 A HSTUs CAGK]ThI s2nmesspge
Acknow eqis T X300 l‘:'?"ih_'“_:-;"i—ii:' - TS o Ogal gal[l P, T HSTU- R
to measur ttil% lin anl khpns and power Ixossx CT@;RIV]( Tr}y 4 pessage
I ndi cat es ﬁ? STU- LS dg receiving BMgjr z%(nd i's a“redudst the BSTU-C to
sehd an N bl e . X010 0000 ([s€l ect GvosL) * TaBl 4 B8 ¥xad poo1
(start PYWESHESsur tl ;}51 PM uj) Tabl & 46 *x0d 1001 ¢f qvbrife &afriers)
Tabl e 47 001 vior carriers) Tabte 48 |xX00 100F (f¥vofité
carriers) A8 40 a2 41 N A Tablle %2 RV A PSTU CABKATHI s*nme3dshge
Acknowl edd&éet#é| ectO8% lof HSTU- RPM |- Phi s Xsilgrfal &l | &wd TheXHSTU C to
mtsure fKEGt#FRe cald? th ofiB38and power | dsst HSRU-|RWR3Requést] 38 x X
HSTU- CVe3 Rt &9 37 18D 1008198 Sel ect GVDYL)x Takl § 38 xx00x0Q10 (®pskrleam
PBO Octet #10 #238 | #255 X X X X X 1 1 1
Table 47 - ADSL Band 4.0 kHz Carrier Transmit Power {NPar(2)} Coding
15 Power | 8 716 5 4]3 2 1
Octet #1 #003 | #005 ‘ X X x X X X X x
) Octet #2 #008 | #010 X x X X x| x x x
Octet #3 #012 | #014 X X X X X} X x X
Octet #4 #0017 | #020 x X x X x| x x x
20 Octet #5 #024 | #029 X X x x x| x x x
Octet #6 #034 | #041 X X x X x| x x x
Octet #7 #050 | #059 X X X X X} X x X
Qctet #8 #071 | #086 p 4 X X X xtx x x
Octet #9 #103 | #123 X x X X X§|x X X
25 Octet #10 #148 | #177 X x x X Xix x X
Octet #11 #213 | #255 X x X x x| 1 1 1
Table 48 - VDSL Band Camrier Transmit Power {NPar(2)} Coding
Power | 8 716 5 413 2 1|
30 Octet #1 #008 | #010 x X x X X{x x X
| Octet #2 #012 | #014 x x x X X x X x
Octet #3 #017 | #020 X X x X x| x x X
) Octet #4 #024 | #029 x x|} x x x| x x x
Octet #5 #034 | #041 X X x X x}lx x x
35 Octet #6 #050 | #059 X X X X x| x x x
Octet #7 #071 | #086 x x| x x x|x x x
Octet #3 #103 | #123 X p { X X x| x x x
Octet #9 #148 | . #177 X x X % X X x X
Octet #10 #213 | #255 X x x X X 1 1 1
40
Table 49 - PM, Signal Duration -NPar(2) Coding
PM, signal duration -NPar(2) coding 8 7 6 5 4 3 2 1
PM,, signal duration (bits 6-1 x 20 msec) X X X X X x X x
Reserved X X 1 1 1 1 1 1

45
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Tabl e 3%@!/ A%'SI' |l e 40 xx00 0110 (6 dB) Table 41 NN A Table 42 N A

' HSTU- RAGKSTH ssage Acknow edges the upstream PBO request valjup 0CT 20
HSTU- CMs4Tabl e 37 x010 0000 (Sel ect GvDSL) Table 38 xxOO 1100 (down I Qﬁn
PBO & initiate training) Table 39 NN A Table 40 xx0OO 0110 (6 dB) (repeat)
Tabl e 41 xx00 0111 &; dB) Tabl e 42 xxxx xxxx HSTU- RACK4Thi s nessage

Acknow edges t hebld6iinSeceahirBdle &i&éﬁMSvéﬂ}qpéciTMﬁiaalhmg}eGBShomdarmi ng begins

C. to ed VEGREEPE Wame 0Nq 3 CUdihtsbfydiiey 0 _rar aneters Thi S STHEmeE 1S
simlar toye Fixed I\/Easuerrent S| gnals Wth St andard Pararreters 40

descri bed - Gept—that “' "' siepped—F+om Uw' peqer to
hi gh powel . he 39 18066.G E?j ssi on S
continuougly stepged (increa nt"]x Fgﬁﬁ-mi“ él’l IP ve

n\

sufficient power dnd sendq di scl osed i nvegnti on,
the stepping occyrs in 2 dE ﬂ@né‘ﬁ?%l %t(%Y‘th?\@m‘Frﬁbm appr oxi mat el y - 90
dBm Hz evéry 200 rfs; howe er, erxx bor}*‘f‘af%@‘fféhd timng val ues may
be used w{thout ddviating}fqosb 3 ﬁrlt and/or scope of the invention.
The sequehce of tHe transact ﬂbhleéﬁadl“é’ﬂgnal s is very simlar to Tablel|32,
above. An|"ACK" silgnal usés |{TabledamdVaarriers as the handshake transaction
and is i npHESTHAC bdtAERN t hd | Thsasessereeniknorigipat sledos &RMMSN Tabl e b5l
bel ow, angBSTUUSTHE#MEG | N | F1 ThiskiEndiaibes te HSTOMVR mheAsaieRRinecondaeng
Measurenepts 15 20 Tr ansnitlvaﬁ@p(g&r/idaescrl ption Un| tSi gnal Nane

§EL - SEmmaES he

HSTU- RVBTNEHSTIER S408R | S & 249 . , Ry
power neapurenent {nodul atjo aﬁ@ﬁ%lr&ﬁeéwl_ﬁ]@_cgé %é'aﬁ]\/fsPM? - ), and
ST Wt—w—s—d—ﬁﬁe—desi red
)%'aﬂlg %QS GB((S(}&) 1 (start PMMS measurements with PMg;)

i ncl udes HeToaE €4 m tho
Table 46 xx00 1001 (favorite carriers)

‘shgnal (PMt, "and

Table 47 xx00 1001 (favorite carriers)
Table 48 xx00 1001 (favorite carriers)
Table 40 N/A
Table 41 N/A
Table 42 N/A

—

u~ teo

HSTU-C | ACK 2| This message Acknowledges selection of PMMS
10 HSTU-R | PMpy - | This signal allows the HSTU-C to measure the line conditions
: and power loss
HSTU-R | MR 3| Request MS
HSTU-C | MS 3| Table 37 x010 0000 (Select GVDSL)

Table 38 xx00 0010 (upstream PBO)

- Table 39 N/A )

Table 40 xx00 0110 (6 dB)

Table 41 N/A

Table 42 N/A

_) HSTU-R | ACK 3| The message Acknowledges the upstream PBO request value
HSTU-C MS 4| Table 37 x010 0000 (Select GVDSL)

Table 38 xx00 1100 (downstream PBO & initiate training)
Table 39 N/A

Table 40 xx00 0110 (6 dB) (repeat)

Table 41 xx000111 (7 dB)

Table 42 xxxx xxxx

15 HSTU-R |} ACK 4| This message Acknowledges the downstream PBO request
value
- Training | - { GDSL training begins

C. Stepped Measurement Signals With Standard Parameters
This scheme is similar to the Fixed Measurement Signals With Standard Parameters,

20 described above, except that the PMy, signal is stepped from low power to high power. The
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_HSTU- CACKThi s_nessage Acknow edges sel ection of P-NfMS HSTt. T- RPMT, Thi s
si gnal  &1BB¢BSPhe HSTU-C to neasure the |ine conditions and podef $063s2003
HSTU- CACKThi s nmessage acknow edge recepti on of PMm and begi nni ng of

transm ssion of PM,
the line conditions and power

HS 11U CPM, This signal allows the HSTU-R to neasure
| oss HSTU- RVRThi s nessage is a request to the

HSTU- C transeinslom powds. is biGiiilauOhEY Bicppaesagaedantie e dppesitddS TtaXcRBRcerguest

HSTU- RACKThi s nessage Acknow edges the up
wnhpevsgadisends ancdekaewledgments

HSTU-
cont ai ns

di recti 8¥

the spegipki
Measur enent

s,

however,
deviating fromthe

a_par

ter
&K rep .
SRR A e
Fi xed Meapuoétriavditignal s Wth Explicit Paraneters,

except that the PM si %_nal

power to a hi§hseswarGe ol thestratsaeiionsand signaly
HSTU- X ¢ ,eceive
di scl psé’geﬁa\?ﬁ?ﬁrﬁﬁ _
starti ngefdupsthaR BlodXis TR ,
ot her stepping rates and tining val ues may be used w t hout

st ream PBO request val ue

spheive disciopsl inyoutiom thosieppine, and
S abiaghad by

oo SRS Rbe s i ot eam
b BTARt ey ety

R

re

%gmlq'lslegjﬁppggoﬁo t he
descri bed above,
is stepped (incrementally increased) froma | ow
18 Beryishoidar tardiable 32 ebayspai t e

uf ficient Tﬁovgr hancgs, erl}c_is- an " Acknow e nt". In the
S HETECABETHY 96 "HUCHS TAISHHER SR Akines VA Bfrent s,
St 5PaAABS. RIS 1RBRAQ i EA0G6. SOL 1 7 OCT 2003

spirit and/or scope of the invention. The transaction

sequence and signals are i.llustyated in 0 The tranpsacti on sequence
aﬁg Si gn_g,]__s__a,;_e__g_t_ ~W~F-Na12 C i‘l L) (e1 '.'g J ﬁ§ - ngneg{}ippf t.hat VV?hP PM
si gnal pquigreeait ¢ Mestpge( | DesiPtoBur t h Enbodi ment Anot her "power
nipasur engriBitrodul hBiEdA " gequence that is similar to existing nessages
derived flrom two eXP®e| nglnessages) and transactions will now be desicri bed.
Thi s seqydbddl-Bf sMfnal s adlistecssagaista rognestipn thhHES EUednaHEI-Rao amnda power
measur engn : 0 -nodpl ati on $é&sgiopmr hfisytemS)t madslationyssiige@MIVIS} signafsy pos] of -
el enents) (1) digftal nege{FMtimd PMhpkamiontindss tivlvatepely shoieaathi€®) rower in
;asurement signal 5. Par angtersecithtite paresictersié the dewred sippd {OMananitPMipnal s are
egotiated. ~a tsj. indi chtelk mmsmize8ages in the negotiati on and congtr ol
channel s [GISTRRE PMMBK Af t @M hisheespasickrowisdgsiseiectntof PMMBI S are recel ved
angl anal YZSTURI €] B0 | aRERighall:8¥%: the ASTULC D heue@d hd ildkon@aaes [ t he
opposi te|si de. and power loss
HSTU-C ACK This message acknowledge reception of PMy,; and beginning of
transrmssion of PM,
HSTU-C PMcy This signal allows the HSTU-R to measure the line conditions
. and power loss .
HSTU-R MR This message is a request to the HSTU-C to send an MS.
HSTU-C MS This message conveys the upstream PBO request
20 HSTU-R 1 ACK This message Acknowledges the upstream PBO request value
) HSTU-C MS This message 1s a request for a specific XDSL modulation mode,
and contains a parameter request for a certain amount of PBO in
the downstream direction
HSTU-C ACK This message Acknowledges selection of the xDSL using the
specified downstream PBO
- Training |} Training begins
25 D. Stepped Measurement Signals With Explicit Parameters
This scheme is similar to the Fixed Measurement Signals With Explicit Parameters,
described above, except that the PMy signal is stepped (incrementally increased) from a low
power to a high power. The power stepping continues until the opposite HSTU-X can receive
sufficient power and sends an “Acknowledgment”. In the disclosed invention, the stepping
30 occurs in approximate 2 dB increments, starting from approximately -90 dBm/Hz every 200
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15 1t i hat the procedures_described herein are equal ly7a i | e
‘to di ﬁﬁgﬁ €g9 on el ements using either half duplex or full d%glggh Eﬁﬂ

procedures. The PMVS initially transmts (sends) power neasurenent signals
at the lowest possible level. Inthis regard, it is noted that the PW
signals may optionally re-transmt the power neasurenent signals at

i ncr erremsahbwe*rﬁr,g:hm spappieng rhiew ehd timing eussimgmabsused vdthvat d@etagepmitisd y
recei ved., Loo attenu i on and nininum necessary transmt power is

cal cul af@gtan 91'5:985?? £ G AR rreasur ed receive power of the signals from
the transmt Tﬂg\ﬁgﬁsa\f&l & %Lglgce aHd Slen s are %ﬁg&:ﬁe&) IE’lhES PWBFra%s?%%oS%s?elqiwb

under st ood t ha owetT* neasur nay Be

desi r edapd ﬁdﬁiwﬁ@tﬁ@ﬁrﬁ&é@ho%ﬁﬂqti&ledﬂpﬁf&v'en@(cfaﬁtQHhtttH@Pw Gg:fal BRYEOFarREOPE
of the invéntion. 25 Further, the functionality and nethodol ogy of using
t het PMVBvardmnde applied to any handshake procedure, such as, but not
limted to L TU-T. Recom"rendatl ons V.8 and V_8bis. According to the

di scl os S 3 new nmessage, referred to as I\/R- , 1S der|ved from

t he message 19 W Lar 1 eI\/R-Pls
sinilar ?o !}n{‘sssgg %&%g%g%%ﬁedo CHaE ﬁfée gpl\/gar é‘sg fre as the .
PCR nesspgRaedesc detiosk 3l mbauest: %%&%s}%ﬁ-a&x?zf&%bmi Qkilh Q¥ bl SRR rul es

as message N however, nessage MR P can include parameters. The MR P (PRR)
par arret Ehis smnbeoiiﬂm@l& wddrrpgeaicny whighds fefprrediara rpopres mepsurdBeniet ur ni ng

a 66. SO1. IT 2003 I order p
coton elERaagRenh PMER R ot e ot i Sk b B e rien
_revisi opdushel cibndl; 835§ pAven mdzﬁiﬁeﬁﬁﬁ élgﬁa@ %&M&Pﬁ@f%éw al | of
f the other nessage types at revision |evel I's noted that §ect| on
9.3.2 o&xe&sﬁt&rﬁ@ﬂmgmladﬁnagnnﬁfﬁgé indprratad aienemgmmﬂﬂuregoﬁimmnnﬁasagﬁert ypes
havi ng revi si on_nupbers g eater than 1 5 new nessage types)

ig

f ol | owi HEPoeis St hedPaMS: G0¢ BEY TRIRISHE ST BEBHE araisceiped @de"\?abued e

di scus il cribed in ITUT
Recom‘rgrgatl on agérg Zé%isj%v\ug\?er |§ggs’s%ng%rgt%gg%&t%hsg(?éot her procedures can
basused wi t hittdweotpd aete ptébéﬁﬁzfelaﬂﬂsc\i\ibé@ﬁbt’fem ie pqudilyrpplicavie fondigispi r i t

and/ or scope thereof. 10 The i 1-P nessa s used to initiate a Transacti on
B ( desciqspBatiqmeleapents gsing grther halffd uplemr%ﬂheeﬂmma@weﬁ G 994. 1), |n or der

to negoti at , pay: f Xf_ {PB of
a xDSL mdu?g%% {lﬁy]tt%' négtﬁénggnf%qfvpefrngeﬁg%\g %?z!j% ﬁ‘tﬂT—@ﬁi perform;
a cl eargteubldleedac It tedregird SR GE hérad that ale(IfMl\/ITHgﬂ_alRﬁﬁz S Bl retranGniWe 1)
and initiates the Power Measurenent Mdul ation (P of the current

i nvent i RAWeETRasUISIgRG sagnaly Yiegremgntally highsrpawardsvelorhthasigndwen tov nmeasur e

k OEf (P he,P he HSTU- he | TU-T
ReR oA eetygst Lobp altaiiioh M I SeqeRrY e Dyt e rﬂsrrds wi th
the MRy aﬁfgheé th theh&lirsd Fcaive p6WePBE tht BEMPR FFRNE R tPank Rt JoRer iRBRt&!

exchanged and final xDSL nbde of operation is selected. Follow ng t he
I TU-T the messages of the PMMS. It is also understood that the power measurement signals may be

initiated at any desired predetennined level without departing from the spirit and/or scope of
the mvention.

25 Further, the funchonality and methodology of using the PMMS can be applied to any
handshake procedure, such as, but not limited to, ITU-T Recommendations V.8 and V.8bis.

According to the disclosed invention, a new message, referred to as MR-P, is derived

from the message MR that has parameters similar to message MS. Message MR-P is similar
to message PRR, described above. MS also behaves the eame as the PCR message, described

30 above. Message MR-P (PRR) follows the same rules as message MR; however, message MR-
P can include parameters. The MR-P (PRR} parameters can be used to suggest values for

parameters in the returning MS (PCR) message.
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Recommendation G 994.1 cl eardown, the selected xDSL begins tr.ggni rtg[ gﬁae
“entire Ja40Q6%HeB! 20 is illustrated in Fig. 9. In the MRP nes g@, iR
HSTU-R requests a PMVB node by setting a NPar(2) bit. The paraneters (or
paraneter sets) are requested through SPar(2) and NPar(3) octets.
Simlarly, the HSTU-C responds with simlar paraneters set in the octets.
After the HSTWerer seprdside kemp@ibilityseulypriot dribdevitgs thRMBihmassags waswpeds. 1

Sont . THECTIFOD AP ol RESD.| halevish L SRRORBMG P SRbdeie Al Ele OBHe X Tes X
t trol to ITUT R dat | 4 i : TU-C

Conds ¢ RIS &ype Abtekidion 78 3 MERIR}ea 3oy 93 AURPREDGhiMaab> M1

This al l-pyéy 1 PFovﬁ-@sJ‘a%r Qdacori-adge bbendviiy fevRaSONIEREaLicaer §af94e k., ACK

message sent fromthé HSTU- R The characteristics and timng of the PWM
si gnal s naweamessébepypgdpt ermined in the | TU-T Recomendati on G 994.1
transaction B exchange. After each_side has perforned their asurepents

and anal ysi s Thefeowing diserssiam is gppidsdmaalipgeieengeeithe RigEERsly dispuisad data
request..of. the PBO and. nQssi By i 066. SO1 OCT
2003 ex.&?‘}%?técfn TR r(é?‘lé)gl%‘ ef&é? elsgig %&ﬁggﬁ‘ém\}ﬁ %ogg?%{r(rlg{l%!} §,’d§sa§'i t requires

t he HSTErRevor, 4S8 :MRrEood gt biher f#Sdddutestcan B8 @sddSwiih tidiReRnt insdsthatwidlout An
overview of the contents of each nmessage is given in Table 52, below. Note

that " #tpating Esmdhdspitibandier ssppptherasber in Fig. 9. Table 52 - PWS

St andard Me t 10. 15 20 .T 1t Me ADe L pLi I,t.Si |
oo HOTU ROTRE M Tessedts BRERUBLEN DTBRRE R0 st M peor 10 2001 *t ne
}_é_?_a_s Cg?gﬁﬂ-'@ﬁ@&)ﬂ&ﬁ%ﬁ Iﬁtﬂfﬁﬁorﬁ%ﬁe EudiSTMr 162 thel fadddSdters for a Power

hi's message includes information on the capabilities of types of
(opt i on@apb PHMPEQnbt sfhetDEhenddShtioft darhd teamsation ¢fSlenRASIPBTHiES nessage

is a request for _the PWM node, and i ncludes the ar anet er,s. (or
cat egor %W R c?’@ﬁ?‘é’gb@F@é’e@ & S?Hmﬁrléc:?e‘?fi(lﬁ‘g?f&ﬁ“&%feé‘%t)‘f f the
e 2 o AL A OB e S Eg g s
chpj ce. WhidhsiseRs 85 &Rhsmitie SondfheHSTIBIN tesleasure for Power Back Off (PBO). After
" the PMM, the HSTU-R restarts the ITU-T Recommendation G.944.1 procedures and again
initiates a Transaction B with the MR-P message. In this transaction, the parameters for the
PBO are exchanged, and the final xDSL mode of operation is selected. Following the ITU-T
Recommendation G.994.1 cleardown, the selected xDSL begins training. The entire sequence
20 isillustrated in Fig. 9. '

In the MR-P message, the HSTU-R requests a PMMS mode by setting a NPar(2) bit.

S’

The parameters (or parameter seis) are requested through SPar(2) and NPar(3) octets.
Similarly, the HSTU-C responds with similar parameters set in the octets. After the HSTU-R
sends the ACK message, the ITU-T Recommendation G.994.1 session performs the cleardown
25 operation, and then, the PMM signals are sent. The procedure assumes that after the PMMS
measurements, the xTU-X returns control to ITU-T Recommendation G.994.1.
During the PMM, the xTU-C sends the first signals, and then, the XTU-R responds by
sending signals. This allows the xTU-C to acknowledge the ITU-T Recommendation G.994.1
ACK message sent from the HSTU-R. The characteristics and timing of the PMM signals are
30 predetermined in the ITU-T Recommendation G.994.1 transaction B exchange.
After each side has performed their measurements and analysis, they inform the

oppostte side of their specific value request of the PBO and possible parameters, such as, for
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par anet er s

't he parzf

si gnal

and power
PM'
rate pref
PBOin th

6050}

| 0ss,

ere
e d

i28d the HaT bk tq pye MS

he desired signal
or category choice which represents a set of p?@d&ﬁi'fngﬂﬂfi
paraneters) of the desired signal
HSTU- RACK3Thi s nessage Acknow edges sel ecti on of PMM HSTU-CPM ,, 4Thi s
allows the HSTU-R to neasure the line conditions and power
HSTU- RPeEempETtats ratesy riliis ilal roquest wish piBTe@rs, 60 noaguires thHS
HSTU- RVR- PGTa’i@sEf
dBHEE
es): .and 0 i .
R T e RS S e

to be transmtted by the HSTU-R

to be transmtted by the HSTU-C

nessage.
FROSREN. npdul ati on node (with possi bl

ety AR

echoes

| oss
te usrdMB-8Bns
(PRHA) acknow edges reception of

e data
of
edges

recepti ep» g‘gngs%ﬁds;to ﬂilesst@p mehegtn Py bor a specific xDSL nodul ation node

(with possible data rate preferences);

ceriain anount of PBO i n Tizhie S2ovidMSe(Standardeeasunements) contai ns a

contains a paraneter selection a

par anet er [ Yedadht JNVia&sspel & Nbaamptish of PBO I n the upstreamdirection
HSTU- RACKBTaits megssa@at AcHnagwl edges the upstream PBO request val ue arfd
sel ected pode of qpeamation Trai ni ng-Traini ng begins 43 P 18066. S01 1|7 OCT
2003 | n " MEFBHON 1CLIOT T |G| FHRSGaEHEP ejedd GHorkaloifon ke capdBiitiek of EAyIRE 4t | Ng
it's I\/IS , T@g@,gg qont ent s {daes PRI si_g&gdhatt fhe CBTELKIEM tdfsntinput from t he
opppsi t e FREEHX 1[TET 08T (00 THY Batky Boildss RiGdnerunike dapibilineyor Wpesoff qVi Si on
I of ITU I (JpRGRITE ndat i on | @ [99MmLigndiBat K HIRNE ch@Bhk ON sets forth |an
explicit RITTMRP © Y09 s thilehpe & A FequebIor e PMM nidle, Wl indRo g gan
"override|l the pan r's | and,.ARMe ssAgRshPhotcd wMRh Foprddshis d et s¥houl d do so
cautiously, so as|to avoiq 34 Ij}%ﬁgegg%ggs ﬂg—damggagm ® e uaaasdung tihe
power | evel of thed PWM si gnalige ptfiecHSTU- X shoul d make a rough estingte of
the |ine |gagtE=at tmnggkg( 7 |kl Mg tTTe Tecel ved power Tevers of| the
| TU-T Recpmmendatijon G 994. I .CREL4& S fol e FRMNEMBbe, addQhici{REBOPSariiers PECE T 2l
politenesp, power | ' (or category choice which represents a set of predefined ' :
o parameters) of the desired signal to be transmitted by the
HSTU-R;
» echoes the parameters (or category choice which represents a .
set of predefined parameters) of the desired signal to be
: transmitted by the HSTU-C
HSTU-R ACK 3 | This message Acknowledges selection of PMM
15 HSTU-C PMcy 4 | This signal allows the HSTU-R to measure the line conditions
' and power loss
HSTU-R PMpy 5 | This signal allows the HSTU-C to measure the line conditions
| and power loss.
HSTUR MR-P 6 | This message:
(PRHA) » acknowledges reception of PM¢y, ;
» is a request for a specific xDSL modulation mode (with
‘ possible data rate preferences); and ,
) * contains a parameter request a certain amount of PBO in the
downstream direction
HSTU-C MS 7 | This message:
(PCHA) » acknowledges reception of PMg; ;
1 + is a selection for a specific xDSL modulation mode (with
possible data rate preferences);
* contains a parameter selection a certain amount of PBO in the
downstream direction; and
* contains a parameter selection a certain amount of PBO in the
upstream direction
HSTU-R ACK 8 | This message Acknowledges the upstream PBO request value and
selected mode of operation
20 - Training ~ | Traming begins
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10 level s should be selected so as to erg on the side of using | ess power.
‘Some*scé’r@ﬁﬁgg re presented bel ow wi th possible solutions and1q 0CT. 2003
recomendations. 1. How does a HST U-Cindicate it wants to do a lgM\/?
session? Specifically, what should a HSTU-C do when the HSTU-R initiates
the transaction with a plain MR or M5? [|f the HSTU C receives a MR-only
nessage, the InSeusiomElof ITY-T KectespodadioniG.89REQ NRTP-Ktdeatratiag itts M8t e

anot her new nessage type that is simlar to REQ M, the HSTU-C can request

to sendHmsags&miemsalp%nmgewr%ﬂ%ﬁéwlmpwe&mﬂmoppommﬁﬁaw Xt Ha opsTte - C

woul d n hat 12 | ess | so

cont ai ng} SBa ?g erscoglpn%:béﬁ Bﬁ‘ﬁg%‘“sﬁg’ Wﬁq‘f gkiﬂoclpn% 5’931? a% frtrﬁet ed to P
(b) Res e&ﬁ&t\m\t&anaﬁétmnﬂﬁvmﬁeﬁ rﬁl@eThﬁ-FM'e@ta‘f&%ﬁ HObortBWoE Adhg he HSTU-C
20 wants PME-, or (c) Respond with M5 with PMM node selected. This

notd f i emestage BT bRt dedtthe peramBtedd anidirhodeesyizgestad ia MR NAKad it shéuldide sbiSTU- R
decides that it does want to_suggest_ the PMMV parameters, it can then send
a NAK- NrewtIquslyr antp aveidafek g S YR act i on and i mmediately initiate

a new transaction by sending MR-P with it's suggestions. 25 According to

the présent Psisapyggssingibe pewerierd®f tha RMNbsigass.the HSTHA P%ﬂloilbi make &s pond

w th PMM e C ma

(a) Res pogg%gn#lﬁt %E&ﬁ\}&eﬁg&%éﬁeéngﬁﬁﬁ gﬁ“lnﬁf% oﬁrexfi‘?g Owef ﬁeéll_ga?xéh

pr obl enprios RedoenetRYen G3W4(bdarRers P BN gentdl hfoma&ﬁy%ﬂdgw polifeR&ss oW R
may not necessarily send MR 44 P18066.SO or 1 7 OCT 2003 (c) Respond with
RE®- MR. levels shisitdbrseletted seaptores oit this sidg, of apdg d¢sepoWsTU-C wil|l respond with
M5 with PMM node sel ected. According to the current invention, the
‘preferred (b8emasecnspeyre parseried helowr wish pesspdmapluions and RECPMRendatigns.hen
proceed as descri bed above 2. If PBO rreasurerrents ar.e not successful how

after the P woul d have been
transm ttedwthéﬁ?g{fﬁz#&%ﬁ?e@gg%v%ﬁén%m %gﬁﬁﬂgﬁl&% ne an appropriate
PBQ | evel fr r he MS
ressage. sent CArvapo) SERREREMRE e, 60 GofitBRRT mée e VDG FRER sillndelC
t r ansmi fotRED-MR; the HSTU-C can request to send MR, but it also has parameters like MR-P).

However, the HSTU-C would not know that a PMM is being requested, unless the REQ-MR-P

also contained parameters, since requesting MR-P is not necessarily limited to PMM;
(b} Respond with REQ-MS. Hewever, the HSTU-R would not know that the HSTU-C
20 wants PME; or

) (c) Respond with MS with PMM mode selected. This notifies the HSTU-R that the
PMM will begin unless NAKed. If the HSTU-R decides that it does want to suggest the PMM
parameters, it can then send a NAK-NR (Not ready) to conclude the transaction and

immediately initiate a new transaction by sending MR-P with it's suggestions.

25 According to the present invention, the preferred (but not only) solution is to respond

" with PMM mode in MS.
If the HSTU-C receives a MS message, the HSTU-C may:

(a) Respond with REQ-MR-P. However, this solution exhibits the same problems as

noted above;

30 (b) Respond with NAK-NR. However, the HSTU-R may not necessarily send MR-P;
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15 Power gggé f measurement nmethods will now be disclosed using
‘enumer atte ?elof  standard paraneters or explicit paraneter$.7 f(TSr803ard
Set of Paraneter Measurenments This nmeans of operation assunes that a
standard set of parameters for both upstream and downstream neasurenent
signal characteristics is being requested. This can substantially 20
shortenothe Il ength of the nessages. The HSTU-R sel ects PMVS using a
"paraneter set" node by setting a specific NPar(2) bit. The paraneter set.

i s request ed(¢)hRespghd avitbREQNRo dthetH S d-RawilNegpon8d)withc MR, an@leencdSTEAE s of
the M5 nessages will be illustrated bel ow using G shdsl as an exanple;
however Wil respand, Wit Md» gath B mofg selestedbssages can be used for any of the

various 25 xDSL systens. In this_re%;ard, reference is nade to

| TU- Tel ecormiivremingdn ths GHieaF HiveRiiqns fheguelienrd B nptiole)satutiondsto iesangs |
Draft: Re tLon..for " ve BLACKWELL, published in

Augsust , w?@&@@%gﬂa%%dn&ﬁ%g&gﬁ%%é@ﬁ&%@%@% NG R15X, the subject matter
of which is ex |y _incorpor ' r cenits. entirety. For
afirst (pregpm%%%eﬁ a?éS&SSJeS‘%fﬂ dw iy St PMIV secfion bey 5 Y 1 o
30 nessafefieds shown in Tables 53 through 55. For the second (post-PW)
handshake 45 PI 8066.501 1 7 O CT 200" transaction, the octet coding of the

MR- P/ M5 nmesspgesblk SolaheWintladd-abl es 56 through 59 A procedure with
exanpl e contents is shown in Table 60, and is illustrated in Fig. 9. Table

53 - St andar ¢h)! Bty HBTUDR whak @hsblé &Pdekomiidd aCashiréigifPPBOLE68 Aehd 3 1 (092. 1

- Annex AXXXxxxxX | G 992.1 - Annex Bxxxxxxl x G 992.1 - Annex OCXXxxXI|Xx X
G. 19922 recanedRMaBX ruxiexsuggesGieEMM-modn ireshe MR Pirssage erbrabel thr PR  x

R | t ' hi t x000000 Q 5. Table 54 - G SHDSL
Vode. ( NPRIS e SR HvBaraRC s ety 5l RSl S5 BB PR ¢ ot e
Lral ni ngx00Qg0, 4, GBS ML (FRASHLSe oo RMABBLFISE 2908, ©

referenced.i
received PMyy,, it can re-suggest the PMM-mode in the MS message sent after the PMM

(where the PBO value normally would have been transmatted).

15 Power Back Off measurement methods will now be disclosed using enumerated sets of

standard parameters or explicit parameters.

A. Standard Set of Parameter Measurements

This means of operation assumes that a standard set of parameters for both upstream
and downstream measurement signal charactenstics is being requested. This can substantially
20 shorten the length of the messages. The HSTU-R selects PMMS using a “‘parameter set” mode
) by setting a specific NPar(2) bit. The parameter set is requeste:d through a SPar(2) octet and a
NPar(3) octet. .

The contents of the MS messages will be illustrated below using G.shdsl as an
example; however, it is understood that the MS messages can bé used for any of the various
25 xDSL systems. In this regard, reference is made to ITU-Telecommunication Standardization
Sector document entitled "G.shds! Draft: Recommendation for G.shdsl" by Steve
BLACKWELL, published in August, 1999 and assigned Temporary Document NG-R15X, the

subject matter of which is expressly incorporated herein by reference in its entirety.

For a first (pre-PMM) handshake transaction, the octet coding of the MR-P/MS
30 messages is shown in Tables 53 through 55. For the second (post-PMM) handshake
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Reser vedxx00010 O Reservedxx001x0 O Reservedxx01000 O Reservedxx10000 O No
"par aret &1806¢S@hi s oct et xx00000 0 25 Note - only one (1) val up TGOPIDINH3
SPar(2)s8 76 5 4 3 2 1 GSHDSL Initiate training (using downstream
paranmeterx xx x x x x | values from Tables 56 through 58 G SHDSL Initiate
training (using upstream paranmeterx xx X. x x 1 x values from Tabl es 56

t hr oughtrafsaiGEE odeawoding @f thePMREP/MS ngssaets i# shoveminl Bidiles Hdthrough¥9x A x x
G SHDSL upstream PMVB using set # from Table 59x xx x 1 X 1;( x G SHDSL
downst r peasedvrBithsxamplogenicaists paavania: kable 60y and is lugirated inFigad| e 61 and
mul tiple copies of Tables 62, 64, 65 and 66 G SHDSL upstream PMMS usi ng
explicit paraneters inx x1 x x x x x Table 61 and nultiple copies of Table
62, 64, 65, and 66. No, paraneters jn thi.s ac X .0.,0 0 Table 55 -
G Sl -1 DSL Paranet er s 1889 °¢3 t@@a‘?oﬂ“ tlgn%t?}l‘g@t%ﬁé(ﬁ)gﬁgm(gb val ue can be
select ed.[ Mode an beSBai(Bsted. (2) CpdBng 46 P18066. SOH TaBl e 56 - 1G|SHDSL
General FagabEiengndxktiet I- NP 1 7 OCF 20038 Cogi ng G SHDSk trai ni bg
par anet erisgooNPann385765432 1 G _SHDSE gemeral paramet ek #Lxxxxxxx & G SHDSL
gener al pagagel el Xxxx1l x G SHDSI gemeral paraget ek #3xxxxx1x x G SHDSL
gener al pakageh e FAxXxmEX! xx x G SHDSL gemeral parageten #5%XXIXXX X
Reﬁ)ervedxig_)@ﬁ_é_m@ar ameters in thig ¢ctetxxQ00G0 0510 x

X
G.SHDSL X X 1 x x x X X
Reserved ' X 1 X X X x X X
No parameters in this octet * 0 o 0 0 f 0 0
15 Table 54 - G.SHDSL Mode (NPar(2) Coding)
. G.SHDSL NPar(2)s 8 7416 5 4 3 2 1
G.SHDSL Initiate fraining x x| 0 O 0 0 0 1
G.SHDSL PMMS (measure using parameters !lx x]J0o o 0 0 1 ©
referenced in Table 55)
20 Reserved X X 0 0 0 1 0 0
Reserved X X 0 0 1 x 0 0
Reserved b S ¢ 0 1 0 0 0 O
Reserved b S & 1 0 0 c 0 0
No parameters in this octet X X 0 0 6 ¢ 0 0
25 Note - only one (1) value (ie, Mode) can be selected.
Table 55 - G.SHDSL Parameters (SPar(2) Coding)
G.SHDSL SPar(2)s 8 716 5 4 3 2
G.SHDSL Initiate training (using downstream parameter X x |x x x x x 1
130 values from Tables 56 through 58 :
' G.SHDSL Initiate training (using upstream parameter x x }Jx x x x 1 x

values from Tables 56 through 58
G.SHDSL downstream PMMS using set # from Table 59 x x |[x x x 1 x x

G.SHDSL upstream PMMS using set # from Table 59 x x|x x 1 x x x
35 G.SHDSL downstream PMMS using explicit parametersin |Xx x [x 1 x x x X

Table 61 and multiple copies of Tables 62, 64, 65 and 66

G.SHDSL upstrearn PMMS using explicit parameters in x x {1 x x x x x

Table 61 and multiple copies of Table 62, 64, 65, and 66.

No parameters in this octet T tx x |0 O O 0 0 O

40 Note - More that one (1) value can be selected.
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Table 57 - G SHDSL Training Paraneters (Cctet 2 - NP (3) Coding 15 20 25 30
*35 Dat a R18066.8Phr (3)s8 765 432 1 Unspecified by term nal x x00 Q00 0 @ha
rate (bits 5-1 x 32 kbit/s)x xOx xxx x Data rate (bits 5-1 x b4 Rbilt +
1024 kbit/s)x xlIx xxx x Data rate 1.5441vfbit/sx x11 111 O Reserved for
allocation by the I'TU Tx x1I 111 | Table 58 - G SHDSL Trai ni ng Paraneters

(Cct e:j 3 -k_NP (§)1“a513<ﬁ6nq}d.8\}m®§t.3eﬁaa Payakters (NE&it(lSNJPﬁﬂG) Ggdingp 5 4 3b|2 1
P8 ShobL | DR ol Bt NG I 8 e i e
NPar ( 3) 876543305 eeneabarapifiet ls ot #1 (10p4° kbit) & mdni Aal Hoodxx 11 power :
50 ms; 5 SHDT geaerabpaanederi™242 (256 kb| t¥s:; X o naf xxExx¥1 x! podher; 50
ns;5 5 ms) | 6-3PE: eprmbraRreterd’3( 1024 kbit{ < -Bd dBxx&xxEx X poher* {50 ms; 5
ns) G SHDRG-FHRH. geaeralppramaers it/ s; - 6D HBx¥qxExx X% pbweX; 50 n¥;| 5 ns)
G SHDSL PVEESHIIL geperalgppamattsi#d/ s; - 60 dBkxax1x%x X polherX 560 ns; 30 ns)
Reser vedxkResexvedx No paraneters in this potetxx00000x0 %47 R 18066x3Q1L 1 7

COCT 2003 [rdlolperafiters iPoctetSt andar d Par apet erx Ne&sur&neft s OPr oeeddrie
Exgopl e -

Table 57 - G.SHDSL Training Parameters (Octet 2 - NPar(3) Coding)

. Data rate 1.544 Mbit/s
) Reserved for allocation by the ITU-T

Data rate NPar(3)s 8 7] 6 5 4 3 2 1

Unspecified by terminal 0 0 0 o 0 0

Data rate {(bits 5-1 x 32 kbit/s) 0 X X X X Xx

15 Data rate (bits 5-1 x 64 kbit/s + 1024 kbit/s) 1 X X X X X
1 1 1 1 1 0

1 I 1 1 1 1

Mo oM oM M
LT T B ]

Table 58 - G.SHDSL Training Parameters (Octet 3 - NPar(3) Coding)

20 G.SHDSL PBO level - NPar(3) coding - 8 716 5 4 3 2 1
PBO (dB) (bits 6-1 x -1 dB) . X X}l X X X X x x
Reserved X X 1 1 1 1 1 1

Table 59 - G.SHDSL PMMS Imtiate Using Set NPar(3) Coding

25 G.SHDSL PMMS initiate - NPar(3) 8 716 5 4 3 2

G.SHDSL PMMS set #1 (1024 kbit/s; nominal x x |x x x x x 1
power; 50 ms; 5 ms) -
G.SHDSL PMMS set #2 (256 kbit/s; nominal x x|x x x x 1 x
power; 50 ms; 5 ms) '
30 G.SHDSL PMMS set #3 (1024 kbit/s; -30 dB X X | x x x 1 x x
power; 50 ms; 5 ms)
) G.SHDSL PMMS sct #4 (1024 kbit/s; 60dB | x x | x x 1 x x x
power; 50 ms; 5 ms)
G.SHDSL PMMS set #4 (1024 kbit/s; -60 dB X X | x 1 X X X X

35 power; 500 ms; 50 ms)
Reserved *r x|l x x x x x
No parameters in this octet x x |0 0O 0 0 0 0
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(Sel oct TADRRSHT

me#Contents of octets Unit HSTU RVR-PlTabl e 53
Tabl e 54 xx0OO 0010 (start PMMS neasurenents u

Lo tedty,

Tabl e 55) Table 55 xx0O 0100 (downstream PMVB measurenents using set in
Tabl e 59) Table 59 xxOO 0001 (set #1) [downstrean] HSTU CVS2Table 53 xd O

0000 (Select G shdsl) Table 54 xx0OO 0010
in Tabl e 55) Tabble 685 BMMS -1Steudard Bevgsetes

start PMVB measurenents using set

apRremeats PeegedmoNEamde ur ement s

ection

s from
anet er
Tabl e

usi ng set [MradaRite] Namel PRI Contents OFbdPR L (set #1) [ downstrean] Tablg 59
xx0O0 0001} ( %‘?{ #1)] [ upstfreqam HSTU RACK3Thi s nmessage Acknow edges sel
of PMVE HEFLE A—A—HSH i R6Fa écl 53 —0-0-00060-(-Select
G shdsl) T? STER54" & obb] ¢ a0 9000 (S5 ﬁé Usi ng par anet er val ue
Tabl e 55) | Tabl e 55 xxOO POQFatls i eckQRt08I0 (ptart RNIMG measuremeptsdoing st wdable Har
val ues frpm Tabl es} 57 angd $8}blelsb k00DO00 Bownstiexns RV 185 &kenRak aiRisais T
57 xx00 0010 (128 kbit/s desr s rean] TTable 58 xx0OO 0110 (6 dB)
[ downst rean] HSTU [CVB7Tabl €153 %%o%ﬁ%e(ﬁ?hﬁ%s Gnyhdsl) Table 54 x
0001 (Initiate trajning |(using parameter values Prom Tabl e 55) Tabl e
xxQ0 0011 it atetraini-n j ane s o--Table =
Tabl e 56 K§§’£U'§XXX Yenerlaf
[ downstrepn] Liable 58 xxOPT&H® 0B (ftaofiids memmimealbhe &7 IR0
(128 kbit{s) [upstfean] |LTalrhge $58xx00000Qdch@stlebin/dEnskddRPMNDfEasurements
HSTU- RACKBThi s nesfsage Ackhasgaedgessbkabecti on of the G SHDSL using tHh
speci fi ed| downstream (an upgiHieRMxdBB61 (k19 fddwnstroam]
Table 59 xx00 (001 (set #1) {upstream]
) HSTU-R ACK 3 | This message Acknowledges selection of PMMS
HSTU-C PMyy | 4
HSTU-R PMpgr |5
HSTU-R MR-P | 6 | Table 53 x010 0000 {Select G.shdsl)
Table 54 xx00 0001 (Initiate training (using parameter values from
Table 55)
Table 55 xx00 0001 (Irﬁtiatc training (using downstream pararneter
values from Tables 57 and 58)
Table 56 oo oo General parameters
(Table 57 xx00 0010 (128 kbit/s) [downstream]
LTable 58 xx00 0110 (6 dB) [downstream)]
10 HSTU-C MS 7 | Table 53 x010 0000 (Select G.shdsl)
' Table 54 xx00 0001 (Initiate training (using parameter values from
Table 55)
Table 55 xx00 0011 (Initiate training (using parameter values from
Tables 57 and 58)
) Table 56 xxxx xxxx General parameters
rTable 57 xx00 0010 (128 kbit/s) [downstream]
lTable 58 xx00 0110 (6 dB) [downstream]
rTable’57 xx00 0010 (128 kbit/s) [upstreamn]
lTable 58 *x00 0110 (6 dB) [upstream]
HSTU-R ACK 8 § This message Acknowledges selection of the G.SHDSL using the
specified downstream (an upstrearm) PBO
- Trainin | - | G.SHDSL waming begins.
. _

B. Explicit Parameter Measurements

15

This measurement is similar to the Standard Set of Parameter Measurements described
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-G SHDSL_ training begins. RB. Explicit Paranmeter Measurenents This

’ measUreh%lrﬁO%?gOéi mlar to the Standard Set of Paraneter Measurerefit&CT 2003
descri bed 48 P18066.S01 1 7 O CT 2003 above, however, nore octets are ‘
required to transmt the explicit paraneter information. 1In the follow ng
di scussion, PMW signals are used in the activation of G shdsl.

Speci f i chbve hoePampseect®e siciroquisd. o tehsmih theaxplieit paramietenanfoativas| Draft)
at a specific data/synbol rate is used for G shdsl training. Exanple
encodi ngs of IGtkhibdlowang discussion, RdMasigials arcaisecimghg actpasien obGishdsl. Al t hough

nat - oRERSEAE oL AME(SST SRR o] OBHE BT TEMATEH Q- SHLpRADIE F SRTIPAM,
that - , bl shpte e red 't 818 DRI P s ioam
andi o Sy P FREi SR (AT BERRRLE TRahbld VEAHEPH O B AR 5

kbig /s fgps ghatpRopdsadbalbwsi ons up to | Mit/s, and a 10 data rate
resolution of 64 kbit/s for data transm ssions above 1 NMdit/s. However, it

is noted thaiiEhbehe @sRkibn RiesGbed RS 1@ms 0684ta rite PaihdBrdralit FRBRAhat Tab! €
62 illustrates how to encoded the mninmumrequirenents of 192 kbitlsec to

2304 kbiothes pmiatdeteas, neduding,i b nof lirgeddo], syngbol iratej RAMhleveldetchatay®estselb ind s
designed such th sljghtly_.as tric strea nd downstreamrates may
be enpl 3§aAtatefsViFut 1%%80%@ @‘?fggrsscﬂﬁ?g%gﬁf%rﬁmr’rﬂmninﬁe si gnal
segnent s- For, exanpl.e several d es far _a given power vel , or
several  poversSFUDERaGHES RN PIon Ao e LapheTanh G MY ol
va&dJeS- 4 ¥5re rESHRSHR KoitsSorgss Ebf?ﬁﬂiss%ﬁﬂb@vé‘f’ﬁ?‘i € HowWRkr, 198RS
(a) Data rate; (b) Power level (fromnomnal); 20 (c) Duration; and (d)

Gyard t thueotber gesolutionsicin tefensodedrio @ sthilarmardmer. sTaab?2 bbistnes hbhe taentodeignal
will be sent Wile the discussion hereinis made with reference.to specific

time redhminigRmysgwEemants of 192 kbitkes to g4 kbiv's Witk g resabetionaaf 4 eitth bisses
o e : . . : e or
mvent i Bl PR M 8 o BRRARED M LAY Qi i hea M Hon 0B Bl 7 e

53 t hr ough beemplekd. Tabl es 61 through 66_ An exanple procedure is shown in
Table 67. Table 61 - G shdsl Nunmber of PMM Segnents Cctet 30 PMM segnents
NPgsr ( 3).S8 76 The #M;2nd PMigegrials radly Eontiie midltiplle xignal seothefts) Kor #xamgiopnt S
bits 6-1)X XX X X X X X

( sev)era.l data rates for a given power level, or several power levels for a given data, may be sent

to measure the PBO values. Thus, each segment is described with a "4-tuple” that comprises:
(a) Data rate;
{b) Power level (from nominal);
20 {c) Duration; and |
) (d) Guard time {e.g., amount of silence after the signal before the next signal will be
sent). |

While the discussion herein is made with reference to specific time resolution bases, it
is understood that such time resolution bases may be modified without departing from the
25 spirit and/or scope of the invention.
The octet coding of the MR-P and MS messages is shown in Tables 53 through 55, and
Tables 61 through 66. An example procedure is shown in Table 67.

Table 61 - G.shdsl Number of PMM Segments Octet

PMM segments NPar(3)s g8 716 5 4 3 2 1

30 Unspecified by terminal x xy 0 ¢ 0 0 0 0
# segments (bits 6-1) X x| x x x x x x

Reserved x x| 1 T 1 1 1 1
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Reservedx x| 111149 P18066.SO 1 7 OC T 2003 Table 62 - G shdsl Data
. Rat e~ Octfd#? @a@%l rate NPar(3)s8 76 5 4 3 2 1 Unspecified by termnalx x0 0 O
O 0O Data rate (blts 5-1 x 32 kbit/s)x x0 x x x x x Data rate1(b|0§]‘%mgx
64 kbitis + 1024kbit's)x x1 x x x x x Data rate 1.544 Mit/sx xI I 1110
Reservedx x1 I 1 1 i 1 Table 63 - Exanple Values Data Rate Encoding 10 15

20 25 30 Result Unspeci fi ed Tablex6232G shdsdPataRatg OcBt x 32 = 992 kbit/s 0x64

1024= 1024KDI[IS \bmggﬁew@gubkm 7§ 29 X70p 6F 19244 = 88D kbi}!ls
I1544 kblt ﬁEdb % |c 84— G shdst[Poper VV@I Freg @ SHPSLy
evel - r 15)4321PBO( ) (b 6-1 % -1 dB) x,X
X X X Res Tﬂ%l %195 dslx P Se me)pt r t|9 e
Dat’a rate tiond (bits p- )

6ms+700 m)x xI X x Xk Re erCZd?

Z
r—\><Q><
=X X
=X~ X

Dur ati on ?ti‘Ea‘S
Tabl e 66 LReEYRHsi PMM Segnent Quard Octdt 85 X

Table 63 - Example Values Data Rate Encoding

10 6 5 4 3 2 1 Result
o ¢ o0 0 0 0 Unspecified
c 0o o0 1 1 0 6 x 32 =192 kbit/s
0o 1 1 1 1 1 31 x 32 =992 kbit/s
1 o 0 0 0 O 0 x 64 + 1024 = 1024 kbit/s
15 1 0 0 0 1 1 3x 64+ 1024 = 1216 kbit/s
1 1 1 1 0 1 29 x 64 + 1024 = 2880 kbit/s
) 1 1 1 1 1 0 1544 kbit/s
1 1 1 i 1 1 Reserved
20 . Table 64 - G.shdsl Power Level Octet
G.SHDSL PBO level - NPar(3) coding 8 716 5 4 3 2z 1
PBO (dB) (bits 6-1 x -1 dB) x X X X X X X X
Reserved x X 1 1 1 1 1 1
25 ' Table 65 - G.shdsl PMM Segment Duration Octet
Data rate NPar{3)s 8 7 6 5 4 3 2 1
Dhwration (bits 5-1 x 28 ms) b { X 0 X X % X X
Duration (bits 5-1 x 106 ms + 700 ms) X X 1 X X X X X
Reserved x % 1 1 1 1 1 1
30
) Table 66 - G.shdsl PMM Segment Guard Octet
‘ Data rate NPar(3)s 8 716 5 4 3 2 1
Duration (bits 6-1 x 5 ms) X X X X X X X X
Reserved X x 1 1 1 1 1 1

35
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Data rate Nlar(3)s8 76 54 3 2 1 Duration (bits 6-1 x 5 mns)

X X X X X

X X X

+ ReserveB%86(0.3011 1 1 1 50 P18066.SOL .1 7 OCT 2003 Table 67 - PYVBCT 20603

(Explicit Measurenents Procedure For

PM VI S Exanpl e) Transmit Nane#Con

tents

of octets Unit HSTU RVR-PlTabl e 53 x010 0000 (Sel ect G shdsl) Table 54 xxOO

0010 (start PMVS neasurenents using set

i n Tabl e 55) Table 55 xx01 0000

(downstream Pwslermamm@mamasmmem|Ptoq@ammrﬁwmmsmxwle) 61 and

mul tiple Y S . S amd—66) Tabt e 61 XX00 00T Numbgr of
segnent s [‘iﬁg\nﬁf Na ‘ﬁ_ t‘&n §§*?Dtlp %Fe 62 xx|I O 0000 Data rate [downstrleani
(e.g.: 1 febi-t *“ Japler& A‘mq«—g-?esgﬂ—[—dmmwt—r—ea-n']—(-e—g— -10
dB) Tabl d B3 %&b 1] buf AT 18”599@9 (Select 20 nB) (Table 66 [xxCO
0100 Guar|d [downstrean] ( eT@JIe 542%095()}31(!@%? SaRF eatrOBnRatt & TakledS)
[downstrdan] (e.g.: 10P4 kibitid ) xI@joeo @bwnekeidn EMPOR ni2asidment\usihg explicit
[downstrgan] (e.g.: -2P dBjardadideinGabixsad ixﬂﬁ@lelaiﬁlﬁtdfa‘ﬁblés@ly\msﬁi eAd156)
(e.g.: 200 ns) tfable p6 K 1Q ) tTabl e
62 xx00 1000 Dath rate|[d ’\i/‘v?ﬁ%s%térlearﬁ B RudtlO S, @Q“("‘er"%f"é(e 2 x 00 10010
Power |eJel [downstreafi | €fable:62.pg0 B“P‘é[dBB’“SFf (R 1 OB AFRRES) on
[downstrgam ] (efg.: 23 )Tzbit @bl ﬂcOﬁ@OM)PG@:rOﬁ#@ﬂ[d@nﬂﬁéhnﬂ(ﬂogm-SOﬂBhn] (e.lg.:
20 ns) HY$TU- CVB2Trabl e Jagl 2900 o §&Jl x00 0010
(start PNMS neas Jreman § set |6n d ch Ta m;[?g'f:xxg 0000
(downstrgam and ppstreh r"?éa%’iqulrpé’rﬁ LE “Jr'i@“e rameters ijn
Table 61jand nmultiple ,op £hiblef62 TaldD 66006 R rits WowgErearah - @6‘ 2412 61 xx OO
0011 {\Ignﬂ er of s eg?ent > [0pupeics eanl ol gwir 19} (1FabkendZe g@dzo@pPOO IDedt a
rate [doynstrean] (e.g|l: { g it eve
[downstrdan (e.p.: -1p dB 31?15 P ?‘%?%%8‘6@4@?@%" 31)% 3ownst ream |
(e.g.: 2Q ns) tThble 6p xixt¥able £60xNEIY Guahisesmstiesam (e Y ™) 20 ns)
;Table 62 xx00 1000 Data rate [downstream] (e.g.: 256 khit/s)
| Table 64 xx00 1010 Power level [downstream] (e.g.: -10 dB)
| Table 65 xx00 0001 Duration [downstream,] (e.g.: 20 ms)
‘ ' LTable 66 xx00 0001 Guard [downstream) (e.g.: 20 ms)
5 HSTU-C { MS 2 | Table 53 x010 0000 (Select G.shdsl)
Table 54 xx00 0010 (start PMMS measurements using set in Table 35)
Table 55 xx11 0000 (downstream and upstreamn PMMS measurements
using explicit parameters in Table 61 and multiple copies of Tables 62,
64, 65, and 66)
| Table 61 xx00 0011 Number of segments [downstream] (e.g.: 3)
Table 62 xx10 0000 Data rate [downstream] (e.g.: 1024 kbit/s)
| Table 64 xx00 1010 Power level [downstream] (e.g.: -10 dB)
| {Table 65 xx00 0001 Duration [downstream,] (e.g.: 20 ms)
) LTable 66 xx00 0100 Guard [downstream] (e.g.: 20 ms)
' (Table 62 xx10 0000 Data rate [downstream] (e.g.: 1024 kbit/s)
| Table 64 xx01 0100 Power level [downstream] (e.g.: -20 dB)
| Table 65 xx00 1010 Duration [downstream,] (¢.g.: 200 ms)
LTable 66 xx00 0100 Guard [downstream] (e.g.: 20 ms)
rTable 62 xx00 1000 Data rate [downstream] (e.g-: 256 kbit/s)
| Table 64 xx00 1010 Power level [downstream] (e.g.: -10 dB)
|Table 65 xx00 0001 Duration .[downsn'eam,} (e.g.: 20 ms)
ITable 66 xx00 0001 Guard [downstream] (e.g.: 20 ms)
Table 61 xx00 0001 Number of segments [upstream] (e.g.: 1)
Table 62 xx10 0000 Data rate {upstream] (e.g.: 1024 kbit/s}
| Table 64 xx00 1010 Power leve! [upstream] (e.g.: -10 dB)
|Table 65 xx00 0001 Duration [upstream,] (e.g.: 20 ms)
LTable 66 xx00 0100 Guard [upstream] (e.g.: 20 ms)
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t Tabl e 62 xx10 0000 Data rate [downstreanj (e.g.: 1024 kbit/s

 XxOL 01303¢emel] | evel [downstreani (e.g.: -20 dB) Tabl e 65 xx&)T @?g 203
"Duration [ downstream] (e.g_: 200 ms) LTabl e 66 xx00 0100 Guard
[dovvnstrearr] (e.g.: 20 ns) tTable 62 xx0OO 1000 Data rate [downstream

(e.g_: 256 kbitls) Table 64 xx0OO 1010 Power |evel [downstrean] (e.g.: -10
dB) Tabl e 65 xx00 0001 Duration [Tebler6S caminm¢d (e. g.: 20 ns) tTable 66 xxOO
0001 Quar an\Ah\{Trnf\nr} ln___: 20— —Fabl-e—61 88 ¢ 1—Nurser—of """mants
[ upst r eanj Hp LUK IT 2R / eflgen Sgléc %.Mrsna.nq_(_e_g__:]om
kbitis) TeBbEUS4|¥¥ee 10f0 Power level [upstreaml (e g : -10 dB) Tablé 65
xx00 0001} BETER ¢FMaupstSelam ] (e.q.: 20 ms) LTable 66 xx00 0100 Guar d
[ upst r eanj HEEU@®. | MIOPns) 651(sRiB4sGharhflé inMBdblest06abovelont | nued 7 OCT 2003

HSTU- RACKEHSTG-0esange  AGKN@yhesds smsieirfTdbledd, sbovEVVS HSTU CPMCHA

AP A] 252 S T T  A A I
as exanpl 1 au:]:c~ \Y) 't{'}fmrﬁfﬁé ame—as—exanpre—TmTabte60;
above) - TraA-rglG-SHESL tr at rrAg-—begrhs=—Ito—t+h—Erbodi-rept—A—ei-seussi on

wi Il now be provided with respect to another éenbodi nent of the invention.

After the PMWB, specific paranmeters for the power back off (PBO are
selfect eﬁ—ﬂésﬁﬂﬁhﬂ%ﬂl@@rl l m nal s and negotiated in a Transaction B. The
paramet er s ahGySGlast Hil Mty Y Bl \Wind Reped i

%ﬁfb%eﬂ%%e%gle
signal-to-noise ratio an d| ance estl Ion fromthe recelved power 15

di f f er efiention0 M ftep ehd PMIMSTispéciflc pagmatersfor A poweardack b (ABO) aml seerdigary
frequency dependent transmt power for the termnal to adequate recejve

t he si gialterniimeads @ébrseigehatgféu mm?panﬁ%ﬂnomﬁ sTheprsametersare selegted lPléFV"’ll‘@UPBéhe

d crlbdabo ect to her e ring thé
P ?gﬂ%%“ °rr§°fser§ é‘ %e?gﬁ%% h%é)%}(thg-q' sen 4 st gnal s.
Thiss a' &%@eu&@ﬁofﬂh& Baﬁsgnﬁemgﬂmagg td he thé Sifinal Qecetftlry frequBnthaepelided Wit h
a second | TU-T Recommendation G 994.1 MR-P nessage sent fromthe HSTU-R .
|t is nipsmschitjreter fordhe reamiret ty adstigts repetvetthesigoplof t he PMM signal s are
predetermned in the transaction B exchange. After each side has perforned
thei r neasureRegssoRadmARs 6 tHis etbedimient Bsimildrao tiopdesiibed shale vath t hei r
speci fic val ue request of the PBO and possi bl e paraneters such as data

respect to the other embodiments. However, during the PMM, the xTU-R sends the first
signals and then, the XTU-C sends signals. This allows the xTU-R to acknowledge the signal

20 sent from the xXTU-C with 2 second ITU-T Recommendation G.994.1 MR-P message sent
from the HSTU-R. It is noted that the characteristics and timing of the PMM signals are

predetermined in the transaction B exchange.

After each side has performed their measurements and analysis, they inform the
), opposite side of their specific value request of the PBO and possible parameters such as data
25 rates. This is a request with parameters so it would require the HSTU-R to use MR-P and the

HSTU-C to use MS in a B transaction.

An overview of the contents of each message is given in Table 68 (and iltustrated in
Fig. 10). The contents of this Table differs from the contents of Table 52 n that the
handshaking steps 4 and 5 are reversed. That is, Table 68 illustrates that PMyy is sent prior to

30 PM
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25 rates.

"to use NKL8OOGRALt he

10).
that the

This is a request with paranmeters so it woul d reqwre the HSTU-R

HSTU-C to use M5 in a B transaction.
the contents of each nessage is given in Table 68 (and |IIustrate

is, Table 68

geq-vzﬁsﬂgl of

The contents of this Table differs fromthe contents of Table 52 in
handshaking steps 4 and 5 are reversed. That

illustrates that PVRH i s Tsabtet68p-rPMMS CStarﬁmi—l\/Etas@arﬁélﬁﬁ) SOl Tabl e 68 - PMVS

( St andar d -Neasurererts—t ,1'= 3 863—Franstitivessager#beser+pton
Uni t Si gna éj(%:??émtls ﬁ?&fﬁowﬁ ﬁ%cr;dg&% i ncl udes i nformation on the
capabi |i t { e®of t opt| opal )aof PMM signals that the |-1STU-R cah
transnmit HSTU- CCl( fresshge includes information on the capahilitigs of
types (op{HSAEHE bdiClWM si gfplThe mpssegerindudssindprmationon the papabilitiessf eMVR- P1The
message i $(wptioeaiudst f or t he| PNMNbdgalsdbad thedt THBsad PRANIthe par anet ¢rs (or
cat egory €HSTUTeC WHi@h r epr 8 phhsmesssgetindidep infatehiiorech thacapabilieessof toks { he
desired sigiptibndlp |be transpb| bERMBYsigrak idSTHIHSTHET WarCvimsRCR) 2The negsage:
is a sel eCHSFO-R O] MR® PVM TP TEe med3ake'i0'4 IedGesblor [ PMVIFHGAeSdnd mcRlde€ al €gory
C_h0| ce which reprg YBRRF a pef ﬁ:@fpaxﬁfn%@%f(b]nﬁdz P3'cabBs Rhith réﬂ-es&rh@a seesf r ¢d
signal tojbe trangmtted by ﬁ%dé’fﬁgﬁjpﬁmn&&g f%éua@&w@mp@rbe%ﬁ&ﬁ]ﬁed( pr
category fhoice which reprlesg 99); Se Sq-@tco predefi ned paraneters) the
desired SW‘O’Wa% he—HSTo-—€ !l-iolu-rv-\\.,r\olllc message
Acknow edpes "sel e¢toh 0 I\/] Eféaislziﬁsl\/l\/ilora;e | s{.hpe HSTU;iC to
measure the |line g¢gonditions ésrg X h1 r L0 | ows
the HSTU-R to neagure the | i n%am egsl(?rcaego %l)cw 1?‘?5 %dP‘The
nmessage: [PRHA) ag¢know edgles Ergéfgﬁﬁ :E:d thie desire S’gna ©
) + echoes the parameters (or category choice which represents
a set of predefined parameters) of the desired signal to be
transmitted by the HSTU-C
10 HSTU-R | ACK 3| The message Acknowledges selection of PMM
HSTU-R | PMpy, 4| This signal allows the HSTU-C to measure the line
conditions and power loss
HSTU-C | PMqy 5| This signal allows the HSTU-R to measure the line
conditions and power loss
HSTU-R | MR-P 6 | The message:
(PRHA) » acknowledges reception of PMcy ;
= is a request for a specific xXDSL modulation mode (with
| possible data rate preferences); and
= contains a request for a parameterised PBO template for
each band in the downstream direction )
HSTU-C MS 7| The message: '
(PCHA) » acknowledges reception of PMy,, ;
. « 1is a selection for a specific xXDSL modulation mode (with
/ possible data rate preferences);
' * contains a parameterised PBO template for each band in
the downstream direction; and
» contains a parameterised PBO template for each band in
the upstream direction
15 HSTU-R | ACK 8 | The message Acknowledges the upstream PBO request
values and selected mode of operation
- Traimng - | Training begins

Some (but not all possible) non-typical transaction scenarios will now be discussed.

State diagrams, using ITU-T Recornmendation G.994.1 as an example for the HSTU-R and

20

HSTU-C, are shown in Figs. 11 and 12, respectively, which show "legal” state transitions.

New components are shown in bold. Note that message names shown in Figs. 11 and 12 that
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‘i S a re%ggééqég{]da speci fic xDSL nodul ati on node (w th possi bller ?@Tam e

prefere contains a request for a paraneterised PBOte ate Tor
each band in the downstream directi on HSTU- CM57The nessage: (PCHA)

acknow edges reception of PMM ; is a selection for a specific xDSL

modul ati on node (with possible data rate preferences); contains a

par anet arei foBewedby ae apeaskd ) Brdicatedthatsha sfateriranpidion avgyshertalsgn wongeedpyan odnd

t ai ' teri sed PBO t .ate.f h band i h t
i T oot | BAORBIFS RATRBHE TRV 8§ RLRH Bl BATGe E RETIUT PLURTBBO e quos:

I d | et de of j =Iraini ng-Tr ai ni begi but
ot al | posaFBr BF MBI Fyea T aHeiacs Fi 1ok Al FBdEe A B Sebssod

State dj j Reconmendati on G 994.1 as an exanple for the
HSTU- R éﬁg&g’gﬁﬁ%@eﬁéﬁghom in Figs_ 11 and 12, respectively, which

show "I egal " + L G r ' . Note
that mesaage! AL IRk R 10 bBHHSRRRAD S By R INES R, 7
2003 ar gedradiitiRiotBe MR aitsagt Gab 86t fetesshiydinRtecdulBhotiddatadd adyepdrimbetd adn My
be taken upon reception o a conpl ete nmessage, or upon the reception of

one or was avwaygrtshast lshgthhdhns demspgmepacknoelelBRePmmasd SHERK(EHtmuk bbbl e i n
Fig. 11, it also includes the entrance and exit arrow of the MR state
bubbl e. 29%9- { he MR- P nessage were to becone lengthy, it would need to be

segnent ed. e nting the nmessage .was not. necessary since it .coul d not
contai n any gﬁ%ﬁ%%‘?ﬁﬁ R =T S TEABPE ﬁi"&ﬁ%‘?ﬁ%efﬁﬁgf‘b FRAYPESGhent
acnowl @dgecHTRRK-NAGK e a 1sins@f artlViRAPES say/ifie Wdt@sAp WL -FpesagendyR- P
carries a higher revision level that the existing equi prent, 10 the
messagesuppirteds Hawebe, NAKeNSaasmotinpeaarthdRqietal pagmetes are setappported, ppee - -

is not . supported. _I-Qwever, K- NS cannot nean the requested paraneters are
not supibeY c&ybe eysradden hythe M3 mgssageer ri dden by t he M5 message. NAK-EF and
i S
i

NAK- CD f . LI kew RE R iate f
VR P s wel | NARTR 18 VAR CHIRE S oE S B ey dokBs IR bt d be 15
per for 40d Eortl\@ﬁ—ﬁ'&dwﬁeﬁ SESo- inditsie HSR ana?m&@x\éﬂéﬂgg shéui@geept abl e to

keep parrty wmth MR however 1ts use in practice would not nake much
sense, pdrftemet] befdriSTHd-robdeaatebstee t he paraneters that the

The use of REQ-MS would be acceptable to keep panty with MR; however its use in
practice would not make much sense, since the HSTU-C could see the parameters that the

HSTU-R would have sent in its MS message in the contents of the MR-P message.

Since no mode is being selected (e.g., a mode is only being requested), "ACK(1)" is
20 not an appropriate response. Since NAK-NR is not sent in response to a CLR, it also should
) not be sent in response to an MR-P. Similarly, sending Request MR in response to a "REQ-

MR" message would be a meaningless response to an MR or MR-P message.

Sincc message MR-P is related to MR, it should have a related message number. All of
the bits except bit 3 are the same between MR and MR-P. Bit 3 is set to a "1" to indicate MR-
25 P instead of MR, as shown in Table 69, below.

Table 69 - Message Type Field Format

Message Bit numbers
type 8 7 6 5 4 3 2 1
30 MS 0 0 0 0 0 0 0 0
MR 0 0 0 0 0 0 0 1
MR-P 0 0 0 0 0 1 0 1
CL 0 0 0 0 0 0 1 0




HSTU- R %ébﬁ ga e sent inits M5 nessage in the contents of the MR P
‘message % o node is being selected (e.g., a node is onlyq]beiggr 2[}(]3
requested), "ACK(I)" is 20 not an appropri ate response. Since NAK-NR i s
not sent in response to a CLR it also should not be sent in response to
an MR-P. Simlarly, sending Request MR in response to a "REQ M' nessage
woul d be a nmeani ngl ess response tIﬁbé?rﬁQVRO@iFDWﬂa P nmessage. Since nessage

MR-P is related oLl g g . Al of the
bits except bit (BA@Kelthe same b \@eenOI\/R @nd IMR-p. Bt gisgslet to a " 1"
to indicate MR :’gcg(i)nstead of 0 asgshgywn ijn Tgbl g 69 be] gw. Table 69 -
Message Type Fi el g,ROggat 30 Messfa Blb nunb ers typ 65 43 MS0000 000 O
MROOOO 000 1 MR- PRQOO.E 01 P 806 e , continued
10 CLR ACK(1) ARES EIAK-CD REQi REQ MR
REQ CLR 1 7 OCT 2003 |s d|V|ded|ntooeo mor e bands,
as shown in Fig. g = gmtledn.gy a \;?e reqi.lncy (FJ and a
hi gher frequency|TE3S."F a’15 ke Iat% ch sen; tjo shape the
trahsmt spectru Exgtrrplle tr]ans%t lat s are shown
in Figs. 14 throuBB 5 ol ¢ hape

(identified by it's tenpl ate nunber) and pararreters to indicate how t he
tenplate will be used in the band. The gain paraneters are G and G The
frequency pafhaieeseit hand w¥ivideddnto mepr g bapgdsy axshopreindigs:  Bachdapd G

is delimited by a lower frequency (F,x) and a higher frequency (Fy). For each band, a
15 template is chosen to shape the transmit spectrum within that band. Example transmit
: templates are shown in Figs. 14 through 17.
Each template has a characteristic shape (identified by it’s template number) and
parameters to indicate how the template will be used in tﬁe band. The gain parameters are Gy,
Gy, 2nd Gy;. The frequency parameters are Fy,, Fy,, Fys, Fxs, and Fys. The subscripted X
20 indicates a place holder for which band number is being described. Various combinations of

the parameters allow the transmit spectrum to be customized according to the optimum needs

of the power back off (PBO).

. For flat template #1 (see Fig. 14), parameters Gy, Gys, Fxs, Fys, and Fy,, do not need to
be specified.
25 For sloped template #2 (see Fig. 15), parameters Gy, Fx», Fxa, and Fy,, do not need to
be specified.

For B-spline template #3 (see Fig. 16) and #4 (see Fig. 17), parameters Fy,, and Fy,
represent the B-spline breakpeints shown by circles in Figs. 16 and 17. The values for the
various F,y and Fyy are predetermined for each xDSL. The specification and relationship for

30 . each parameter is shown in Table 70, below. The general order of the parameters in the

message is as shown in Table 60, above.
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The foredgormg—diIsSTUSST ONM TaS Deen provi ded nerely 1or the pur pose of

expl anati on and
20 The foregoing discussion has been provided merely for the purpose of explanation and

is in no way to be construed as limiting of the present invention. While the present invention
has been described with reference to exemplary embodiments, 1t is understood that the words
which have been used herein are words of description and illustration, rather than words of
limitation. Changes may be made, within the purview of the appended claims, as presently
25 stated and as amended, without departing from the scope and spirit of the present invention in
its aspects. Although the present invention has been described herein with reference to
particular means, materials and embodiments, the present invention is not intended to be
limited to the particnlars disclosed herein; rather, the present invention extends to all
functionally equivalent structures, methods and uses, such as are within the scope of the
30 appended claims. For example, while the present invention has been described with respect to
the xDSL procedure defined in ITU-T Recommendation G.994.1, the present mvention is not
limited to being used with this procedure, but is equally applicable with other procedures, such
as, for example, ITU-T Recommendations V.8 and V.8bis. The methods described herein
comprise dedicated hardware implementations including, but not limited to, application
35 specific integrated circuits, programmable logic arrays and other hardware devices constructed
to implement the methods described herein. However, it is understood that the invention may
be implemented in software (e.g., a software modem) that is executed by a computer.

Furthermore, alternative software implementations including, but not limited to, distributed

processing or component/object distributed processing, parallel processing, or virtual machine
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isinn be construed as Iimting of the present inventiaqn. Wi

‘the pr eg)é\ﬁﬁé/q'%@enti on has been described with reference to ex'&r?plﬂa‘:r-ﬂ/ 20?3
enbodi nents, it is understood that the words which have been used herein
are words of description and illustration, rather than words of

limtation. Changes may be nmade, within the purview of the appended cl ains,
as presBmcespinETagalnocdy wretrusicddnimpiemenihemaetbodsalssaritied defaim nintadditirope  and

irit of, th i i i it t Al th h.th t
Thvent i aianaE IBLERSH s atOn drsslhe SFIPOPER S AB GG TN ETGUPLE Hoans,
mat er i abgbheRFRAM PRGESe tb ps i ﬁﬁ?gﬁ{;]ddr@é’ﬁ{ﬂtﬂr%cbﬁ, tﬂg VeRhiGAGH ithiRkg

limted to the particulars d ose ereiln; rather’, e present I nvention

ext endstd @chbtanddrdnaid progdcbls. Thristaad aedyt fos Inter@biind Dtharphtletswitiedisdworksuch
as are within the scope of the 30 appended clains. For exanple, while the
pr ésent IanERsHeDHE-aECBERUABAR H@&:\&HWLEBWLJML REPxPER, $Mdeedur e

??E PZS@@&%@%i3%’1ﬁﬂbi#Mi@iuémi%ﬁﬁ&%%&%ébP?ém- h
0 81 o FRREOHE Rw oAU IS DROATROKISKS Ml el b1 T RACRE MV, S fn"
i npl enestmiatdsnse periddictillyguparstded by fhster drevort effickapkiiaklens habing pewhfiklty

integrated circuits, programmable | ogic arrays and ot her hardware devices
const r uBE &xme fugctinns. é{%}%em% stapdargs Qﬂ%lb@é?qoi/fe‘@"ﬁ@rtbif FADEERSHERS arpt | s

unger st L t invention may be inplenented in software (e-g-, a

o) tmar%ﬁggggﬁfqéﬁgk:ﬂg executedyby a cgﬁputer. Furt her nor e, gltgrnative
sof tware inplenentations including, but not limted to, distributed
ptocessi ng or conponent/object distributed processing, parallel processing,
or virtual machine 56 P18066. SOl 1 7 OCT 2003 processing can al so be '
constructed to inplenment the nethods described herein. In addition,

al t hough the present specification describes conponents and functions
inmplenented in the enbodinments with reference to particular standards and
protocols, the inventionis not limted to such standards and protocols.
The standards for Internet and ot her packet-sw tched network 5 transm ssion
(e.g., TCP/IP, UDP/IP, HTM., SHTM., DHTM., XM., PPP, FTP, SMIP, M ME);

peri pheral control (I1rDA, RS232C, USB; |SA; ExCA;, PCMClI A); and public

t el ephone networks (1 SDN, ATM xDSL) represent exanples of the state of the
art. Such standards are periodically superseded by faster or nore

ef ficient equivalents having essentially the sanme functions. Repl acenent
standards and protocol s having the sane functions are 10 consi dered

equi valents. 57 1 7 OCT 2003 1. An apparatus for determ ning transm ssion
paraneters to initialize a high speed comrunication |link, conprising: a
paraneter indicating device, associated with an initiating comunication
device, that transmts, to a respondi ng conmunication device, first

transm ssion paraneters that can be used by said respondi ng conmuni cati on
de¢vice and
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a nmeasurenent receiving section, associated wth said initiati gg

communi cation device, that receives first signals issued by s ié 0€T 2003
respondi ng conmuni cati on device, in response to said transmtted first
transm ssion paraneters. 2. The apparatus of claim1l, wherein said
initiating comunication device further conprises: a paraneter receiving
devi ce, that receives, fromsaid respondi ng communi cati on device, second
transni sgi on AArppRhes Sfol ReterfimhegbdRantBRfiddy padhbteisMot infilaling acgggxugbegat lon
devi ce; and a nmeasurenment transm ssion section that transmts secon

si gnal s todmuieetion iplof@MpEsingonmuni cati on device, in response to said

recei ved seco, A £S5k ; rat of claim.1l

wher ei n sai d {'g%@ﬁ%?%ﬁ%gﬁ%&gﬁé%{ﬁ? %)(r%fageedv%g%-gp ﬁlrlit%ﬁ@r% 90(%%5?’%%0? deViStanet er
i ndi cat ithgt tthesnis t¢ hatsponding porhmpnitationadestice,nfitlsi @4nsmipsion Patsnictat itlen cafevi ce,
sai d secbond #;ans‘gi SSi an par anet eﬁs %o.be Hsed by said initiating

comuni catonY FaVCRENIPE CORIUIKAIPLENLA el ai m 1, wherein said first

transm ssi on Paicasieémént Rédviig! b, t@sotated QAE! sa‘i’cﬂ%iﬁitil% BSWRfunicaMEh . 2
frequency bandw dth, a duration, and a carrier density of the

conmuni ds¥icenthat geeervss firstosignals dsspers by said aespendingvsemaunicgtion) devisporimli ng
comuNi Gadobe 16 Sl Gndnttitdd\Bist trbRMRsIoR diasurement receiving section
that receives transmtted signals, said initiating communication device
and sai @& r espdwdinparabisnefu plaisatli ovhemiy jseisl patidfting ndongnumicatins hizwize futher

i nfor matc'blgg ;het ween respective neasurenent receiving sections. 6. The
appar at us ? claim 2, wherein said respondi ng conmuni cation device further
conprises a papamatter rdceidingadevivg, tha irexeiviebafromir saits rdspendinigOcmmtnicaiidd at i ng

conmuni N vice, .said _second. transm ssi pp paraneters to be used by
cai d 1 TR oo - SBh raRRt el 205 B 35 By S0 et campRietonner i n
sai d fideticd;madsm ssion paraneters are related to at |east one of a power
| evel, a frequency bandwi dth,. a duratjon, and a cayrier densjty of the
communi cati o 'T’eraﬁ%.em o n?mﬁf?nfﬁfé‘g"ﬁ‘f’é T tegnd gignalstosait respanding, sai d
r es pondiSigmenkBEt detice)ig rélpunse @o bdid tdieived QIBHd SRARMEsITR PaMhRIEBHT recei ving
section_that, receives trapsmitted signals, said initiafting conmunication
devi ce and sdMQ PREHYHF ﬁg‘"@olrnfﬂl?ﬁ'i‘ﬁtsﬁtgnma%q}"idﬁ’é eEpREHetinn depicedariherge  of
| nf Or Matorfprisee \BARAMESS RRfidatiHe JEPI0S YhAR BAEMItECR! Md ShidRMk! @hmbhicdon
apparatys for determning transm ssion parameters to initialize a high
speed ESiFRTRiderYN transRisSORRATaEeterg : to sbepused iyt wid indtiating gomralenication
associ ag@gcei th an initiating communi cation device, that receives, forma
respondi ng conmuni cation device, transmi ssion paraneters that can be used
by sai d#i ni t The PPR§rteRRARIEL, ivdisrade §4id dirst radsmission parameters are related to at

least one of a power level, a frequency bandwidth, a duration, and a carrier density of the

communication link.

) 5. The apparatus of claim 1, wherein said responding communicating device further
‘comprises a measurement receiving section that receives transmitted signals, said initiating
communication device and said responding communication device performing an exchange
of information between respective measurement receiving sections.

6. The apparatus of claim 2, wherein said resﬁonding communication device further
comprises a parameter indicating device that transmits, to said initiating communication
device, said second transmission parameters to be used by said initiating communication
device. |

7. The apparatus of claim 2, wherein said first transmission parameters are related to at
least one of a power level, a frequency bandwidth, a duration, and a carrier density of the

communication link.
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a nmeasurenent transm ssion section, associated wth said initiating
communi cation device, that transmts signals to said respondi ng
communi cation device, in response to said received transmssiohy OCT 2003
paranmeters. 10. The apparatus of claim9, wherein said responding '
comuni cation device further conprises a paraneter indicating device that
transmts, to said initiating conmunication device, said transm ssion
par anet e5.s t hpge . by said.initiating conmunication. device. 11.
The apparatus of E@agﬁ% gfagﬂg%eyv ) gpig ﬁéwgm%sg icommpaicatiied dévicafgtig! at ed
to at | efgprisesremedsugenpamescelvingelectich fHaf bandw dt.h, ~a duration, and a
carrier density.of ;the comunication i %&%ﬂ%@'@ﬁlg\{\ég@% §&idghitigtingm 9,
wher ei n ‘said Aty Heris freRadingcotuminiantibn ideVies perfRid 5 Sxunce
measur ewﬁhlfonrmdeﬁuém@e,s@gﬁéc%&g% ;1%%{9} ves. said transmtted si gngflg, sai d
initiatigng cqmuni cation device and Sar FPEESHEORg communi cati ng devi ce
perforning an'® BRRAFRIVGErodetsrminingratananistioh WaRReles R ShitifEc "R AR SPET
recei vi a@nﬁmh%.ﬁnj@cmﬁ;ﬁsﬁ,%par atus for establishing a comrun 5P i nk
using a determ ned ahourt OF transmission power, conmprising a paranmeter
i ndi cating déPrERetaeaiviag devivd, thsihtdd ivith A AG; ni cation device,
that tr@RsRdives. ffmd %gsog@ndi ng communi cation @gﬁﬁgg%wglcaw%ﬁgmgsi on
parameters t hat’ can . be US&g ¢ &%f“&“?fédmhn@ndmiﬂmﬁﬁrﬁﬂé&@ﬁhﬂ%%%@; a
measur ekehby said Giitiiting comptuntatioA&SRGI afed Wi th said initiating
comruni cat i oanmedevi ce, that, recei v_es’ Irst signals issued by said
r espondi ng CoMmsRement AN sqction,r assqrimabwith el #itfating ombAREASST ON
par anetdevis, thatdranSmftd 8884s & Uaid rch &Hﬁ] T.2003 .a sel ecting” device, associ at ed
with s ‘j:c%.viegi tiating communicatloh Qe caimpRigation dexiess ingesponse ®asaid
r espondi iy “ SANTHHCR P#Metewi ce, power | evel parameters that can be used by
sai d 18sporMte PpsNg B Sal, Jce.in response to said transmtted first
signals. 14. The apparatus _o%nv(‘:’ eg%'/“rhsf ! TpANNg: CRyRpRIcawe: devica fanhadret er
r ecei vFHBPAEY idcRArameten éndigatig wWevioe Shitchrangintts, adol HSY gg i gation device, -
that reegfieyesid Mr@ﬁ?is%ﬁjndp&%ﬁ%}%dthg% copmuni cati on devi cg, Sechgation
transn}lssi on parameters - that  canhe8edsed, by sail imiatingt ¢ongmadoarieni cat i on
devi ceS®¥¥®neasur ement transmi ssion section, associated with said initiating
comunicat i 'pie afdGMehi 4] transmts second signals to said responding
comnrjrgi{ caéfi on ¢ eviice?rficﬁl"fgtgsgéﬁg‘ Stabist"ammésaiodpaemmmﬂs sreaciait 36 hORast
par anet€r e, a netven level.ex tirequends Viagawidis SO Guikigd Wi h sai.d responding
commrgoﬁ.ﬂdn%ﬁpﬁﬁju?e, that transmts, to salig’ %I&H £ S Hgdetstomedi that i on
devi c§i,2 pomﬁqrq evel” paraneters that can be used by said initiating
conmmuri“cat il appuiats offclaifs PORESreinOsS@irdl mtted second signals. 15.
The aggﬁbggegsa % o cl arin@?a t13, further conpr Pé‘?‘%ggs communicating device glrther

_ asuten fecelving section that receives said transmitted signals, said

initiatin icati i | sai i
_ g communication device and said responding communicating device performing an

exc i i i
\ hange of information between Tespective measurement receiving section

13.  An apparatus for establishing a communication link usin

-’ g a determined amount of
- transmission power, comprising: |
a - e, . . . .

parameter indicating device, associated with an initiating communication device
that transmits i icati i ,
, » 10 a responding communication device, first transmission parameters that can

be used by said responding communication device; '

a meas ivi i i 1 i

urement receiving section, associated with said initiating communication

device, that i i i i
X recerves first signals issued by said responding communication device in
response to said first transmission parameters; and
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15 a corijligg?é: §8? devi ce, associated wth said initiating comunication
"devi ce, ‘that '8éts power |evel transm ssion characteristics tolbe QGER06Y
said initiating conmmuni cation device in response to said transmtted power
| evel paraneters. 16. The apparatus of claim 13, wherein said power |evel
paraneters are related to at | east one of a frequency bandw dth, a
duration, and sgleeting daceamerialedanth id Bymng cemmuatration deyipg that frangmis,

apparatys_of claimi13. wherein said initi,atiing cao i cati.on deyice .and
sard r EEA R sommisionton e, hOen Y Ra el el YO T OMRAE: ar t up
pr OcedUEé%P_é‘ﬁ&iﬁé c%ﬁni&ﬁ&fﬂewﬁ@é’iﬁ're@%ﬁ%kﬁi@ trasR e i . An appar at us
for establishihg a communication |ink using a determ ned anount "of 25

t ransm ssi on1poWhe appeams bSelaign 13 fpaharepriseésecei vi ng devi ce, associ at ed
with an initiating communi cation device, that _receives, froma responding
confiruni cat i oA DA re¢sivRg APYes 9ssopiafadriitiepaid intiatingpeneunieasion dsyiceai d
initiat hgg conmmu 'cati.ﬁn devi.ce: a measur ement tran&gi ssion secti OPF{‘
associ atBa KPR AP F1E FEPPRYTE BRI AT P HIF YIS0 SRS FRISTIRSPT PRAFEIAT s

si gnal stfaPcah BERSHHS TRlinftRERE VéiRuARsdPdevide; @ r espondi ng  communi cati on
device, in response to said transm ssion paraneters; and a selecting

devi ce, assoanakademethtraamissiorspctivg, agocietehwittcsid mitiading commitdicdtiof0
P18066, SO, 1 7 OCT 2003 transm.ts, to said.initiati.ng, conmuni cati on devi ce,
power | €5a%e, Hiat SRBTRISSSCRRd S1gRAls sl EPBngoPynHE i oR deNis e B FRTP9NEAN on

deyji ce, '@séc%ﬁ@%ﬁﬁnﬁgoﬁ%&rt [2osgktted signals. 19. The apparatus of claim
18, ?Jfl]er il guri

fur conprising a-coni ng devi ce, associated with said
initiating cepledingaddvive, sisydised withahidseiponBing@oRimbAdtilontdediae hssi on
characteristics to be used by said initiating conmunication device in
r'es pons@ansguitsatocsaid mitating comnpmiration dowre, pavgnievelparameersithat cap baisadby of
claim18..wherein said .Ei%wer evel par amgg er.s,are ?tg%at ed.to | east one

. Wh I .
of a fr BRSPS HABRIERIFECR dRHCR 1 BRPORR %a“i&??ﬁ“é‘ SHEPE 23RSt he
comuni cat i ofs. Théppatfluddf cldile1 RPRMRcySpAbing! &l M 18, wherein said
initiating comuni cating device and said respondi ng conmuni cati ng devi ce
peisf or m a commenfipwingsigvicerdssariated wph seiddmitiatieg edmmmmsatiich dpoges that eate|
par anet er iﬁ sgl ected.. 22, A nethod for g&?t erJEi.nj ng an anmount .of =~ .
t r ans i BEYB A FARSTRISSIGR ERFATIPRsuce g Db Ry faidAnitighng FomappRtipR Agvice in
COMPr i SjeBGhnsd R $i@REMrhitted BowEMe Al phitinlehdb | Ng communi cation device, a power
measurenment signal to a respondi ng communi cation devi ce; acknow edgi ng, by
t he respondi iy Tsepparated ofortaiceld, eéhereie sagh power loveltpaeampaiens are rebdai toaurent

Snanal 130,20 N Y AR i, 1 LA LR SO S o
20 link. o |

17. The apparatus of clatm 13, wherein said initiating communication device and said

) responding communication device perform a communication link startup procedure after said

power level parameter is selected.
18. An apparatus for establishing a commumcation link using a detenmined amount of
25 transmission power, comprnsing:

a parameter receiving device, associated with an initiating communication device, that
receives, from a responding communication device, transmission parameters that can be used
by said initiating commumnication device;

a measurement transmission section, associated with an initiating communication

30 device, that transmits signals to a measurement recerving section of a responding
comnunication device, in response to said transmission parameters; and

a selecting device, associated with said responding communication device, that
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rECEiveg%ﬁﬁﬁﬁgﬂ asurenent val ues; 20 indicating, by the reSpOW“?”?g& 2003

s conmuni vice, transm ssion characteristics of the initiat

comuni cation device to the initiating comrmunication device; and utili zing,
by the initiating conmuni cation device, the transm ssion characteristics
recei ved fromthe respondi ng device during a subsequent transm ssion. 23.
The net Hesasofs, & saidrinRating gonrornicyipprdesicagrowes levehparainttersthat dap behsed by
respondi ng .canmuni cati on device, a signal to.the initjating conmunication
devi ce SPOFBCAIRE SPARERE U AP e PETBRR 1 i BRSTREEdBGRAS reasur enent

signal to belggqgggﬁgngﬁﬁgpaaﬁg§gﬂﬂﬂh&gmﬁﬁﬁgygication device. 24. The

nmet hod of claim urther conprising: ting a communication |ink

startup procadufgiifrgalevidecadsbeiediwathi sl iaftiafiag te&hiihicaon 3882 $hR 860
i ndi cated. 25. The nethod of claim 22, wherein at | east one of an

i niii atipewer lgvel dransmisaion charactsubtics to heusedrbyasskiioitiating cemimunscationdsvice fred by
digital nessages..,61 PLSO&I%PSM 1.7 OCT 2003 26. The nethod of claim 25,
furt her TSBABEIIQ G rapyitefPOPEhIsVelPaFraadeSa portion of the digital messages

at substanti gjl J gg?§ i | 27, t hod
for determ n?!r)fgy??ae%uency%@%@%%’%%ﬁg\éﬁgg 0 %&%@%@%F‘gﬁ%ﬁg\ﬁ%w @’o"geuse

whi | e etdagtitne stk figgaerR Batidiviiah | adlirdtichkandHeaRribSdangity bf 88 $binhhdiditioRY an

initiating comuni cation device, a power mneasurenment signal with

charact 8fKstics that are frequency dependent to a respondi ng communi cation

- deyj ce; indi oy by the.r.espondi ng co i.cation device,,the frequency
delfndent ¢ r 4o TR Sheaatus ArBE PR Setdh ST FHEH R coPmhE R Ao cats

devi ce }@pédung dtintrhidibAtth gl iR PEHoLA AlcoRmiRiHHbE ;unﬁ@ﬁbrmyplrbe%uﬁ&afw skie

ipitiating comrunication device, the frequency dependen transm ssi on

char act pewsstlevsd parametev éisdfieated. t he respondi ng conmuni cati on device during a

subsequent transmi ssiop. . 28..The nethod of claim27, further conprising:
15 transmt t?‘)ﬁgﬁ ”B‘iﬂ?‘f‘ﬁg’r OEHBHIRR P EBATR ﬁ?gﬁ‘sﬂ‘%‘ﬁﬂﬂ%wwg tofuse abalgcy

depende : u . values to the initiating
e BabliREiRE Y LAmRRUEHioRAR SR ind

communi cati on devi ce. 29.tl claim 27, further conprising:

t riansmitt i notradsynitting, Hyesphnditiig cammiticatiah idevice evpoyesr nfeasin@hiizht $ipadl to a
proposes the, frequency, dependent transm ssion characteristics of the power
measur efFEPRNAEIEFRETTEECHION ARYIGEecei ved by the respondi ng conmuni cati on

dovice, 10 LDl Pibal AOuEORAGR LA ISR el TOSORLIRE it o 1 27
a frequeasmyreienesigsl] apbadlitionally transmitting, to the initiating communication device,
received power measurement values;

20 indicating, by the responding communication device, transmission characteristics of
the initiating communication device to the initiating communication device; and |

) uttlizing, by the initiating communication device, the transmission characteristics -
received from the responding device during a subsequent transmission.
23. The method of claim 22, further comprising:

25 transmitting, by the responding communication device, a signal to the initiating
communication device proposing transmission characteristics of the power measurement
signal to be received by the responding communication device.

24. The method of claim 22, further comprising:
_ Initiating a communication link startup procedure after the transmission characteristics

30 has been indicated.

25. The method of claim 22, wherein at least one of an initiation, a parameter, a result

>

and an acknowledgment is transmitted by digital messages.
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| evel pﬂé@g&g@l has been selected. 31. The nethod of claim 27, v,h?rﬁtf fﬂtBS

"l east o initiation, a paraneter, a result, 25 and an

acknow edgnent is transmtted by digital nessages. 32. The nmethod of claim
31, further conprising: transmtting at |east a portion of the digital
messages at substantially a sane tine as the power neasurenent signal. 33_
A net hod f or 26eilbe metiod 1 glnimASufirther camprsi®g:ssi on power to use while 30

establishing,a ca nication l.ink. comprising:. transmitti a_power

measur enent - SRETIIIE At A PorfioR S g B IATEE: FONCav Y % ol UheasBAdi ng
communi ' ﬁl\{;h%ﬁi ! tha power neasurenent signal being transnmitted at a
62 PlSOgg{v@ea% SI20:3 predeterm ned power level; re-transmtting the
power measur @reAtméaheh fr determbgnefeqieaty egthdbitt anponeroflteMahissiot pbivkr e

respondi ng communi cation device issues a signal representing that the power
measur ensawhits etablisiing a soearmication liskedompismgnd 5 setting a transnit power
| evel for establi.shi a communi cation |ink between the initiating .
Communi cat | o AFPHIENY ARG e o B aUrewesnt SEPONGE 1 o
the si j r . i adequatel y
recei ved Ry RREEREiE BabiRY AP R T St R et

| evel conpri tdicating, thyibe rdspenditigo@nimunioan@r ddvineg thel fregnendy ddpendant t i ati ng
conmruni cat i gn _devi ce and the respondi ng 10 comuni cati on device. 35. The
net hod @EnsglisHion deractanstieieef the pHatmgremmueation; deyics te Siedniviaing i on | i nk
startup procedure after the transmt power |evel paraneter has been set.
36. Thec‘%%rt'l ﬁﬁqugelv%ﬁ% , Wherein the transmtted power neasurenent
signal 15 copmiiSe by IcRetiatigofinhilicaie Aedes, (B frdqitegpdepdndem and contr ol
channel that is exchanged between the initiating comunication device and
t he receinsmssiaorharasteniati¢songceiesd frem3iie reSpending ¢ryomuhicgtien devaE:, durimgraei n
re-transmtting the.power neasurenent signal at increnmentally higher power
| evel s E?ﬂngmg ¥ermined tine intervals. 38. The method of claim 37,
wherein the g epial QLibAGHchbifB7] AHBEV@mpriaPPr oxi mately 20 200 ms_ 39.
The nethod of claim 33, wherein re-transmtting the power nmeasurenent
signal at itnssentingdy the hespheding cummuneatbs deonprirseendyispeadennpctilred power
measur enent signal |ev in_ predetermned,i ncrgmants. 40. The net hod of

i
cl ai m RPVEFABFRERRIEN Y2558 dR therIRtiREEE FORPRHANEN BBVFTi se 25 approxi mately 2
dB i ncrenent E frequency dependent power
%.kﬁegmg@og%é‘i%ﬂﬁ 45, futhe AN IR aq y dep p

duri ng handsha
~ transmitting, by the responding communication device, a signal that proposes the

frequency dependent transmission charactenstics of the power measurement signal to be
20 received by the responding communication device, to the mitiating commurication device..
| 30. The method of claim 27, further comprising:
) initiating a communication link startup procedure afier a frequency dependent power
| level parameter has been selected.
31. The method of claim 27, wherein at least one of an initiation, a parameter, a result,
25 and an acknowledgment is transmitted by digital messages. -
32. The method of claim 31, further comprising:
transmitting at least a portion of the digital messages at substantially a same time as the
power measurement signal.
33. A method for determining an amount of transmission power to use while
30 establishing a commumication link, comprising:
transmitting a power measurement signal from an imitiating communication device to a

responding communication device, the power measurement signal being transmitted at a
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comuni @3khghi nk, conprising: an indicating device, associated with an

. initiating communication device, that transnmts, to a responqugoq 2003
comuni cati on device, frequency band transm ssion paraneters t 0 can

be used by said respondi ng conmuni cati on devi ce; a neasurenent transm ssion

section, assocj ated with an initiating communi cati on device, that

t ransmi Peedeteramed pewen level; n which a power |evel varies by frequency bands,

to a 63 P18066 -1 r t .transm ssi .section of .a
respondi ng cgerht*rr%%né&a%‘_ﬁ(%gr %‘é’g‘%g%"’%grﬁ eg{rse a%&{ lélﬁéeﬁr_%en?%@re}f‘ .Bﬁé""é’sfc@."?}ﬁ,

associ apgfl tNé FeBpSrliint dodrhinBbAtivE deOTERLESS gigﬂalqeme%ﬁn%nmrmer%ves second
signals, in which the power |evel varies by frequency bands issued by a

measur emeasurdément signslswasndsquatélp recsfvedparsll r espondi ng conmuni cat i on devi ce,
sai d second 5 signals heing received in response to said transmtted first

signal's. 425ettmged tppsibparierdevet fosieptablishing 2 commupisispen dnkgetveen Hisquency

band transm ssi VEGe - ald first si | s_by at | east one of
a flat' bﬁq}}lgr%%gm%%ggé‘g h%‘?%deﬁl?%%% ncgmg_cg Bec ]ioﬁ{a%‘r".ce Hélfeswe gop%'gr at us
of cl ai gl r Shghaeihd powanmBasui@ikert sighhl ﬁasgmhﬁatalgqe&a\tﬁdect ed to 10

paraneteri zed tenpl ates. 5’4. The apparatus of claim43, wherein said

par anet er i zeit.t Bmphathed ofitlan3 3 winarein|settagra typismit pesver Tavel cpppnisas sstiog
claim4l, wherein each fr ency.band of sai.d freguenc ands tilize a
i tor DiARTLPOYS Heel TS HOM M S SrB GHRG  G AA e phom i

t ngnsm S AmhiPalAMRVRES during a communication link initialization,
conprising: transmtting, by an initiating comunication device, a first
di gi tal nessigeTlieavethgd ofelnmn®?, dnghdrabmpridtignst r eam power neasur enent
skquence; transmitting, by a respondi ng conmunication device, a second
di gi tal nesdBHRURE¢CATMWIraggR Hrk SRFUp pHicedywregfist thedranpaiidowselezel enent
sequenc i n¢l udi ng substantially the sane paraneters of the
first &%&ﬁ%&%?ggg%%as paranmeters of the second digital nessage;
transm ttinge. bphethethbdbf tlatn BY vIRAEH Mhe Rt eEpbwer meashiviiedt dizpdit al
message that acknow edges the paraneters and a node sel ected by the

r 48 pondiomprisenensaiing izl meysages on 2 negotiation apd constol channiehihet istekehpnged

S I N S

respondi ng CIINMEH H&hb@Bf Eigivi 338 wHeéin PWRAsrAR@SE Hhe MR Wer ﬁiegﬁa&neﬁtmﬁg&laﬁml oys
the paraneters fromsaid first digital nessage; transmtting, by the

i ni ti atihergmentativ higher paowerdexelcescurs at pradeterniingditihe itervalge containing a
result of t pQwer sSur.ene ignal, transm tted by .the respondin 30
comuni cat i off g@\ﬁrﬁgﬁr‘g‘ﬁﬂyﬁmﬂé ’Péﬁg%mpr ﬁﬁ‘é’i“%‘ﬁt‘%\}ﬁﬁe‘f" Is dpproximattely

20 200 ms.

39. The method of claim 33, wherein re-transmitting the power measurement signal at
) incrementally higher power levels comprises increasing the power measurement signal level in
predetermined increments. |
40. The method of claim 39, wherein the predetermined increments comprise
25 approximately 2 dB increments.
4]. An apparatus for measuring frequency dependent power during handshaking of 2
communication link, comprising:
an indicating device, associated with an initiating communication device, that
transmits, to a responding communication device, frequency band transmission parameters that
30 can be used by said responding communication device;
a measurement transmission section, associated with an initiating communication

device, that transmits first signals, in which a power level varies by frequency bands, to a
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transm tPtlE@%i ‘i%; t he respondi ng conmmuni cation device, a fifth digital
‘message e\ ing a result of the power neasurenent signal trdn’ér@tfe’lﬂﬂﬂy
the initiating 64 P18066.SOL 1 7 O C 2003 comruni cati on device and the
desired power reduction |level; exchanging a final operating characteristic
between the initiating comunication device and the responding

conmmuni BgesusemeRhifasemissionsettwagt agesponding gbmotunigationcieviond andge a  node by

the initiating comunicati.on device and the. responding conmunication .
ovi et and 3 epSTPAY RS iBE SRl o eai s BT R PG CORG AN REWes on

devi ce i I, i i j 4 Th od of.claim
46, Meglgﬁ]&??g%\%%‘lgﬁlg %lgg%ﬁﬁan I %gﬁ gdf%r}ageg\ghaﬁésn?%éeﬂ%cﬁ%y evé]sclgsug‘g%rai ses
t r ansni inkhsdgerhdnt AANKTstn GemBURIf eait irespoﬁ}cﬂﬂ'% e6mnAMikatiba ASHCE, lshidke o d®
respondi ng comuni cati on device conprises transmtting by an xTU-C

cofmuni $gnalebeing fecdived eresponstivesaid trmunitéd Gishsigndd, wherein sai d ,
exchangi ng fi operatin har acteri stics. conprises exchanging the final
oper at i ng chﬁ#?gh%gﬂpéfﬂnt‘?%e‘g% ’mq’ﬁ‘i’WP‘éﬁlF&’g communi cati on device and

t he respondi Llftﬁﬁ'ﬁ.r%ﬂu'&?ﬂ. : by
the initi atiy%g co Bn| cati oﬁ evﬁé&gﬁﬁ%bﬁ%&rsgg%%ﬁ%%%ﬁ%sggfl%ﬁg

devi ce. fl4} filBBITRAKSE filter Amdappasiafeufiteand met hod for determi ning transn ssion
parameters while initializing a comunication |link (5). An initiating
comuni cat i of3-dERe aparays ofwdqimats whersin soid transniittdd Sastisigpaliows snbi¢cs@) o a

g& sur errenterecef?jtv;nn%tsecti on (72), a paraneter receiving device (56), a
sur HERPEPERSHARE Sh section (66), and a selecting device. The

paramet er i Tid dpEralRVdfefaifn™3) wheiSdhid Sarkinkfiizbd 8ASHThES LIRS RAbATEL €r S
that can be used by a responding communication device(2). In response to
the trdmeaigatad first transni ssion paraneters, the neasurenent receiving
section (72) eives first signals issued_by the respandi.ng comunication
device (2). %e &P&ﬁféﬁ?@r&fc&e@i Rl er&gwa@g fregugncyhapd e §m§rélf?8H‘H‘°Y bands
‘transmggien fiRAtaMRNKEr S that are issued by the responding comuni cation
device (2). The measurenment transm ssion section (66) functions to transmt
sesond si gnadte A methet foespabitthing coanmanidationh tansliobepatihctersidirigaponse to
t he recei ved second_ transm ssion paraneters. The selecting device

t r ans nicPEIHFREAtopdipk initiglzAtioneFURSNE: can be used by sai d respondi ng,

~communi cat i QL ARKEE, thyan intdhihE TBABRGickAok BLvcE, SRy & RRE TSI S

parameters for a downstream power measurement sequence;

transmitting, by a respoﬁding communication device, a second digital message having
20 parameters for an upsiream power measurement sequence, and also including substantially the
same parameters of the first digital message as parameters of the second digital message;
: ) transmitting, by the initiating communication device, a-third digital message that
acknowledges the parameters and a mode selected by the responding communication device;-
| transmitting, by the initiating communication device, a power measurement signal that
25 employs the parametérs from said second digital message;
transmitting, by the responding communication device, the power measurement signal
that employs the parameters from said first digital message;
transmitting, by the initiating communication device, a fourth digital message
contaimng a result of the power measurement signal transmitted by the responding
30 communnication device and a desired power reduction level;
transmitting, by the responding communication device, a fifth digital message

containing 2 result of the power measurement signal transmitted by the initiating
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communication device and the desired power reduction level,

exchanging a final operating characteristic between the initiating communication
device and the responding commumnication device to at least one of select and acknowledge 2
mode by the initiating communication device and the responding communication device; and

starting a training session of the initiating communication device and the responding
communication device.

47. The method of claim 46, wherein transmitting by an initiating communication
device comprises transmitting by an xTU-R communication device, and transmitting by a
responding communication device comprises transmitting by an xTU-C communication
device. — -

48. The method of claim 46, wherein said exchanging final operating characteristics
comprises exchanging the final operating characteristic between the initiating communication
device and the responding communication device to select and acknowledge the mode by the

nitiating communication device and the responding communication device.
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