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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 ngpconponent s..desi gned test to.trapsyy Ly, t 6 _\VHz of
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of comifii@hl3Q diledsrpresslydneaspenatesdcbyt isfesencabersimin theimeutitelt.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 ) jvééh - _conmmuni cation channel 5, the netallic
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carrier set — a set of one or more frequencies associated 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



session - active comunications connection, measured from beginnhing to rgd,
"bet weenp1gmggsilers or applications over a network; ,10 signal _1 ansﬂ'n%@ on
conveyed via tone based transm ssion; signaling famly - group of carrier
sets which are integral nultiples of a given carrier spacing frequency;
splitter - conbination of a high pass filter and a | ow pass filter designed

to spli i.c. local loop into two bands of operation; 15 tel ephony
node - %%%P%%ﬁ%g%t&%’ode in which voice or other audio (rather than

nodul at ed i nf ormati @n- rdn S I . . et hod of
comuni cat i offf*5%§ égrs?g’%? %gﬁngatg%q%gggzgdo‘}fl E@ggggeggﬁngﬁbﬁfs Ir%’%’ with either a
positive ackno dgne ACK( | negat.iy ckn edanent . £ NA aor, a
ti me-out ; tﬂ%emlﬁ‘éﬂ’c?%f’gf FB’%‘?Q%C&%%C T s“F]rg&ﬁ"? mf%iﬁcdﬁg%ﬁﬁabﬁ%ﬁé local
transm ssi on e QRohAE etk to the xTU-C. Abbreviations The fol |l ow ng
abbreviations are useg throughout the detailed discussion: ACK -

QEFE?K“J ?8%?@??‘2‘955 A e P o IR ' e
Froquency Sl PoRBERGiaB ko Toge aertocuh Bl UES EbRical B randalfos

Net wor ke dheredsotEstafidn; HDSL - High bit rate Digital Subscriber Line;
HSTU- C - handshaki ng portion of the xDSL central termnal unit (xTU-C
HSTU-R - hangshai L agirQokirihiedtioab eonlestios, efdakered Gom BedinniAg to éndl Yetkreeh SO -
I nternational Organization for Standardization; I TU-T - International

Tel econumputes ooapplivatens-oveTahetmwomguni cati on St andar di zati on Sector; 15
xDSL - any of the various types of Digital Subscriber Lines (DSL); NAK -
Nagat i ve Acksigmiledyferhessaepayeyeilyia tadetbasrddrangmigsiat i on Unit ( Cust oner
prem se en PBO - Power Back Of; PME - Power Managenent Exchange PMM -
Power Meas ursigealing\adhilyat growp ofddvier- seRovieich Measieemhenttiplosiof agivemc8essi on;

POTS - Plain AOd Tel ephone Service
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 - International Telegraph aﬁd Telephone Consultative Committee;
CDSL - Consumer Digital Subscriber Line;
DSL - Digital Subscriber Line;

FSK - Frequency Shift Keying;



PSD - Power Spectral Density; PSTN - Public Sw tched Tel ephone Nﬁ% T 2007
‘RADSL. - PRAGS.Flapt i ve DSL; VDSL - Very high speed Digital Subscr |ne;
20 XTU-C - central termnal unit of an xDSL; XxTU-R - renote term naI unit
of an xDSL. 1. Field of the Invention 70CT2002 The present invention is
directed to a high speed communi cations device, such as, for exanple, but

not limted G- (RAGH SWitGREI TR IEPREEMNetvofPRani®d PFTNY; sat el lite 25
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blindly tra T ﬁtjema? Pnl ht YEEIREIEAICTe r et of or e,
each X%ﬁ% ed it’ s own propr| etary style of power neasurenent
and con ‘?&E'IWI th %%créli‘i?ng degrees of measurenment and control. Additionally,

t he power c g@g Q of the prior art were typically
used after Olﬁe ng%Ea ulatio &% g@staéétsed with large amounts of power

al ready bei E”Itel-nqﬂané}fﬁﬁft éfﬂer RELES dn ). need for an apparatus
and net hod t at prOV| es neans y‘gse ect asurenent procedures

a'm‘ﬂ robustly. Sl ts of such measurenent procedures, so as to
i‘nim ze thepéﬁ wer@ c;{ans’m ssion power used to transmt data. The ITU-T

m
has publish d. net initiating data comuni cation 15
CEME: ngerrﬁ?ﬁna 1P Biriitee,

over Vvoice nrie g three Reconmendati ons have been
pr oduced, ect Ugg h LS expressly incorporated herein by
reference i m ?en’?%ﬁr%nﬁ hnrgirll’datl on V.8, entitled "Procedures
For Startin i Dat a er The General Sw tched
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PSTN - Public Switched Telephone Network;

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.



The General Swi tched Tel ephone Networ k", published in August, 1996; and 3)
'Reconme®dapée801G 994. 1, entitled "Handshake Procedures For Dil§i¥ d}0T 2513
Subscri ber Line (DSL) Transceivers", published in June 1999. It is noted
t hat document (3) is the final version of Tenporary Docunment MA-006 that
was published in March, 1999. SUWMARY OF THE | NVENTI ON Accordi ngly, an

obj ect of the piesedbn OTBRBEIr8ENd Anl OtREOMEdEMatoriNi f or m power 30
nmeasurenent procedure that can be used for all. xDSL schenes. Another
obj ect of th@n%@%hé%n ahti &t BO9ZibRUSIYL @Rcings IsQo REALRER t he

uni form power neasurerrent procedure prior to the selection of the “specific

XxDSL sch@ii®] tHdandin ¢€ efisgniDpowéraised ohanpedifiv fDSLdmen$yndeecachniricalionp ageds
an extension to an xDSL handshaki ng and sel ecti on procedure, such as, but

not | i niare®Siohasturaque pakeonaicrsssuch oot gxammpl.ciiernaios, integfesgnce Appsstallst ston

Nos. 09/217,556 filed Decenber 21, 5 199 d 09/ 281. 813, fil ed

Varch 34 5 Gggbledh AFOFatrY CheroRE BTAFaIGTT Eh RSB6AIAEIY CaRRTGRE S, June,

sl Fﬁqslgit%rggwmgtoqﬁmo?? LB ForB A AR PR SHEAL hi REE Y SvYbroPrib sy
ectl on ure a

xDSL se roce OWs a nore accurate selection of the parti'cul ar

XDSL nogtyleasfipoiver faaiementang dostiol} Wéthpawsng degeasrod merasuresrent 4rsi cohlvel.
present 1nvention also allows for a nobre accurate determ nation of the

m ni num needadd{tRaNENEY pSleRVIHROI mbastiRg it PrarBdres\er the boiod uitiwige fypitally
transm ssion node. According to an object of the present invention, an

appar at usediatedttec{lietoflulationibadestatted, vgith largesmosais posvca aeasydeltd | e
initializing a,communication link. A paraneter indicating device, that is
as¥oci att@FWiteh an initiating comuni cation device, transmits first

tyansm ssion paraneters that can be used by the respondi ng. comunication
device to a éscqré%ahﬁalwmaﬁ%%& ARFRTAYUS Anddne ‘ﬁéﬁ'@g%’ c}eest“beaf‘ﬂto
transm ' A0SR dnRAT Iy répoiERE YsBIBBE sucRGRéaéinebhent
secti on},;orbgﬂ}ag é#@é‘?&om at@jﬂrw&t tk?glminr%ﬁsi%gtr?png 'cor?rruni c%ti on devi gg
recei vegrobédifits, 3b gl minimiasahe Moo Mespaizdion povenmseditc atansmit detai ce.
According to an advantage of the invention, the initiating comrunication

devi ce al so TheTriUdEBaspubliiadatamhesdddmediodefor aitistia dateeanimaicafisom t he
respondi ng communi cati on 20 device, second transm ssion paraneters that can
belsus edotry voire biand chammielsg The deliawingtthiss Regapmeadationg havepeesnradyssd, the

transm ssi.on section that transmis seco i . T ndi ng
comuni ‘%ﬂ‘%&(l?g‘g@cp i PEEPS S%c?rgopﬁ%cﬂ?eé%&%‘%é seég%%%e}rgﬁé%%'si on
paranmeters. Acgordin a.featur.e t he invention, othe ndi ng

communi cat i oﬁ) B‘fﬂn&%gm}fgo’éygg’te ﬁﬁs? %%ﬁ%qrﬁﬁ%@é&%gg asr?gegt? %ﬂrsetlﬁ{rgl@?%at ing
device that ffaR8Mslch GRTAME GRS Swakhed TeRplicHBIAWSK"Oplidlisis€th by t he
initiating conmunication device to said initiating comruni cation device- It
i s noted thaBepthmbén, 1894;t r ansm ssi on paraneters are related to at | east one

of a power |evel, a frequency bandw dth, a duration, and a carrier density
of 20 he commu®) Rad¢dnumendatibn V.8bis, entitled "Procedures For The Identification And

’ Selection Of Common Modes Of Operation Between Data Circuit-Terminating
Equipments (DCEs) And Between Data Terminal Equipments (DTEs) Over

The 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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‘According to another feature of the invention, the responding cog’n}uﬂlﬁ:ati n§1
devi ce FA8A&B01 ncl udes a nmeasurement receiving section that redéilv T 260
transmitted signals, so that the initiating conmmunication device and the
respondi ng comuni cation device can performan Pl s066.SO 1 7 OCT 2003
exchange of information between respective neasurenent receiving sections.
Accor di Rgyehfo{ab ReforbiRGnifefm pb® et Meafirémt padtcaip ot tisthe Seldttie ofxhe for
determining transm ssion paraneters while initializing a conmuni cation
link. AspaifeD8L scteoe ihegroctdureos thdpistansinaesmni raayekt wiplemanted a$ e at i ng
conmuni cati on devi ce recejves transni ssion aranetersg that can be used by
the i ni Extsnsipg BN Bardshakipg 93¢ e lcoloR PACGHERETIE a8k L1165 % BE | on

P o s ERRE T Bl i 8 bl ARRAMNLERBIAT S8 MIESoh ERRSHL )

ni-cat’i evice, Tn response received

transm 509 5q¢/HeIRNRALABSHIedos MALNI] L D98 NyRTHFATED RebéminkAdatiranbdbon, the
respondi ng comuni cafi on device also 10 includes a paraneter indicating

devi ce phblished &nhmef 99t dnteprating ttei priwen gontoohamd ireastiromenteprpessiure wWgh the
transm ssi on paraneters that can be used by the ipitiat iugaggéo%:uni clat.i on
devi ce. XIP§E sefeptiprsprosedum allpw 3BT CCyFae saiqcipa gt ths Patq pogylaom o\ ey

| evel , a.frequen i 1L,QN, aC j i t he
communi STEROTaRn TR tes et AL miEEeButil h SRR Ble 1% e
r espondipfige sRIFRIOE&ekliRgicho fARY IntifimRin® Reddba fdgesmc? depadeiitarmBinissmeionend
section that receives the transmtted signals, the initiating

comgmuni datingmdete Wiegwniagion meder espondi ng conmuni cati ng devi ce performng an
exchange of information between respective neasurenent receiving sections.
Apot her obj ediccarflingte ap obiehtf the pesentanvansiontra appereiussudisclopedior appar at us

for establishing a comunication ljnk usi.ng a determni.ne unt of,

tr ansmi SSPBRDEIGIARSTRSIOD IRERC PUlepRIARARS AGOHRARGAUOR 0Pk & BIRBEEL e
wi th angalthabi TR LGaLt@ WifeM ipfiatihe Bsiiduication AeVies RAAEh R irst
comuni lcdéft;uiag}rlxggg‘?}lg%e, I rst tranSI% ss}llﬁglr?t par amet ercg that can be uslresd by
t he respamgiisgor parametersahitaan devisekby heregenimgenmmed@itionigveetd 2 on t hat
is associated with the_ initiating conmunication _deyvic receives first

] e
silgnal sTasBERRE SAMIHRICAGSIE (1B TRBARFP dhf it st fransssiothse to the
first transmssi . s Aa2h: | G683 t is
associ a?%&’% ven\}e?ﬁsﬁ a?‘ﬂegglﬁfﬁl?' tglHtt art%{;%‘émg%%}rhorﬁ gg‘? }Sgaﬁéogg%tlédgg]t?%n@%ét@g to the

I espondedigmagithatich daidepreceives Afst sipawe issubdyethepaspanting contnnaticativn deeicesed
by the responding comrunication device. An advantage of the invention is
that a par anplesrdingae al aieantepé cfehd hebntidh, &RSAtiathgtomitiubitatibe devicd 4186 | ng
communi cati on device receives, fromthe respondi ng communi cati on 30 devi ce,
second inchuesh paiametep secaiangdevieshat rcasivese Tomdtie FEpPoRdng FPMpHmIGRgon

communi gat.i on devi ce.. A neasurenent .transm ssiQn S d -1.S:
o oot sttt fanhisD PRPRAL RS Bias e Feg Bt SR Lobullnildtion
| device, and a measurement transmission section that transmits second signals to t1_1e

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



conmuni cation device transmts second signals to the responding

"commuini @ABDeaSAevi ce, and a selecting device, associated with ”TeUCT 2003
respondi ng conmuni cati on device, transmts, to the initiating

comuni cati on device, power |evel paranmeters that can be used by the
initiating conmmunication device. 5 Another advantage of the invention is

the i n%&ealaﬂge BF irforkiibh GRS réBYithR mididireinSnt 1266 ORigakasbnsl th the
initiating comuni cation device. The configuring device sets power |evel

transm ssi on ,C ri st : - initd Aty raeallel i:
device inr es‘l})%ﬁé%?ég) ht% Wépﬁwgﬁsﬁ?‘%ﬁg&ﬁ%@@fg tﬁgpigﬁdé%g%sg?s. A'tegl?lﬁlﬁg
further pagyaisiss %aﬂhxetd?@whﬂa eifidling Scdidtinichon Mk, | Atpafgnaarmsteiviagt i on
device 10 and the respondi ng comuni cation device performa conmunication
| i nk st deviupthat Gossheiaed with en inihatingoweermbrioationdey igdeest vasdTagemissioad.

Anot her object of the present invention relates to.an apparatus for

Gotmbr | BRRES Db FR e 8 DB ihe e 0 Shgnietion APHEY Adbesaregent

ransm 55 0 BOWELesiof AT ARG el GBS BfiariE UofifnuSARAIRVRS tibbian
Initiating 3 nication device, recelves, om a respondi ng 15
communi giahhlgRo BR\e§RndEg cBRinhiAE6A dBYiEE,Sn t3pbnead tierevsieed ynsniission
~initiating communi cati on device. A neasurenent transm ssion section,
associ apsdmeterhr an initiating comunication device, transnmts signals to a
measur ement receiving section of a responding conmunication device, in
response to tAveotdirgteranssvantagsafiheinyestion)theaesponimg apoviieacatiagglsyise atsed
with the respondi ng caq nicagion ice,.transmts,. to the iLni.tiati.ng 20
Cofftrun GIICSR S FTATEALST RGN SSYEE A (A 46 Nt Blne Sedupieion ARuce
imitiat] a [ ' [ [ ' ; 133 @S i ated
wth thte&%ﬁ“%%gﬁc%on%ﬁ%?%%e i ethgmgghétgx i %%Fwnb%%%b?? Sed to
set pOWREndnEi¥sibn biranRters s oclatell a0 atdeast bsd oLs powerdevalnpiroqenicy Baddyetltn; e of
the invention is that the initiating comunjcating device and the 25

r espondivwgtienmnd f srerfgnaeidhe sRIPIBRICAUOTC MM UNI cation |ink startup

procedure after the power |evel parameter is selected, A still_ further
obj ect of thdcconding tearfurbercadyaniage ofthe Byeneen. s CERATARHCURMEBPSHNE of

transm ssi.on .powe o.use while establishi ] i ' '
i ot e eSS e PR ere RS0 BRe sietlondn g SRR Binilutd Bpatling |
r espondifGatiR esthedtiion @Qicdaxd e redftadingsRattingatipriaiveqrifolfingeni ce
acknow edges reception of the power P18066.S01 1 7 OCT 2003 measur enent
si gnal , exohdngeiolf infaymahpy betwgas rrspective massUWIEHICR| IECHMERESESANS cat i on devi ce,
recei ved power neasurenent val ues. The respondi ng comruni cati on device the
i ndi cates t Aawother shjecofdhapmednt kiveniiosisdhe disclosuretof an iapparaiasdfemi cat i on

device to the.initiating .c nicati,on device. The.initiatin
Communi EXATLSHINER FAEEERERGR 11 HE § fIRCRnsL APRUR § raBHRSIORaPrer A
regei veda hiem LR RROLE Rk SoALSSatE iR GnantidRaS BB Rtunt daBBS Bkvisd ON.

} transmits, 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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The respondi ng communi cati on device may additionally transmt a ? % bﬁ)
'the 'inPl8086iS8§ conmmuni cati on devi ce proposing transni ssion chaﬂ ct 003 s
of the power neasurenent signal to be received by the responding

comuni cation device. A communication link startup procedure may al so be
initiated after the transm ssion 10 characteristics has been indicated.
Accor di gghrhshidatiot alevice tahsthiiesdconEsighanto the réspasding nemofunatiomiévied, end, a
paraneter, a result, and an acknow edgnent is transmtted by digital

nes s agesselettiog devoalabspeiatad wish gte raspopdingicemmamication deyice 4 aﬂﬁ@ﬁé’é@é@ may be
transmtted at substantially a sane tinme as the, power asur enent signal
15 AcC antiaaE CMENBICABY QoY SOBFT R RaraReT et B b psrdad e FCinSed 1 or
determ ning. . dependent amounts of transm ssion power to use while
est abl icgﬁr@ugmé{t%go%m%ﬁi cation link. According to the nethod, an initiating

S ot o ‘ | ! . _
charact or i stAdber v s FuRag S HERRETE hulbdRf adtideiutic i cati on
devi ce., JNhe L ERAMH REiGRETYRIRRMda0Bn d8MES CTha CnEiRhfifig GDAcE SROPONET el

dependent transm ssion characteristics of the initiating comunication

devi ce ttmsiniyeionthhiaetetistics to bemmed loyathe dmitiaking cenmTipeation ddvage ingesponse to
comuni cation device then utilizes the frequency dependent transm ssion
char actthe raasmitied pREeR B PARREIHE r espondi ng communi cation device during a
subsequent transm ssion. According to a feature of .the invention, the

respondi ng sl firter péyangragiaf the muentionis that Q‘eﬁ@ﬁﬂ%ﬁlﬁ‘gf“ﬂ‘é‘ﬁgﬁﬂ%‘hfle‘?%ei ved

power neasurenent,.val ues t.o the.initiati ( i ordi ng
t d° anotaﬁgrs[hef@3@%&)@%@%@%1%%&”%@rgecg’pongl %agi%hé%&m%um % £ron gevi ce
ty ansmfas. & %Og;g@l E%ﬁé@pgﬁ;@&cfeﬂe frequency dependent transm ssion

char act erlrstCi Cs ofevt he power neasurenent signal to be received by the
respondi ng &:&{}’H&% bPhePeMehinyiichP8laiet td hhppaentGOenbbidHiga devi ce.
30 A further o ject?é(g:? thg(irl,i?nventivon1 pertains t ng%net hod for determning
an anouwdinmadnicdtioalinkiwszigondgiewened onowy ofirktsmissompdWeh | A gametarensivang i on
i nk. A power neasurenent. P. 18066.s0l.1.7 |glJT 2003. signal is tra,nsm’ tted

fr om arfleVise13s80Gi#ga P ARIRIZRPS FOHERICAUPR, %“?%%&"&F%"B&ﬁﬁ%?ﬁfl i on

deyi ce,. Lo WAL 4ndaicBavs mﬁ@#ﬁﬁﬁﬁ&&m%ﬁf&%b% da@raeiitigghat a

psge/det et n'ye}géapoﬁeéggﬂcg’\?ae%{. e power neasur emsn? Si gnalI IS rgg-transrritted
at i ncreepemnimtdtionidegiter Appessurdneant irangrsissibn sectionf asso@atadwhth, amdinitiating
increnents), which nay be at predetermned tine intervals such as, for 5

exanpl eonmuEieaion dgNicE] transenits SEralide A e HRTRNIISE TR IMBFERH oot eiRandings gnal
representing.that .t . [ 1o =Tal Esy| a g@ﬁ-fé ceived. A
t r ansni PIPOREF? ogvdgl‘"}&?’slgﬁ- r?ng%{ﬁp%r es%%%@?%h?ﬁ%%é %gﬁlrrum c%etvlﬁ%h | i nk

bet weensidatatédtivith @d REpcHAMBRInt@thiostidn devicenarishets, toethp dmitatigz conmuni cat i on
device in response to the signal representing that the power neasurenent
si2gnal onpsnumierjioatdsvige, pavesriee! PAGEGHES Wt 439 s ysed by the HHUARE | nvention, a

comuni cation |ink startup procedure may
) communication device.

=

A configuring device that is associated with the initiating 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



be initiated after the transmt power |evel paranmeter has been set. |t d%
"not ed t HRIB06ME0L transnitted power neasurement signal may be endode@Cas200
di gital nessages on a negotiation and control channel that is exchanged
between the initiating communi cati on device and the receiving

comuni cation device. 15 An additional object of the invention concerns an
appar at yeab@emeBesisal Nehdfaderief Ay trafitie N6 eRtinitiaues cétimuARatianashaki ng of a
comuni cation link. An indicating device that is associated with an

i ni ti at irecgived power orasuoemergwiabes.t Thassparlifg equewoyativanttvice dnsmidsstesn
paraneters (that can be used by the respondi ng conmuni cation device), to a
r esponditRBsSTUSARGhATaGengics gbthedpitialng, eoAMRRIGEHAN ¢5VIRSJARGINBIIBE ct i on t hat

Rt e R e S R oy i i S

si ghal s chita&kigdlics réBRIVR8 frdnh Ble réspRAMRE de@¢e hn¥d 4 SfbsByucht fAKBHSIoMands. A
neasurenent recelvi ng section of the initiati ng conmmuni cation device

recei ves seceldrsbiiihg cohhuttain hiGcPRUPLAdi BRI AR LWl Ggency bands
i ssued by a neasurenent transm ssion section of the respondi ng

communi gétiating cdehedcativint devide@rgmemgdraibmikign aharabtetistisiof ded poedkri N r esponse
to the transmtted first signals. According to a feature of the invention,
the fir seagirgnentsigngl/iohe weripedibbipesesrpading RRpmuBiiaoR AgHSHi 4si on devi ce

that functions Lo ape_the first si .S, .by. I t .one of.a flat filter,
a sl ope§oFMHE 'é’?{,ioréﬁgk%ag'}%mcﬁémf’ ﬂaﬁga?% bﬁn%%{ a%? afﬁgg Gre or e invention is
thgg t hepdrs@asdict hetbdehisdicgk@nal s maybe subjected to 30 paraneterized
tenplates, so as to allow a non-linear gain. Another nmethod is disclosed
for establ i sRicBGafRBYU st (Hihé [RBSIERS 3 1045t BAE 8R! Bhithatidh, $PAGmSRL a1 7 OCT
2003 during a conminication link initialization, by transmtting, by an

i niti at resglt,codrmnickedwledgmelehis tensputiehbydigithlonesagasplAsiditonali¥|atRyastaa fir st
~digital nmessage having paraneters for a _downstream power .neasurenent
sequencE?mPPé?gg’rﬁ latﬂg?esaayscawé)ﬁmrﬁgﬁéé F‘BHg]ill‘) sagefmEas, s, for
exanpl e, .an X TLEC) second digital nessage having paraneters for an 5

upstream power nedasurenent sequence, and al so including substantially the
S said par r i i Ai.qi.t al - of said
elond di gi { AFPCIRELS afbumgrislecral b B lh o HERRANER00A APRLERTnfe ©

devi ce, fraqichty depbngéitaimdiRESadfnbabionpoiweni \8dgatlctdsrblistiagrt ers and a
node sel ected by the respondi ng communi cation device; _transmtting, by the

i niti at tompmuneaen bk i Hecardingde theqmefbod ranjpifistingearamusicatien devieg trapsmatspl oy's

the paraneters; transmtting. .b he.re i nicatj devi ge, the
pover - ORI ERITET Db TR PGy eS PREAS A aRTRERL R 8BRSy e
i ni ti at iAmufiRERdESAtd. OMhedediondingoliidithtidh deviat inBEAE0Re GRMlatchi NY a
result of the power measurenent signal transmtted by the responding
cazenuni deprendent trensmissian ¢haradesstios of Puvisitiatingl cerninynication device Yodhe miiiatingg, by
t \}he ' esggrgglmqi atcl:gn ev?ée(.: al_tl{eolpﬁtgg}/llg ggrhm%xgcla itt)rp déjvligel tthgrll ulihize: s frequency

| dependent transmission characteristics received from the responding communication device

o

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



15 containing a result of the power neasurenent signal transrﬁtiepmﬂ- tzlﬁﬁza
‘i niti‘at iM@os&e®dimuni cati on device and the desired power reduction | . ‘
exchanging a final operating characteristic between the initiating

comuni cati on device and the respondi ng communi cati on device to sel ect
and/ or acknow edge a node by the initiating comunication device and the
respond b@ﬂmqem&i&&a 8 Afitkang astmusicatibh Bevice lof Alebpdidirpamshinieftidohe
initiatifig 20 comruni cati on devi ce and the respondi ng comuni cati on devi ce.
BRI EF DESGH, BT whiNhGhe poleDRAMINESHTSignd] v egoimyedatch medetermob¢dpewssr et ur es
and advantages of the invention will be apparent _fromthe fqll ow ng nore
par t i culThe pelercmeasuresien sigpplds Erraymitiglotigppentally hgher paystdewsds (such pe

acconpanyi ng dy aw.ngs_whi ar e, present.ed . - | Lt , in 25
Wi oh r G aRRBlS. SANPErES) BPERTE t FeRierRuednt Py RS TR 1 Gu
vi ems, aad wheigidk, wiiildhe fespdrddiit dogiBnifatiiniekicdiiaaeaanighaldestabahting that
comuni cation systém using a nodem device according to an enbodi nent of

t he pregirpovienueasuranentisignal ®as ddeqeatelytressivedd ed tinhsit pbwekleveldy themsef fon
data communj cation systemof Fig. 1, Fjig. 3 illustrates a PO\aer Managenent
Ex changestgtibmiapea gomraapicationdink behvaen dhe mitatge commyaiiratioadufend s and
transactions,.according tao the pr t .| On. 2003
Fig. 4 ¥ l?ga?oé'gmgnjgf\’}f':o%%ﬁv ce ﬂgﬁssﬁgns[ertgﬁgegsé | oﬁepagsleﬁéﬁggl\%t ﬁ’e%so %ﬁ ypes
and trapsQedhaNsiAerRedadiguitslytrbivedst ant invention; Fig. 5 illustrates a
Power Measur enent dul ati on Session (PMM5S) of the instant invention using
exjsti ng Nes3aaeaindnd alft AR HhORFeiMoha BorRaREESIMNIAR Staftfip pRiceR@t Bt er s
foirUs 5 the rr%asur]é-%enta signal; Fi ge_ é) |:Ii| ustrates the PMVB Isjessi on usi ng
exi st i nhe imtiedyeer Aheitranseamspotar devel pirameteehpd beshtsely It sopated bt har amet er s

for the neasurenent signals; Fig. 7 iIIusthEF%t es.t.he PMMS sessi on us
exi st i ngnEE et RRVer fRCASHIsERE HERA gy Pearcedrd aseAl MEFETR AT 2eg
st epped BOYES; ' -1 oL et ik of
par amet %‘ic{s&?;gr%l %%masd?%’?%%?&ﬁ&rﬁ\gi ;. I@?gd.lﬁ%%ﬁng?%%@the Pl\/l\/gt%cgssi on
usi ng exk&vingGoimadgainakéicer ansactions in which the neasurenent signal
Is stepped froma | ow power to a high power, using explicitly requested

pajsanet er s f ag sHBRioRBIASHIER BB e iVe@itich Sondeh anSpphiztist fontressiring fFRiflEngessi on
using a nessage MR-P that is derived from_ 15 existing nmessages. and

t r ans acéépendent ppwpndingsnasheking gfsoyommpgication lipk. Apipdiggmg devirsthabisnpl e

Aiaiogi e g y ! e
essagetRned At ghte EoERAREHoL Fofted B dREbhnly ERARE 19 |
PBO, Fi Sararheterd (thdd Shi BE Bseddythetbelpstidagl edthibahicatifaaestdkiongrensoridingn of an

xDSL renpote o . ) i . .
communication device. A measurement transmission section that is associated with an

ng
Ofs

20 initiating communication device transmits (to a measurement transmission section of a
responding communication device) first signals in such a manner that a 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
meaéurement 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



20 termnal unit (HSTU-R) in which the instant invention is incorporat eﬂ'
*Fig.’ 12P&2%dé‘6%d'lat es a state diagram for a handshaking portion a7 L K28 3

central ermnal unit (HSTU-C) in which the instant invention is
i ncorporated; Fig. 13 illustrates a dividing of signals associated with the
PMVS session into a plurality of frequency bands; 25 Fig. 14 illustrates a

flat tenplate that shapes . a transm t, spectrum of a freguenc and... Fig. 15
11 Ust r SR SCmB U B e L St e by R Yo Cari

frequengy . X ' Ghy 17 kel o el t hat
shape. aistm asdhE chlfte, aOPOR) 4 e S B A IRBR AT | 13

DESCRI Ridvirehm fpove B EhBoEqiehes trhnshi@ing, by 20@Spchlimgnantrnmitatios shown
herein are by way of exanple and for purposes of illustrative discussion
of embodtviker(sechals, fonexamplecant X Tk sesanddigjtabmassase hpneg prredgternir B8 cause

of providing what is believed to be,the. npst. useful .and.readily.,understood
dedcr i PHRSRATB POYVREMEFTUT BN SEAERFR) 20 AR B{%n%éﬁ’ég%% teFams sadont
invention- ln this.r o j : &l details
of ¢ ne TP auke o g ARl BBl BPha R OFsaid RIS ELER,

f undamepsrainiting eysthe MeitiBgnddonithenipatRmeltlicew tiitd dipitaltrhessalesthati pt i on t aken

with the drawings making apparent to those skilled in the art. how the
pr esentadknoeltgenthepgramsicsninsis mads selegiediey thegespppdingcommppcatiop sgvisent s

d i bed in the. text of : d
RSsoci SHERTAEGACPF SO PR e ey oo PoepRi i e L
tC-qu gf or £ garahﬁ?cr&‘;%sﬁﬁtﬁhg,% tHetdipshdigd taasthunitalididdviRg despengat i on

4.1). e new nessage type or session is correctively referred to as
wer Maesurenmann tighlldhbtampioysSbe pirameleRy; WiaMBniting byrihe srtiatMgwer Managenent

e i o ARG e B O

nmeasur e n nm%{ t ha S SR edwtbRr
subsequsg%ﬁp%g%ﬁsk%ggyonse pelﬁ& nct1 ona |t1t0§1(§?1‘%%%?%od§gilrgg§/ of using the
PMVE angt&f triishiftipsby grsegiodding Goprmnaation deciae, zfif digtabppssagel t o
handshake procedures other than ITU- T Recomrendatiqon G 994.1, such as, but
nas | i nfoméaining a reswit ofithgrposer MeAsrPmRBLHERA ﬁ@&frpm‘?&%y the yHGRREghi 5. The

details_of a .handshake proce | . .55 £ Bhall gon wi ||
be desTFrBEYH noc%%lc ca%gr?%’l %ééﬁ?%ﬁ{\ﬁéer %@@g@%ﬁ@%ﬁ,\/&é&? | %n,é a dat g
comuni GatdcaisEY bboees GiFhitRESe cenfRRicatibn Aévite endhs respodiag dommumination

system 4, which are interfaced together via a .25 conmunpi cation channel 5,
as shovdevige tisglectand/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;

10



The central office system 2 includes a main distribution frame (MF) tgat
"funct'i opggodgspint erface the central office system?2 to the conmtuhi G&T i 208
channel 5 The main distribution frame (MDF) | operates to connect, for
exanpl e, tel ephone lines (e-g., conmunication channel com ng fromthe
outside, on one side, and internal lines (e.g., internal central office

| ines) 30 ongthe .ot her si . system 4
i ncl udes a ngiai\grl Eusltﬁgegraf@gg hégf\fi:a %%Q%P%%?YF%%%E%%%S&?%D@M erface
the remb@asiyss@tdtding tb AR Q@MU GRbhon channel 5. The network interface
device (NID) 3 interfaces the custoner's equipnent to the conmunications

network | COTES SRk SRANE M Blure et Vb BUIBIPS ALARYPANGS) PR AR

i nventi on may “be app er conmuni cat1 ons I ces parting
from t hgwemidn dsifeiftingsheRseesfand Bendab@RWita pledétehftined bt dfgatditeters fs ent
invention is described with reference to a tel ephone comuni cati on system
enpl oyi thg meagirement pgmal; wires, it is understood that the invention is
applicable to other transm ssion environnments, such as, but not limted

t o, cabl e coRipubilbatiztes tiey/RMMS sdsstog using abistngmesyges arDiraphctials with

communi cation systens, wreless systens, infrared conmmrunication systens,
etc., wipligBltregussisdmarameters o the mepsuremmend §gnals: scope of the invention.
Fig_ 2 illustrates a detailed block diagramof the data comrunication
system of FiKig 1illustrates thedfYR? sassipn Hsing sxishng msssagentusl tganspefiongin which
installation, in L.ch.both t central office. . system2 and the renote
syst om B mkarukBH SR AaRet TRl om™e to S e it Wi AR impRle
cept r al offfatdrk@er ¥or B8 nfeaSRBRESESnakt | OW pass filter 34 and a high pass
fylter. 38, a test negotiation block 46, a high speed data receiving section
68, a high ppegdniabis HPMMS idsibn %ﬁﬁ% eRiBtifOmedAdefarkOitRitb&ons 4n wHRHPUL €7
82 is understcod to be a generic interface to netwrk equl pnment |ocated at
t he cenhe ateanfrbment. sighat is stgpod ifretd Dlovbpoed td 6 highepdwerresiag kxmicitihe

negoti ati on and exam nati on procedures which takes place prior to the 20

i ni ti atieevests DRFAMRIES AP the GIFASPERENIENRISs onmuni cat i on. The | ow pass fil ter
34 and hi gh gass filter 38 function to filter communication. signals

transferred ge? Uiusiaics ha kYR sestor heing @messageMRel2 Siat iedraived dioBh bl ock 46
t est . i Bél reget s A6 bl
)2 Sm ) ﬁ?&%ﬁ%?@&%ﬁ%@%ﬁ% A Aci('(ﬁ‘? (Pﬁé);ti 0 e central office

sysSte e conmuni on channel 5. The
d . the. t ' bl-ock : t i e d
Phitate  hd ol COpREHeORthe taRie APV iR IR e PMIGE it g

sect i ONgrive® f8m eXTRHR RessBsksand tréRsaclitis, 1 Whick BRAEIS € Bhidnligted 6 fueurd8
functions to receive high speed data transmtted fromthe renote system 4,

whi | e tihePBOgh speed data transnmitting section 70 transmits high speed
data to the renote system 4. The high speed sections 68 and 70 may
conpri se, bufignbl illvetritesia stetd diagratdor @handshakingypstion kibgh xDSHDSmote/DSL, CDSL

oS ot ok R 0% e Bl Qa3 Do 1Y OF i 0 speed

Fig. 12 illustrates a state diagram for a handshaking portion of an xDSL 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.

11



"share" the common bl ock 46 during the initial negotiation pr ocgdpr@: ‘Ih'@ﬁs
negot'i atl18A6@&9h 13 P18066.SOL 1 7 OCT 2003 receiving section 52 an I

hi gh speed data receiving section 68 transmt signals to conputer 82. The
negotiation data transmtting section 54 and the high speed data
transmtting section 70 receive signals issued fromthe conputer 82. Test

negotiation bl oG FAICRDMESERIFTIONO FHREOPEARED EMBODIMENYS! i on 52 and
a negotiation data transmitting section 54. The negotiation data receiving

egot ation 't _ at |
ransm 11 ng SEREEneBERe el SR el U Bl RERPRABLL A e 1 e

var i ous disesdsioans efboliiteer@eHf tha presbiti i fenBiv ba ahdvird prebentétbmahé Bade oifn
detail, below Renpte system4 conprises a low pass filter 36, a high pass

filter nmviding whatinbghevedttd ba thenpossiuseful 48l readihi yidesaeidadatiptioreafthe i ng

section _72,. a high speed data tpansmtti.ng sectjon.66, and a conputer 84.
Comput ePTEGPIEY Wfﬂwgﬁ%gﬂﬁc% 8{: ’g‘e FERENGRVENHOR, hh Tegarde RYBHEIRIGS IpAdEN

| ocat ed : g&p&i- ' 1 LI of the
negot i a%f%lrol an Eﬁg@?%;hta?}é?} ?ging%rg%z%ﬁﬁr es 1&2{%&? gE%lﬂ %ﬁé‘ég "%‘?‘%‘%&?ﬁf @ﬁe act ual
hi gh spémdariaital weerstaidiat 6fthe pheentGuvepdss, the Hésefip@én aken Mbhhoagawihd t er
40 operate to filter comuni cation signals 15 transferred over the

comuni Bakinggppaeirie thase siflled e the archy themreseninyetionsgnabe emhodiedayot i at es
conditions, capacities, etc. of the central office system2, the renote
system Bfr,ac%(i?d t he conmuni cati on channel 5. The high speed receiving

section 72 functiqns .ta.receive,high .speed data.transmtted fromthe

Colt ral of fi BEiarrdBhosimeRs pie daserTind h the RoniPxhal AUCY Jrstser PRy Prasediiean 66
Ly ansm iy B sPRERUMR b ddMipGROkEALmGIdGR, BYHoP e sagihat i on
data 20 receclgz\lflkil ng seg??%n o6 San tq-ﬁe hiﬁgﬁqspegg’%gta receldyla’ﬁapsec I%lg‘n 72

t r ansni the sD§hadtatipantthed defingalindT84T REbemnegddtioatG 084 ARt Thé hievd wdstdeieng
section 50 and the high speed data transmtting section 66 receive signals
i ssued ¥P®m t he. conputer 84. The test negotiation bl ock 48 conprises a

negotiati on _data receiving section 56 and a negotiation data transmtting
sect | orPT5gssionhis cREgBvch rederrastioas Pewsr YieagprementiMadudationSessipa PVEMS)

negot i at i.on .dat a ile th ot & afl data transmitting section 50
trelgnsm'a%"goﬁeg%{vf:% |o?1ge(§|%etné.%xgﬁ% eo@%ﬁ?i on of the various sections of the
renote syst 4 W be scribed, ipn .detail bel ow. . Th eqgoti ation data
transmitti nm%%# %ﬁsgfglfﬂgﬁsa%? g’ @éee?ﬁd{fofﬁgﬁr?rﬁ‘%?ﬁﬁé%eﬁﬁﬂ%am
negot i aiovaf féktoprh@nit AR RS Rek b irebroAbAufti Yisils, $R6/or s poer t he
central system 2. 30 The negotiating data transmtting section 54 of the
cent r al trangmusgionpatanagiensifossublsequiptinansmassionsnegot i ati ng data to the

negoti ation data receiving section 56 of the renote system4. 14 Pl 8066- SO
| 1 7 0 CT ZDG3unctionality and methodology of using the PMMS and/or PME messages and

20 procedures can also be applied to handshake procedures other than ITU-T Recommendation
) (G.994.1, such as, but not limited to, for example, ITU-T Recommendations V.8 and V.8bis.

The details of a handshake proceduré 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,

12



The central office system2 includes a plurality of channels 6, ]70, 14, 16
and 18 PH06680¢ used to communicate with a plurality of channelsl T 2803
28, 30 and 32 of the renpte system4. |In this regard, it is noted that in
t he di scl osed enbodi nent, channel 6 conprises a central voice channel that
is used to directly communi cate with a correspondi ng renote voi ce channel
32 in 5 a corpepRfdof$stenPd GRIEREE neBvdrk interfhte de@ic@ﬁ]ﬂl[@)(?} that Ringtidnddoz) ,

whi ch has been filtered by low pass filters 34 and 36. Further, a renote
voi ce dhtznfaed thd3emetepystomdicd thacarhmunizabor claps el The nehworkiisterfote devler t he
control _of the central office system 2. Renote voi.ce changel 33 is

connect@®dD) A infgriages dhe cystomaer s saBmenhiothe COMTERKARS B8V Ke8ri or to the

| ow pass_filter. t hus, provides the sane service as the renote

voi ce c‘i‘?g%d&gé'fﬁ%nﬁ}ee?g', since this 10 channel is connected prior to the
| ow pass filter 36, t r te voice channel 33 caontai.,ns both .the high
spbed data d1 GrimAotsiRpddud SRRt Hining TRY bf SPRAF R AIRH FEPIFIERE My be
ar r angeg, {0, aﬁ}i@mdieg&%g Honf &%QP&R%%P el tieSihb &tion. Frth&awhlle the

communi catron nay take place using other, | ow band communi cafion nethods,
such gmesehtdnventinyis desctibtiNyith e¢fernoe woa tdephbancehmubicativeh SRtemltreployily pass

filters 38 and 40 are 15 selected to ensure a fre uen((e:)t}/l spectrum above 4
kHz. | ttwistedrpadiowires ais ypderstegd thahthedpvension is epplicrlde i efher FSBWSIAN  sone (or

all) of the filter 4 6., 38 nd . _Bi , 18, (in
he’ certPyRmmh S putes e ;b selihuRboRAREss &g odfe ey

I @810t € ophisdl @BhurbGHilh is§&erdls, Hitditss Riystemk! BBaFedicBaimandition gstéfs, GITUNI cat e
between the central conputer 82 and the renote conputer 84, respectively.

It is wwitentdepadiOfromabe il andigrishope oftbe svgpeonf the present invention
that bit streanms 10, 14, 16, and 1.8 could be inplenented as discrete

si gnal s (as Fgdnilipstraes hdeteileddblock diagram of the atzepmpruniabbr system ofifig.ilpl exed
into a_single stream w thout changing the scope and/.or function of the
i nst antl NS CEERPRIEHIONRYPleEL i p5pents B PYPICa) fetaiation, in ,chl%ot{a %ﬁﬁh?,flﬁﬁs

t _ i etiod, I PP G CEBURE
R i e e A T i e =

s 252, 7pap sl el T el Unrversal 25 -
B LYy s R T e e A S A

i Nt he hihausH G 38, @ledtubgiteon bloekats, h high spaekdatorecedilgesectidn 68|l highexed
into a single stream as described above. Negotiation data (e.g., control

i nf or nEPseSRiptacENSBRIBESrFpnt 19, anrba eomanter 8% bpmpisr 82 9ibeld ne
(e.-=1 freguen C teristi i C i St 0,
absencB O Pt o RO GhlpHt Rocslld ity QARG “Tie Bee SRR NS
and appkifemis ANoSAE YikEAtiakiofl bhd eXRfthation proesdieghich haleypRBe pHer toqBet i ati on
data receiving section 52 and negotiation data 15 P18066. SO transmtting
szt i omigaticgf oftaneactuahhighl speddi datecapmunipation.and t he negoti ati on data
receiving section 56 and negotiation data transmtting section 50 of the
renmot e syst diedow Phss @leg Sdtand highepass fidter 3% funkbomte filieucempumidationcignalse dat a

i cat] t f Fiqg. 2.ist ti Lit tained in the test
egot | HERUFTIE] SR e Ao Rl oI TROOR R PSR 1| ons.,
capabi biddiffes cBhitioRf, chpifRNtE Af (RE Eérfifal SHRAPMEm 2 AR RO §sBYS ISR

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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and the comuni cation channel 5. In practice, the configuration of the
central RBRPPEEOEystem 2 and the renpte system4 is subject tof fi geT 2003
vari ati ons. For exanple, the configuration of the external voice channel 33
i's not under the control of the same entities that control the central
of fice system 2. Likew se, 10 the capabilities and configuration of the
COMUNI ¢&Heivaily SRADASGE aRd it dh §2es Ak e€deivife Yicten 68 &fah&hit @ignalsfio thifiputer

di scl osed enbodi ment, test negotiation blocks 46 and 48 are enbedded

wi t hi n 82ddhs ndgotition 44ta traosmuiting sachien S and theragh speed flatadgmnsmidgng sestipon

bl ocks 46 and 48 npay, alternati veI%/, 2e i npl enented separate and di stinct
fr om t hd0 Agraips Emlsinsped fromsthe computel 825 it t ed and recei ved between the
test negotiation blocks 46 and 48 are used for testing the 15 environnent
itsel f as welllestnsgedrtinirhleck 4heprinses & segatiation datp deqeigpg s¢sdipRSé 3nd Re

central office .system?2.and t.he.Lenapte sysitem The .pur pose -9f _each

i Ghal BREHHIRAN ERY USSHTIRE Keetidh 57 of Hotca R O By MR BT N 2SR e8¢ he
devi ces nuskiibR 450 eRhile ISepbEidh YataATRIERg 8LctiDR B thinSmMt@ heisitialion dhiBe
various Trequencies wll be discussed in .de%al I, below. 20 I'n the

conmuni Tak operatiyrs bLtive Shnws dentidris@f th, cehtrelpfoe yysthinv 2 svitlrberdebdribiel gxi detpill FDV)
is utilized for various comruni cation paths to exchange infornmation between
the cenbelaW.of fice system 2 and the renpte system 4. However, it is

understood that other techniques (such as, but not limted to, for .
exanpl e, CDVRemipBiysteopf sampoprsctlpwhasselilter)36pahighaags BHerdd, Bdest negpiishipr i ng

fromthe spipit..and/ or ope .of the.present .invention. 25 The ran frgm
v BquenBlych 4By Highiopeed BiuieReng seiion 2 F PIaRRFrq SE Fap iR s oY R, dndary,
voi ce baRgmpmafBd. 0Cokipte? 8¢ uldeFSBLa 16 Bk Qen s ﬂ%ck!@h&@loﬂye@ﬁﬁrxﬁéﬂ}t to
use the frgquency spéctrum above 4 kHz for data conmunication. Typically,

t he fi r kicated atjthememotevdystem. t Teansagot sticarblpdodd pérforats| allwfthonegotistion and :
approxi mately_25 kHz, However, any .frequenc / be used. In this regard,
[t s nexaRniteR propses haltakeplace arias g Bivcy sl bigh seead dalapemmanicaton. o
initiate T 1 E 1 T1.413 ADSL npdens. aresult, [f possible, that
frequency shBeiQw pessdiltsy d6gnd lghpas A0 APETR St Bler CPRECAtioR sE@elsat i on

MeN00S ok Ferk hBRRD 2 cbrrdrndi b Aahel BE THE ML LARLGR pREL NS 18¥iSarfil | ned 11

pai'rs, one pa or an upstream comuni cation ¥romthe renote system4 to
t he cenhémlkiateh tbaditicns capacitiespne ofiint deatralneffibe §ystenn 2, thewaabteagstem 4, and
communi cation fromthe central office system?2 to the renote system 4. The

negot i athesamupicatiomobranel §r dbe highspred BaeIBInL SR Fofungtiprsio dggeye high
t 1Lt t] f h i ]
N B L o e T T

negot i agdc@bn @G\fﬁﬁ%ﬁﬁmghi stedada& fortBe&dittal 6fick ¥yitha 2 eD negbti Sttt
(0}

transmtting section 5 the central office system 2, and received by the
nejot i areceimnugseation 5 and/thedigempepdats ecetivinghiechend? &ansisit signals tolhge t he

100 g B B8t 4 R e SR kb g o 011 ce

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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10 transmtting sections 66 and 70, and hi gh speed data receivin secti(ﬁ
72 and 6818065-§8Rf0rma dupl ex comuni cati on Messages are sent Wg} Hohe Ej
nore carriers, using, for exanple, a Differential (Binary) Phase Shift
Keyi ng (DPSK) nodul ation. The transmt point is rotated | SO degrees from
the previous point if the transmt bit is a 1, and the transmt point is
rotated 0 dediresnirdl@ffiéd e stekb2 prichules uplypalitytof chartnels & 16,4716 ahd 8 itisat ared.
Each nessage is preceded by a point at an arbitrary carrier phase. The

f r equenaisesstogfommenieate witbraspluzatity efehaprale 2t 2628, 38rand 33 raf ithryremede sistem 41 i on
f ' d Wil b i b . t_length taken,
ot b befibres faerdh g ane i e dilrsed RSt SAME f EPPRE e R ke
d ! dur € . ] ! . _
et or SraptRAPisIREt dicolty Bainnh i Bitn 2 BorandRE UBb TR IR B8

ands dowashbheafonaltasce Rindi(elg., OHSol ppraxyaben Akl shichhas beasfilitred by low
reasonably robust against inter-nodul ation. products, have sufficient
spaci ngpasstftlters3drand36.t Bither saremads veige ehaaneliBrie prajadadgnihaepmik systenmd 4. 0

kHz b f ' i n Tabl - Tabl e .25 Si I
Upst  oa bR PO DL of Ptk ey Sl Lol APy rats ggeliaak coe. ()
A439 17, %Qteﬁq?Tgﬂmﬁéi?\giZh i coRfRuiiBatidf el 8 Houtlftiobfo AtdowBadk AfrIs6 67
76 After the renbte system 4 anal yzes the equi pnent capabilities, the

appl i cathdthud gmiovidss theamite sthreicha tinetenidtervdiet clonsel 32. fiomévedamesition | s made

wth respect to the comruni cation 17 _P 18066.SO 1 nethqQd t se. 17 .CCT
2008 Af fhanelis copngciesd Prse ¢ the leyragsiibenifs ﬂ}eéeapkﬁevcmerémfmfﬂé cqulRInsikoh t he

transm fhse'kﬁgh%; eg tas?éﬁ?%&d”‘%jv&@e stream data i s stopped. Wen the
m etec e

renote Sys 0SS of energy (carrier) fromthe central

office system.2 r stem .4 t I Lt ation
upstream dat it}sgf) {%&%ﬁgﬁéﬁﬁé@&}f ) ar{aﬁégd;tz)ghggl ?gltﬁgééé%oﬂ%%ﬂ%ﬁ ac?‘ F%g%? Yod
begi NS gb thaa kbinbdudlidaBiah ki tREONBEHISRS otHAC Iow Brid cbimrfAtnidatiindhethB@&E Such
comuni cati on session, one of the central office or _
as, for example, ISDN, between voice channels 6 and 32. The high pass filters 38 and 40 are
15 selected to ensure a frequency spectrum above 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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renot e ransmts signals that are received by the opposite stemn
t hat re?p/)@:qggggé/ transmtting predeterm ned signals, such as, igrggiame,
signals required in a handshake 10 session. These signals conpromn se one of
a half duplex or full duplex start-up procedure. An exanple of such a
start-up procedure is _described in Applicant's Application No. 09/473, 683,
filed offapeadhBbyechan 54 obthe cepsal giffieq ystgme2, @nd i ragotiatiaxgatereskiying

[ ted f ' in.inits irety. Th - d
ot abl | SRUET SRR E RS fal EOHTE SR S0k RamoRew Si8khby = handshake
session. Qh exanpl.es of hand hacbs sessj ong include, but 15 are not
linited to, | eﬁﬂﬁ%@f%&&? B’Gﬁé’-" vage pertigpiod th eoroYnICATLFYFiS Of

¢ _ _ After. 9 . L nitiated q
bet or ¢ Pib 248 s fhckhatif) oilaidcaty MR SRR B ant B ph 5ol i

datsa bequgsniatd he coditiénsabebabiiRiey, ek, Bf teaehtril GHNEQS st 2, RORGhSE SyQEmAe ﬁ or

nmore) nessages that contain data and/or requests, ‘and then concludes Wit
20 an aekdthelcotgmanatiorshargel Sor, alternatively, a negative-acknow edgment
nmessa The nmessages include, but are not limted to, node sel ect,

capabi | i ti es epabidoegthe configurasos of the dedted] pffi @gpyesins? &et the ovmoteRitagenRNt
procedures and the results of .those processes. The unit responding to a

mes s ageSyent savede varahonse Sioh sEunplsi e carfigatinneldhe seigmal ygcpehanagkd3 isa

rejecti i ve-ack n S el eshre.to.initiate
ol et LR e g e A R U RRSAREL o Bl BefTT Bl

I e9PONSthe capabilities Y co 1o Bhe bhauhicaNem EhdnRBl 3 hrela®oBubRbetolWide
handshake session. An acknow edgnment to a node sel ection nessage wl|l

gause t yanatgnddhtikalisctosed ombodintent,itest negrdtatidn blogls #hand 49 aremmitsstiedn node
selected.in the node se i on nessage..to.be initiated, i 0 30 -
ecnmi sk maSe AR Fratave B8 AIE iR of fhst petfifion Blnik 44 el s

i nvent i pay thehkiva, bdBs r 2051%1 [ T
' Recom*re%d)e;’t:?ton G 994. 1, n%?ggegg%ﬁ @aHﬁodv\g\%&TﬁrokEf}g Iﬁcr’l%géss{ 00 h4t4ha$gllliy

al t er natransenitiéd anveresdivesichaiwesn thanesbregntiptioy blbcls 461and 48l apparsed fig téstigthde
spirit and/or eﬁﬁi?%ﬁ’ of the invention. The information content of the

5
nmes s ageT Ve A5 ey aspommpyneating dhg resultspidhe testshstvecadne il effipsnner
SO as t%s%h?f%@ﬂie@%;%f&%?&t@ﬁ“.i ty anong equi pment and conpatibility with
n

future equi pnent and services. The prior art (e_g_, V.8, V.8bis) provides
general exa . r : Hﬂpg i ta. ndshaki ng
for xDSL m)derré; a 3558%3‘3} %lgn;ltp%{empﬁg 'sim‘gglglg%% 0 %hegvoiﬁgg%g%s y"’%‘ee%‘?g%%‘é as
var i abl efthadelicaslsédloecreats deltigroils. EanipéssfEpedific RXRepiR shoVarmeodi ng
mechani sm are given below in Tahles 2 through 4. Specific nanes an

encodi ngausrcipnvihig dseussedingistrih §eleW- on t he particul ar hi gh speed

conmmuni cati on system being used. o
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

: 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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Table 2 ] ates the format for encoding a small integer varigbl gatl
Tabl e 2P-1%¢lﬁﬁ% OF Segnents Cctet Segnents NPar(3)s8 76 5 4 3 2151? oet 2003

Unspecified by termnalx xO0 O O O O O Nunber of segnments (bits 6-1)x XX X X
X X X Reservedx x1 1 1 1 1 1 20 Table 3 illustrates the format for encoding
a variable with a range larger than the nunber of bits: Table 3 - Duration
Cctet 25 30 Tbe Datmunigaidor\pathy 8 slefBneden pais, dng pathdor an kpyire@i ts 6-1 x. 5 ns)
X X X X X X X, X Reserved x x1 1 1 é | .1 Tabalde iIIustE??télgs t he fO‘;E{Bt for
encodi nEPTRTEAIcAHI EPm\ing FemAe sYsigd &p theicghizal offige gysiern 2,pnd anpther paih (e a

mul ti pl yj t - i r 1 L&y de is
used "t S0P Bingh fliediohTrchn Y RHAD officeleh| PRAEYerBre3IRERT BRTC 1 %64
1-bit/ Sﬁé‘éo-tiaff@bl;ﬁ&n‘@a:n bith abd ra @ ninide € hegotiafleh dhtadransiittind3ecGofi S0 @f Bt a
rate NPar(3)s8 76543 2 1 Unspecified by term nalx x0000 0 O Data rate (bits
5-5 x 3emdie systomx 4xadxrceived atha negatiatipn dats répelving Sabtikh 52 [of the cepalidifice s) x
XIxxx x x Data_rate 1544 kbit/sx x1111 1 O Re?sfgrv dx x1111 1 1 19

P18066. Ssem 2.7 Thpgegsgigho ?%%aﬁé?xférﬁ%%}?ﬂ}ﬂé DY temegetigtionglata oy e

descr i Dagh Rl sc@la Hhl bl bericB3aRGh 3! St RESSAUES 1R Ml BRARAIEL

contents. scription provi WIS set W th respect

t 0 XDSlregeinifidte6riin S8 oflihOtPedIt Systdrh 4] Oridd dRMRiconstidnnald Hiflespee seiiing has
invention is equally applicable to comruni cation systens such as, but not

| i mi t edbaen conphited, theckeniral dffigasystan 2 and Brarempteatystem 4 yaa kigh spgsdidata ¢ o- poi nt
ired i r.el i cali WSt tc.. .First. E i ent A first
orod: BTG SEPRnEh A 701/ RErD 1 kfesivips ISkl 7F A R eriobat

st art Upguplex communication.

!

Messages are sent with one or more carriers, using, for example, a Differential (Binary)
Phase Shift Keying (DPSK) modulation. The transmit point is rotated 180 degrees from the
previous point if the transmit bit is 2 1, and the transmit point 1s rotated 0 degrees from the
i5 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

17



mechani sm (such as, but not limted to, for exanple, ITU T Reco [
© G 994. P18G6etSd above) The new transaction is referred to as %vﬁﬁ 20b3
Managenment Exchange"” (PME). It is 10 noted that the functionality and

nmet hodol ogy of the PME is the same for other handshake procedures, such
as, but not limted to, for exanple, ITU T Reconmendations V.8 and V. 8bis.
Tabl e Smiethbdsd 1t es t he new transaction presented in conjunction with a
full dupl ex nodul ati on negoti ati on comruni cati on channel, and assunes that

the first neggao@e bentdl WaYE sySemiz M rédedyddefdnfRal dleélsabhﬁ teansmidMenfofithe
Dupl ex Transaction TransmtterNEssage Descri pti on Nanme HSTU- RPRThe nessage:

is a respgetittidnodovinsaredds DakaGs stoppaih dVhéretheowmotersysisnr £detadts tiedoss of chélldy)
and includes the paraneters of the desired signal (PM) to be transmtted.

HSTU— CH{cTmier) m&gg@nﬁﬁmf@e@aﬁe@ Réhﬁm%tslﬁt%md‘f stopsdraneptiing M act ual | y

e parieaba el epn ok L T te Mot Bedcifucdhetyrh BIRARD, huid Besti ™
Sl mul t apeeughivaatibRABrddedides transmits the power measurenent signal (PM) for
the HSTU-R to receive. If the ATU C does not wish to receive power

measur ement e gq&ﬁin?&ftﬁ 50@%onN6ACOS the Rl Q881 Tabl e
5, conti nued%g‘?ﬁ@all%% ngé %8 'S rrlegsagém ‘ﬂnow{ Eédges the reception
of the AW sysRABUASEItE sighals dat edelvedeivhdriynte Bﬁaposﬂh rsgstemi that rpspoads bevel
parameters to be used the HSTU-C  includes the parameters of the PMWR

si gnal teanswETing pradgteamined stgnplsnsush s 1pr exammie sigaifgEguiFRd iR ahredshake request

Of t he s'é'sss]_on C}hese signals compromise one of 2 half duplex or full duplex start-up procedure. An

) 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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Si mul t aneousl the HSTU-R transmts the power nmanagenent si sal ,Eb{Rgng 2%3
" was Teqliésd Qiy the HSTU-C. HSTU- CP3This message- a acknow edge

reception of the power neasurenment signal (PVMR) during P2; and transmts
power |evel paraneters to be used in the HSTU- R HSTU RACK(I ) The nmessage
acknow edges the rece tion of P3 The nature of the power neasurenent

si gnal s PMR BitHle B¥custich Uukdinvbation thyliate, matages nbethiedranadthittirbeet forth
si mul taneous transm ssion of the dip)gl tal negotiation and control channels.
Par anet arlFU-F Recommenilieon R4 dnesg abayel b@@eﬁerndmﬁ anqiﬁrstégd that altemplivger

L1 ans acERBASIENER AT eE FERCNE FEOH AP BTaP e ot eR SSoBE 0TI i on

comuni gati.on channel. In the fol | ow ng d| scl osure, i s assuned that the
first message is always sent by the HSTU-R The test S|gnals PMc and PMVR

do .not need n neur

DuB | ex Tr anst%t ’ingcﬁmfg %’ éﬁsﬁg f![’t%?lk}gysa hlt%gg ?ﬁ%}%ﬁd ok %m%l%gnltlﬁcggﬁﬁ
nmessage, LBk & lﬂ%‘éﬂsb&ﬁ ?Q,Qém ae R gnal s
(PM), %xrg%dsalﬁrcnlr ude?giaﬁfé %lmt ers of 1t he deS| re] Si gﬁgl it £) to vlgi?eLlil

t r ansni futwee eqitighechiCRREevitriss Thepniprart (ps¥&y. Smx)lpldmslcs gmwal a&samples of

parameters of the P nal be tra ted cannot conply
with tHeeans|te & @@&@@g'tfowa% Sﬁ%ﬁiﬂﬂﬁﬁ‘a 8 dor ﬁgfﬂ@% qu
conmmuni HRTU-C

tr anom S& AR BFhePdita 5 AEhas IR Pl R res ool . 20
P148066. Stdinplédd fenbodifi@ techatfishn kre/gitrHeld @3 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

19



HSTU- RPRHAThi s nessage is transmtted via the control comunication

" chanhel P18%&&UW edges the reception of the power measurenent sitdalQCIPRE)3
during PRH, and transmts power |evel paraneters to be used in the HSTU C.
HSTU- CPCRThe nessage: 1is a request for the HSTU-R to send the power
measurenent signals (PMO, and includes the paraneters of the desired

si gnal ( PMR) Vaflolepdwer isdainiregent trinFastioRCifEhiescribad bplamt, alomgseigethieirc| udes:

t he actual paraneters of the PVMR signal to be transmtted (in case it
cannot awaphtpd wessrgehand messageeerients. ofVhilp thesvurintonasayided belowds setdorthe

trol I cat ] h I dt I nat th dul.ation. . .Then, th
HSTU. R THBASRIT0 KRBT, SoREP e R ool e opRia e Rifientiorerion s
receive ﬂﬁ}g@gﬁ%ﬁ%\}g S386n %4@&59%%9,%% n&ﬂﬁnﬁ@&ﬁp&manﬁa}‘deﬁﬁe pover

measur e?ﬁant uring - and transmts power |evel paraneters
t 0 she ugsdliiertohiiuiahion Byitems, frentHE PO TR iredST b FASK conhumiaatinn ageems, etc.
acknowl edge the reception of PCHA It is noted that the instant invention
al so peFimtEnbwimémct urers to utilize their own proprietary signals that
are transmtted i nstead of using standard signals PMR and PMc. The 10 use
of the proprAdirsiremisidgmert is descritied it thel contextws s agwdrapRRtigndo RCRDSLStatupd

Enbodi nent. The instant invention wll no cribed with ct tg an
RDSL. SUmPE B SRy BP9t Serilade: Tonexee ATk Recompnitia S S RTapeted: Fon
Nos. 09 5 [ . U%;@p?hrk(g&ﬁ&ﬁ ezﬁo@ﬁ RVE)
conpri séebs%:béi\o%?g/g%g“g‘?% Q&rrgﬁ%gem%‘% 1%'iq)gi ta negot | ??g%@;n co 'tgtch/E
ch@annel sotedihdt he utonsilityans wictikiologyi of tiad BMERa ttenmtrerfor bthat hardiskakei be
power measurenent signals are negotiated and indicated as nessages in_ the

‘negot i aproesdusssdsushes it nehbmHed 1, dor expwplvE UAf Resommendsbnas Vifesid Y Shisnt
signals are _received and anal yzed, .preferred transmt | evel re indicated
i ngrressages T’(‘ﬁ? Pléu‘lfﬁ'ﬁ@é thecneyy éé‘.’sa Wfﬁ@é‘%ﬁ%}&?‘?“bﬁ? Wﬁ?tai@ll 39519? ansmts
the po%ﬁdﬂ%%%of&%ﬁic%o& H8nh QeI as@fmes that the first message is always

sent by the HSTU-R. _

15 Table 5 - PME Full Duplex Transaction

Transmitter | Message | Description
Name
HSTU-R PR The message:

» 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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25 P43 and V138

Carrier sets are described in Tables 7 through 10, bel ow. ' The
HSTU- C nmak e sTlponwtured sz peve ntsisinesedt signdlhBMgiagd M. am siéh thatthBiRo nbhe
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. of the carrie
B48 43, 230
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7 OCT

of P2. P2 is conposed fromcarriers in_at

BOFsGeiEs MfPRUTAISRRIGT D ORBPE LR WHBMeK dplpmotilater i er s
%%m%oﬁﬁﬁﬁz%tﬁm C-BQIQAB?. to ﬂlemwﬁg%cfbsﬁljegﬁ lé( ﬂzsm%ﬁ liljxa‘? l:Lhe:l ﬁrds'( ces 1

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 (PM¢), and
» includes the parameters of the desired signal (PM.) to
be transmutted.

HSTU-C PR 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.

21
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Carrier set HSTU- R Upstream HSTU- C Downstream desi gnati oncarrier

' set scar P1806688k Frequency indi ces Frequency indices (N)x4.31258Fg (0T »2003
4-3125 kHz A439 17 2540 56 64 B4337 45 5372 88 96 C437 912 14 64 P43-115
138 165 198 238 255 10 Table 8 - ADSL Band 4 kHz Carrier Indices 15 Carrier
set HSTU- R UpstreanHSTU- C Downst r eam desi gnati oncarrier setscarrier sets
Frequency i ndi cesFrequency i ndi cepatidg xbitigudy) x4kHz A435 P410, 12, 14, 17,
20, 24, 29, 34,10, 12, 14, 17, 20, 24, 29, 34, 41, 50, 59, 71, 86, 103,

123,41, PASTOR /1| PRHA 103 ThidessddSis trhgmitiéd Fia thoedd®o]l 177, 213, 1255
Table 9 } VDSL Band 128 kHz CRthInlatibReh&afe): 20 Carrier set HSTU—R Ppstream

HSTU- C Downst ream desi gnatifgnearr scarrl er s _Frequen
i ndi ceshrequency i ndi cgs (N) ?‘g&gﬂigg ceph %tstgéE?—E'e Eﬂ%‘efﬁ 14, 17,
20, 24, |29, 10, 12, |14, 17, 0 59, 71, 86, 103,34, 41,
50, 59, {71, 86, 103, 123, | 48trarmnms PRWEr lezsla@z@netgmso bgpgedintle 25% 24 P
18066. SQ1 Tabl e 10}-VDSL Bamism kHz Carrier Indices Carrier set
HSTU-C PCR | The message:

* 1s a request for the HSTU-R to send the power
measurement signals (PMg), and

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

HSTU-R PCH This two part message includes:

« the actnal parameters of the PMp, signal o be
transmitted (in case it canmot comply with the full

) request of the HSTU-C) communicated via the control
communication channel and terminates the modulation.

o Then, the HSTU-R transmits the power measurement
signal {(PMjy) for the HSTU-C to receive.

5 HSTU-C | PCHA This message:

| » acknowledges the reception of the power measurement
signal (PMy) duning PCH; and

« transmits power level parameters to be used in the
HSTU-R for the HSTU-CR.

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

Second Embodiment

The instant invention will now be described with respect to an XDSL startup
mechanism disclosed in, for example, Applicant's Application Nos. 09/217,556 and
09/281,813.

15 The Power Management Exchange.(PME) comprises 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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HSTU- R Upstream HSTU- C Downst ream desi gnati oncarrier setscarrier ?et S
" Frequendy80edPeesFrequency indices (N) x 138.0 kHz(N) x 138.0 kiz 2882003
10, 12, 14, 17, 20, 24, 29,8, 10, 12, 14, 17, 20, 24, 29, 34,41, 50, 59,
71, 86, 103, 34,41, 50, 59, 71, 86, 103, 123, 148, 177, 213123, 148, 177,
213 1 7 OCT 2003 For the band which occupies the spectrumup to

appr oxi padsgllylevell THEPME Yidhsatiby maye@bpedttdlad i berhéifalADBIch&3oder Ie¥elzar ri er
I ndexi ngagnet hod is used. For the bgnd flgom appr oxi natﬁgl%'hl .1 MHz through

appr oxi thetsednals3@eriviiat ddeypitelyirbgeivedf droopdtttmiatien ahd nividBiun Qedsasady) frarsmit
i ndexi ng nethod is also used, but the carriers have a spacing of 128.0 kHz
or 138. POWHS calgpated/byssubiEacting ihe medsutsddes iy paver ot thesignaly, BOomthy transmet

carri erg&\g fflhﬁ'@aé‘?%‘@?}gg‘ﬁgg%/agteigﬁh?@ﬁ approximately 27 tinmes bandw dth

I ncreas 'S no eight indices of the VDSL band

carriers ar eAQQABtcH%ﬁ&@ﬁ&?gﬁﬁ&%ﬁ?&aﬁl\ﬂ%&ﬂ?%oﬁ% &%h%gbﬁ@‘i"tl\{ﬁ%@féc% ¢ cany © Ovilz_g

set of carriers shown | ove, systens prerer

15 spacklsgbe Apistie¥ 1 BtheChandbhak@prb@iiares BN asibat heflimitddio ERpYe, is for
systens_that prefer 4.3125 kHz spacing- The spacing of the carriers is

sel ect eBegasupendgppnsoX iSramdel.$bis. 2 times the previous carrier. This allows a
non-1linear_set of carriers that scales equivalent with frequency. Power

| evel s 1 dglation hj t s, as shown in Table 11, bel ow. The power

| evel for e rrier. in the ADSL. 4. 3125. kHz band is coded in Tabl.e 12,
bel ow. The pgﬁvfﬁ\é@évplwmzeh% Sqodiment COREsPRpds tothg tepgachionisted

caded i : | evel for each carrier in the VDSL
S, AT ke B Mg e,

band is inition of the VDSL band power

easur ement ¢ d;sarﬁh&e}ssax@éﬁc%a_éa _ihedigﬂﬁl Aéskade¥ BE $he AgoMBibn Rannipdul ati on
schenes, including, but not limted to, single--carrier nodul ation

schenesshagnes that ere-exelianged betwrden tiei HSTY dhanbHSTUECi $Miobadwidhts intliveted

Cart L en SR gS AT 22 WAL by be et Lo, depars g LRI .

B T

casr i erthe transmit power level of individual carriers to zero. The 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 powér 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 &, below. PM; allows measurement of the power of the upstream 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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101- 20 dBm carrier) 110-10 dBm (per carrier) IlINomnal 1 7 50%33
Table 1218 0&%@1} IBand 4.3125 kHz Carrier Transnit Power {NPar(2)1}7CfoSaT

15 20 25 Power 8765432 3 Cctet #1#009[ #012xxxxxxXx X COctet #2#014i
#017xxxxxxx x Cctet #3#025403) 7- xxxxxxx x Cctet #4#040[ #045xxxxxxx x Cctet
#5#053#056xxxxxxx X COctet #6#0641 #072xxxX..xxX X Octet #7#088] #09BXXXXXXX
X Cct et af@AL1 HMFH 13@mmpossdfrom Rdcanelt V R GD¢rs 41 D8X xxk W1 I8 xarfetset #10#238[
#255xxxxxl1 1 Table 13 - ADSL Band 4.0 kHz Carrier Transmt Power {NPar(2)}
Codi ng 30 35 40 Power 876bk3D- ADSE Band#I 3OO {H#0amex Jodices x Oct et #2#008][

#OLOXXXXXXX X Octet #3#012[ #014AxxxxxxXx X Qctet #4#017[ #020xxxxxxx X Cct et
#5#0241 #029xxx CaxxienseOgt et HEGAOR 4 Puriearx x x x[x LI -€1 DosynisdE@fn #059IXXXXXXX X
Cct et #8#071f (386xxx.xxxx X Cctet. #9#103#123XXXXXXX X Oct et #10#1481
H1TTxxXXXXX X Poraemail o154 #5‘1‘4’5'&55%11 | 26 P1 “Mable 14 - VDSL
Barld Carrier Tfansmit Pdwer ?Tﬁﬂﬁ?‘t‘?)“} 83 ng requency indices
(N) x4.3125 kHz (IN) x 4.3125 kHz
A43 9 17 25 40 56 64
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 Carrier Indices
Carrier set HSTU-R Upstream HSTU-C Downstream
designation carrier sets carrier sets
Frequency indices Frequency indices
(N) x 4 kHz M) x 4 XHz
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, | 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




‘10 Power 8765432 1 COctet #1#0081 #01Oxxxxxxx X Cctet #2#0121
Oct et #BHOEARHOXxxxxxX X Oct et #4#024#029xxxxxxX X Octet #5#034

X COctet #6HO050#059xxxXXxXX X COctet #T7HO71#086XxxXXXXXX X Cct et
#HB8HL03HI23XXXXXXX X COctet HIHLABHITTXXXXXXX X COctet #10#213~ #255xxxxx11l 1
The contents of the Messages are shown in Tables 15 through 18, bel ow

Table 15 -
field P1 and PM si gnal

PR Message Chatient - YDS2BMSISEde#Gqracf Indicds -

duration (in ns) Pl

PR Revi

#014

4o

1662l

si on nunber

and PMc ADSL band power

transm ssi on rlequasdr sel$
transm ssi on rlequest (usgi
Message type fléqstgnat"iﬂ![

| NQHT AU Updtredm 13)
ing Table 14) Table
Revi si {r or fie

PMVHSYDSL Doavnskr gomve r
16 - P 1 Message Co
d P2 SRArighgets gnal

(in P1 and PMg ADSL band
13) 30 P1 and {PMc VDSL by

P2 and PMR ADSL band poyer t

and PVMR VDSL RQand power

povieqeengyigdicesi on
and m ss
rEa}QS%gs'ds%?\ req

transm ssi on reques
ge type field - P2

Revi si on _numher

rlnt ent

dur ati on

|nd|F€a‘i‘¥eaﬁY’(ﬂﬂ§ieﬁg Table 12 or

on i

est e 12

SI ng TE%%

usi ng Tabl e 14)

or 14) P2

(using Table 14) 3% Table 17 -

field

P2 Message Cor
ADSL band powgrVidBansni
PMR VDSL band [power tra

transm ssi on pgower | evel

8,08, 12n¥4,d3t200%4, ?%s

S |
A IR
123, 148,177, 213

P2 and PMR

rﬁglfkalﬁl .12, 28 24,39, 40 P2 and
| (42143050] 881, dsPhof! $TU-©

123,148,177, 213

For the band which occupies the spectrum up to approximately 1.1 MHz (typically

referred to as the ADSL band), a carrier indexing method is used. For the band from

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
carrier in the VDSL band

is coded in Table 14.

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

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

25

widths may be used without departing from the spirit and/or scope of this invention.



~Table 18 - P3 Message Content Message type field - P3 Revisio%u %ﬂﬁfr Béeld
HSTU- R tH18A&mP@ki on power |evel paraneters 1?0CT2003 B. Hal f -G 20
Modul ati on The invention will now be described in conjunction with a half
dupl ex nmodul ati on negotiation comuni cation channel. It is noted that test
signals PMca and PM, do not need 10 to be sent concurrently with
nmessages. The PME half duplrgmetma%a@fl,@m@cédlﬁggqisl n Table 19, bel ow, and
illustrated in Fig_ 4. The first nmessade is assuned to always be sent by
the HSTU-R. The follow ng d €bdsS|)Demaqﬂmnes t hat the band descriptions
provi ded above apply. 15 Tap prex fransaction 20
Transm t MessageDescri ption OGQ Nare mmﬂe pessgage- - IS a request
for the HSTU-C to send the Q\le a@m%"ﬁé\h?”@mhls (PMC,) includes the
parsaneters of the desired s|@hal (PMOHBmdptreatmeahsnijtted. HSTU- CPRHThi s
two part message includes: [bhe actuﬂhﬂmgwyﬁﬁgﬁﬁ)of the PM, signal to be
transmtted (in case it can %0 (040) '%d%ﬁxipéﬂﬁﬁniéf riequest of the HSTU-R)
conmruni cated via the contro OFATHHH ehanper—and term nates the .
nmodul ati on. Then, the HSTW yj r ansidd 4Bm |ﬁ¥Tﬁﬁﬁﬁ? surement signal (PMCH)
for the HSTU-R to receive. HEIU- RPR-I9xiBmdperesmimge i § transnmitted via the
compt rol communi cation channelil - afKomihaetdges the redeption of the power
measur enent signal (PMca) during PRH and = transmts power |evel
paranmeters to be used in the HSTU-C. HSTU CPCRThe nessage: - is a request
for the HSTU-R to send the power neasurenent signals (PMVR,)) and includes

the paraneters of the desired sign 0 be transm tted. _
HSTU- RPCHThi $ahigd 2 paHPShBPaadgél ?%EH&&%@WTH@H&E?%%?Y B éiogl the PVR
S) gnal t be—tramshttt UVPO‘V; n—case 3 7 6 3 P 3 2 1
15 Octet 1 #009 | #012 X X[ X x xX|x x X
Octet #2 #014 | #017 x x| x x x| x x x
Octet #3 #025 | #037. x x| x x x|{x x x
Octet #4 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 X xXix 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 xi{1 1 1

40
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It cannot C ]>C/ with the full request of the HSTU C) conmunicated via the
“control P Qﬁﬁ?ﬁ) ation channel and terminates the nodul ation. JhemCT 803
HSTU- R transmts t he power neasurenent signal (PMR ') for the HSTU-C to
recei ve. 28 P18066.501 Table 19, continued 1 7 OCT 20 3 HSTU CPCHAThi s
nmessage: acknow edges the reception of the power measurenent signal (PM,)
during PCH and Tabdnbin VEOSh@wid Cavet Tpasmit®owes {NBailid)} aeling n t he HSTU- R
for the HSILLCR _ HSTIE RACK( 1) The nessage acknow ed the reception_of PCHA
5 The natlure of the powePoWgBsurenent si gnalls 8PM7 Anl PRtH 4de3al 120wdd

conpl ete d)(:,@ggpm aﬁoo‘gh Yy #ia9d not be concer pedxwi t{\ tRe sifuktangous|

transm ssji | aI egotiati on and cgon chagnn Par. IS
that descr 8%{8{) &ﬁ\ 0 IB'CI ude bandw dt % g(u ati o% géov»e%i I ex\?gﬁé
derfsi ty of ‘étﬁF ers HSTU— R makes d powdr |basdr erfert Xbased %oh t he

si gnal s i [NOHsH i rid9m nunber of carPil efs|i% b3sed yp¥n the % ypes
of xDSL et} ncI uﬂéé iiln #4particul ar conmeni cati®dn system xPMxH x
conpri ses Qeaet#@rs f#05m 4t #059st one of A43,| B43x , R4, 4 xor 4% {and
V128 or Ml@&epmri erﬁ)ﬁhq)v\mdgg Tables 7 thrgugh %0 ,aboge xIhexHSTU- G frakes
& power 1983 the 'signals in,PVRH The, mnifmym qyng{e of
carriers tfi QL Ie 3§9es of xDSL m)dems Ln I)ydeé in 4 Qartlc A r
15 comuni g t ﬁ sys ﬁ\ P conpri ses carriji Brs*fom af | &agt *ond of* A3,
B43, C43, 2#23| A5v128 or V138 dafri & & %Xhodn i% | TAb els 71

t hrough 10, above. The contents of the Messages are shown in Tables 20

t hrough 25, below. Table 20 - PRR Message Content 20 25 I\/bssage type field
- PRR Revi si ohhmenmisens of tBp lesiees pigrrepvauR diablsh 19 frongd 10dklost-andar d (NS)
request = 0 PMc, H ADSL band r_transm ssi reguest (using Table 12 or
TdBl e 13) PMcH VDSL band pomg vye ﬁ?ﬁ%ﬁ%eﬂaﬁ?&t (using Table 14) Table

21 - PRH MeskMyssagenygnfield - PR

Revision number field .

P1 and PM, signal duration (in ms)

20 | 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)
30 | 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)

25

35 Table 17 - P2 Message Content

Message type field - P2

Revision number field

P2 and PM; ADSL band power transmission indication (usmg Table 12 or 13)
40 P2 and PM; VDSL band power transmission indication (using Table 14)
HSTU-C transmission power level parameters
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30 Mess ty, field - PRH Revision nunber field PMCH ADSL bangd powe
-transmggg%ﬁ'ﬁ%ﬁdi cation (using Table 12 or Table 13) MWH VDSL%bgn&CBoiwa
transm ssion indication (using Table 14) 29 P 18066. SO1 Table 22 - PRHA
Message Content Message type field - PRHA Revision nunber field HSTU-C
transm ssion power level parameters 1 7 0 C T 2003 Table 23 - PCR Message
Content 10 15 Message type f Tebld 18 - PEGMsegsConteriunber fiel d PVRH si gnal
duration (in msaggh ?rﬁ%ﬂpapg (NSj—Tequest =0 PVRA ADSL band power

transm SSlO oo hlia. . 192 ~Ar T 1.7\ DMLY \1{)01 | P |

1 raagTr o 12 Ul TAMJI U J_\.)} L AAR UL \"4 O lJClIIu lJvaL,I
transm ssi o R?—\‘Fﬂ@&fmﬁjﬁ f1i|‘§idTahI g 14) Table. 24 - PCH Message Content [20
MeSsage type HSEUER tramapissien peverieyel ppmmateral d MRH ADSL band power
transm ssion indication (using Table 12 or Table 13) PMRH VDSL band power

transm.ssj ndli d using Table 14) Table 25 - PCHA Message Content 25
Messag i Revi si on nunber field HSTU-R transm ssi on power
| evel par an?fﬁﬁv&qoﬁrvﬂﬁrdoﬁﬁ@é&eséﬁ?e%‘{ﬁ%aﬁ%ctﬁirﬂ\ﬂﬁ]l)§h§9dﬁ§leﬂ%&ﬁlﬁfbﬂve the

present i nvention allows manufacturers to utilize (generat e) their own

propri efegbiatingeaisudibaionahentel. at ssmdted tha( estdignaln PMegcndf PMyRdandt #¥d (or
PMR, and PM,H), while retaining a uniformnegotiation and indication
stlfuct dﬁéeégnttcﬁécwlﬁéﬂﬂ’t@ﬁsag%gnal s. The use of the proprietary power

Non: St andar o e AP bl P RRSTAC P Ty valfy SEH a0

The first message is assumed to always be sent by the HSTU-R. The following discussion

assumes that the band descriptions provided above apply.

o

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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35 Tables 27 and 30, below, illustrate that the pararreters of it}e

“transni P18e&E@hal s are indicated using a private (e.g., proptileQ&Iyf003
encodi ng schene. The paraneter and acknow edge rressages shown in Tables 28
and 31, below, are the sane as Tables 22 and 25 in the half dupl ex

nodul ati on negoti ati on comuni cati on channel, discussed above. It is noted
that the band descriptions as asYubled9 corbmutde sane as previously

di scusse dﬁs’rg ReVE PCHAP LB PRis vrdss ggbl € 26 - PRR Message Content Message
type fiel RR Revi si on ’IP]S[ rd (INS)
request Propri etlary Paranetér O‘Jlé(f%egﬂ%%ﬁ%éi%h%%%ﬁrw%&% Mesgage
Cont ent Nessage Wle field 51%11 ¥ el d Proprletar

Par amet er|s (pri vatle encodi pt tresstiigpeverdevel pramelgEs Hdfaised %Bés?ag(.
type fielld - PRHA!Revi si on| fonteddSTUETR. 20 HSTU-- C transmi SSI on oovver |evel
par anet eriSgdpole  4SACKGR M ﬁgﬁa@mwléa%ea@mﬁ%fmf e
Revi si on 'ntrber—fretd—IvRR—ST grmar_aur-at 1o NOTT St arnddar d \I\IS! T equest 'I
Proprietary Paranmeters (private encoding Table 30 - PCH Message Content

Message typerhé gitfre of%?&%f':ﬁéa@&eﬂkﬂ@ﬁ@zﬂé BM,, BR@PM § s Mldasdasshipdste
(private encoding 35 Table 31 - PCHA Message ntent Message type field -
PCHA  freedom, as they need not be concerned with the simultaneous transmission of the digital

14

negotiation and conirol channels. Parameters that describe PMgy and PMy Include
bandwidth, duration, power levels, density of carriers, etc.
The HSTU-R makes a power measurement based on the signals in PM¢y . The
710 minimum number of carriers is based upon the types of xDSL modems included in a particular
commuﬁication system. PMcy 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 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)
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40 Revi si on er field HSTU-R transm ssion power |evel para rs 1
‘2003:Th }%Kﬁﬁggglnent A third enbodi nrent of the invention wll t? %ﬂﬁfj
descri bed as procedures for a session conprising existing nmessages (e.

M5, MR) and transactions for the digital control provided to request the
transm ssion of the power neasurenent nodul ati on session signals- The M5 45
message includes explicit dEidePs- BRI bepsagafontnt of a desired signal
(e.g., PMIFIE Sfield -PRAPR- 50 1 T 7 COCT 2003 Transmited- TT TS hot ed
fotH— dupl ex

that the f S Hor—rey—be—nAptenented—ustro—etrtier—fu

or half d eX&F‘W%ﬁbﬁrﬁﬁﬁfnr nrnrllylr es AE d_LQPIIQQe_d_an_g_V_e_’_t_h_e_EM[S_m
indtial | y| H5T3&C wansmpspimsy POvesasecbpEAMCISIOnal s at the | owest possible power
| evel , which nay be repeated at higher power levels if the signals were
not adequately received. However, it is understood that 5 the invention is
not limted to an initial t Tabkd3ssPCRMessagg Cagedtonest possi bl e power

| [t
oot MessazshEclds

desi red, level A._Fixed Measurenent Signals wjth
standard MRasisicammber fisld f ol | owi ng descri ption of the PMVB is provided

W th respepiMy,Gighal duetdors@h nd) prefabricated neasurenent signals. The
transactl)@Rnﬁﬂ cﬁhﬂ@@hx@é&ﬂ?“@e S IIS[eU mTanre 32, 10 below, and
illustrate % assued—t hat—the "[‘rabﬁ-] ﬁﬁgg)ﬁs—a-l-wa‘s sent
by the N AT EAdpOW ST AR} S omfa_ﬁgggg. z

Tr ansni t MpEYaad/ Pobbard powerdraosrissondegieshmeeighls V) The nessage: | is a
régjuest for the HSTU-C and HSTU-R to send the power neasurenent nodul ation

session (PMMB) signals (PM! P and ncl ydes the category choice

vihi ch represents the paranet éﬁ@E%TMkﬂih@%§ﬂ¥e§“§@ﬁnal (PMca_and PM) to be
t'ransmi t t piidsksbetGhCRAdh®Uessage Acknowl edges sel ection of PMVB
HSTU- RPMTIT R IfsonSiuditel figld ows the HSTU-C'to neasure the Iine conditjons

20 PM,;,, ADSL band power transmission indication {using Table 12 or Table 13)
PM,;y; VDSL band power transmission indication (using Table 14)

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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and pow§r Iqos§ Il STU-CPMe, _, 4This signal allows the HSTU-R to neasure the
‘I'i ne’ cohdf? and power Ioss HSTU- RVMR5The nessage: is a request to the
HSTU-C to send an MS. HSTU-CMB6The nessage: conveys the upstreant BET 2003
request HSTU RACK7The nessage Acknow edges the upstream PBO request val ue
HSTU- CMS8The nessage: s a request for a specific xDSL nodul ati on node,
and contains a paraneter redlabdt2@- ERRMéseagenoementof PBO in t he downstream
di recti on ffeds ggg@:f}gésﬂg[@ msage Acknovvl edges selection of the xDSL §sing

t he speci 'R&Hsﬁfﬂﬂx&b - above,
t he exch ed
nedot i at i : : ' ] A% : ) R and
HSTU- C. 'ﬂH‘émPS&ﬂdﬁG(SGlrmuEst@@T 2003 HSTU- R makes povver rreasurenents based
on the si @‘i@pﬁethﬁ/%hbtcrs'ltbﬂvﬁhBhdﬂdfﬂgzurfbﬂ of carriers Is based upon the
types of xXBSt—odens (€. g, AD ; C—etc ) inctuded T a

communi cation |loop. PMCH is conposed fromcarriers in at |east one of A43,
B43 CA3, A4, P4 or P43, andra‘ﬁ]el'zﬁ.mﬂ\l(lé’sgagea(wmaﬁs shovvn in TabI es 33

Ie

ou h J OCT UV, St ¥ | Y Ay
Sp6C| fg| a J\MC%P‘%&,\WREﬁRIa‘Q al yThP HQ‘[] L C =1 alalliV= nea enen sed on
the si gndlRevisiopumbereeld ni ni mum nunber of carriers is based upon the types
of xDSL nidepsetanyHanatnetersptivee exxodmghi cati on | oop. PM i s conmposed|from
carriers Th at Teast one of Ad3, B43, 43, A4, P4 or P43 and VIZ28 or V138
carriers shown in Tables 33 through 36 Siml arIy, PMRH can be 10 conposed
friébm a type of specifiabl e BrdadbaRBHss Message GOMENR nessage nodul ati on

carriers QAkss! BYielSOPRHAOT alT of The carrrers Trsted in the ddl e
o o RSl RGeS0 s ety e T e message ohaat on
of Tabl o4 PN GeRISRon EV IRV PASMEIANS pand 4 3125 kit Carrierlndi ces

2@0%HSTU- R Upstream HSTU-C Downstream Carrier set carrier sets Frequency
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)

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 freld
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

3



carrier sets Frequency designationindices indices (N x 43125 kHg(

os kB EaT Y eh0 e Gk BaSay 45 £372 85 06 Cis7 015 14 64l BaBCH12003
138 165 198 238 255 25 Table 34 - ADSL Band 4 kHz Carrier Indices 30
Carrier set HSTU-R UpstreanHSTU- C Downstream desi gnati oncarrier sets
Frequencycarrier sets Frequency indicesindices (N) x4kHz(N)x4kHz A435 P410,
12, 14, trbAsmized. ds noted Ut theofollawingldiscugion @4y b dpplemented uskg either fulll, 86,
103, 34, 41, 50 ig 71, 86, 103, 123, 148, 177, 13,éﬁ55123 .148, 177, 213,
258’ 33" uBlower hell AumisF odslationpince i AsdsRRBEdarovE-dhe PNOVS danally saader

2003 Capyri.er TU R tre T tr Lanationgarrier. sets
Er oquondiriiel BB Gt A TPl BB L AR\ OO WA Y R s BEq BF,
V12810, er %f’wer:ﬂgvelgﬂ thedenaddwifdnol Edegﬁétcl Tréceivdl. Hdweved, it B4ndérkioodGnat>9.
71, 86, 103,34, 41, 50, 59, 71, 86, 103, 123,148, 177, 213, 255123, 148,
177 21%he inEmtibalksd ot3BnitedMDSh iFaabraBBudsidn \Cmerthe lowestpesiblCpowerdevel;

set HSTU- R Upst reanHSTU- C Downst r eam_desi gnati oncarrier_ sets

Fr equen i i thedmtiabransppssieromay be Futiated pong ansdesipd. Predetmpned) porss loiely
A._Fixed Measurement Signals with Standard Measurements
The following description of the PMMS is 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 2 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 | PMg, 3 | This signal allows the HSTU-C to measure the line conditions

| and power loss _

HSTU-C | PMy 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: v

» conveys the upstream PBO request

HSTU-R | ACK 7 | The message Acknowledges the upstream PBO request value

BSTU-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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v1388, 10, 12, 14, 17, 20, 24,8, 10, 12, 14, 17, 20, 24, 29, 34, 4(1 ggo
‘50, 71, BIB06®80B4. 41, 50, 59 71, 86, 103, 123, 148, 177, 213108, D43, 2003
148, 177, 213 The contents of the M5 nessages are illustrated using an
exanpl e xDSL referred to as GDSL, but the invention can be applied to any
xDSL. Cctet coding of the M5 nmessages are 15 shown in Tables 37 through 42,

bel ow. HSTUPRAB&MS howet inBasxaiBt €408 bl MeSsigifalsSi M) N TheRhifimda nuRSELW.
Table 37 - Standard Information Field - SPar(1) Codi ng 20 25

SPar ( 1) eBveHas s basedl ggen the typas v xDAmadems (6.gGAISL, ICDSHHBSLBatey x x x| X
G 992. 1. -, Anpnex Cxxxxxlx .x G 992’342@ -. Annex A/ Bxxxx1xx.Xx G 992.2 - Annex
Cxxx 1xx RidEhE} % somumication lopy EMamlx SIRPISCAGTOBLIAREE & 8t Ieast ppg of A43,

ot ot 09900 ATABky B nFPlos SR (0 a0l b0 30,58 JRNEA B 30792 1

GDSL P inftlate (nmeasure using set KXXXXXX 1 XXXXX 1

X GDSL Smtsly| PRy, PROS sonithosed oSy petiflshati fabld BroMBARIIERAKX X
Reser vedxxXl xxx_X Reservedxxlxxxx x No parameters in this octetxx00000 0 34
P18066. SO1 T&kt BSTY-C n@ibes ppwvivBmeasutdratnds baspior the sigablsaf @3 GDSIThEM M

o R 270522 1 £D8 IS St A R S SR T oot
communication loop. PMyy 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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GDSL PMVS set #3 (all V138 carriers)xxxxxlx x GDSL PMVS set #4 (all A4 and
" P4 carriBdB8y&8&k1xx x GDSL PlvIM set #5 (all P4 carri ers)xxxix.f
Reservedxxl xxxx x No paranmeters in this octetxx00000 0 10 15 m&ﬂﬂ%bl e
40 - GDSL Upstream PBO - NP (3) Coding (3) Coding GDSL Upstream PBO -

NPar (3) coding8 76 5 4 3 2 1 Upstream PBO (dB) (bits 6-1 x 1dB) x x x X X X

X X Reservedx x1 | 1 1 Taﬁllej'gblvmgﬂBan(fm_k}E)@mei—mdQBO - NP (3) Coding

GDSL Upstream 3y 3 W%(dB) (bits
6-1 x 1dB) x X ?a?"? ! H§ yr h)?im P‘Simll' t‘%"nﬁ “2Mepdl Trai ni ng
Paraneters - NPIFsERaBAYing c?ﬁﬁfsf “ﬁ'bcypar anﬁf‘ré'l’eé's” P %¥8765432 1 GDSL
par amet er #1xxkxxxx 1 GPSL par aﬁﬁ ‘é‘?s #20000{x 1 x GDIPIIEES apet er [#3xxxxx1x x

GDSL par amet er ] #4xxxx1 XX X 8O kBEer #oxxx| R XI2BBKHZy odxxl xxxx x No
paraneters in fhis oct enXXOOOOO 0 TabI e 43 -| PMVS (Standard Meaqurenents
Prgcedure 35 40v128 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

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 kHz
)10 -
V138 8, 10,12, 14,17, 20, 24, 8,10,12,14,17, 20,24,
29, 34, 41, 50,59, 71, 86, | 29, 34, 41, 50, 59, 71, 86,

103, 123, 148, 177, 213 103, 123, 148, 177, 213
- 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 shown in Tables 37 through 42, below. The procedure with example contents is shown in Table

43, below.
Table 37 - Standard Information Field - SPar(1) Coding

SPar(1)s 8 7 6 5 4 3 2 1
G.992.1 - Ammex A X X x X X X X 1
- 20 - (G.992.1 - Ammex B X X X b'¢ X X 1 X
) G.992.1 - Ammex C X X X x x 1 x X
G.992.2 - Annex A/B X X X b'e 1 X X X
G.992.2 - Annex C X X X 1 X X X X
GDSL x X 1 X X x X X
25 Reserved X 1 X X x X X X
No parameters in this octet x| 0 0 0 O o0 0 0
Table 38 - GDSL SPar(2) Coding
GDSL NPar(2)s 8 716 5 4 3 2 1
30 GDSL PMMS initiate (measure using set #) X xtx x x x x 1
GDSL Upstream PBO X x X X X x 1 x
GDSL Downstrearn PBO X X X X X 1 x X
GDSL Inifiate training X X X X 1 X X X
Reserved p S X X 1 X % x X
35 Reserved X X 1 X X X X X
No parameters in this octet X X 0 0 0 0 6 0
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, Transm
GVDSL)

P S

ntents of octets Unit HSTU RMSI Tabl e 37 x010 0000 ( Sel ect
xx00 0001 (start PMMS neasurenents) Table 39
carriers) Table 40 NNA Table 41 N A Table 42 NI A HSTU- CACK2Th

Flgedagind

Acknow edges sel ection of PMMS HST' U-RPM , 3 HSTU- CPMM HSTU- RVR5Request MS

35 P1806

?003 HSTU- CNI S6Tabl

6. SO 1 Table 43 -

PWMVB (St andard Measurements Procedure 1 7 OCT
e3Tabls<®ioG@@&4fM§é3 butiateyDElay(3r&er@s3s x: 00 0010

(upstredm PBO) Gidll PMRTS Mittatd aRP& (A0 xX00[§ 110G ([66dB)s Takl e 1 DA 1dbl e
42 N A HS M S Elﬁlsc‘réﬂﬁr CKTOW eages [The g{p-t;(ear;a Pby rague§t vatue
HSTU- CVH8 i¥ 3;&) Q t GvDSL) Jable (d wnsjt rieam
& ini @l Cgﬁg I\VA Table 40&(_) é 0 6 B) repgat)
able 41 X ¥ e¢ A g xxxx<xxH nmessage
Acknow gdy fei a ‘Hﬁ‘ ing {he spedi dovvnst ream P
-Trai ni nf-o¥ é)écﬁgm B Fi xed| Mbasdr ¢ i gfial s wi tth Bxgll i cit
Par amet e %CS‘I’H%dfoI I owi ng description of the* PMV$ | d?ov?‘ded" W f‘h 0
expl i ci tlI o peEemesE sythgfhet ers 10 for theX neds) Brert sPgndl s 0
t rifnsacti ons and si gnal exchange is listed in Table 44, bel ow, and
illustrated in Fig. 6._For t he

first nmessage is al vvay'gables

‘téﬁgites of di ws?\h}ar(?’)lctodls assunmed that

GDSL Upstream PBO - NPar(3) codmg 4 3 2 1
Upstream PBO (dB) (bits 6-1 x 1dB) x X X X X
Reserved X X 1 1 1 1 1 1

15

Table 41 - GDSL Downstream PBO - NPar(3) Coding

GDSL Upstream PBO - NPar(3) coding 8 7 6 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)

35

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
HSTU-C ACK 2 | The message Acknowledges selection of PMMS
HSTU-R PMgy, 3
BSTU-C PMy |1 4
HSTU-R MR 5 | Request MS

40
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The contents of the M5 nessages are expl ai ned using an exanpl e xDSL nodem

referred 18086881 GDSL, but the invention can be applied to an
departing fromthe spirit and/or
coding of the M5 nessages is shown in Tables 44 through 49.
procedure with exanple contents is shown in Table 50. Power

WTED L MAt

A second
| evel s are

15 scope of the invention.
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| GDSL training begins.

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 a5 GDSL, but the nvention can be applied to any xDSL without departing from the spirit and/or

15

A second procedure with example contents is shown in Table 50.

scope of the mvention. The octet coding of the MS messages is shown in Tables 44 through 49.

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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.HSTU- R I\ﬁg%'gggoriressage: Is a request for the HSTU-C to send an M5S HSTU-C
M5 3The nessage- . conveys the upstream PBO request HSTU-R ACK 3The nessage
Acknow edges the upstream PBO request val ue HSTU-C M5 4The nkds8dd: 203 a
request for a specific xDSL nodul ati on node, and contains a paraneter
request for a certain anmoupnt of PBO in the downstream direction HSTU C ACK
4The nessage_Acknow edges E&iled4  BMMP (ExplicigSiramelersy t he speci fi ed
downst r eanIPB@oikt a) Miessgge /Ty &i §‘i Bepchiptipms Tabl e 45 - Power Level Encoding

Bits 20 2%UsddeDescsigmili on| 000Nnot transmtted 001-60 dBm (per carrier
010-50 dBm (per carName) OL1-40 dBm (per carver) 100-30 dBm (per carrjer)

101- 20 dBrHKWPELR CaF¥ser) I[Lg- lms%‘%@{ carrier) rirrNommal 37 P806p. SO1
2A

1 7 OCT 2p03 Tabl ef 46 - ADBL BHang .4. gt%-éft\;lg}lg@g_rd lsend L& Power

{NPar (2)} | Coding 10 15 20 P5 HopelL&L 1 g-? gﬁ%ﬁ x%¥XXx x| Cct et
#2#014#01xxxxxxx X Cctet #3#02&%6%7xx§xxxd)q<lag&£§:tsé %%XXXKX X
» includes the explicit details on the parameters of the
desired signal (PM,,) 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
J the downstream direction

15 - [EsTUC 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)
111 Nominal
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" 0060 S

EoxXxXxxxxx X Cctet #O6#064f #O72xxxXXxx X Octet #7#0881
tet #8B8#115#138XXXXXXX X COctet #IH165#198xxxxxxX X Oct et

#10#2381 #255xxxxx11 1 Table 47 - ADSL Band 4.0 kHz Carrier qrifagg§ii 200Bower
{NPar (2)} Coding Power 8765432 1 COctet #1#003[ #005xxxxxxx X Cct et
#2#008#010xxxxxxx x QOctet #3#012I
Cct et #5#024#001x0x ARIL Baed Bl 2§ 8Ho S amier [hoansuuk R oweOINBar(2) 7 A6

HOLAXXXXXXX X COctet #AH#01L7HO20XXXXXXX X

#O59XXXXHXX X Oct et #8#ovwdd #086xxxxxxx X gt et [#FHFL08#1A34XIXXEX 1 [Oct et
H#10#148# ITIXRFA XXX F0BCE CHOTE 172 Lor2. RRRX LT 51 |g&)| €, 40 - vg "
Carrier ”&Q&%t P ﬁN Cod| ng 35 AQ owe}r(87§5£ 3x I che
#1#008#01 3% XX X E% Iet 0121 #014xxxxxx x [t et *#34017% #0208 xkxxxx X
Ccfet #44 9XXX et #5#034#04 T0xx00x X Bt ef® #6%050#059kxxx XXX
x Octet #0 xtx octet #8#103 #F2dxdoodx £ Qeket* X
#O#148#17 #2131 #255xpxXx 1% 1 Fabl® 4% 1 PWESi §npl
Dur ati on QSF%WgZ) nlg A5/2DN x signal [ddr at or] NPa¥ (2) qo¥i n38 *6| 5 4 3
2 1 PV s F/dur d9%8%n (B3 6-1 x 20 nsec) * | x x X | x x x
10 ctet #8 #115 |  #138 x X X X X |XxX X x
Octet #9 #165 | #198 X X X X x {x x x
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| x 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

45

Reserved

X

X
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X X X Xc,Fg ﬁ5é§§ Reservedx x1 1 11 1 1 38 P 18066.S0l 1 7 OC T 2003 Tabl e
‘50 - - SeddfdoE ]nple O PMVS - Explicit Measurenments Procedure J]O}‘l%c 00
Transm t Nar ne#Contents of octets - Unit HSTU RVSI Tabl e 37 x010 000 Iszel éct
GV-DSL) Table 38 xxOO 0001 (start PVIIVIS neasurenents with PMcH,) Table 46
xX00 1001 (favorite carriers) Table 47 xx00 1001 (favorite carriers) Table
48 xx00 1001 (TablebsDtSecend Examgplc CAMMAEG BupAcit MuasurétheNsRrdeduiuee 42 N A
HSTU- CACKT TiFhSsoliE SoN&Ge ACHTHVEGRORS ofdeleee L1 O Of  PMBOT S HSTO-CPMCHThi s

si gnal al ljqug; t he |HSTU-R tlo [measure the |ine conditions and power |ogs
HSTU- RVR2 T Essage-tndiregtesthe HSP-R-is—dptetreeervvhng—PMej+—aHd is a
request t éq TO- ¢ 13 senckle 3&8‘?‘8— 9 ‘?ﬁc G 8}610 0000 ﬁrg%k{;;t GVDSL)
Tabl e 38 ¥xQ0 0001 (start {P\ %sd‘r"% ;(i X Equlreﬂ"aﬁtrsé" b 1001
(favoritelcarrierd) Table |47 §010% FIHRCAEY ) ers) Table 48 ¥x00
1001 (favorite carriers) Tayli@bkd? OO0l favoritapaanerahl e 42 N A

HSTU- CACKRThi s megsage Ackndwi2Bl§d8s xx@9 KoY ({8vprise camym® HSTU- RPM - Thi s |si gnal
all ows thg HSTU-Clto neasyr ¢ kR0 MéAcondi ti ons and power | oss
HSTU- RMR3Request NB HSTU- VIRl 3¥Ax010 0000 (Sel ect GVDSL) Tabl e|38

Lt Mt g

xX00 0010{ (upstregm PBO) Table 42 N/A
5 HSTU-C | ACK 1| This message Acknowledges selection of PMMS
HSTU-C | PM, - | This signal allows the HSTU-R to measure the line conditions
and power loss
HSTU-R | MR 2| This message indicates the HSTU-R is done receiving PM,
and is a request the HSTU-C to send an MS
e HSTU-C | MS 2| Table 37 x010 0000 (Select GVDSL)
) Table 38  xx00 0001 (start PMMS measurements with PM,,)

Table 46 xx00 1001 (favorite carriers)
Table 47 xx00 1001 (favorite carriers)
Table 48 xx00 1001 (favorite carriers)
Table 40 N/A
Table 41 N/A
Table 42 N/A

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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Tabl e 39 NN A Table 40 xx00 0110 (6 dB) Table 41 N A Table 42 N A

" HSTU- RABKEFH2SBbssage Acknow edges the upstream PBO request vallué QCT 2003
HSTU- CM54Tabl e 37 x010 0000 (Sel ect GVDSL) Table 38 xxOO |1 100 (downstream
PBO & initiate training) Table 39 NN A Table 40 xxOO 0110 (6 dB) (repeat)
Tabl e 41 xx00 0111 (7 dB) Table 42 xxxx xxxx HSTU-RACKAThi s nmessage

Acknowl edgesistibe poowns costimoRRQsteppetGncryatdianil derippgsitISETUr Hicah Rr@ehegi ns
C. to ed Measurenent Signals Wth Standard_ Parameters This schene is

si mi | ar syfficienepeystaad sendsene weknowiedgmers” Wi the Sisgloged tvPatienmthestepping 0

descri bed abov. except that.the PIVIx signal .l.S.St ed from | qw power to
hi gh poREsTs MrsdB FcEeRennstitine for agproamastyzoh ABRHEeLrr e hoplever,
Sorti o st MeShRPRAG L MEARELERE WL be ot IC ARRRILSMER Y NE A BEOUD |
t he st eppipa@f thedawgionn 2 dB i ncrenments, starting .from approximately -90

dBm Hz every 200 ns; however, other stgfp_i ng rates and ti mng val ues may
be-used wi t hébe seimonceaiie Fansastianendsignals ianey similardo Jablgf32, pbovenvAamt i on.

above. ACKadeeal i e HaRE i Slne Sodhrvd what oo B ndnabolSemand | on

and 1S jinBseEd-Scht RRWRER shdien 1 TBATHS £RRw, ShdNlRaRE ishQWw I n Table SI,
below, and illustrated in F1,9 10 Table 51 - PMVS (St epped Standard

Measurenents 15 20 Transnmit Message / Description UnitSignal Name
U- RMSThi s nessage LS. .,a.te f.or t T and HSTU-R to send the
l;? r mem_m@Pﬁiﬁ%@%pﬁ&g@g%H"?fﬁ%eﬂ’e Ek; ~.and PM ), and

C T 1

i ncl udes |tHa"P2¥ o o dfersagR bl AESSHIOR represents the paranmeters of the desired
'sj gnal (RNEEt and| Bigpal-
Name .
' HSTU-R [ MS This message is 2 request for the HSTU-C and HSTU-R to send
. the power measurement modulation session (PMMS) signals
{(PM¢,, and PMy,,), and inclndes the category choice which
represents the parameters of the desired signal (PM,; and PMgy)

to be transmitted.
HSTU-C ACK This message Acknowledges selection of PMMS ‘
15 HSTU-R PMgy, This signal aliows the HSTU-C to measure the line conditions
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 Sienals 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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to be trﬁé%ﬁbgd HSTU- CACKThi s message Acknow edges sel ectiopTOQCIf_- Migys

"HSTt : T- signal allows the HSTU-C to neasure the |ine condrtions

and power | oss HSTU CACKThi s nmessage acknow edge reception of PMm and

begi nning of transmi ssion of PMc, , HS 1U CPM, This signal allows the

HSTU-R to neasure the |line conditions and power | oss HSTU RVRThi s nessage

i s a regquehoweerdiker ISPPIE s seddmamg MbuesHST bOMBThwithombdsagmedonu dlys t he

upst ream PBO request TU- RACKThi s nmessage Acknow edges the upstream PBO

request SKAEF G‘éJ/P-TSSFE’P APYYeRBYSage is a request for a specific xDSL

nmodul ati on d.: tain r ten tnfo rtain _amount of
miﬂ‘é trafatti & g%qgér%cl% ggxd%%'a&%ﬁ&ﬁgf B FigO8. i"léi:i ﬁ%nvaa%t&odlessequcnce

PBO in the downstreamdiT I S NESS&yE

sel ecti g SEndifBrethiSlanttSisnBovi@n IRBRIA4 SihvE OMREHBATHEBI, -slgral Pb-DaT Aedi NY
begins 25 D. Stepped Measurement Signals Wth plicit Parameters This
schene pwerdimg.l ar to the Fi xed Measurenent Signals Wth Explicit
Paraneters, _described above, except that the PMk signal is stepped
(incre d &8hsed) froma |ow power to a high power. The power

st eppi ng conti.nues..unt i 1€ . 0PPOSI HSTW X canarecel.v suf f j.ci ent power
and sends"“ér’ih’?ﬁ‘é‘l%?ﬁ%/a%%é]ﬁen *‘.ﬂgﬁh""’? %‘g‘a“l S(L:é_lL %“ée%lge f‘hr?vle"riqt"ing%r, BEREIEE eppi ng 30,
OCCUr'S jriRssapey @ MtieeRfoR ﬂ#@;c‘d’x@d%%_lgtﬁsssﬁe%}"édd&ﬂm&i&ﬁh@ﬂﬂl axw HRidelibed0

dBm Hz every 200 40 P18066.SOL 1 7 OCT 2003 ns; however, ot her st eppi ng
rat es ahbistseqrchee oligrads melyiransraivadwhichheref=rtks\io as 2pgwer orersunemergpi ri t

and/ or scqpe,.of the inv ion. The transaction.seqguence, and signals are

[ Pust rEPRRAER pegon SV Preomeiien ShPEoYBET e S <g M AE BRa HIR same
_.as showthd Bnfdblignfds; sﬁaﬁg\iﬁm%%%ukﬂﬁht §D&a O MG SIORA MBONREAWAL RS  over
“tjme. Fourth Enmbodiment Another "power neaSurenent nodul ation,™ ‘sequence
that i smsksurdragnt bgnels kst 2apgtines sad) astichesd aseneshbagemin the regbsitiongniesaages)
and transactions wll now be described. This sequence of signals and

t r ansaceeBnets Rhied MMS, A erthe e ¥ THacRUIERGE! SigRals arcaresivedrrdraalvaed. dhe

sessi o I, B : f ats: (1) digital

negot i ;&fr%%r%rgdan %%2?%%@% %ﬁ%&ﬁ;’%&%ﬁﬁ&@ﬁ@%ﬁﬁur ement signals.
Pasanet er s - t had neledbtiat (e presstives deasbed AR ft gRallly dpblciblegalibidsted. a ts. .

i ndi cat ed “as_nts3ages in the negotiation and control
negotiation elements using either half cuplex or full duplex procedurss.

The PMMS mitially transmits {sends) power measurement signals at the lowest
poséible level. In this regard, it is noted that the PMM signals may optionally re-trangmit the
power measurement signals at incrementally higher power levels if the signals were not

20 adequately received. Loop attenuation and minimum necessary transmit power 1s calculated.
by subtracting the measured recetve power of the signals from the transmit power indicated in

) the messages of the PMMS. It is also understood that the power measurement signals may be
initiated at any desired predetermined level without departihg 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 éame 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.

41



channel s of the PMVS. After the powx.:r measurenment signals I [
“and analRiBEE6-SBteferred transnit levels are indicated in msg‘gjeg%t%gzv&
opposite side. 15 It is noted that the procedures_descri bed herein are
equal ly applicable to di negotiation elenents using either half duplex or
full duplex procedures. The PWS initially transm tswﬁends) power

measur enent i griel © @mbvideeompwuisitity Witk piibt &t dewiess, the MR megsegrrsdssigned s

noted that the PMM signals may optignally re- nsm t thﬁ owe
measur e AEAYISION GAEIPET Rfiat igash 2 B feXice (hat Synorts B&%\%rc deaed ioffrglﬂ%‘ét{‘%ri gnal s
t 20 | v ' . L t ' -+ Fh QU :
T anom PSR SbErEfrpa b R FALERHE! o2 SRTuREmIERET 0L o

the sigppbgy | g%&eb e g&maﬁ:@ for RiGY@Ee ivpei EALSSrevision MenbERs seaesthah 1thg. PMVE.
It is also understood that the power "'neasurenent signals nay be initiated

at any. degimadagertgps).er m ned | evel w thout departing fromthe spirit and/or
scope of the invention, 25 Further, the functionality and get hodol &)a of

usi ng the PNMVBedaiPvHES dissrssian if grovided making Firenssigdbgriewonsly discusse "~ not
limted.t.o,.1 TUT Rec. (M \YA - b t he
iS¢ o8 BUBHIRATPTBACA o e ReserPef G RbomtifREA 00U 10

t he nesspERvMRitiDahddhasodMapIRESHBc&iuRds| AR bk AstPwRAGR PYEsenMese@is Wihddti S
simlar to nessage PRR, described above. M5 al so behaves the sane as the

PCR nesgepetinglomrthb prit 80V erssope thkteofage MR-P (PRR) follows the same rul es
MR , NR P i l.ud t, . ..Ih - P. ( PRR
Dathnet ot oheBRRTMREAE Baggea mps pdrieuop o GREERY H ferikl Ol Ah g
MS ( PCR}r 41 P 18 4 ArEeQeT2093: bl o i
( %’_H !i-eﬁt 5@%\,\” trﬁé&ﬂdﬁ(ﬂ@%.@?iﬂ 4l : ﬁé@@ﬁu bl Q&R Ehel Rr RhQ¥is 98r a Power

conpat i prior art devices, MR-P nmessage is assigned a
revi si oBatk DFEPBG) mbiid efastDR. mbddhwione A it tesoippioord ef MRafctemB| tave al | of
the other nessage types at revision.level 1. 1t_ji ted that, Section
9:3.2 oﬁslﬁbx%gﬁﬁéﬁ&éﬁafmdggﬁi@dﬁ BYigEd 1 %ﬂlﬁ’z’éﬂgﬁe&’%}m ge types
having {-ey4,5{y00) ; Hﬁ?ﬁﬁ@ﬁoﬁtﬂ@&ﬁ% t f¥ention, i
foll ow E’Sdéﬁ%)saélggéﬁggﬁg ?;scgf:)oﬁgé\f%eé% mﬂkel}l%léd%fi g \g?e ce to the preélvi ou][slllciln’m
di euss QahiclAdignald &t tianémitied GRMMHIKSTUO0tpheseatk foe PodesBackb@ff (PBO). TIASTEr
Reconmendation 6.994.1. However, it is understood that other procedures can

be usedtiwi RMM,Hee HSELER restariadhe THH-TWReersamendaiipn (3- P4y prosadwrpeandAsamny

and/ or scgpe thereof. The, | 1- e 1l S: [ g action
B (descFFggtas'? r@é%‘itﬁog#g)wg%%ﬁ%{zpﬁ%gf#' &5?})‘%&%@?‘%@5&& %@ﬁ?%sﬁgfﬁéor der
t 0 negopi® Sre@NchaHBEE Ghd HREHIA KBTEI Mb8e dfpetatidaieseledtal: KFdliolvidPBOITYOD'  of
a xDSL nodul ation. At the term nation of Transaction B, the HSTU X perforns

a cl ear Bowmngedaioni894.h cRardavan therselectstd XDAL. fegrecErini®gd e sRlrecegTncy )
and initiates tg(?e ﬁﬁ? r Measurenment Modul ation (PMV) of the current
i nffent i &1, URtFRCG B AR Th si ghals are transmtted fromthe HSTU- X to neasure

for Power BagkI¥m(FBesaghfthe HSTU-R requests a PMMS mode by setting a NPar(2) bit.
} 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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the PMM_the HSTU-R restarts the | TU-T Recomendati on G 944.1

rocedur es

‘and agaifi8%PPlates a Transaction B with the MR-P message. |l #h0€T 2003

transacti

on,

the paraneters for the

PBO are exchanged, and the fi nal

xDSL

node of operation is selected. Following the I TUUT Recommendation G 994.1

cl ear down

i | | ust r akamipiendda gate. THinistalrequeRt Withrparsmgters, sh et reighitesithe HY
araneters (or paraneter sets) are requested
fransactign.g | gy |y, the HSTU-C responds with

@%own 25

by settin
throughflggJ

simlar
nessage,

p

t he

ara

st S G hapaeiis o e

%e?v%%to .tl?e (E

econmen

t he selected xDSL begins training. The entire sequence

Ao et sl Pl RO,

t
A0, s

20 is
R 40 asePMBSP mode

oper at i eg; -ackobifito thd@ePMMisdranalgs oare sent. The procedure assunes that

after the PMM5 neasurenents,

the XTU-X returns control to ITU-T

Recomendati on G 994. 1. Dabierdd -tAMMA\Standhel MeyuGrsensg)s the first signal s,
and t hen, [TTRghskitU-| MEsSageOr DeserigRdl Ng signals. This allows the xT-C to
acknow edpgnpithe | TidighaRec( ndation G 994.1 ACK nessage sent from tlhe
HSTU-R. The char adqtsimesti ¢s land timng of the PM signals are 30
predet er T ASHFULHT UGLR TU- | OHETH HEBHEaIntiades (afoldtion dnlthe tapdbilitiod ofthe@ygeBgnge.
After eac 1(@5&@)h€8 per f o ggd stk gigﬁgmﬂ@matﬁ;a@dmaﬁai ysis, they ilnform
thg, OPPOFHKFUSE U4 &l T NEi[ Ty [PHE thisidee MauaEs i mdbon ondhe daPbilltEdra gsi bl e
par anet er S(Opﬁ&ﬁb gs, for 43 G Ema e HPANG cBxXRFBhR This
IS a reqUERKTIFH T [FARPTEL 119 Thcndsbagt & dVequése for tHe PVM HioBe, bkl iHasdeMme - |and
the HSTU-C'to use D the [BliRRAQGIhEEby Adice Walck k@Ws&iis 4 Bprcont entys  of
each nmesshage is gilven 1 n.Tall R.dognedpeb@WersNPtR dbdidl sipnafio e @hks@iR@BYS |t0 the
step nunbpr in Fig. 9. Tabl g ielusTd? (Standard Measurenents) 10 15720
Transm t MepSegeE 74 H"M’QEFCR?’l AR hdsspamal Name HSTU-RCCROThT S MESSage |
i ncl udes n?ormat iton on the [caRaRitckibd £t PMMIBodey RRSndhRE hopMnaed AMPVI
signals that the HSTU R can {tgalabdd ctdrl Waleklrldbms IR fidagl udes ,
i nformati pn on t-he capabi lji tji a?yme%d@wk%{mb@it&nal s that the
HSTU-C cap transmijt HSTU- RVR-g¥tihks nmessage is a request for the PMM|node,
and incluges the (PRR)par amgt.efhods @le paainbShe (o BQIrFoib ivhildh FpRE@ERANT § a set
of predef]| ned parameters) jof} &hgpRlegintEpbranetns) bf he dhRed figaABBLE t €d by
. 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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t he HSTLf)—g I-gi;sth-GVB (PCR) 2This nmessage: is a selection for the PMM node,
‘and i nclfUg88 b paraneters (or category choi ce which represenj g ﬁﬁﬁe?l]lg
predefined paranmeters) of the desired signal to be transmtted by™t
HSTU-R, echoes the paraneters (or category choice which represents a set
of predefined parameters) of the desired signal to be transmtted by the
HSTU- C HSTU- RACKSiBinms] TefdSHgE Recémowhdudipads.924.&c4 HBTUOK deithfating it’s MS
HSTU-CPM , , 4This signal allows the HSTU R to nmeasure the line conditions
and powBiESPags SORETHE/ neerrio; congidgra ingyt o therppasteHE b Xnda 9ides 1@ he

l'ine con nd

e OB BN L5t RN s AT 8508 bF B g, e
modul at i @Rerd¥9skentivh dis aﬁﬁ;santéx%dﬁihﬂermrm@%{a%sqa&qﬁé cortBils of @MY NS 2
paranmeter request a certain anount of PBO in the downstream direction

HSTU- CVBREsugs cae Seagade ”(tﬁ@ﬂ)matck&mlddm@t@@ggamipmm-mfbuPMshould dooa
sel ection for, a specifigc XxDSL dul ation node (wth possible data rate
NARrern g

pr ef er eFREIOPslY, sqaftgiaxeid e JeTPRi on a certain anount of 'PBO in
the downstreamdirection; and contains a gar anet er sel ection certain

amount “of PRBefafe sragesing the aAver kexelaf die iR F@%%%ﬁ@él%ﬂ?ﬂ)w edges

R L R R s?egfsﬁffhe of
| TU-T Rmmmmxhama&@@@mMzw%gmrﬁff@goﬁstof-ﬁgmx BEAGS, SAeNt s

does not need to consider an input fromt he opposite to
pr¥ser visvblashowld de selapad sbad totoyr ou this sidewf sbing lass ppwetU- T Recomrendat | on
G 994.1, the_.current invention sets forth an explicit rule. This rule
- S’S at es t hat Sme sennanns are presgrted/Below with possible solutions and a recommendations.
. Howdoesal -C indicate it wants to do a PMM session? Specifically, what
should a HSTU-C do when the H R initiates the transaction with a plain AR or MS?
If the HSTU-C receives a MR-only message, the HSTU-C may:
15 (a) Respond with REQ-MR-P (that is, create another new message type that is similar
to REQ-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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message c%n gg rride" the paranmeters and node suggested in MR-P, but it
‘shoul'd dd?®86°- utiously, so as to avoid a NAK fromthe HSTUfe %”{012@[}3
suggesting the power |evel of the PMM signals, the HSTU X shoul d make a
rough estimate of the line | ength/attenuation by exam ning the received
power |levels of the |ITU T Recommendation G 994.1 carriers. In general, for
reasonsoof spectral politeness, power 10 | evels should be selected so as to
erg on the side of using | ess power. Some scenarios are presented bel ow
Wit h possi bl éc)sBkspond mgthaicQeMRe Aoy idaH wilbrespond witwvViRend ahdaFHSTUEC
indicate jt wants.tQ . do a PMM sessiqn? Specifically, what should a HSTU-C
do mhen“tlﬂéewfiﬁ”ﬁhll‘@t‘m@twm de peledetbtion with a plain MR or MS? If the
HSTU- C receives a_MR-only nessage, the HSTU-C may: 15 a? Respond with

REQ MR- P ( t héccprlingtpdhs @WBFW@?U%WW@%@@% aet olso ‘%‘%‘llt‘ﬁq gFpondo

. C.c but it also has paraneters |ike
I\/Rgl-:’) I—@m}\%{[ fﬁﬁ(@%%% ? %1%' d ow that a PMMis being requested,
unl ess the RE%&@@ @éﬁ%e Q Es @S&s@&g o 3 Stsl | MR-P is not
necessarily 3 EO- VB, Fi =+

STU- R woul d
not. know;fisied? t he HSTU-C 20 wants PM E-, or (c) Respond with MS with PMM
mode selected. This notifies the HSTU-R that the PMMw || begin unless
NAKed. |f thpoHdiikkbiudess ideigdd:hat it does want to suggest the PMM
paranmeters, it can then send a NAK-NR (Not ready) to conclude the
transaction gi)dif the HBRUR oy ubitilé tPdRerminem igpasysité PBO leyeldriiditeg MR- P

wth it's suggestions. 25 According to the present invention, the preferred
(bt notecoineg P Mgl it chrove-Juggesd theeﬂﬁghmodm the thwftmé@agﬁ sovis aftpr the RMMSTU- C

his SoMRrOPEoarrastsAe Gl iy aneilee RIPRREaboyletsor () Respond

i th NA- K- t. 44 P18066. SO
or 1 7 oCT B0 ek UG W ipete E%E{i*%‘t%ﬁme?%iess%ﬁtﬁﬁ‘%‘% Rt b s
and t hecHPddP,, Wit bin feosupoad te BNIMVBRoak i hENIA iRdeos 8ERGIMRE the/mam di ng to

the current invention, the preferred (but not sole) sol ution is to respond
5 wth M@memvahempndb@&@ﬂdéwﬂ%EW|mmﬁb@)/e 2. |f PBO measurenents

are not successful, how can anot her PMW session he initiated? Possible
sdlsut i ons i nBdweeBack Off measurement methods will now be disclosed using enumerated sets of

standard parameters or explicit parameters.

7 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 A
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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(a) If the HSTU R was unable to determne an appropriate PBO |evel fromthe
10 reécePI8OEMEL, it can re-suggest the PMMnode in the MR-P frds gaige 268t
after the PWM (vvhere t he PBO downstream val ue normally woul d have been
transmtted); or (b) If the HSTU-C was unable to determ ne an appropriate
PBO | evel fromthe received PMRMm it can re-suggest the PMM node in the M5
messagetrassattiad, ey odidteolfidlylof (hatMReP/MBmRBEsssak skowio 'mfﬁ:hhlgs YotkahghaPe Leen
transmtted). 15 Power Back OFf neasurenent met hods wil | w be di scl osed
usi ng epavedure dthsexemplstcontenisria shQi oy kably & and is illupirated | ’cn &rmeters. A
Standard Set of Paraneter Measurenments This means of operation assunes that
a standard set of parameters for both upstream and downstream measur enent
si gnal characterlstlcs is_bein ested T tially 20
shorten the | ength ofl 2Pl r‘r&@%@’éﬁﬁ ?lﬁ?‘k@?@éﬁ’aﬁ% using a

"pa anetef set” rmdesbg/r(ls)ettl ng a spe¢cBfilc NPar¢2) Sbit4 Thd pataneler] set
I's request&@oi L Alaadx & SPar (2) octet [ard]a x NPax (3 ocket. xThexconterjts of
the M5 nelsgages -Wnhdx e il lustrated bekoy usi ngxG shdsk asxan 1exagplfe;
however, | &ob%1undesstood that the pegsages ganxbe wsedif orxanyxof]| the
vari ous 28 o¥PPL ASNSL LB I n this regagd] refergnceg i sjnmadg tog X
I TH— Tel ecoagynbcathgn- St andar di zati o pe¢t o -dogungnt gnti l edx” G ghdsl
Draft: Rec ation for Gshdsl" by Steve, BLACKYELL, puklished gn
August, 1 assi gned- Tenporary bogufen{ N(‘%Rl“;x the ysubject, nmdtter
of which SEX ressl por at ed her rejergnceg n wts gntipetly. For
a first (nﬁ g%ipﬁ IYQIS P{D """""‘GC'C:C%, t% octet %\;Uulollg \'9| tﬁc :\v‘g\- P/ VS

30 nessages i s shovvn in TabI es 53 through 55. For the second (post-PW)

‘hapdshake 45 Pl 8066. 503 41els 74?(&75[_35%&1\/}({1 Qﬁ?ﬁf(ﬁ)%‘odxh@f octet coding of the

P/ M5 nessages. is_shown 1 n hr ocedure w-th

—ooTuTor-T

exanpl e [contents | S-SHBRR NB#T@Mhl e 60 and $s il Lubty 4 n¥ig?oldaple
53 - St afdSFPSLibetsdmainng Fiel d (SP 10 (1) Todi*ng @,Par(t 1) 88765439 1 ’Ggwgz 1
- Annex |[AGSIKEDSLEMMS (@e@urt usingparemeBRx xx x X 1Xx & 999. 1 ¢ Afnex? Cotxxxd x
G 9922 -| AfemaxedihBiRle¥fkx x G 992.2 - Anngx Q(XXJXXX x G SHDSLxxIxxxx X

422

Remer vedxRosewrd X x x| 0 0 0 0
Reserved X X 0 0 I 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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No paraneters in this octetx000000 O 5 Table 54 -

"Codi hg RBEOESEPEL NPar (2) 8765432 1 G SHDSL Initiate traini n
G SHDSL PM vl S (neasure using paranetersxx00001 0 referenced

G SHDSL Mbde (NPar (2)

%1 tp s,

Reser vedxx00010 O Reservedxx001x0 O Reservedxx01000 O Reservedxx10000 O No
paranmeters in this octetxx00000 O 25 Note - only one (1) val ue G SHDSL
Spar (2)s8 76 5 4T3bR 55 -G SHDRL G&némﬁl?&@emsr(oragat(lumaqwcmg) eam

$I \.)8

par anet er ¥

training
t hrough 58
G. SHDSL u
dowhst r ea
mul tiple

explicit

62, 64, 6
G Sl -1 DSL
seject ed.
CGener al

f'\l Ihf"l

@Sﬂ[])SL’f;amlhgfpafglﬁﬁa ers -

ST
IICIH [V aaaY

\408 \JU

III6UU

\I \I')

[N VaYal

frr\m

Ill 1

joecT

SHLHlcpens PP ;%1PMVB usi ng
)&SP&% ml%?fﬂ‘q%#@t # fromT
OFNRRD L fEG% par anet er §
@pslﬂasbsmmbpww 64, 65 and
SR Yleganetahparametst % x x x Tab
bReged66. No paraneters in thi

bt ﬁ
it e 59
% nx* X
66 G 9
& 61x4d
5 0ct et

Rampaneetrssn (BPci80 35 40 Note

t *om Tabke
X *xx % 1%*x % X

x*1 xX*x ¥ xlTab¥e &1
HBSL Xipstr edm PMVBXy
n& mul ti Bl eXcopk esxq
X 1x0 © 0x0 @ 0 Tabke

L ANbrz

t Bat ®nel( 10 vad ueldd

LA ARLLI IULIJT

Xox %x %

Mode an be sel ect ed.

(2) Coding 46 P18066. SO Table 56 -
Paranmeters (Cctet 1- NP 1 ? OCT 2003 Coding G SHDSL training

parameters - NPaf{tdy 876643IDEL Training Parameters (Octet 2 - NPar(3) Coding)

15

20

25

30

35

itiate

s 56
X 1 X X
& sKigsL

and

si ng
f Tabl e

55 -
an be
G. SHDSL

Data rate NPar(3)s

8 7

6

5

4

2 1

Unspecified by terminal

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

Data rate (bits 5-1 x 64 kbit/s + 1024 kbit/s)
Data rate 1.544 Mbit/s

Reserved for allocation by the ITU-T

Mo oM oM M
LT T B ]

—-——O O

— o= M O

_ oM O

—_— =M oM DS
— = M O
— O M MO

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

G.SHDSL PBO level - NPar(3) coding -

8 7

6

4

3 2

PBO (dB) (bits 6-1 x -1 dB)
Reserved

X
X

x
X

X
1

5
X
1

X

1

X x
T 1

—

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

G.SHDSL PMMS initiate - NPar(3)

8 7

6

5

4

3

G.SHDSL PMMS set #1 (1024 kbit/s; nominal
power; 50 ms; 5 ms) :

G.SHDSL PMMS set #2 (256 kbit/s; nominal
power; 50 ms; 5 ms)

G.SHDSL PMMS set #3 (1024 kbit/s; -30 dB
power; 50 ms; 5 ms)

G.SHDSL PMMS set #4 (1024 kbit/s; -60 dB
power; 50 ms; 5 ms)

G.SHDSL PMMS set #4 (1024 kbit/s; -60 dB
power; 500 ms; 50 ms)

Reserved

No parameters in this octet

X

X

X

X

X

X

X

X

X

X 1
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G_SHDSL
' G SHDSL

808 3p1

G SHDSL gener al
this octetxx00000 O 10 Table 57 -

paranet er #1xxxxxxx 1 G SHDSL gener al
paranet er #3xxxxx1x x G SHDSL gener al
par amet er #5xxx1xxXx X Reservedxxlxxxx X No paraneters in

par amot of T+B0

G SHDSL Trai ni ng Paraneters (Cctet

2 X

2 - NP

(3) Coding 15 20 25 30 35 Data rate NPar(3)s8 765 432 1 Unspecified by
termnal x x00 @@bled0pdMMSat Handsard Bagmetex Mezswaginepts Prosedurodadamplpat a rat e

(bits 5- 1y adskit! [ Namie [H2Z btk o sctédsX XXX X Data rate I1.544Ivibrt
x11 111 O grved| for all¢cation by the I TU-Tx x1I 111 | Table 58 -
G SHDSL Trah-ae—Pa-ariptets g”‘*et 3——NP {3} Coding—G-SHBSE—PBO-+eve
NPar (3) ‘¢ )gls}% 76| MR o[ LI T 5%@)00?%??1? e A dB) X X X X X X
Reservedx|xi 1 1 I{1 | Thbl daBo54 xxQ0SPAGSstariNIES magsuremends wsing frgjinJable 7
Coding G BHDSL PM| 7S i nr t i atie 55 Mm0{®)(Sob@bidar PIMS. niiim et Mmgsatin #1
kbit/s; nbm nal xxxxxxx 1} pomesics9p0 ns; 5 ns) G SHDSL PMVB set #2 (256
kbit/s; npm nal xxxxxx1 xi pOWRfe s05Qd¥Bin013set P [fwinaig PMME set #3 (103
kbit/s; -BO dBxxxxxlx x jpower; 50 nms; 5 ns Ea SHDSL "PMVB set #4 (1024
kbit/s; -BO_dBxxxxdlxx ¥
-5 HSTU-C M5 2 | Table 53 %010 0000 {Select G.shdsl)
Table 54 xx00 0010 (start PMMS measurements using set in Table 55)
Table 55 xx00 1100 (downstream/downstreams PMMS measurements
using set in Table 59)
Table 59 xx00 000] (set #1) [downstream]
Table 539 xx00 0001 (set #1) {upstream]
) HSTU-R ACK 3 | This message Acknowledges selection of PMMS
HBSTU-C PMey 4
HSTU-R PMux 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]
;Table'57 xx00 0010 (128 kbit/s) [upstream]
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 training begins.
e _

B. Explicit Parameter Measurements

15

/ SX

X
3)
(1024

4

This measurement is similar to the Standard Set of Parameter Measurements described
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power ; : ms) G SHDSL PMVB set #4 (1024 kbit/s; -60 dBxxxX1xxx X

" power; 3%(%%@3%50 ne) Reservedxx1xxxx X No parameters in this oqtetggmoma
0 47 P 18066.SQ1 1 7 OCT 2003 Table 60 - PMM5 - Standard Paraneter ‘
Measurenents Procedure Exanple 10 15 Transm t Name#Contents of octets Unit
HSTU- RMR- P1Tabl e 53 x010 0000 (Sel ect G shdsl) Table 54 xxOO 0010 (start
PMVB neabaye mowesenigiongoatess aierequtsiddo 58hsiTia BleeexpBeik p@@n@ted inforhmatont r eam
PMVS neasurenents using set in Table 59) Table 59 xx0O 0001 (set #1)

[ downst r ean] gk folnBREadibaissan MM 900ds ¢rsabetin B sttistipn PabLshdg4 xx OO0

(downst KPEHEASE AR T RROR b L FEe Abe e eRpned O BT DA 535PoRif o 59
OO 00 | h _LURS:

HSTU. Radi kool KIRMRY EOB d2RioE, Patf{Tendithct SEGidd afinh Bal

HSTY- RPMteDarepIshdshdbElewabl e 53 xA O 0000 (Sel ect G shdsl) Table 54 xxQO

0001 (Initiate training (using paraneter values from Tabl e 55) Table 55

xX00 0001 (| yitHoabR the Bisdukashn {sifekdtibed QMVRSTnE ©AHAR 24t PRiadHetdt s iHR Sofddqmat Tabl es
57 and 58) Table 56 xxxx xxxx Ceneral paraneters TTable 57 xxOO 0010 (128

kbi t / s) ofiopasmetanimclidib,dub otdw@Bdtb] Synip] @iy, FAestl etanimayiSEUs@VBRITabl e
o O SOhES A ST h) AL S PR 00l LA ekl " 19 (15110

Assume a data rate resolution of 32 kbit/s for data transmissions up to 1 Mbit/s, and a

10 data rate resolution of 64 kbit/s for data transmissions above 1 Mbit/s. However, it is noted
) that other resolutions can be encoded in a stmilar manner. Table 62 illustrates how to encoded
the minimum requirements of 192 kbit/sec to 2304 kbit/s with a resolution of 64 kbit/s, It is
fxoted that (G.shdsl is designed such that slightly asymmetric upstream and downstream rates
may be employed.
15 : The PMg;; and PMy signals may contain multiple signal segments. For example,
several 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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Tabl e 55 xxO0 0011 (Initiate training (using paranmeter values from Tabl es

+ 57 and gg)g aPile 56 xxxx xxxx Gener al

paraneters fable 57 xx0OO 0010 (128

kbit/s) [downstrean] Liable 58 xxOO0 0110 (6 dB) [downstreani r fabl@Gy 20890
0010 (128 kbit/s) [upstrean] LTable 58 xxOO 0110 (6 dB) [upstreani
HSTU- RACK8Thi s nmessage Acknow edges sel ection of the G SHDSL using the

speci fi ed downstream (an up$itabe®)- PBEIsTPatarRate OcteSHDSL trai ni ng begins. R
B. Expllcwmwaewts Thr's agpuregnpng 1sssiqnizmr 170 1hp
St andard Bgt wtlflé_’(ﬂj Hﬁrhﬁél fVEdbUIelIBIILb dgsCyd DF,‘{(] 7 06p- YT g- 790[ CT -
2003 above LOVE 51 ets are requr d to] tpanspt ttua e}2<plkc t
paranet er o f f’ % g‘é di fcu used
i t 1

n>t he acl %}ﬁﬂ% M}ﬂg’é g% tft?l caII %A ;Isee Se]ct ];) )EZ ﬁ, of t he
above rrent Draft) at a speC|f| rr%) a]re sed for
G shdsl %qsmvﬁ@, Exanpl e encodings of Glshiisl x:v-fnl\mf ont d tes are

proposed bel ow Although t he di scussi on is described in terns of data rate

par anet er
to,

Moit/s.
simlar

It is
upstream

signals may contain

rates for

may be sent

synbol
departing fromthe
data rate resol utid
and a 10 data rate
However,
manner .
regui renments of 194
noted that G ghdsl

S,
rate

is note her
PAMlgL&"& %ét‘ Xaim

RS Rl 5

C

spirix ad/ 3 sZ:opé of the current i nReswt

it
Tak

0s noted

and downst

tithati ot her

noof (32 &bi t0/ s @ or 0dat a t ransm ssildmpearfedt

oesal utbon 1of B4 kbit/s for ddat32+ignditss
r esol utiloni <592 kiet/se
l ¢ 62 il bustorat@es lbow t o) e6¢edond =t bt khivs

kbi tg seg t@ 2304 Kkbit/ s3 w6tk 1024 €301 dsthiwsn
i § dgsi gned1such2¢ kas +3b24abE80 sty
regamyr at gs jmayj begenpl oyed.

gul t1| pl £ sijgngy sggnent s- For exarrmegm,eds ver al

15 ThesiNet

gdl ng, but not limted
REU | at ed wi t hout
pon Assune a
o | Mit/s,

S| ons above 1
ncoded in a
um

of 64 kbit/s.
hetric

d PMef 1

dat a

a given Tevet

power

to nmeasure the PBO val ues.
wizoh a "4-tupl e" that conpmabrR®4 - (Gal)dsDabvaerrIaé\eIO(sta:) Power

, Ul sevel al

Thus;

POWET

Fevets—for a gi ven dat a,
each segnent

is described
| evel (from

nomi nal ) ; 29 EahePWE 1l - NPRiE) Wdist' ™" {18 TE7(F §- - Stz Ot zstjepce
after the PBB(&B)(B&SG’-LIX-J dﬁ)IICI\L Stgtren le u§ 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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sent Wiile the discussion herein is nade with reference to specific tine
« resol ut Po¥0GsaRHs,
nodi fied without departing fromthe 25 spirit and/or scope of the
The octet coding of the MR-P and M5 nessages is shown in Tabl es
53 through 55, and Tables 61 through 66_ An exanple procedure is shown in
Tabl e 67. Tab|’l@bﬁ367- maxmmmmmpmmw@rmmsw segnment s

i nventi on.

It

4

i s understood that such tine resolution b&s@@ﬁrﬁﬁﬂ&ae

NPar (3) s

'I‘r?mS"mlt

(bits 6- 1)5 é

2003 Tabl}e
Unspeci fi

X X X X X

‘Blaﬁ_ne
X

~

nhrln

#JII

term lld.IX__XU U U U U U # SengE
REE'E‘JF"\‘/% x"ws | 1111 49 P18066.SO 1 7 OC

SR

Data r

rate 1.544 Mt/

Val ues Dg
kbit/s 3]
29 x 64 -
LeM

Power

ta Rate
X 32
F 1024
el Ccte

EX X

L

LMiha
hte (b

Encod
992 k
2880

X

ts

1
ng
DI t
kb

;ngée LCO? Bqﬁﬁadﬁse)(blts 5-1 x 32 kbit/s)

Tabje 3¢ 34004819 {sigrt PMMPmeapremagysusing sst mTaple, S5k

ﬂe@arﬂe’iergﬁ T36e 80anRafiltiple cbiisE Thbleseqd, 646% amP66F
AR e a5
(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)

rTable 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,] (e.g.: 200 ms)
ITable 66 xx00'0100 Guard [downstream] (e.g.: 20 ms)

;Table 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 [downstream,] (e.g.: 20 ms)

' LTable 66 xx00 0001 Guard [downstream] (e.g.: 20 ms)

table & Re@aOVE@SwIsHeadm BMI Simehsufdidng ubidg expliain

1216k
shdsg

S
T

1
X X0
Dat a
pl e
192
bit/s

HSTU-C

MS

Table 53 x010 0000 (Select G.shdsl)
Table 54 xx00 0010 (start PMMS measurements using set in Table 55)

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 [downstream, ]} (e.g.: 20 ms)
LTable 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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G SHDSL PRO | evel - NPar(3) coding8 76 5 4
,dB) x xBI8R66SHU x x Reservedx x1 1 111 1

Duration Octet Data rate NPar (3)s8 76 5 4 3 2 1 Duration (bits 5-1 x 20
me)x X0 x x X X X Duration (bits 5-1 x 100 ns + 700 ne)Xx X1 X X X X X

Reservedx x1 i 1 1 1 1 Table 66 - G shdsi PMM Segnent CGuard Cctet 35 Data
rate NTar (3)s8 76 54321 DJrat[hb]JEGObédrﬁinﬁedL X5 nm) X X X X X X X X

Reser vedx—xi—1 11 4-50-P1 2003 Takl-o—-67 :
(Explicit U LG o b i Pes AT &ee &éﬂiﬁéﬂ‘éﬁmmt o

of oct et s| BATY-GHsPMRVRI BliTabl e 53 x010 0000_(Select G shdsl) Table 5
0010 (st af HSPWUBS| ddhsur ¢dent s using set _in Table 55) Table 55 xx01 0000

(downst r eaSPMES | MEaBUr ¢ fenfsamelssi emgmpix i Tabidt 60patroxeet ers in Table 61 and
nul tipl e CASTEET PMSTabl 5 [6Zamd4k, exbihple TTabl0, dRee 61 xx00 0011 Nunbeér
SeQmanti L STOR T TR_ (§3 (wn-?e?asrek%l@m biedothtovel) Lata rate [aownstne
RN L T RS T A A R S TN
0100 Guard [dovvnstrearr] (e.g.: 20 ns) tTable 62 xx10 0000 Data rate

[ downstrea (e g.: 1024 katIS) Tabl e 64 xx01 0100 Power | evel

[ dBwnst liment 5 dB) Table 65 xx0O 1010 Duration [downstream ]
(e.g.

Tanl o 65 - G snas  PIPEIGAUR

ents
xX00

of
anj
-10
x0O0

62 xxoozggogﬁ) %?Jr?%‘fwﬁfsdﬁ% rea'&rlﬁdqfl‘ 4’&%@%&&&@3&’8“&” offhe™s) tTable

15

invention. After the PMMS, specific parameters for the power back off (PBO) are selected by
the terminals and negotiated in a Transaction B. The parameters are selected by evaluating the
frequency dependent signal-to-noise ratio and distance estimation from the received power

difference from the transmitted signal so as to use the minimal necessary frequency dependent

- transmit power for the terminal to adequate receive the signal.

20

25

30

The session summeary for this embodiment is similar to that described above with
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
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
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

PMy.
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Tabl e 64 xx00 1010 Power | evel [downstreanj (e.g.: -10 dB) Table 65 xxQO
0001 Durkk30sh: Péiownstream] (e.g.: 20 ns) 1Table 66 xxCO 0001 aﬂﬁT 03

[ downstream (e.g.: 20 ns) HSTU CMVB2Tabl e 53 x010 0000 (Sel ect S ds?q
Tabl e 54 xx0O 0010 (start PMVS neasurenents using set in Table 55) Table 55

xxi |

par anet ers |n Tabl e 61 aerblmﬁSHRMMS:Cﬂ:imgbm)MeIammmts)z

0000 (downstream and upstream PMMS nmeasurenents using explicit
(54, 65, and 66)

Tabl e 61 CGt“ . f)'l&nﬂﬁrt‘uo 2 XXI
0 0000 DaiM% ok EETRUOR 1054 kbit1s) * Table 64 xx00 1010 Power
| evel [do reanj - 1D dB) Tabl e 65 xx0OO 0001 Duration [downstream ]
(e.g.: 20|ns) tTah 0100 Guard [downstreani (e g - 20 nu) tTable
62 xx10 0PBGTHR a E}h s Thempgsagednejudes indormation ¢ iy capabitifiessf t¥pr0)l 0100
Power | evéloptideabndt r ean] (jez pof PMPOsigigls thaBiedig/-Re@0rawmdt Dur ati on
[ downst r e ®SIIUC@. g CL 200 npl | THailptsagetnotodeOmbdtRtiGuar e faabmists daypes (e. g. :
20 ns) t Tapptiofis?) ¥xOO 1000| BRbLEPNVEE Sorfatiakut sHeHESTH-C(cen Gartsmt56 kbitls) [ Tabl e
64 xxQO 10GETHORET NMRYeT [ pjvred ﬂh@@age i€ Ereuest for the PMIM haddle Can@noraded 0001
Duration |downstrdapkg (e. . i te;sra,béa%g@@ HHEOWRRR lepReaigla kdomn$t r ean
(e.g.: 20{ns) Tabl 39.@ fl}llearp@rsma s &%@E&k&d Ho%@anmﬁa} 1)
TTabl e 62| xxI O 00( Chy e $i .2 1024 k itis) Table 64 xx00
1010 PowetE € Y] CI'B) Fabte65—xx000600+Duratton
[ upst ream e.g.: ;Eﬁéémfﬁi( "78&‘?9 (e.g.]1 20
ms) 51 P1B066. 501 con gﬁég 5%5% g\% fmass hge
Acknowl edpes sel eq Qéds hITe  as
exanple iph Tabl e ¢ f% f% SFR bl ansé'ﬁ apove)
E‘igﬁ] SA leg( IS:??F haE: echoes the parametcrs T cai-:l(;rggrlyrt]:i‘xmge \%’u Pe%lfesénrtsa ni-ng
' 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 PMqy ;
= 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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A di scussi ]I now be provided with respect to another enbed t he
‘invehti Z’ﬁbé}%%\u the PMVS, specific paraneters for the power E?cm TZBQ%BO)
are selected by the termnals and negotiated in a Transaction B. The
parameters are sel ected by evaluating the frequency dependent

signal -to-noise ratio and di stance estimation fromthe received power 15

di f f er earedollowad byen estemskr(*) indivats thatthe glategeansigion sreaytl‘r?etahﬁnrﬁmam re¢rpEies Sar y

f requenc endent trans ower f r the term nal ade uat e receive
{he 1 o LPIP LTRSS, 5 CBO A o O™ PETE B FrRens S SRR TREL o ¢ ha

descri bed ab ve res ect t e .ot her  enb s However ur.i ng the
BN |t e TURRE SEME-R FESEs e lubBifaf Biat s Agn merwes tad e ater end g o,
Thi s al ﬁ]ﬁ ?&Lé know edge t he signal 20 sent fromthe xTU-C with
a secon%ﬁ‘@'ﬁ- ecom*rengb@?on G 994.1 MR- P nessage sent fromthe HSTU-R

It J S noted i f | s are
predeterm negf“k%h%%%’r?l t(% excﬁ%@%mﬁ??ﬁne%gg% ﬁde%ga? per f or med

thei r neasHaRhR nhémﬂ;easagéwas ﬁot ﬁeh@sémlyrsﬁrw’em dculd nGtRakid &ﬁpﬁ&n@ﬂ‘erst a1
specific val ue request of the PBO and possi bl e paranmeters such as data 25

rates. Whsalwiaysafs agthwiThis, e segaieat srkoowledgaoemmand JACKL 2} TousidFU- R t o
use I\/R-P and, the HSTU-Cto use M5 in a B transaction. 30 An overvi ew of
the contY¥-of each nessage is given in Table 68 (and illustrated in Fig.

10). The cone s of this e diff from.th tso Tabl.e 52 in
thai tne Sﬁtlramawgﬁ 3 VP s @b oo n frveR il e B Rlind Bhieret,

| {ust r&k%%s}, re&]fdn@é 1 & MRVB kb 5 (B4 8R66SOLIvERbL & /8 - PMVB
(St andard I\/Easurements 1 15 7 OCT 2003 Transm t Message/ scription
Uni t Si WboftbdebﬁfthrmlAmmﬁe:mW thenlquelts] paréroeterst daro notsuppbred, since
capabilities of typ (opéli | )aof PMM signals that the |-1STU- R can
t r ansni theyeamp §§@§jlp’r‘i’é-°raﬁﬁes information on the capabilities of

types (opti o f P hat, 1 he HSTU-C tra TU— RVR- P1The
message i s a ?@%%(% dfmﬁf%w é%r%ﬂ?’dn?sﬁfﬁ% e‘(}ﬁﬁmg Paneters (or
cat ego g}%ﬂi:{(@fmrl’ Eseﬂél?mto%éﬁ hte Qﬁatﬁ%@%ﬁﬁht’ﬂ%%x@ﬂfﬁ%@%ﬁ@ﬁla)oem the

desire to be transmtted by t
15 performed before the mode request.

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- O\/g,r}éﬁé%?)égme nessage: s a selection for the PMWM node, and includes
the par or category choi ce which represents a set of pfedgfiTedi3
paranmeters) of the desired signal to be transmtted by the HSTU-R, and
echoes the paraneters (or category choice which represents a set of
predefined paranmeters) of the desired signal to be transmtted by the
HSTU- C HSTU- RACK3The message Ackmfe%égn@éleécu on of PMM HSTU- RPMM 4Thi s
signal allows thé.c > @S an er | oss
HSTU-CPM , , 5Thi s | aicgipgl al | ows th OHSTbJ-R(;o rfeasyre ¢ hegli n@ condi ti ons

and power | oss Jl§aé( -P6The EsgAgey ( RRHA) acgnovpj edges ¢

P ;1S areq a speci ff g xDgL duljati g de o(W possi bl e
dg/"t\éa rate preferl1iﬁ§kk - and cont al(gns g r%ue t f me%rri sed PBO
tenpl ate for eachN Ndgin the do tregm dll re%tl o &NB? e nmessage:
(PCHA) acknow ed eption of P speci fic xDSL
nodul ati on node ossible d

dih edvvnsltre rlection; and
coMt ai ns a param or ]eacH ba?ld in tfe upsltream
di rection HSTU RARKE] P edg Ipst! BO Ir equest
val ues and sel ected m)de of operatl on -Training-Tr ai ni ng begi ns Sone (but
not all possible) non- ty i cal transaction scenarios will now be discussed.

Stat e di agr akbe traasmigb Hividedintpnsarimere bandy a3 showvgin f@&a}?‘pl Eachanghe

HS 2 G h d 12 whi ch
Show -1 BRIy legﬁ oot et adinc Enh ot S Bintie “Not o
that ne ¢ BATRSerbbUNApd the Itiafigiit %glec&ra& WRhinBit badd PEROGHIeIbhshitr O C T

-2"(3)03 are followed by an asterisk (*) indicate that the state transition nmay
be t aketemphaes zreskowin onFigs. 14 through 17. .

ba
e
l

par anet eri sed PB ate for

f a.sel CtIOOI’l or
t raEe pr ef é’ren es),, gonfﬁ ns a
t

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 spectrumn 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 (sée 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 breakpbints 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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a conpl et

~nessage%q38&?§§ NRR-P nmessage state bubble in Fig.
the entrance and exit arrow of the MR state bubble.
were to becone | engthy,
message was not necessar
was al ways of short

it would need to be segnented.
since it could not contain any paraneters and

70 TESIDSTh BB e lyntiste - NERH Ao

11,

or upon the reception of one or nore segnentd 8CTt 803
It al so includes

5 1f the MR P nessage

Segnmenting the MR

88 conmmand "ACK(2)"

nust be m@t UweuG S’I\H)SIE‘PBGQ%HESW(SWK‘ PrcafTgesyar iy ger 4r eyl shon i pvel

t hat the St Horrents—10—the—fressage TNAKNS Ry f)e oL ESPon to an
MR-P to sp ? z@? ---type--- is not syppor{ep. HQwever K—ﬁS
cannot neR ° pa{ ers are not |{suppdrtéd, %siAce® tRey tan be
overri ddeh x and NAK{ CD afe| d11 dwed f8r &ny X
nessage. L‘i)'kté s' lr its iate fol MR- P h< wal | *as*MR*t 0 *

i ndi cat e thatb%ﬁﬂapH- 1¥TF@§P Eﬁéﬁ bul d|be 15| performed before {he
node r equieQetet OPhPBEEExaT GREDINVE be accé¢ptabfe|to Keepf p&rify With MR
however ifts u@é&lwlldﬁblﬁn@ép‘mﬁﬁdd’m@ml%h ch sehse, since the HSTU-C
coll d see| @ttet OarbBeFerF, tHiEx — Fhé(blﬂsléﬂ'l)-/m}/\o | ¥ have %serlt ®n ¥t s XVSXressage
in the condeetly -FBQRe=WR+RFaefsaluts 6SI)IE) ng »odad | < bei ng s&l ecteck (e. g.,
a node is| onl kit 84i=nd I i Heast tspatjfjed'bp@mine? i s| 20 no} an appropriate
response.| Gitads -[BBIO NR=F; H1(Bf — Fen(bitsB- t)@dppnsext oxaj GLRx i & aksoxshoul d

not be sent i¥it62sPANSHE + notdpeciiedy tdsmirial ar | y, send| ng Request MR in

r egponse [tOctat (5REBO MR- FYesBA0E, Woitk 6- Hé64) ntani ngl pss response txo an| MR or
MR- P nessfage. bibs-N16€1 ITEEISagR spiifiedivy tereirat ed 1o MR, |t shoul d have a re¢lated
message NUOARE 10 -AB0 B = F,NeFLi FiSc @teepn /Ba)t $ arext hec same xbetwean MR and
MR-P. Bit] 3 igt6gt 1A im;l; spdcfhiedmgitgatal MR- {25 P i hstead of Na, as shown

I'n Tabl e 69 —befow —Tabe 69 - MESSage

TYype Field Fornmat 30 Messageni

nunbers type8765 432 1 MS0000 000 O MROOOO 000 1 MR- POOOO 010 1 CLOOOO 001
0 4 P18066. T foregding BBcussionttian beeh mrovidekmergd far)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

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

30

functionally equivalent structures, methods and uses, such as are within the scope of the

stated and as amended, without departing from the scope and spirit of the present invention in

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

35

limited to, application

specific integrated circuits, programmable logic arrays and other hardware devices constructed

to implement the methods described herein. However, 1t 1s 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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ACK( 2) - NAK-NR NAK-NS NAK-CD REQ MS REQMR REQCR 1 7
-2003-Thﬁ#¢g§n§at band is divided into one or nore bands, as smc?wrﬁ]GTn%r%.
13. Each band is delimted by a | ower frequency (FJ and a hi gher frequency
(F3. For each band, a 15 tenplate is chosen to shape the transmt spectrum
wi thin that band- Exanple transmt tenplates are shown in Figs. 14 through
17. EacBrocesypigcaee aip@deroniaictad:te implement hepecthodsalssqritied detsyn. 1% alditomp| at e

band. - TAEYgh R AP raseLeabe essBtfer ainopnent AR hBREp R HBR S P
FX2, FX3mbédithenBRit refdBfcety g%‘bh%{ég%@:d&n ofo%ls,ctﬂé ﬁﬁ/eﬁtit(ﬁ)’l# ﬂ;(\ﬂ[%rt] gﬂ-liféﬂr for

whi ch band nunber 1s being déscri ari ous conbi nati ons

par anet gr siciabtandurtihiend pratesist Tipaaidards fop Iihemetusid @thicz pdclat switdhdlithdwolkhe
opti mum needs. of the power back off g;xBO). For flat tenplate #1 (see Fig.
14)5, paFasensian ©g, TGXAP, UBRIBJEEML, odi Ty DEIdfladXMnBPRt ETRSNd@e Fi g.

Lompl ot YD) iper Sodesl b Ry 2d G UR IS AL PEREA andlpubidy P

represe i e i i Gl I i 17. The
val ues ﬁ)eph{ﬁﬁee&@gﬁsgg%mg’rﬁkgggméﬁ) i%%“ﬁ%‘é’%*é’? %rogn'sﬂ}\ée at? ggﬁgac' s)3]%& The

speci f i stadants aneiplericalicdllycopérsqaledl by fAGeranahonp affvisi equivslents Maning ksskatihigy 70,
bel ow. The general order of the paraneters in the nessage is as shown in

Tabl e 6¢ safbe{Hnctions. Beplgemay stapdye arbproteobHpsingHResIpE fynstigns aryp 10 15
('31>0 COdéor}ngid%rea 681%18%9593

_\)
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G SITDSL PBO initiate - NPar(3)8 76 5 4 3 2 1 Cctet 01 -Band#xgx? ﬁ Té@é X
Cctet 02 - Tenplate #x xxXx x x X X x OQctet 03 - PBO &, = bits 6- e

XX X X X X X Cctet 04 - PBO &, = &X, - bits 5-1 x | dBx xx X X X X X bit
6-1 =1 11111 = not specified by termnal Octet 05 - PBO &, = &, - bhits
5-1 x 1 dBx XX X X X X X bit 6-1 = 111 111 = not specified by term nal
Cctet 06 - PBOFx, = FL + (FH - FL x (bits 6- 1)164)x xx X X X X x Cctet 07
- PBO Fx1. = Fhn-apphtatis-foF ldetrhiidgS rfnsmissin fbimetss % itkalibe % Righ Gheba= ! 1
1111 = not specified by termnal Cctet 08 - PBO Fx, = FL (FH -~ X (bits
6- 1) 16490mmynisation jink, comprising. 1 = | | = not specified by terminal

I 111
Cctet 09 - PBO, = - [£S:0- 1).1.64) X XX X .X X X,X.bit 6-1
=111 1 11 =P "ﬁ%’?‘%@@‘ﬁ"&% Idﬁ?cgéar-sgrir’%aa‘%dt ‘%%?é‘{‘ ]‘@%‘g‘-“}%ﬁé"ﬁ%c“é“’ﬁkﬁ‘?"‘f%H =
x (bi ts tBat tapsthit§4) & responding gormmunibationtdetics, first transinistioh parandters gegichhed by

term naIb 218 {E’F f&;re}gqc{)lidn di scuss'.ondhas baen provi ded nerely for the
pur pose Of WP FOmMPEMGIR VS A" be construed as linmiting of the

present invens infeasurdihédt Crebdiin® I REIRIH, dsERBId With DaE iRERMeSRRuRRI YA t D
reference to exenplary enbaodi nents, it is understood that the words which

have bedkVis&ethaharasivss £re signals issped by csaidhrespandingl commuaication sleviceatmer
than worggofde to bdiltrhAdmifed ﬁx@b@ﬁﬂﬁx@ss%?gﬁﬁeﬁge’ within the purview of the
and a

appended cCl ai s, as presently 25 stat s anended, w thout departing
from t h@- scopicaspparapisr of claim tlhevherein enid inmtiatingi mnumicativs desivecfusther

Al 't hougr‘l_oﬁlgﬁseg_r esent invention has been described herein with reference to
particul ar”nmeans, materials and enbodi nents, the present invention is not

i ntended t o epardhetet saeivingt devicpathat cededves, o cdattk edpdiding eommahidstion t he

present | extends to all functionally,equival.ent structures,
et hods 4T et RSt ruiciors o B8 Rapd o i P SRR o,
For exadp¥ies; andhi | e t he present invention has been described with respect to

the xDSL procedure defined in | TU-T g}gagormen,dati on G 994.1, the present

i nvention i s *ABPSERALERSRESIGR SHondhay HRpemits speendyy rigid igspondingaqual | y
appl i cabbramuhichtioit de®lce fih 06PORE &S 5218 HeBived@SacohPirar@hdiiioh %arah‘f&é‘rs-[ :
Recomepdati gns V.8 and_V, 8bis. The nethods described herein conprise

dedi cat &d har @5 SPRATREHS (OF ¢l ob | vehzein said prspryding qonHpnisatian dsyice durther

appl i catbrapristh aSp@smtief iddidabifE AePide Thdt Gtinkits, 0O P TBRNG dodthmidlddys and
ot her hardwar e devices constructed to inplenent the nethods described

her ei n. 960%e ekl sepend wansHssion: Rsameterst tot broused iyntaid initisiipg wenmhwnicasivent ed i n
sof t war gevi@- 9-, a software noden) that is executed by a conputer.
Furthernore, alternative software inplenentations including, but not
limited*to, dheepramieserf clgimob ahsrainsaid fiey tposmistidropiratterdiast reldtert tedat

pr Ocessieg&ong Qifaal ﬁcﬁ&er ﬁé\%ﬁedsﬁédﬁgncﬂan\ﬂmatﬂ,% dHﬁﬁ&L Nd %6carrier 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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P18066. SO1 1 7 OCT 2003 processing can al so be constructed to inplenent the
nmet hods described herein. In addition, although the present specification
descri bes conponents and functions inplenmented in the enbodi mehis Tt hogs
reference to particular standards and protocols, the invention is not -
limted to such standards and protocols. The standards for Internet and
ot her packet-swi tched network 5 transm ssion (e.g., TCP/IP, UDP/IP, HITM,
SHTM., [x:ITI\/L,T}}gV;rP , . SMIP, .M ME); peripheral control. (IrDA;
RS232C, USB; | SA; R E%é% 0@53 ) Whinein gaigiresponding spihomeicatighdekse firaldy. ATM
xDSL) r éFMprisesta meawpinesit odcelviiy Sb@de . ch. standards_ are
peri odi ccghh}{mfcﬁggr geded by f gt% er or t}rrlgir faetcgg ?S?%i;“esﬁ’t‘%leéi ,éﬁfislnﬁ?atl'ngg
essentially e SRS ‘E}H%cliaf sponging| covumetidatioh aBwas 9&@{#&98)8@1%% havi ng
the samef inforoiationberten RS aRShARLAMEAMLvaL ents, 67 1 7 CCT 200371 An

Pt 1 n . . .
appar at gs for, determ ning transm ssion paranetemto initialize a high
speed CommuATic 3RNBEANY foskdetermining stanghission PaoRESE 1d ']Qi{glig]?iei Qqﬂ. evi ce
associ a&@ﬂmuﬁigh;@rliﬂkné&ﬁﬁ' g conmuni cation device, that tra 'SPge,dto a
respondi ng communi cati o de ice, first transm ssion paraneters that can be
used by sai d3 Pemmstati rageidogndevice aisi Rt W . asurement receiving
SeCt | ONthaBRSGds2foll Ak éai dinitiatin Wgﬁ%ﬁﬂ%ﬁ?ﬁﬂ“’“ﬂ'@%@é‘? devige.
receives first sl gnal s HesHgfompusication tamgnissiompararaetbis QRat QY ipge, 10
r esponsised by said thitiatmgoinhiv@Rafidd &dvide! AR Ssi on paraneters. 2. The
appar at us ofa gllegsi m1l wherein said initiating conmunication device further
conprises: & PSFARER UARERsSiom sectien assqeidtithvith eaRi m@fiting BRI
r es pondievige,ahamtnknié sighals @LVHE fos SEEong, Lransni ssi on paraneters 2%t can
be usegecl%%a idinitiating conmun cat 1°on EYratien dexigesinrresponsectoesaid
transmi 5816 PR RRAPeteIsansni ts second signals to said responding
comunil@at i The dRYre@s o : 05 10 said received second transm ssion
par aneters. 3. d?ﬁe apggﬁé{lﬁsﬂgpﬁ% lgisﬁfcqfesﬂ\%@?”& tPramuRicativn pdevitic Nfrther
comunPERRTER doRAFpBeier indicating deviap rtha etfangmpa’ @NEEE Sniliifi.cat i ng devi ce that
t r ansniidvice, ts@idS@drimididn| M&er%otggtuni cg%i on. device, safd Secongition
transmssion paraneters to be Used B Bhivded Ay tsaist initptingrerneheatdion
devi ce®V¥e The apparatus of claim 1, wherein said first transm ssion
par aneters g t |least_one of a power |evel, a frequency
bandwi dt h, aﬁﬁﬂrpg‘ta?%%’?%aﬁﬂa’awkﬁmséﬁW*ynwmm arereluR ki Rkt | Nk. 5.
The apifsr ek tipovier devel.na Frequirey chandsaitsl § SERAALI B¢ gomuni catj ng devi ce
f ur t heomnRRRibLS RS @ Measurement receiving section tHat  r ETEHY &f the
traneritted signals, said initiating

The apparatus of claim 9, wherein said responding communicating device further

cmn ‘rises a e 3 i i i i
p ~a measurement recerving sectton that receives said transmitted signals, said
Ed

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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conmuni ' vice and sai d respondi ng conmuni cati on device perform ng an
’exchange%altglo)gaisﬁforrmti on between respective nmeasurenent receivilng G&Et2003s.
6. The apparatus of claim 2, wherein said respondi ng conmuni cati on devi ce
further conprises a paranmeter indicating device that transmts, to said
initiating comunication device, said second transm ssion paraneters to be
used by sai daisgleciing d9iice: avpatiated Jithowid weistisg copmunyation gayige. (kat gransmits,m 2,
wher ei ntsaaij(gefi rs(%j t ransm scsg.on V(alrarr(l)ateerrg é‘;\re re&atﬁld t o .at I%ast. one of
a pover ‘1 AefS P PPLLRIEHEY RS P ORI RY A PRGMC A AL ARG o5 PSR ¢y of
the copmyphdifg tQimuhMatior8evice/inFhshoR03 stidGrARRRTAlMS Dnafd @l m 2, wherein
sai d respondi ng comuni cating devi ce further conprises a neasurenent

recei vi ng sed#i The tppdratoeoftleims 13, fankericotpeiseast gnal s, said initiating

conmmruni cati on device and sai d respondi ng conmmuni cati on device performng an
exchange of 2iPATaShtTEEAVIBR ddes apsesistad yiesaid itigtngemmenieationilgvisect i on.
9. An a&ggrat.us for determ nc'h.ng transm ssi&)n.cparame grs to.nitialize a

hi gh sp&&d™°Ed| 5P SHPPIHRS CUBEPICaRMy IV E°3RE FARsHISYRR DRATEEY i ce,
associ afifaflca BB blyRhid iRftialle CHTRMAICEASd @Ridevi ce, that receives, forma

respondi ng comuni cation device, transm ssion paraneters that can be used
by sai d init aatdangemennimanisoddsionrsecteon, espeiated vattnsadb initeatingtcotmandmdtioni on
section, assqciated with said initiating conmunication deyvice, that

t r ansni 8€V1<5 ik Franyitsseeand Sgpalhie STy CeRAREMECMIBRIeRN S VICeNInTENOBRRO t o
sajd r?aﬁﬂé’%ﬂdh%ﬂﬂ%ﬂ@iﬁﬁ%%%?e&? jers. 10. The apparatus of claim?9,
wher ei n>8ai d respondi ng conmuni ¢at'l on device further conprises a paraneter
indicating dgyéle@idgiividel #864¢1ated withGaiideshondingicatrinfighicutiohidevizal then  devi ce,
spid transm ssion paraneters that can be used by said initiati n% ‘
comruni Ganskots, togiaid metiating communigsbian devise, power leveh mramgtersahat ogm bg used by

oo 5t R e i b ol PRl SeghaBpast. el
comuni cat i ofs | ThKapphéatus SE:IARPE, Fhrder @bmphighg 9, Wherein said responding

communi cating device further conprises a measurenent receiving section

t hidt recei vesconfighringalexicet aseatiaedywith saidguitidting exdnminaticagore demem theaiséton
devi ce and sai d respondi ng comuni catin evice performng an . exchange of
0 or oV 100 RAARHED ST B THES LA Y e dr oS O Tiaaten v o
appar at s drRt 1P @RbhSite8 pfwEABTR Phdler® |1 nk using a det erm ned anount
of transm ssion power, conprising a paraneter indicating device,

associ at ed W& hTlnappardtosadf cdgmc By wberetasdid posenleed pardnraérs tarcamrebated t9,att 0 a

respondi ng co ication device, first transm.ssjo araneters that can
P least one of a frequency banc?\mjdth, a duration, and a carrier engllt)P ot[ t%e communication

20 link.
17. The apparatus of claim 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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be used pléggggﬁhr espondi ng communi cati on device; a neasurenent g ﬁ:}@p»’u%a

‘section, ted wth said initiating comruni cation  device,

receives first signals issued by said respondi ng comruni cati on device in
response to said first transm ssion paraneters; and 59 P18066.SOL 1 7 CC T
2003 a selecting device, associated with said initiating communication

devi ce, tansmity, tasadinidating epngmivaicationpismige. ey wep levghparamieisrs tetdande uysodvby

| evel paranmet.ers that can.be,used.by said respondi.ng ¢comuni cati on device
' T espaHGdTHEYE ST IR (SA0H I ETPE AP CRRTAHLS G at s of cl ai m

13, further qg_m%g : otﬁs gfaﬁmq&ti‘?ﬁg‘%&?’g%ﬁm : devi ce, associated with said

initiating comuni catl evi ce, hat el'veés, from said respondi ng
comuni cat i oa copfiiitig deeideaksbiiais WithSkidinitatidges@inicaion 4648, MRatdsed by
said initiating comunication device, a neasurenment transm ssion section,
assbci apewenlevd tansrdissiontcharartegstinsrierba hesdtbiyonid ingistiog commmmidatien gavits in

second s%:'ﬂnal s to,said Ie§§ondi Fg communi cation device, in response to 10
exel

sai d selTHANE A SRGraRspitted pPRAEIeXplParameiers, sel ecti ng devi ce, associ at ed

wi th said regponfl ' [ j r .Ls,. 1o,sai
initiating C%Mﬁ%%&tl on e‘ggﬁhg%ﬁ%{hggg f:’@g}alregéy&nﬁa‘g%sn&%r%ﬂe {%%e%g) Hsed by
sai d i nidabtaine pf 2 GeaURHRY bahiwhitd evdeionNandsQeASEddnsity f the chmamiddiied second
signals. 15. The apparatus of claim 13, further conprising: 15 a

confi gubikg device, associated with said initiating comunication devi ce,

. th | evel i S5 h isti be. used. by sai d
nfthi ati ng Cotming SRR SEIRELTS Pheret pon duip e SRR ERITLIR Gevint ABOvER
level prisperRlif dommbnicdtify EVRR RHEn Afcofilnfinialidn li‘ﬂﬁ%fﬂug pPGefuROMRE skigvel

paranmeters are rel at ed to at Il'east one of a frequency bandw dth, a
dur at i opowerrlevehparameteris skdevdéd y of the communication 20 link. 17. The

apparatus of .claim.13 erein.said initiating .cqmunication device and
sai d respon%jin’gr’&%mfﬂrv@ﬁfww @EO‘BEPEH ; SHERRWFIQUSE W IRlEnk st art up
procedugﬁaﬁgmgﬁa%%u&&%hﬂn@/ T@?‘S&?&rret er is selected. 18. An apparatus

for establishi a comuni cat1 on Usi ng a determined anount of 25

t ri@nsm.ssi ontrgsuetting Cloyd imfiatyig @npanbcatibe deviee,al poweg nikeyinementsigadditahed
with an initjiating communi cation device, that receives, froma respondi ng
communi ECERIGHSFOFRINCIHORASYICEs| on paraneters that can be used by said
initiating c i I Lce: AsiS: . 1.SSi ection,
associ ated wt ajr?g1 ?j%??l%tﬁ}% %&?gﬁﬁlﬁﬁcat I o@gggkéggﬁg%a‘%ﬁ? ﬁgf a{erpaor%eﬁi ts

si gnal smessuferipasigha@ addit@ially ngneitting o e ifitaend ohdinigicafiemaeiELat | on

device, in response to said transm ssion paraneters; and
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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a selecty jce, associated with said respondi ng comuni cati gn i
"that' GOtﬁlg%g?fgngO 1 7 OCT 2003 transmts, to said initiating cgnmt‘(t;qﬂén
devi ce, power |evel paraneters that can be used by said initiating
conmuni cation device, in response to said transmtted signals. 19. The

apparatus of claim 18, further conprising a configuring device, associated
with said i n26i ah¢ mgthedmighilmasi buthgecamprisingiat sets 5 power | evel

transm ssi on, char.gcteristics {.0 be used said initiati conmuni cat i on
vl oo n O BSGHGEED G TR Shine i s era bRl R e Sorive
appar at géwélfmgals@ie'iﬂe%?siax‘m.er ein said power |level paraneters are related to
at | eaSt one of a freguency bandwi dth, a duration, and a carrier density
of the comup?catmeéhod forikterhthidd freqitfc drndént anehmtl dfitinddissioh goRienicsai d
initiating comunicating device and said responding conmunicating device
per¥ or mse whxkmestabiishing a coinmanggagion lipkprompeisinge after said power |evel
paraneter is_sel e&t edb 22. . A nmethod for determ ning an anount of. X
transm ssi onTHSRBHREPYELTFAING COFTRUHEINORdFYice, & AMeasreBient figkel with
compr i SEgacterRtiks @Qﬁﬁktﬁfehﬁ‘&xc &I&ehﬁﬂo%@#oﬁ&in%%%h@ﬁrﬁ@éﬁoﬂr&e@ﬁw CE, a power
measurenent signal to a resgon i'ng conmuni cation device; acknow edgi ng, by
t he respondi idicatingbyi thatdspondiey casmunieatiy device) thet frajupmyedepenidas ur ement
signal, and additional _I(vi transm tting, to the injitjiating conmunication

devi ce, transgigsiansehappsieisticieelithe Brbingcompasnicationdeyics 4¢ fhegnitisiing he

respondi ng_conmuni at ie_on d}levi ce, transm ssion characteristics of the
in‘tiatf Lo €Al oM device to the initiati ng communi cati on devi ce; and
utilizing, byl biyihd it g COMMR;GRbh ABvide \thé Breqiidiy dEFRIBAS SI ON
characteristics received fromthe respondi ng device during a subsequent

t r ansmi sEisonssi@:haifiterivies roceivéd Tomithe E3porfding tronmupieptiésdsvice RBing a
transn‘ituﬁ?i ng, by the respondi ng comuni cation device, a signal to the
initiat¥ [r%qf'ﬁ’intsé’c"i“on devi ce proposing transm ssion characteristics of
the power nMessurRIRBhod St B 29 OnpRief @pfineth: by the responding

communi cation device. 24. The nmethod of claim 22, further conprising:

i nisti ati-ng atrasmtingdat the medpbnding camimuniqation dehice, fefquencyt depetdeansntised on
characteristics 30 has been indjcated. 25, The nethod of claim 22, wherein
at | eas?o"%énwei‘%‘fai‘?eétt? inff1agyg sopmppnicalion deYIFE:  and an

acknow edgmegy ‘fﬁeﬁ]g‘ﬁggg}htaﬁgzwﬁl%g}éﬂpﬂ%ages. 61 P18066. SO1

~ 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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1 7 OCTp3Q8s. @6 The method of claim25, further conprising: transmtting
. at least a portion of the digital nessages at substantially a fqngﬁt]i DBIPS
the power neasurenent signal 27. A nmethod for determ ning frequency -
dependent anmounts of transm ssion power to wuse while establishing a
conmuni cati on i nk, coneri sing: transmtting, by an initiating
conmuni BEdptsAiged pewer lgvelower neasurement signal with characteristics that
are frequency, r ndi .communi cat i evi ce: indi.cating,
Byt he rospotiat SRR Safhs SRARDORERES BT Pl lenBl H Banet R4
transni g&ilQRe FBpERBILIInShinGisatdh debRe idtutd @giFﬂﬂ_reﬁ%&hﬂh & @ edrce to the
initiating 10 conmuni cation device; and utilizing, by The initiating
communi matsuosmetd vigoal waswefuaevemeivedppreindent  transni ssion characteristics
received fromthe respandi ng _conmuni catigon device durin subsequent

a
tr&nsni ssi onSettingea transgutpawisdevst fos eglaphisivng a GQWIC@B%?IP% peicen the

transm £ ti [ . ] C pication deyic frequenc ependent
ecer ettt fea BT RAR Ahd e SHPHALE Tl EHR Ferick BTHSRYe BERECL  ce.
29. Thesipmdl pgiesehting Matihé powbitinbii@fent@BIcnsl Wik adegafeNibdding, by the
respondi ng communi cation device, a signal that proposés the frequency
dependent t r¥hsHiswethnd ofilaie 83 rWistréio setbing tahteangmitgrowee devel eneprises sgting t o
be 20 received by the re ndi ng. conmuni cat.i on device, .to the initiating
Communi e SRR VEevelG DRdst BRHIREGPTER AN AB e isE G FHeEBPAGEng

i Rt I at i Ag AniCQRURVat i on link startup procedure after a frequency
dependent power |evel paraneter has been selected. 31. The nethod of claim
27, wherei n 3t Theastthodef chinaB3,iforthérabphisirg: par aneter, a result, 25 and
ah acknow edgnent is transmitted by digital nmessages. 32, The net hod of

clai m 31, fURitiREpe &sAFMWRGREon fink s@rPp prosgdure aftenihe teangmptmowisr svek he

digital %é %gﬁﬁ bstantially a sane tinme as the power neasurenent
si gnal P & nmet %)rtlj&#'or determ ning an anount of transm ssion power to use

while 30 essGbltieshédned af C1RRATEE)iveRkéin thd iritemifeNPéwed Mgisutehns fizhdli NY a
power neasurenent signal froman initiating communication device to a
r 48 pondiomprisenensaiing izl meysages on hacgshiatipn ped senteahshanns] thatis eisclianged

' d .82, - . i .ed ined .. .| |5
et ok g iing SOBPT ISR dhuit “ad B tarRE bR Fliegher pover

| evel s 37. The method of claim 33, wherein re-transmitting the power measurement signal at

incrementally higher power levels occurs at predetermined time intervals.
38. The method of claim 37, wherein the predetéxmined time interval is approximately
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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until t di ng communi cation device issues a signal representing that
't he powg}ﬁgéﬁég@ﬂrement si gnal was adequately received; and 5 sefjt{ L% 2003
transmt power |evel for establishing a comrunication |ink between the
initiating comunication |ink and the respondi ng conmuni cati on device in
response to the signal representing that the power neasurenent signal was
adequat Blegsuregsentyegsmagion shetiomeflagespondiog sompBBicaiverdevice;sadt i ng a transmit
power |evel conprises settin the transmt powey, lLevel in both the

Pni tiating comETERERGRCAUPE SErgR A HEAFL UHB Al ioRng SAFONIRSIPB eviey] ce.

35. The L; ; : I SI NG L DkL]atl G i cation
i ot e ispaetech@liBheloin WHANGE pRBREd yalles b bk BaRis iS50 e
set. 36medfueerneithatsaissioh abdoddf sl @spbidihg BotbRmsdhtioh AdyiLOWaTd JBGRUT ement
signal 15 conprises encoding digital nessages on a negotiation and control
channel sighads béing esceivad gerespirse wesaid tramsmitied fisst siggalsonmuni cati on devi ce and
the receiving. c ni cati otn dev#c 7. The nethod of claim 33, wherein
re-transnit t FhgT PREPRSERREY ot flaley le?&‘a’cel EPYRA$N&t i ncrenmental |y hi gher power
| evel s occur i -1 - r ) T Fm 37,
wherei n the SEeuRer SEEEMARGd IFice A S sold st N EpIF b Ao ofig B
The netfidilet, odiepad [y, adderesplidediliet.ansm tting the power neasurenent
signal at incrementally higher power |evels conprises increasing the power
nmeasur enent 43 ghag anpatagis ofislaipy 4dc athereir seiditremromittad firss sighels aheubjetddoe of
cl.ai m 39 erein th redeterm ned increnents conprise 25 approximtely 2
I%gi ncrpeaﬁ%ﬂ?gr.lz%{}?mﬁ%t%ppar atus for neasuring frequency dependent power
during handshakikaRhratus SFRIEMMU3C AhbRh ddid faramSPEES tAth1aRDaNdW 68kl NY
devi ce, associated with an initiating conmmunication device, that
t ransnilinear gagna respondi ng comuni cati on device, frequency band

transm ssi on aneters that . 3Q can be used by said_respgonding

communi cat i o‘}#')d Apgarajs é@&?éﬁ%ﬁ&@ﬁ%ﬁ%&? yg}gg i‘%ﬁ‘,ﬂd Becaandsyi t h
-an i ni tdbh 491eP igation device, that transmts first signals, in which
a power |evel varies by frequency bands, to a 63 P18066. S0l 17 OCT 2003
measur enent 44. ah switlexi fon estalsdishing comrami@sipanGnagissvi pardmettis@nridgwi ce; and
a measurenent, recejvi.ng section, associated with said initiating
conmuniCCEFEHcation ok inthializatione¢pRisi& econd signal s, in which the power

-l evel varie . T | . SAULER ransm ssi on
section of :%I % rtégg’oﬁgl ng ngn%ﬁ&r’" ca§ | 8?3%2?/‘{‘%%,% sal E'I'élcr%)]n“'“%= GVl s
bei ng paceidtad fora despaean Howes aiedsuréaa Ebquiende;f i rst signal s.

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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42 Theg@?@ﬁigéts of claim4l, further conprising: a frequency1bﬂgggg gms

transm ice that shapes said first signals by at |east o

flat filter, a sloped filter, and a b-spline filter. 43. The apparatus of
claim4l, wherein said transmtted first signals are subjected to 10
paraneterized tenpl ates. 44. The apparatus of claim 43, wherein said

par anet epmmagicetiondemiessand the desired pawer fedugtiondaysh, 45. The apparatus of

claim4l, wherein each.frequency.,band .of id frequency bands .ut.ilize a
il ter templ SreangBRadmah SRR Par st Bven S A Paarr Birtton
transm Eéﬁ%%éﬁgﬁcﬁng%rhﬂﬁnﬁaﬁﬁw 6@t 188 onk ¥ sé1Beildndlab 18 2

conprising: trans ting, by an initiating conmunication device, a Tirst

di gi t al mods bage: indiating copaiumiation Sevics al o vespordiagcaainioxEas dewes ahd
sequence; transmtting, by a responding conmunication device, a second

di gi tal nessdsBingatrapng sessparad) rﬁ% Bratng commuiprstipn dayipo ard thegespondimgnt
sequence, and. al.so.including substantially the sane paraneters of the
first ofupUpCAiLdedcs paraneters of the second digital nessage:

transni ttinggy bynd ARoRidrichih 8, #REEHN£RKIGRe 96 %h iitiaftng B uglcgﬁ(ﬁ?'
nmessage that acknow edges the paraneters and a node selecte y the

r es ponddevicecommrises trinsomttob@\byca; x TU-Racvemntuticatipn deyidehand tmarsirdtting by a
comuni cati gn device,, a.power neasurenent signal that 25 enploys the

par amet EFRONAME SN RION e Vifie gORRFiSerdsasmating by A s l{i-Crigmmynication
rq%poncﬁég%econnunication devi ce, the power neasurenent signal that enploys
the paraneters fromsaid first digital nessage; transmtting, by the
Lnitiating c48MMURY methoddf BRth 36, whertlialdexdhatigid fidl pefting ChMVaslettRd
rgsult of the power neasurenent signal transnmitted by the responding 30
comruni emprisas exchapging the Fnal opérakee charoteristid betwWegn thesipitiatingegmemriticatiog, by

the respondi n omuni cation device,. a.fift igi.tal ssa containing a
Fosul t GBS S EEPPORA A GRB R B evice 1 S O AR RAEE i PT R Y e
P18066. ixfdbtidg EofAnfanidtidn GOWERIMERE rQBoRENE 66maRtichiien deste.ed -pover
reduction |l evel; exchanging a final operaling characteristic between the
initiating conmunication device and the respondi ng communi cation device to
at | east one of select and acknow edge a- node by the initiating

comuni cation device and the respondi ng communi cation device; and 5
starting a training session of the initiating comunication device and the
respondi ng commruni cation device. 47. The nmethod of claim46, wherein
transmtting by an initiating comunication device conprises transmtting
by an xTU-R conmmuni cati on device, and transmtting by a
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respondilpgogg%yni cation device conprises transmtting by an xTU-C
‘communi cat1on 10 device 48. The nethod of claim46, wherein s]a'-d -
exchangi ng final operating characteristics conprises exchangi ng PRE 20034
operating characteristic between the initiating comruni cation device and

t he respondi ng conmmuni cati on device to select and acknow edge t he node by
the initiating comunication devi cABIRBAGE respondi ng comuni cati on
device. 0 ABSTRACT An apparatus and net hod for determ ning transni ssion
paraneters while initializing a conmunication link (5). Aninitiating
comuni cat i o\ figypafbus(hll thitBbA' R YeRmRRLY BirRmidsil ﬁ%ﬁ‘&h&&s@ﬁﬁleﬁﬁit{aﬁ?@ 2
measur enent receiving section (72), a paraneter receiving device §), a
nmeasur ecemmunicaneniisie (Dn Aveinitiaing C6Mmunindon dewte ol bmdudts vipaeamethe

paraneter indicating device (50) transmts first transm ssion paraneters
that camdBeatingdgviss (V) bRSBHEFAYIL TeSHIRMSeEHEN OF2) depdrametepteceiving dayisense t o

h Sk o ) ns
Sect i on 1oz} et b RERSen 3hebe BOCHRF jecihd S The R SRbifun cat i on

devi ce {rdlicatihf@ePioé PR L@hsthiRE BisY gt QYA SarkmBibrd BE&IaH B8 uS&LOPH respondin
transm ssion paraneters that are issued by the respondi ng cormunPcatl%n

devi ce ¢t@nmuFivetiomdsuce@Enin tesponsericthe tanseitted dinst (GE3mission parmnsetdrs, the ansmi t
second sighals to the res%ondi ng conmuni cation device (2), -in response to

the recBSOBUCRERIGHFITRS FROBPR {7 Dicssaves st sranals ppued by thsciespapding, i ce
( : : . g
cofum, EEPOIRRIGRU PSR bttt S TPl P O e

communi cat1 on devl ce esponse secon

. parameters that are issued by the responding communication device (2). The measurement _
5

transmission section (66) functions to transmit second signals to the responding
communication device (2), in response to the received second transmission parameters. The
selecting device transmits power level parameters that can be used by said responding

15 communication device (2} in response to said received second signals.
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