12/ 09/ 2006 1 COVMUNI CATI ON APPARATUS CONNECTABLE TO A COVMUNI CATI ON
DEVICE Field O The Invention 5 The present invention is di re'Ctleﬁ/BE/@OOG
comuni cati ons apparatus connectable to a conmunication device, such as,
for exanple, a nodem connectable to a conmunication device, and a net hod
for enabling data comunication, and in particular, to an apparatus and
met hod that detects various communi cati on nodes 10 and sel ects an
appropriate conmuni cation configuration;to establish a comunication |ink
between a plurality of comrunication devices. D scussion O Background And
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t he PSTN. Edhiglg Ofibbe hwettiornsmi tted data over the 20 PSTN at a speed of

appr oxi n?tely 300 bittsecond, or less. Over tine, and with the increased
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10 and selects an appropriate communication configuration to establish a

communication link between a plurality of communication devices.

Discussion Of Background And Other Information

15  Traditionally, data communication devices, such as, for example, modems (both
analog and digital), have been employed over public switched telephone networks
(PSTN)} fo fransmit data between a first location and a second location. Such
modems typically operate within a conventional voice band (e.g., approximately O
through 4 kHz bandwidth) of the PSTN. Early modems transmitted data over the

20 PSTN at a speed of approximately 300 bit/second, or less. Over time, and with the

“increased popularity of the Internet, faster communication schemes (e.g., modems)

‘were demanded and developed. Currently, the fastest analog modem available

_ (referred to as an ITU-T V.34 modem, as defined by the International

Telecommunication Union Telecommunication Standardization Sector (ITU-T)),

.25 - transmits data at a rate of approximately 33,600 bits/second under ideal conditions.

- Hybrid digital-analog modems, referred to as [TU-T V.90 modems, can achieve data

transmission rates up to 56,000 bits/second under ideal conditions. These modems
continue to exchange data within the approximate 4 kHz bandwidth of the PSTN.

30 Itis not uncommen to transfer data files that are several megabytes (MB) in size. A
modem that operates utilizing the V.34 modulation requires a long time to transfer



transm ssion rates up to 56,000 bits/second under ideal conditions. These
modens continue to exchange data within the approximate 4 kHz hagndyw dbly gd
the PSTN. 30 It is not uncommon to transfer data files that are several
megabytes (MB) in size. A nodemthat operates utilizing the V.34

nodul ation requires a long tine to transfer 12/09/2006 2 such a file. As a
result, a need has devel oped for even faster nobdens and |Internet access
nmet hods. Accordingly, nmany new conmuni cati on nmet hods are bei ng proposed
and/or 5 developed to transmt high speed or broadband data on the |ocal

twisted wr Ll |1 Hz band.
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(DSL) nodensachepsanddeds/ are bei ng devel oped, such as, but not limted to,
for exanple, DSL, ADSL, VDSL, HDSL, SHDSL and SDSL (the collection of
which is generally referred to as xDSL). 10 Each xDSL vari ati on enpl oys a
di fferent cdwenoninglyt insanys ohwneemmepightianngnetiodsdiafef deingt puogpesed: aamdend/ or
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20 Wil e ngtlB{S‘égﬂﬁo%:ﬁ%(g% c@ﬁcﬁongﬁ%hféﬁ%ﬁﬁﬁa@?%eﬁ%%@stgda& sof'ving the high
speed d&a transfer problem several obstacles exist to the rapid

depl oyment  and, 3pk| Vihiafdh Ymploys a different communication scheme, resulting in
different upstream and/or downstream transfer speeds, and utilizes differing

frequency bands of a twisted pair communication channel. A wide range of physical

and environmental limitations of the various configurations of the twisted pair wires

15 leads to widely varying expectations of a feasible communication capability
bandwidth. Depending on, for example, the quality of the twisted wire pair (e.g.,

CAT3 wire vs. CATS wire), a given xDSL scheme may not be able to transmit data

at its maximum advertised data transfer rate.

20  While xDSL technologies exist and offer the promise of solving the high speed data
transfer problem, several obstacles exist to the rapid deployment and activation of

xDSL equipment.

Several of the various xDSL schemes permit simultaneous communication on a

25 single twisted pair in the voice band and in a frequency band above the voice band.
To achieve a simultaneous voice band and above voice band communication, some

xDSL variations require filters, including low pass filters, high pass filters and
combinations of filters that are sometimes referred to as “splitters”. The filters
separate the frequency band that carries voice band communjcation from the

- 30 frequency band above the voice band carrying data communication. The use and

type of filters may differ between installations.



XxDSL equi pnent. Several of the various XDSL schemes permit sinultaneous
comuni cation on a 25 single twisted pair in the voice band and 308/2006
frequency band above the voice band. To achieve a sinmultaneous voice band
and above voi ce band conmuni cation, sonme xDSL variations require filters,
including | ow pass filters, high pass filters and conbinations of filters
that are sonetines referred to as "splitters". The filters separate the
frequency band that carries voice band gonmuni cation fromthe 30 frequency
band above the voice band carrying data conmuni cati on. The use and type of
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access techno I'es solu ave een proprietary,
and/ or de fa'labl? standards. Equi pnent at each end 10 of a connection may

I npl ement one standard (or several standards) that nay (or may not) be
nmutual |y conpatible. In general, startup and initialization nethods of the
vari ous st aMaay diiffénentexDisle anthdight eperdeatossn igcinplopies dolutiense aive deernt s
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bandwi dt h), may not) be mutually compatible. In general, startup and initialization methods of

the various standards have been heretofore incompatible.

Line environments surrounding the xDSL data communication schemes, such as,
15 for example, their ability to co-exist with a conventional analog modem that
communicates within the conventional voice band (e.g., 0 - 4 kHz bandwidth),
differences in central office equipment, the quality of the line, etc., are numerous,
differ significantly, and are complicated. Accordingly, it is essential fo be able to
determine the capabilities of the communication channel, in addition to being able to
20 determine the capabilities of the communication equipment, in order to establish an

optimum and non-interfering communication link.

User applications can have a wide range of data bandwidth requirements. Aithough

a user could always use the highest capacity xDSL standard contained in a multiple

25 . xDSL box, in general, that will be the most expensive service, since communication
costs are generally related to the available bandwidth. When a low bandwidth
application is used, the user may desire the ability to indicate a preference for a low

~ bandwidth xDSL (and hence, a cheaper communication service), as opposed to
using a high bandwidth xDSL service. As a result, it is desirable to have a system

30 that automatically indicates user service and application requirements to the other

.end of the link (e.g., central office).



differences in central office equipnent, the quality of the line, etc., are
nunmerous, differ significantly, and are conplicated. Accordinmﬁg/ég/b%OG
essential to be able to determ ne the capabilities of the comunication
channel, in addition to being able to 20 determ ne the capabilities of the
communi cation equi pnent, in order to establish an optinmm and
non-interfering conmunication |ink. User applications can have a w de range
of data bandw dth requirenents. Although a user could always use the

hi ghest capacity xDSL standard contained in a nmultiple 25 xDSL box, in
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provi deno (| wig€pairhat originally installed-the wires. Thus, multiple

provi ders may have differing responsibilities and equi pnent depl oyed for a

single
In a given centrai office termination, a given communication channel (fline) may be

solely provisioned for voiceband-only, ISDN, or one of the many new xDSL (ADSL,
VDSL, HDSL, SDSL, etc.)) services. Sihce the Carterphone court decision,
15 telephone service users (customers) have a wide range of freedom for placing (i.e.,
installing and utilizing) communication customer premise equipment (e.g.,
telephones, answering machines, modems, etc.) on voiceband channels. However,
customer premise equipment (CPE) associated with leased data circuits has
typically been furnished by the service provider. As the high speed cdmmunication
20 . market continues to evolve, customers will also expect and demand freedom in
selecting and providing their own CPE for high speed circuits using the band above
the traditional voice band. This will place increased pressure on the service
providers to be prepared for a wide range of equipment to be unexpectedly

connected to a given fine.

25

The customer premise wiring condition/configuration inside of the customer premise
'(e.g. home, office, etc.} and the range of devices already attached to nodes in the
wiring are varied and unspecifiable. For a service provider to dispatch a technician
andfor craftsman to analyze the premiée wiring and/or make an installation
30 represents a large cost. Accordingly, an efficient and inexpensive (i.e., non-human
intervention) method is needed to provide for the initialization of circuits in the



10 wire pair. In a given central office termnation, a given conmunication
channel (line) may be solely provisioned for voiceband-only, |38V 09y 2986
of the many new xDSL (ADSL, VDSL, HDSL, SDSL, etc.) services. Since the
Carterphone court decision, 15 tel ephone service users (customers) have a
wi de range of freedomfor placing (i.e., installing and utilizing)

conmuni cati on custoner prem se equi pnent (e.g., telephones, answering
machi nes, nodens, etc.) on voi ceband channels. However, custonmer prem se
equi pnent (CPE) associated with | eased data circuits has typically been
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10 problems is urgently needed.

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

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

between the modems.

30 However, line condition information, such as, for example, frequency
characteristics, noise characteristics, presence or absence of a splitter, etc., is
useful at the time that plural xDSL modems are negotiating a connection, prior to



Still further, switching equi pment may exi st between the communi cation
channel 5 termnation and the actual communication device. Thaty $nb9 d@e
equi pnrent may function to direct a given line to a given type of

comuni cation device. Thus, a high speed data access start-up techni que
(apparatus and net hod) that sol ves the various equi pnent, conmmunication
channel, and regul atory environnent 10 problens is urgently needed. In the
past, the I TUT has published recomendgd nethods for initiating data
conmruni cation over voice band channels. Specifically, two Reconnendations
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given communication channel can not effectively support a chosen modulation
method, time consuming heuristic (i.e., self-learning) fallback techniques are
employed by the prior art to try and find a modulation method that works.

15 ‘
In order to establish an improved communication link, a method is required that
observes (examines) the line conditions before attempting to select the most
. appropriate communication method. While techniques have been established to
increase the data rate for a given modulation, the prior art does not provide a
20 method for using channel information to aid in the selection of the communication

method.

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

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

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

equipment which originates an activation of an xDSL service;



12/09/ 2006 6 actually connecting to each other, if the comrunications |ink

is to be successfully established. Voice band Iine probing techn
known in the art and can be used to 5 determ ne voice band |ine cﬁ%?tszg%

i nformati on. Such techni ques have been used to optimze a given nodul ation
met hod, such as, for exanple, V.34, but have not been used to optim ze
startup nethods and/ or communi cati on selection nethods. 1In a set of
devices with nultiple nodul ati on nmethods, V.8 or V.8bis has been used to
negoti ate and then select a particular nodul ation. After the nodul ation
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the data raggcoplgr a given nodul ation, the prior art does not provide a 20
met hod for using channel information to aid in the selection of the
communi cat i 6ATS reabling andichblinguwonipengnets designed @nd tested ottenemibiciebhig tar t |

conti gur a1 SO MEZT baRRAEEne "L et rum 28 splitiing. eto. s vital
to the #&l ecomomunigatiphemetisid apiorropefi etremooicationi sanetimes referred to as
modems, modulations, line codes, etc;
downstream - direction of transmission from the xTU-C to the xTU-R;
errored frame - frame that contains a frame check sequence (FCS) error,
Galf - an octet having the value 814 ; i.e., the ones complement of an HDL.C flag;
15 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
transparency octets;
.20 message - framed information conveyed via modulated transmission;

metallic local loop - communication channel 5, the metallic wires that form the
local loop to the customer premise;

‘responding signal - signal sent in response to an initiating signal;
responding station - station that responds to initiation of a communication

. 25  transaction from the remote station;

‘session - active communications connection, measured from beginning to end,
between computers or applications over a nefwork; |
signal - information conveyed via tone based transmission;

signaling family - group of carrier sets which are integral multiples of a given

30 - carrier 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;



mechani sm (nodul ati on) deci sion process. Definitions 30 During the

follow ng discussion, the follow ng definitions are enpl oyed: a‘itZi/"(?é?Q@OG
station (calling station) - the DITE, DCE and ot her associated term na

equi pnment which originates an activation of an xDSL service; 12/09/2006 7
answering station - the DITE, DCE and ot her associ ated term nal equi pnment
which answers a call placed on a GSTN, carrier set - a set of one or nore
frequenci es associated with a PSD mask pf a particular xDSL
Recommendation; 5 CAT3 - cabling and cabling conponenets designed and

tested to trgnsm leanly to. 16 MdZ .of caomuni cations. . Us f or _voice and
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comruni cati ons; ommuni cati on nmethod - form of communi cati on soneti nes

10
referred to"a’é‘“‘”m’}aﬁ%, nodul ati ons, |ine codes, etc.; downstream -
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franme that cagntains a heck sequenc FCS or: ff - an octet
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initiating tergmadl -stadipgremld whi ch initiates a startup procedure; initiating
station - DIE.. DCE .and,.other .associ ated term.nal_. equi t which initiates
a startup pPB%té%ﬂf?'e,’ elq“ 5{']9na°f "PORRISSOR EﬁW&E? H{;ﬁ'%tggh?mg'than four octets
bet ween fl ags, excl uding

Abbreviations

10
The following abbreviations are used throughout the detailed discussion:

ACK - Acknowledge Message,
ADSL - Asymmetric Digital Subscriber Line;
15  ANS - V.25 answer tone;
ANSam - V.8 modulated answer tone;
AOM - Administration, Operations, and Management;
CCITT - International Telegraph and Telephone Consultative Committee;
CDSL - Consumer Digital Subscriber Line;
20 CR - Capabiiities Request;
CL - Capabilities List;
CLR - Capabilities List Request;
DCME - Digital Circuit Multiplexing Equipment;
DPSK - Differential encoded binary Phase Shift Keying;
25 DIS - Digital Identification Signal;
DMT - Discrete Multi-Tone;
'DSL - Digital Subscriber Line;
EC - Echo canceling;
EOC - Embedded Operations channe;
30 ES - Escape Signal;
FCS - Frame Check Sequence;
FDM - Freguency Division Multiplexing;



transparency octets; 20 nessage - franmed information conveyed via nDduIated
transm ssion; netallic |ocal |oop - conmunication channel 5, EG gl
wires that formthe |ocal |loop to the custoner prem se; respon ng Sl gha

- signal sent in response to an initiating signal; responding station -
station that responds to initiation of a conmunication 25 transaction from
the renote station; session - active conmunications connection, neasured

from begi nning to end, between conputegs or applications over a network;
signal - information conveyed via tone based transm ssion; signaling famly

- group of i re integral multiples of a given 30 carrier
spaci ng fregﬁ%%cslr qﬁ&fﬁ%l@é}l bnbi nation of a high pass filter and a | ow

pass filter Q&'ﬂilgﬁederab&slmhedTelepmmtedﬂétWOM(waé a$ BBPN);nt o t wo bands of

oper ati on; 9 @eve JatglLfHR de - operational node in which voice
or ot her au an qted i nformation-bear i ng nessages) is

sel ected as HSTEU frﬁamﬂsualm‘Transnanmatl on; transaction - sequence of

nmessages g i ve 5 acknow edgnment [ACK(1l)], a
negative acﬂﬁtﬁ\d Ier#rﬁé} @g[}\%ﬁ@ﬁe&%ﬂoﬁe me-out; termnal - station; and
upst ream Tﬂlﬁodllmter@ailami 6fganzahrmibssiaodarﬁtzamlt he xT-R to the xTU-C.

Abbrevi at | O'i'ﬁJ-JI'O - International Telecommunication Union — Telecommunication
Standardization Sector;
LSB - Least Significant Bit;
10 LTU - Line Termination Unit (Central office end);

MR - Mode Request;
MS - Mode Select;
MSB - Most Significant Bit;
NAK - Negative Acknowledge Message;

15  NTU - Network Termination Unit (Customer premise end);
OGM - Outgoing Message (recorded voice or other audio),
ONU - optical network Unit;
POTS - Plain Old Telephone Service
PSD - Power Spectral Density;

20 - PSTN - Public Switched Telephone Network;
RADSL - Rate Adaptive DSL;
REQ - Request Message Type Message;
RFC - Request For Comment;
RTU - RADSL Terminal Unit;

25  SAVD - Simuitaneous or Alternating Voice and Data;

~ SNR - Signal to Noise Ratio;

VDSL - very high speed Digital Subscriber Line;
xDSL - any of the various types of Digital Subscriber Lines (DSL).;
xTU-C - central terminal unit of an xDSL; and

30 xTU-R - remote terminal unit of an xDSL.



The foll ow ng abbreviations are used throughout the detail ed di scussion:
ACK - Acknow edge Message; ADSL - Asymmetric Digital Subscriber 1'?/\?9/2%6
ANS - V.25 answer tone; ANSam - V.8 nodul ated answer tone; AOM -
Adm ni stration, Operations, and Managenent; CCITT - International Tel egraph
and Tel ephone Consultative Conmmttee; CDSL - Consumer Digital Subscriber
Line; 20 CR - Capabilities Request; CL - Capabilities List; CLR -
Capabilities List Request; DCME - Digitgl Crcuit Miltiplexing Equi prent;
DPSK - Differential encoded binary Phase Shift Keying; 25 DIS - Digital
rete Multi-Tone; DSL - Digital Subscriber

I dentificati i%‘ : |
Line; EC - %@H@Acanczl-r%va - Enbedded Operations channel; 30 ES -

Escape Signal; FCS - Franme Check Sequence; FDM - Frequency Division
M1 9L D SRR i SRS B Wi BE) 105"

communication device, comprising: a communicator that executes a first

5 communication mode that transmits, to the communication device, a first

predetermined signal that designates a specific mode, the communication device

responding by issuing a second predetermined signal; the communicator executing

a second communication mode to fransmit a third predetermined signal that

- requests a transmission of the first predetermined signal from the communication

10 device, and receives the first predetermined signal from the communication device,

the second communication mode thereafter transmitting the second predetermined

signal to the communication device; and a controlier that executes one of the first

communication mode and the second communication mode upon initializing a

communication with the communication device.

15
Preferably, the first predetermined signal comprises a MS signal and the third

predetermined signal comprises a MR signal. The second predetermined signal
preferably comprises one of an ACK signal and a NACK signal.

20 It is preferable that the communicator executes a third communication mode that
transmits a CLR signal to the communication device that informs the
communication device of a function list of the communication apparatus and
requests a function list of the communication device, the communication device
transmitting a CL signal that includes the function list of the communication device

25 . to the communication apparatus in response to the CLR signal, after which the third
communication mode is executed to transmit one of the ACK signal and the NACK

signal to the communication device.

Preferably, the third communication mode is either executed prior to an execution of

30 the first communication mode or prior to an execution of the second communication

mode.



HDSL -

LTU -

PSTN -

Request Messageufcpiorivedesioge ;reqlRis@ - a Ragnuesdcufable Coodeenand Returns RABSL

H gh | evel Data Link Control; HSTU - Handshake Transceiver Unit; 5

| ETF - Internet Engineering Task Force; 1SO - International Orgq_nz’,z@i/gr@m6
for Standardization; ITUT - International Tel ecomunication Union -
Tel econmuni cation Standardization Sector; LSB - Least Significant Bit; 10
Line Termnation Unit (Central office end); MR - Mde Request
Mode Select; MSB - Most Significant Bit; NAK - Negative Acknow edge

Message, .
Qut goi ng Message (recorded voice or other audio); ONU - optical network

pSTN - publ /A eBeall 1o CBARRENRE(Y, Fivsrisdhs "R, SRl Pl BRL " req

Publ i C

Ter m nal
to Nors

Si gnal

10

15

20

- 25

- 30

Uni

15 NTU - Network Termination Uqit (Custoner prem se end);

predetermined event. Preferably, the predetermined event comprises a

transmission of the NACK signal.

It is preferable that the communicator executes a third communication mode that
transmits a CLR signal to the communication device that informs the
communication device of a function list of the communication apparatus and
requests a function list of the communication device, wherein the communication
device transmits a partial function list of the communication device to the
communication apparatus in response to the CLR signal, after which the. third
communication mode is executed to fransmit one of the ACK signal and the NACK

signal to the communication device.

It is preferred that the third communication mode is executed when the partial
function list of the center is received by the communicator a predetermined number

of times.

In another embodiment, there is provided a communication apparatus selectively
connectable to a communication terminal, comprising: a Communicator that
executes a first communication mode, associated with the communication
apparatus, that transmits a first predetermined signal to the communication terminal
that designates a specific mode, and that receives a second predetermined signal
from the communication terminal; the communicator executing a second
communication mode, associated with the communication apparatus, that transmits
a third predstermined signal to the communication terminal requesting a
transmission of the first predetermined signal by the communication terminal, the
communicator receiving the first predetermined signal from the communication
terminal, the communicator executing the second communication mode thereatfter
to transmit the second predetermined signal to the communication terminal; and a

controller that controls the communicator to execute one of the first communication

shinfcafofD ol |25 iahbargh 558 e SsbGufibe L e,

; M5 -
OGM -

NR -



xDSL - any of the various types of Digital Subscriber Lines (DSL).; xTU-C
- central termnal unit of an xDSL; and 30 xTU-R - renote termzy%(@gygdﬁa
an xDSL. 12/09/2006 10 SUMVARY OF THE | NVENTI ON There is provided a
comuni cati on apparatus sel ectively connectable to a conmunication devi ce,
conprising: a conmuni cator that executes a first 5 conmmunication node that
transmts, to the conmunication device, a first predeterm ned signal that
designates a specific node, the conmmunigati on device responding by issuing
a second predeterm ned signal; the comunicator executing a second

conmuni cat i ) 1 b sianal . Jrequests
a transm ssiqﬁ?] o%ﬁphg s#e{fx?r[sfé’gpnﬁné g %’P %%O?Sq‘gﬁ%éﬁéﬁhg ?’gnal %%%'%%%%ﬁ?ﬁh iwétét ilon to
devi ce, and thewmsioiesornmenitaticnttemriralet er m ned signal fromthe conmunication
device, the second communi cation node thereafter transmtting the second

predeterm ned signal to the conmmuni cation device; and a controller that
execut es ond’referablye the fisst predetevmineditsignal comprisesdat M8 sigeain thec seaondi cat i on

node upon i ngtializing. ' i ] . ' i ice. 15
pr et or ably, PrisetrinFieldidhal, SHNES SR of o Ack Sk BRI RAGE Yol
third preddtiehprededermsnaghagnat comprisses MR bBnali gnal . The second predet er mi ned
signal preferably conprises one of an ACK signal and a NACK signal. 20 It

is preferable that the comruni cator executes a third conmunicati on node
t hat tr ansAdvantagegusty.s thenadmnonicéter esecuies aathird coewinieativhanodenttat ns t he

communi cati go,daw G° Ofr AsHHACH Ofhe! 'Bhnfthickih CRIIMG! Rl FHoRRPaRgt us and
10 communication terminal of a function list of the communication apparatus and
requests a function list of the communication terminal, the communication terminal
transmitting a CL signal that includes the function list of the communication terminal
to the communication apparatus, after which the third communication mode is
executed to transmit one of the ACK signal and the NACK signal to the

15 communication terminal.

There is also provided a method for performing a data communication between a
‘communication apparatus and a communication device, comprising: communicating

in a first communication mode of the communication apparatus to transmit an MS

20 signal designating a specific mode to the communication device, the communication
device receiving the MS signal and transmitting one of an ACK signal and a NACK
signal to the first communication mode of the communication apparatus;
communicating in a second communication mode of the communication apparaius

to transmit an MR signal to the communication device requesting that the

'2'5_ communication device transmit the MS signal, the communicating device receiving
the MR signal and transmitting the MS signal to the second communication mode of

the communication apparatus, and thereafter the second communication mode of

the communication apparatus is executed to transmit one of the ACK signal and the
NACK signal to the communication device; and executing one of the first

30  communication mode and the second communisation mode prior to a

communication.



requests a function |ist of the comrunication device, the conmmunication
device transmtting a CL signal that includes the function Iisﬁzy 9??006
comuni cation device 25 to the comunication apparatus in response(%o he
CLR signal, after which the third conmunication node is executed to
transmt one of the ACK signal and the NACK signal to the communication
device. Preferably, the third comunication node is either executed prior
to an execution of 30 the first comunjscati on node or prior to an
execution of the second comunication node. 12/09/2006 11 Advantageously,

the SO Skl bl A e ot HEnNAT S b eP e AR e o

requests a non-executa nunl Catd
an initiali Zbe icomneinicatoru ppparatus dbatuis rexeceted fio dranemitde tGiiRsigeal evibet .

f bly, ] ' . i.SSi.on .qf .t he NACK
Oy et o0 Y oo B PR PG TR, BelfBPE gt ot "
conmuni cat i dive podmuhication appanatns aad aedileRtss a famdtion dist be theocommuniedtioon devi ce

hat i nf - ' ' ' . ion.ljstApf.
Lhat | 1 1 Tk wGORIHAL G BoSlrd KA 3o g P
communi cat i dwludesi tbe, funttionelist ofhthec commphicatidnodevicke \to cthe t commsunitagion parti al
: ; i | ; e , _ eati "
T esponse 2PRit ik B RSERURh P U b Rl b rasb YRR Lo o
execut ed t oACKasigmal tandrthe dIAGK sigwelio diey nammanidatidneddi@Kpricsitg eaéctitiogt he
communi cat 8&;}@@% ﬁrg:»t B%rﬁr;{n!.:ériétﬁm%%e%nﬁ%ﬂe g@c%thdtcgl%mtumcra forrmode cation mode

i s execut ed

10
The present disclosure relates to subject matter contained in U.S. Provisional
Application Numbers 60/080,310 filed on April 1, 1998; 60/089,850 filed on June 19,
1998; 60/093,669 filed on July 22, 1998; and 60/094,479, filed on July 29, 1998, the
disclosures of which are expressly incorporated herein by reference in their entirety.
15 '

The present disclosure also refers to the following Recommendations, the subject
matter of which is expressly incorporated herein by reference in their entirety:

Recommendation V.8bis {09/94) - “Procedures for Starting Sessions of Data
20 . Transmission over the General Switched Telephone Network”, published by

Telecommunication Standardization Sector of the ITU;

| Recommendation V.8 (08/96) - “Procedures for the identification and Selection of

~Common Modes of Operation Between Data Circuit-terminating Equipments

25 (DCEs} and Between Data Terminal Equipments (DTEs) over the General Switched

| Telephone Network”, published by Telecommunication Standardization Sector of
the ITU;

Recommendation T.35 - “Procedures for the Allocation of CCITT Defined Codes
30 for Non-standard Facilities”, published by Telecommunication Standardization
Sector of the ITU; and



function list of the center is received by the communi cator a predeterm ned
nunmber of times. 20 In another enbodinent, there is provided a12/09/2006
comuni cati on apparatus selectively connectable to a conmunication

term nal, conprising: a communicator that executes a first comunication
node, associated with the communi cation apparatus, that transmts a first
predeterm ned signal to the communication termnal that designates a
specific node, and that receives a secqpd predeterm ned signal 25 fromthe
comuni cation term nal; the comruni cator executing a second conmmrunication

node, associ | th. I catd on r.at u N )t athird
predet er m ne@cgﬁ‘éﬁrg gfjg&fot(').'r\?ﬁ‘g Pfc?(g&ré?rﬁ naﬁéqgg?rg ?ﬁ%gartﬁé ﬁgpaia?déféai'f@ E{é{@g of up

t ransm ssi orfood3,800ilfs fat Upe extether Gienerd! Siwjobdd Melephenec dletwork catd om
termnal, t ol r j Vi e first predet.ermn igpal from
t he conmmuni 2‘%? ?eg)qﬁ%%'g&k\&h%l %pﬁrﬁéé cng%’%éhrﬂngg’fpc?r g;!ré:gﬁsti nd)utbﬁsg‘egecgﬁd
comuni cat i delatomeuhicelicedtardardizationrSectomiof theliEUsecond pr edet er m ned si gnal

to the cgm‘runi cation termnal; and a controller that controls the

comuni cator to execute one of the first comrunication 12/09/2006 12 node
and t he sec®RIEE DESGRIRHONOF THEDRMMNGSi ti ali zing a communi cation with
the renote communication termnal. Preferably, the first predeterm ned
signal conprises a Ms signal, the second 5 predeterm ned signal conprises
one of an ATHe $orggaihg and otheNoKjEcts, fgatauresasmdl advantaghs ofitherinkstien wilhesl si gnal

C et oS e PO R P G e KR BB
t er m nallo t has illusifabedip thé eccobipangingumviags, ehicheareipresentefl as o norelimitmg | | st of
the comuni 8>?ér$p?é‘, iﬁ‘WE@E’é@reﬁQg characters refer to the same parts throughout the

various views, and wherein:

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

present invention;

15 Fig. 2 is a schematic block diagram of the present invention under an exemplary
sifuation in which Central Office equipment has been provisioned for xDSL service
and Remote equipment does not employ a splitter;

Fig. 3 is a schematic block diagrams of a preferred embodiment of the present

_ invention used in connection with two exemplary high speed (xDSL) modems

20 adapted to transmit signals to each other over a communication channel;

Fig. 4 is a state transition diagram for a transaction message sequence of an xTU-R
unit;
Fig. 5 is a state transition diagram for a transaction message sequence of an xTU-C
unit;
25  Fig. 6 is a labeling and order format convention for octets in a message;
- Fig. 7 is a field mapping convention for data that does not reside in a single octet;
~ Fig. 8 is a bit order for two octets of a Frame Check Sequence (FCS);
Fig. 9 is the structure of octets in a Frame;
* Fig. 10 shows three types of fields of information;
30 Fig. 11 is a tree structure that links various parameters (NPars and SPars) in an
" Identification () field and a Standard Information (S) field;
- Fig. 12 shows a fransmission order of NPars and SPars in a message;



requests a function |list of the communication termnal, the conmmrunication
termnal transmtting a CL signal that includes the functionlifé/@?#jUhG
communi cation termnal to the communication apparatus, after which e
third conmuni cation node is executed to transmt one of the ACK signal and
the NACK signal to the 15 conmunication termnal. There is also provided a
nmet hod for perform ng a data comruni cati on between a comuni cation
apparatus and a conmuni cati on device, cgnprising: comunicating in a first
comuni cati on node of the comruni cation apparatus to transmt an M5 20

si gnal desi t'?qg eclfi ni L pn device, the
conmmuni cat i ﬁ& t evP@gﬁ%e%@ld\y?enéﬂ{%ﬁ%é ﬁéﬁgﬁgﬁﬁgﬁ" d(?ﬁe?i’gsm tting one of an
ACK si gnal drgl & $6@K the styurdire tob Noh&tdndast infoometion katksdn arbaeStahddrtie

comuni cat i QoARRRkK gfﬁ ,d_caﬂgwuni cating in a second conmuni cati on node of
t he conmmuni cati on appa Stus to transmt an MR signal to the conmuni cation

devi ce r equddg.ilhghblathetdotet 2Buctenemfidatadn eaoh NewStaedard dnfsmmation biech/BS si gnal
t he cor‘r‘mgni cating device receiving the MR signal and transmitting the M5
signal to the second conmuni cati on node of the comrunication apparatus,
and t her eaf tRETAIKED DESSRIPTIONOR IRREFERREDDEMBODIMENT Scommuni cat i on
apparatus is executed to transmt one of the ACK signal and the NACK
signal to the conmuni cation device; and executing one of the first 30
communi cat i édacerdidg taradfitshembediowdt obtmeLpresant iirventimgea dataocsontnaurdcation

communi cat i czfgg_g:( | Lecl %In e t. the neghod further }
conpri ses agﬁ%‘?rﬁ 0c rﬁ"rgrg%?c%%ﬁgln&rf{%%g?% %%Bb cao?]er%u?or%? csé{?t%nnh'a% '3'? & s t hat
i s execu edintesfaced gether va Glaamgmunirzetiont chaninel 5, @ae showmn oaffig.on devi ce t hat
i nforms the comruni cation device of a function |ist of

The central office system 2 includes a main distribution frame (MDF) 1 that

functions to interface the central office system 2 to the communication channel 5.

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

15 lines (e.g., communication channel 5) coming from the outside, on one side, and

internal lines (e.g., internal central office lines) on the other side.

The remote system 4 includes a network interface device (NID) 3 that functions to
interface the remote system 4 to the communication channel 5. The network
20 interface device (NID) 3 interfaces the customer's equipment to the communications

network (e.g., communication channel 5).

tis uhderstood that the present invention may be applied to other communications
devices without departing from the spirit andfor scope of the invention. Further,
25 while the present invention is described with reference to a telephone
communication system employing twisted pair wires, it is understood that the
invention is applicable to other transmission environments, such as, but not limited
to, cable communication systems (e.g., cable modems), optical communication
systems, wireless systems, infrared communication systems, etc., without departing

36 from the spirit and/or scope of the invention.



t he conmmuni cati on apparatus and requests a function |ist of the

communi cation 5 device, the comruni cation device respondi ng by ﬁﬂﬁﬁ§§kahﬂ9
a CL signal that includes the function Iist of the conmmrunication 'device t0
t he conmuni cati on apparatus, the execution of the third conmunication node
transmtting one of the ACK signal and the NACK signal to the

communi cation device prior to executing one of the first comrunication
node and the second conmuni cati on node.;410 The present disclosure rel ates
to subject matter contained in U S. Provisional Application Nunbers

60/ 080, 310 fg:l eql ; [ . ’ , 850 fd |.e : el 98;

60/ 093, 669 e "gﬁtr%%y"’l f%a"%g%k}g@q%ﬁ/%&?f% gt, %ﬁ{;‘dﬁ%@&nofﬁeyd%% 1998,
the di scl ogamatinisatiothsystermoEFigxpr Ehis embodivenprepaisents ladypicai irisjralilafiﬂrer ence in
their entir ; T. e di f tp. W ng
Reconmendat %*Q{Cht%%éh Qﬁbﬁ‘c?l cmirrclatet %%géng? Lérvr\],ﬁ i@%?‘é}g&gxs %‘%rsns i/rw]%@%ﬁpth at ed
herei n by r diséanéinyentfon. t heir entirety: Recommendation V.8bis (09/94) -
"Procedures for Starting Sessions of Data 20 Transm ssion over the General
Swi t ched Tel ephone Networ k™, published by Tel ecomrunication

St andar di zafs¢ho@e it Dg. dfthe bentralofficeReystanm@rodanprises &/lo®r 38 /i6) 34 aridPa ocedur es

for the |depi.tfd A ke f : ' Bet ween
Dot a O r cu 1o PReg ket beo desh Al nijb spHER HEEESod eohBitody 5 1
Equi pment s B&FERIPh spesd date transnaitting ssetioncife dnd el cepipotee 8Rle Oaorater 8Rub| i shed
by Tel eco ' | | ' f . - JRecomre tion

2 neL T or o abiPfh bb AL FATRE o TEhR Houihieft lofdlen JF REERAD

Non- st ah®ar effiezaciTestt negotiatiopuiidiks4fe derfoyms edlledf dhernrpatiativn andteaamdmatiorz at i on
Sector of th8:ddllhs @Afdh takes place prior to the initiation of an actual high speed data

communication.

The low pass filter 34 and high pass filter 38 function to filter communication signals
15  transferred over the communication channel 5. The test negotiation block 46 tests
and negotiates conditions, capacities, etc. of the central office system 2, the remote
system 4, and the communication channel 5. The procedures of the test
negotiation block 46 are completed prior to, and initiate the selection of the high
speed modem receiving and transmitting sections {e.g., mddems) 68 and 70. The
20  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. High speed sections 68 and 70 can be a plurality of high speed
25  transmission devices which "share" the common block 46 during the initial
" negotiation procedure. The negotiation data receiving section 52 and the high
speed data receiving section 68 transmit signals to computer 82. The negotiation
~ data transmitting section 54 and the high speed data transmitting section 70 receive

signals issued from the computer 82.

30

- In the disclosed embodiment, test negotiation block 46 comprises a negotiation data

- receiving section 52 and a negotiation data transmitting section 54. The negotiation



12/09/ 2006 14 Recommendation V.34 (10/96) - "a Modem Qperating at Data
Signaling Rates of up To 33,600 bit/s for Use on the Ceneral S‘M%/c@§92006
Tel ephone Network and on Leased Point-to-point 2-wire Tel ephoné-type
Circuits", published by Teleconmunication Standardi zati on Sector of the

| TU. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoi ng and ot her objects,
features and advantages of the invention will be apparent fromthe
following nore particular description of; preferred enbodi nents, 10 as
illustrated in the acconpanyi ng drawi ngs, which are presented as a

non-limtin Le Lo.whi reference.characters refer to the sanme parts
t hr oughout t agg(%\:%r'i &égﬁ%@ 5 '&igﬁeeﬁgﬁ'aﬁ‘!" ﬁlﬁ&?’ ‘?’h"iesﬁg %etﬂqg%ﬂni gstﬁl ock
di agram of drapemétirgl sextion 54 rirepniité megoliige dafa. t fibe opemtientof theveartauen; 15

Fig. 2is a | i ~the present .inyvention under an
e;grrpl ary g??@%%%kh%i%hﬁﬁgﬂe%wﬁ%ibwidggcng’a i"bg%tﬁi{’%r‘?;"gv'been provi si oned
for xDSL service and Renote equi pnent does not enploy a splitter; Fig. 3

I s a schematy I aqr f ref erg.ed enmbadi ment t resent
mvent on g, el E Rk, 2 YRRl IR 2By Ao Pers e At S nde s

20 adapt ed negetiations ilack #Bgadiigh speedaddia oedeivingovetiom 7@p arhigh spdadodata hannel ;

Fig. 4is a S tr |t kN di agram for,a-transacti.on ssa equence of

an XTU-R uﬁr?{u?rﬁiﬁulngsaegﬁénsbg %q%lasgoﬁp ans i8t4 i 88”@!"%6?%&? #ngrﬁt%f)agﬂ}&?i on

nmessage seqgemaric ofertace Xi®Uhebvortnequipment located at the remote system. Test
negotiation block 48 performs all of the negotiation and examination procedures

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

The low pass filter 36 and high pass filter 40 operate to filter communication signals
transferred over the communication channel 5. The test negotiation block 48 tests
and negotiates conditions, capacities, etc. of the central office system 2, the remote
15  system 4, and the communication channel 5. - The high speed receiving section 72
functions to receive high speed data transmitted from the central office system 2,
while the high speed data transmitting section 66 transmits high speed data to the
central office sysiem 2, The negotiation data receiving section 56 and the high
speed data receiving section 72 transmit signals to the computer 84. The
20 negotiation data fransmitting section 50 and the high speed data transmitting

section 66 receive signals issued from the computer 84.

~ In the disclosed embodiment, the test negotiation block 48 comprises a negotiation
data receiving section 56 and. a negotiation data transmitting section 50. The
25 negotiation data receiving section 56 receives negotiation data, while the
'~ hegotiation 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
30 upstream negotiation data to the negotiation data receiving section 52 of the central
system 2. The negotiating data transmitting section 54 of the central system 2



25 Fig. 6 is a labeling and order format convention for octets in a

nessage; Fig. 7 is a field mapping convention for data that doe I eS
in a single octet; Fig. 8 is a bit order for two octets of a Ffiazpéé%g?lgj‘?

Sequence (FCS); Fig. 9 is the structure of octets in a Frame; Fig. 10 shows
three types of fields of information; 30 Fig. 11 is a tree structure that

| i nks various paraneters (NPars and SPars) in an ldentification (1) field
and a Standard Information (S) field; Rgg. 12 shows a transm ssion order of

NPars and SPars in a nessage; 12/09/2006 15 Fig. 13 shows the structure of
re of

octets in t if] ton (1), field:. Fig. 14 sho t he struct
e St andar qEREE reldo A< hadotiphd faia te Pz rido BOSH ot EedvitgiSootes © ol o
and Fig. 15 5t retetesystem &t ructure of data in each Non- Standard

i nformati on bl ock. 5 DETAILED DESCRI PTI ON OF PREFERRED EMBODI MENTS

According to a first enbodi nrent of the present invention, a data
comuni cat i dihe ceytsdl effice eyptern Rdiscladesanlumality of Ehaneels s 1§,M42 16add 48 thewot e

Syt s, W TR ol S Elanthd 2, 8 TS ke S
di stributi orerhotarsysteDR) Ih thisaegardyitcisinmtexi that imther diedlesddhembeditnend, of fi ce

" opor at s Eiish 8 HMPHER 4 el A0S ot SaE s el dBo i cac 1 on
channel 5) wiiviarmgrresponding esroete voide chamed 82 irsa denveatiwhal veitebaal (eld. ks (e. g.,

i udes & RetGapRorERy 4 RED) ufftouts i) eBHEY ol Afed IR By B 6T
10 Further, a remote voice channel 33 is provided in the remote system 4 that is not
under the control of the central office system 2. Remote voice channel 33 is
connected in parallel with the communication channel § (but prior to the low pass
filter 36), and thus, provides the same service as the remote voice channel 32.
However, since this channel is connected prior to the low pass filter 36, the remote

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

It is noted that the filters may be arranged to have different frequency
characteristics, so that a communication may take place using other, low band
communication methods, such as, for example, ISDN, between voice channels 6
20 and 32. The high pass filters 38 and 40 are selected to ensure a frequency

spectrum above 4 kMHz.

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 used to

25 communicate between the central computer 82 and the remote computer 84,
respectively. It is understood 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
showny}, or bundled into an interface, or cable, or multiplexed into a single stream,
without changing the scope and/or function of the instant invention. For example,

30 bit streams 10, 14, 16 and 18 may be configured as (but are not limited to) an
interface conforming to a RS-232, parallel, FireWire (IEEE-1394), Universal Serial

Bus (USB), wireless, or infrared (IrDA) standard. Likewise, it is understood that bit



interface the renote system4 to the comuni cati on channel 5. The network

20 interface device (NID) 3 interfaces the custoner's equi pnent 10 6@?20 6
comuni cations network (e.g., comunication channel 5). It is un({ers 00(9
that the present invention may be applied to other comunications devices
wi t hout departing fromthe spirit and/or scope of the invention. Further,
25 while the present invention is described with reference to a tel ephone

conmmuni cation systemenploying twisted gair wires, it is understood that
the invention is applicable to other transm ssion environnents, such as,

but not |im t a nication sysiems. (e g... cabl e nodens),
opti cal com?&rﬁlgrg?it ?zoﬁ% ' gégpé%@“&'% t%eellirrg@egnegiges{ %%@'?éﬁehefg?'g?agﬁP so?ﬂ“cr’ﬂ’g'i'ﬁat I on
systens, et dhe dwwirgs)tordepdietliintg arSiBteriacen drivablepior multiplestedrints eogieglef t he
i nventi on. #ﬁ/%ﬁ/ 230 e% r‘b1% Flo . 3 illustrates a detail ed bl ock diagram of
the first efbodlnent- 6 ethae’ ita conmunication systemof Fig. 1. This

enbodi nent represents a typical installation, 1in which both the central
ention. 5

ffi .and th A j mpl : ' '

26 shownsi n NBogiRa bt .1 byt Sbiition, ERteiPE Mind B tne B5Tton drItEC" { °T or

g4t and a _ hicglnnmaie?t_idni Iintee(e.gsS:eqeer:]@siharaemd’*st:cei imiise brhafrtadsteMips,aarfeegbe ;geegnd

ata receiving sectipn i ee a ansm.ttin ecti.aon ,

S computer - 8bobfe b0 soifltr, & F sl RRTRE pERictnahg Melhulaib Saitiera i |,

net wor k equsgeiient52|and aegotiadion tdata teansimitting débtioh 54 of theTestraheffice s';yete:m)R {ol Eck
f |, 0f the,. . and . akes

40 22" 0" T 224t i BB A5 A BB Sl B ot

10  section 50 of the remote system 4.

The essential features of the hardware portion of the invention is the functionality
contained in the test negotiation blocks 46 and 48, which test and negotiate the
conditions, capabilities, etc. of the central office system 2, the remote system 4, and
15  the communication channel 5. In practice, the configuration of the central office
system 2 and the remote system'4 is subject to wide variations. For example, the
configuration of the external voice channel 33 is not under the control of the same
entities that controi the central office system 2. Likewise, the capabilities and
configuration of the communication channel § are also subject to wide variation. In
20 the disclosed embodiment, test negotiation blocks 46 and 48 are embedded within
modems 42 and 44. However, the functionality of test negotiation blocks 46 and 48
- may, alternatively, be implemented separate and distinct from the modems 42 and
44. Signals transmitted and received between the test negotiation blocks 46 and 48
are used for testing the environment itself as well as communicating the results of

25  the tests between the central office system 2 and the remote system 4.

-The purpose of each signal path in Fig. 3 will be explained followed by an
explanation of the devices used to create the signals. Examples of specific values
for the various frequencies will be discussed in detaii; below.
30
In the disclosed embodiment, frequency division multiplexing (FDM) is utilized for
. various communication paths to exchange information between the central office



The | ow pass filter 34 and high pass filter 38 function to filter

comuni cation signals 15 transferred over the communication chanedgzoof®
test negotiation block 46 tests and negotiates conditions, capacities,

etc. of the central office system?2, the renote system4, and the

communi cation channel S. The procedures of the test negotiation block 46
are conpleted prior to, and initiate the selection of the high speed nodem
receiving and transmtting sections (e.ng., nodens) 68 and 70. The 20 high
speed receiving section 68 functions to receive high speed data transmtted

fromthe re [ Anl L 1L ction 70
transmts h%ﬁt@?ﬁ%{ a?%met‘% S% ﬁgh%nﬁ@gf}?ﬁ g%‘%ﬂt%%{h%f]gtﬁys%%e LrEagct I ons
68 and 70 rd¥chcasnputinpé limiied tonfar exemplenCDMA, (TEMA, mic. broaybk eised\bithqut HDSL
SHDSL, VDSL, gg%{ e Bpiri ' ' . d 70 can be a plurality
of high spe§§p25 Fgﬁgm ss’ﬁ'toqr?gg’ésg@ggfaﬁ%h%ngrgﬁ)ﬂt he common bl ock 46
during the initial negotiation procedure. The negotiation data receiving

ti 2 | . ' ' lta.Signal s
Lo computer 5 Al nifeadBierd 8P HEGRAKY MhBaSUBIP R Eng TR 0
speed dat a tFEdNsyaice: bang. sMewenepnoOunieation veethedsyaitdnaptite sisedhd freguenhye

conputer 82 | i t, | AL 46
co%ri ses asg%t%rgﬁ% at%o!@%#qéggﬁ‘ gpéaﬁgggﬁ@?ﬁlgg@éétﬁyh@@Z ﬂ%gﬂafﬁetﬁgg&y%}%?%n dat a
transm tti nfarsspssioh pewer Ehallowsgordcstsi anapo0eaR08s kHz. dHowevarcenyi ng
section 52 ' AL , | . Lk b O

t ranlsm' tti nfr@@.@g%éf%%&%ﬂ#}%ﬁé%ﬂ? g%‘gdg%gk@g@?&gg&(&%@ gég{earbg' | %ﬁt Bf the
var i ous 10 setequsney off34 hidHz ametused tainftipiecl 16T e ADSI modemeeds pireatf, in
detail, belpWoschiBeMal feenby Tholid BEPNORRS ift the YR Lbdd B prilursdr M o

P nego’tiation methods.

The communication paths are defined in pairs, one path for an upstream

15 communication from the remote system 4 to the central office system 2, and
- another path for a downstream communication from the central office system 2 to
the remote system 4. The negotiation upstream bits are transmitted by the
negotiation data transmitting section 50 of the remote system 4, and received by the
negotiation data receiving section 52 of the central office system 2. The negotiation

20 downstream bits are transmitted by the negotiation data transmitting section 54 of
the centra! office system 2, and received by the negotiation data receiving section

56 of the remote system 4. Once the negotiation and high speed training has been
completed, the central office sys.tem 2 and the remote system 4 use high speed
data transmitting sections 66 and 70, and high speed data receiving sections 72

25 and 68 to perform a duplex communication.

~ All messages in the present invention 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 a

30 1, and the transmit point is rotated 0 degrees from the previous point if the transmit
N bit is a 0. Each message is preceded by a point at an arbitrary carrier phase. The



negoti ati on bl ock 48, a high speed data receiving section 72, a high speed
data transmtting section 66, and a conmputer 84. Conputer 84 'ﬁ.,ﬂ?@/%kﬂﬂ?
to be a generic interface to network equi pnent |ocated at the reno

system Test negotiation block 48 perforns all of the negotiation and

exam nation procedures 1o that take place prior to the actual high speed
data communi cation. The | ow pass filter 36 and high pass filter 40 operate
to filter communi cation signals transfgrred over the communi cati on channel
S. The test negotiation block 48 tests and negotiates conditions,

capaci ties, j hﬁenc@és B\h C@%i%&égﬂ&{}t@&ﬁprﬁ% speec%’r dtlin ?@%di‘]gtl ogem 4

and the conmmuni cation recel I'ng sec
functions t@arrmawnm@besp\dbbb db;slceibedlmmn tted fromthe cent raI office
system 2, while the high speed data transmtting section 66 transmts high
speed data to the central office system 2. The negotiation data receiving
secti on 56 &mngettherdmait systereeldbatirtsarecedng valitgusee cowostreath datanalhéftthgi gnal s

Lo the copyhRleSdomtlfedBa aRAhLE 00 R LLA0RIN bhi e TR AP B9 and the

hi gh speed data transm recerve Signals fromthe
conput er 84neg(ﬂlatl'blwl@csdnr%bdaedebcrd:edﬁmowthe t est negotlatlon bl ock 48
conprises a negotiation data receiving section 56 and a negoti ation data
transmtting section 50. The 25 negotiation data receiving section 56
recei ves negfei theiremotgasysienwiitiae re¢m7ve|detgetspact'rtmm irdertreation, dhamaltzes e sect i on

50 transm t g, g Qﬁt f@&?tﬁ{heg%g gé! 8P8és%§ % cﬁ%ﬁ"e\/ﬁrﬁﬁa‘?ﬁfxﬁs ﬁaet%f«f ns of

the renote sys e negoti ation
data t r&ﬁsnﬁfnﬂlhdgclsleoton@ne aﬁnmlﬂnlca’nlen mmnddowst em4 transnits the 30
upstream negoti ation data to the negotiation data receiving section 52 of
the central system 2. The negotiating data transmtting section 54 of the
central syshigntie comt@boificdsysters 2 has received the final decision, the transmission of

the negotiation downstream data is stopped. When the remote system 4 detects
the loss of energy (carrier) from the central office system 2, the remote system 4

15 stops transmitting the negotiation upstream data. Afier a short delay, the
negotiated communication method begins it's initialization procedures.

In the exemplary system of Fig. 2, the voice channel 6 is often connected to a
PSTN switch 300, and the functionality of the xTU-C 302 is embodied in modem 42.
20  Central office splitter 304 comprises a low pass filter 34 and high pass filter 38. in
the remote system 4, multiple telephones 306 are connected to voice channel 32 or

- 33, and the xTU-R 308 is implemented in modem 44.

The present invention goes to great lengths, both before the handshake procedure
25 is performed and during the handshake procedure, to be spectrally polite or as non-

obtrusive as possible.

In this regard, the instant invention uses a unique method (criteria) for selecting the
transmission and reception carriers (frequency bands), as embodied in a PSD. The
30 spectrum and carrier allocation for the preferred embodiment of the present
invention will now be described. The description begins with a review of the
upstream and downstream PSD requirements of several different xDSL services



transmts the downstream negotiating data to the negotiation data receiving
section 56 of the renote system 4. The central office systeWIZﬂjyﬁggQ%d%
plurality of channels 6, 10, 14, 16 and 18 that 5 are used to comruni cate
with a plurality of channels 22, 26, 28, 30 and 32 of the renpte system 4.
In this regard, it is noted that in the disclosed enbodi nent, channel 6
conprises a central voice channel that is used to directly conmunicate

with a corresponding renote voice channgl 32 in a conventional voice band
(e.g., 0 Hz to approximately 4 kHz), which has been filtered by | ow pass

filters 34 voi ce channel I S oyhded in the
renot e systgﬁn%f?’?ﬁ%'w ?@éq\%’@?bl?n eérelgﬁe TOntTol ﬁlﬂ?}c Qﬁgs ?ﬁ%ﬁ’%&ﬁ‘?ﬂ& system
2. Renot e vondie pleser dlveBiBn RSD emaiecdiecissed.paral | el with the communi cati on
channel 5 (but prior to the low pass filter 36), and thus, provides the
sanme service as the renote voice channel 32. However, since this channel

i s connect e®opnstoram cartibrs drettessted by themeg6tjatiph datadrankmittiiy seaticre54€ hannel

33 contakns hj a ' and.a voi i |, It is noted
that the i PL OIS kiR 3RSEH 21 b JpdhGire FBridly P dfprBinelyd by the

char act er i stegdiatigroddta franamitiogsectioo D0iof themamoteadystepl 4ce usi ng ot her, | ow
band comruni cation net hods, such as, for exanple, |SDN, between voice
channels 6 20 and 32. The high pass filters 38 and 40 are selected to
ensure a fr éorenesgnt ppedionususbd\e idtidelnr dstivats tmargntypd of gdistirgbamdhd 18 (i n
the central i : Di treans 22, , 28.and 30, (in the
oot e syt s P RERIER reradifidents bEREeABie. 108k séticBT eI boe
conmmuni tat etaken wwite ncansideation riml the adgsigneof &senid invbtione ndthés despiptiarr 84,
respectivel | ] Lt s . wthin the .scope he, present
nvont on 1 dspessgh g ELRIERGEcdMerdiiond Sonfdrh oty el ipPhesen. i o

di scret e sithagiresgphinvestionmspitatde bandsi wede isakectedfor theetrérmeraissiar of diE e,

mul ti pl exe%elg'a{ié)doﬂ dsawgflwaef‘mgfs.r ®HL bands were sefected based upon several criteria,
including considering the existing overall PSDs of the xDSL services and also. the

or

15 activation signals of existing xDSL services.
Examples of various spectra of typical xDSL and existing services that might be
negotiated by the present invention are shown in Table 1. For purposes of
definition, "upstream" and "downstream" directions using the nomenclature from
20 the various xDSL services are indicated in Table 2. Table 3 lists. the initiating

activating sequences of several xXDSL. Together these tables outline the typical
environment in which the present invention must be capable of operating.
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wi t hout changi ng the scope and/or function of the instant invention. For
exanple, 30 bit streans 10, 14, 16 and 18 may be configured as Qsﬁ;ogy%db%
limted to) an interface conformng to a RS-232, parallel, FireWre

(1 EEE-1394), Universal Serial Bus (USB), wireless, or infrared (IrDA)
standard. Likew se, it is understood that bit 12/09/2006 19 streans 22,
26, 28 and 30 can be inplenented as discrete signals (as shown in the
drawi ngs), or bundled into an interfaceg or cable, or nultiplexed into a
single stream as described above. 5 Negotiation data (e.g., control
information) corresponding to the condition of the comunication |ine
(e.g., frequency characteristics, noise characteristics, presence or

absence of a splitter, etcq xS DEFRFNBSHoPEIMREN: WBSDDGEO#HEAL On data
receiving section 52 and negotiation data transmtting section 54 of the

central office syst . AU section 56 and
negotiation data tHdA¥H"tting 10 sectfon BB™df the Fenote ﬂysten14. The
essential features rw:f“ %gﬁﬂgLukhb Y H;L#u is the
functionality _cont?&g%gl$gﬁ%ﬁ§steot AEgRL LB T Pt asET.se @nd 48, which
test and negoti at e [thie——cohdrt , O ES | ElitznRUx L€ Centra

of fice system 2, the eI Em ; ra2.1oee IComEreat | on channel 5.
In practice, the copiEk on ETHualeOT 1] Camussast en 2 and t he

configuration of theasewdeipalson0l ce chanmedoz@Bri | metenwrder |t he control of
the sane entitiesl|hhahueontnodirifes cgntral offide system 2) Likew se, the
capabilities and ¢safiguration of the comruni cation channel 5 are al so
subj ect to w de valirativeumTiameBO=eislre di scl osed enbodi nent, {est negotiation
bl ocks 46 and 48 afauerhotdegwirtdian npdens 42 and 44, However, the

functionality of test negotiailon, Bl ocks, sflgﬁalsa&gxiﬁﬁg xDSLs

renote system4 is*ggggect T0 wde vary atwoasw FOr _exasmpbe, |t he

ahle
Mavuiation i Jratipor Zesienlter Comment
U Decamen Ref* No ¥ ‘
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Gagsl Yare - will ust handshaice pracedtore
IR R R-AUT-REQ C-ACTi
34 5 kMg sinuspid with cafeacs of 257 kHz ra:18)
118 sybals o C-ACT2
&b vmbou () -2 GBI (~16ms) 1R Bz (48]
Sl syt (# 22 2B {~Homs) C-ALT3
395 spubasoff  (-121me) 234 kHz [£52}
C-ACTY
2359 kHz (k60)
TI 427 1gsus 2 [same as xsue 1) [3anale 95 issuz Ty
ETEE ADSE guer ISON s a5 TLA13 bye kewal: C-ACT!m
187 135502 1% kHz (#74)
C-ALCT2e
338 kHz (N4)
NSl CAR E RTU-R rrangnits REQrabes Lsng J§% kKzaoid
{ps=uda raize al 2ytabot rabe) 306 kHe
Using 5k kHz snd 85 Y=
{ it 2BID I.TL tranarues S0 T fransmts 5B
G hes? AT - dpnex B) LT ransenais ©59 ML Ensomils 50,
145 symbuls of prsudo muLse ar symbol 1131 svmbols of
[ psewd) poige at
. swmibnl Tie
1 HRISE2 THD
WOEL Nut dhelinad y21
NTSTM-GORI idraltt




may, alternatively, be inplenmented separate and distinct fromthe nodens 42
and 44. Signals transmtted and received between the test negotliza,t'?pzoos
bl ocks 46 and 48 are used for testing the environnment itself as we as
communi cating the results of 25 the tests between the central office
system 2 and the renote system 4. The purpose of each signal path in Fig. 3

wll be explained followed by an explanation of the devices used to create
the signals. Exanples of specific valueg for the various frequencies wll
be di scussed in detail, below. 30 In the disclosed enbodi nent, frequency

division multiplexing (FDM is utilized for various conmunication paths to
exchange i nformation between the central office 12/09/2006 20 system 2 and
the renote 4k espact tethvehands used by ADSHenedesosl thehpresentliruentiechgesdbes  (such
as, but not gy rﬁe&ja 0. QBP@ A . wi t hout
departing frfég'r%% e st%gpic[w%gﬁygé@és%gge 0 lL’tc}-%e ;Srgogielf\etaesﬁg%nﬂ?’ ?gé,’t%QH The
range from fchannséardthe dewnstrean négobiglicmmbpandelkHz is typically referred to as

the PSTN vagice 0 ' [ ecigiale t e
frequenc3%/J gpect ?’%ﬁngg%%%ng%ﬁﬂ%ﬂggp#%&%m'a com‘runﬂ)?g |(%§%3%?g)§%i§t he
first frequency @heexa, AnnaxBniersxdh HIMWE); i s al | owed occurs at

appr oxi mat eby 25 X A e .ysed. In
this regar dl,z' it Péﬁf}e& e M\?ﬁgfm?t%%ﬁ] %%#oggﬂéb%gﬁﬁgﬂ%ﬁ% fehalijgeg@gﬁ%uggﬂg% kHz are
used to initi ate(i®i @ prefergd smhbdimenbdeasmot pse echogwnteling); i f possi bl e, t hat

frequency shoul drig AEPIHRLAINE (FRPS KW ThHAS Ry RRGHY W RGP I ation
nmet hods. The conmuni cati on pat?‘ns are defined 1rnpalirs, on paSEh or an
upstread® 15 conweatieam{dogmstreasminterieaviagiot e system 4 to the central office

system 2, apd  Ayoid existing T1.413 activation tones (e.g., tone numbers 8, 44, 48, 52, 60);
5. G.992.1 Annex a and G.992.2 Annex a use the same upstream and
downstream carriers. G.992.1 Annex C and G.992.2 Annex C use the same

upstream and downstream carriers;

15 6. At least one carrier associated with G.992.1 Annex a is the same as the
carrier used with G.992.1 Annex C. At least one carrier of G.992.2 Annex a
is the same as the carrier used with G.992.2 Annex C. (For both upstream
and downstream);

7. The ADSL Annex a downstream band is reduced to tones 37 through 68,

20 based on G.992.2;

Be reasonably robust against Intermodulation products;

a grid for decimation {mainly applicable for Annex a and Annex B ). This

allow a sample clock that is lower than the Nyquist rate to still extract the

required information, because the folded over signals in the spectrum fall
25 : _ directly on top of each other. Since the tones for Annex C have special

| requirements, they often cannot be aligned on the same grid as the Annex a
and Annex B tones;

10. Higher frequency tones should be spaced farther apart to reduce leakage in
the fiiters, '
30 11, In general, there are 3 tones per Annex (however, Annex C has 2 primary

tones each way, and a third borderline tone);



anot her path for a downstream conmuni cation fromthe central office system
2 to the renpte system 4. The negotiation upstreambits are transpéyoq
the negotiation data transmitting section 50 of the renote systerﬁmﬂf,yangw
received by the negotiation data receiving section 52 of the central

of fice system 2. The negotiation 20 downstreambits are transmtted by the
negotiation data transmtting section 54 of the central office system 2,
and received by the negotiation data regeiving section 56 of the renote
system 4. Once the negotiation and high speed training has been conpleted,
the central pffic h rsﬁ.lrage y hi € dat a
transmtting éectﬁaﬁésls%@%zfﬁdwga,ntda% | g{q 2%92%%@&§'§H§§C'Ei gﬁ%ﬂgggt{\ll ons 72
25 and 68 to per feprimmmant@ndx conmuni cation. Al nessages in the present

D111 orenti al ' 8 niolh i REBieRRATRL. abRklint kBuiétRg: T, iheTsfenl o
poi nt is rotat ed cag®r,dygidé8kHzr(o# 6)rad@sedizaog2Qoilmthei downbiseam gagier,.t bit is
a 30 1, agnd the %B@?Q?%kgggi#%ggéé@ ééglagzeg,#?gdegrees fromthe previous point

if the transmt nessag "preceded by a point at an
ar bi trary cd&ase@onpghesbove iscussion/22p@teredlEmbediventc¥ bases thehbllowingi er s,
and the pro%gﬁi%psgs for starting the nodulation of <carriers and nessages,

wi |l be described below. Once the renote system 4 begins receiving valid
user downstre dat-ar—at—of—the—S~rar+ous c,unntuui catTom cranmets] have
been est abl i shed=aHE S d & tthmfeat—t et T fures—to-be
d - 2ok Upspraapy . o)y 3ot 101, 3, 53,37, & Burvek 3 an 1V ienbed e 1h% prat St}
escri bed bel —HAR-ehBte-Ls . g3—eeeryer-tie spectTum
i nf or mati on, LAREAGEEed SCHAN Mk Pt lngld B A et heappreaty on
desires, and tidre: e 7 i st on t he
comuni cati on nethod to use.
A preferred Embodiment #2 uses the following carriers:
Farnly < Drecsign Tane l-dex Crorsreal
< 1 ¢ Linsiream Yo, 33.33,35, 0% [Sarex 3 230 R lones use he grd $N-1% H
! 2.5 & Duwnsprearn & 1 (265 30, 18, 66, 73 D6 114 i3Anoet 2 zd B lones usr (ke erid é-hl-lf-
| x-ﬁmily Heserve Tore arex 2-5

10
A preferred Embodiment #3 uses the following carriers:

Paratly { Dicecan.  § Tone ladey Carment

d 3 k Upsirearn B, 12 21,27, 33, 36, 39 {All rones wse che grid IM)

4 3 k Cownsmeam k7 (26 50, 58, 66, 74,90, L4 {Anntyt & anet B rorgy 1.5¢ che E'd SM+D
4 k family Reserve Tare angg X-*

A preferred Embodiment #4 uses the following carriers:

Farmlv ¢ Dirdchan Tone |zdes, CormmenL

4.3 k Uastrearn T 917,15, 37 45,33 {Annax 2 and B iocoes use jhe gnd N1
4 3 k Dawaslredn 304, 40 5E, 64 72, K1, 96 (Annes 7 1 B 1anzs uze ihe grid M)

4 k [fosicearr. 3 ) '
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After the central office system2 has received the final decision, the
transm ssion of ~ the negotiation downstream data i s stopped. VMQHL;@Q 2006
renote system 4 detects the loss of energy (carrier) fromthe centra(

of fice system 2, the renote system4 15 stops transnmtting the negotiation
upstream data. After a short delay, the negotiated comrunication nethod
begins it's initialization procedures. In the exenplary systemof Fig. 2,

t he voice channel 6 is often connected#0o a PSTN switch 300, and the
functionality of the xTU-C 302 is enbodied in nodem 42. 20 Central office
splitter 304 conprises a |low pass filter 34 and high pass filter 38. In the
renote system4, nmultiple tel ephones 306 are connected to voi ce channel 32
or 33, and the XxTU-R 308 is inplenented in nodem 44. The present invention
goes to great |engths, both before the handshake procedure 25 is perforned
and during the handshake procedure, to be spectrally polite or as non-
obtrusive as possible. In this regard the instant invention uses a unique
nmet hod (criteria) for §elec Rnu %ggiﬁ%%glo“ reception carriers
(frequency bands), as € PR P (0] Spectrum and carri er

al location for _the @reﬁerred enbadhnent of the preseat-| nvention will now
be described. ffhe descripid on beglns wth a review & the upst{ream and
downst r eam PSO, L;equi f enent s of sever al dufferent xDSL services |12/ 09/ 2006
22 that are co- mi=ngled w fh 'POTS or TSDNiservices. I nplicationg of the xDSL
PSDs on the present.invent?on:PSD are_aliso discussed. Downstreéamcarriers

are transmtt dﬂW_Lhe._negoLl_au,on_daiLa_iL.ans.m_Ltumg—s-ecx-l-gnJA 5 of the

central office system2—antiidpstream-carriers—are-t+ansr-tted-by the

negoti ati on daﬁa—ffaﬁSﬁT?tTﬂg“SECfTUﬁ“Sﬁ*gf_TﬁE_FEWUTE—§y§$EﬂTﬁ
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.5 Comments on the selected carriers:
1. The upstream and downstream carriers are compietely separated;
2. The upstream and downstream bands of the existing T1.413 activation
tones are preserved,;
| 3. Annex B allows the optional use of tones below number 33, in which the
10 ATU-x may be able to use some but not all of the carriers originally

designat_ed for Annex a;



The present invention is used to initiate or activate many types of
existing and future xDSL services. The requirenents of the varF P@hOG
services have been 10 taken into consideration in the design of present
invention. This description addresses two inter-rel ated considerations:
spectrum and activation nethods. In the present invention, suitable bands
were selected for the transm ssion of the negotiation data channels. The
bands were sel ected based upon several s¢riteria, including considering the
existing overall PSDs of the xDSL services and also. the 15 activation

DO e it - X BB bERSen AR B0 SRR b 0 o0

xDSL and exi sting services that m ght negot | rese
i nvention are shé&ahe aemrags @armwaswwmm@w tbe tweledfquingrénds;, " upstreant and

_downst r eans, di r G¢ IS Ulcliicd N ARBRDCARIALR ot AEheD bhifiohFfilious XDSL

servi ces are i ndi cate nrtiati-ng activating
sequences 016 severT ane 2Bsnay Telipsalcbe umwrtdahmsseaﬂutﬂammsalm soythatcal
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by ADSL nodens, lneeatianostisn extsieedﬂqvmveumetlhs in the midst of the upstream
band, certain filter implementations may preclude it's usage;
7. Tone 74 falls in the null of TCM-ISDN spectrum, so there is some positive
SNR there and it is in common with Annex B;
10 8 Tone 74 was selected as the frequency for Annex B's C-ACT2m; and
The ‘band to allocate Annex B upstream tones is very narrow. Using 3
carriers places the two outer carriers very near the band edge. If 2 carriers
are sufficient, they could have much better placement. In that case, the
appropriate upstream grid is 4N-1 and all of the revised upstream carrier

15 values are shown in Table 5.

TABLE 5, UPSTREAM CARRIER PREFERRED EMEODIMENT #2
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followng detailed criteria to select appropriate carriers for the upstream
negoti ati on channel and the downstream negoti ati on channel : A@;&Qg%%
all of the services/famlies known today (e.g., G 992. 1/(3992 2 nne ,
Annex B, Annex C, HDSL2); 2. Upstream and downstream negotiations wll not
use the sanme frequencies (i.e.; the preferred enbodi nent does not use echo
canceling); 3. FDMfilter inplementations (wth a few non-essenti al
additions) - e.g., avoid 10 upstreanidgwnstreaminterleaving; 4. Avoid
existing T1.413 activation tones (e.g., tone nunbers 8, 44, 48, 52, 60);

5. G992.1 Annex a and G 992. 2 Annex a use the sane upstream and
downstreamcarriers. G 992.1 Annex C and G 992. 2 Annex C use the sane
upstream and downstreamcarriers; 15 6. At |east one carrier associated
with G992.1 Annex a is the same as the <carrier used with G 992.1 Annex C.
At | east one carrier of G992.2 Annex a is the sane as the carrier used
wth G 992.2 Annex C. (For both upstream and downstream; 7. The ADSL

Annex a downstream band is reduce t ones. 37 based on
G 992.2; 8. Be reasonarﬁi"ﬂilq'%‘éﬁ??nﬁ@'ﬂ '@%PEF’W&)‘Q{H%;% %‘Eﬁﬁ%ﬁ%&ats

grid for decimation (rmai nly applicable for Annex a and Annex B ). Th|
allow a sanple clock[bhal is [owerssthan t he Nyqui st ratespempast| ] extract
the required ijpfoempt ons becauseathe fol dediover signals in the spedtrum
fall 25 directlly ymafop of each_other. Since the tones for Annex..C haye
speci al requifenank$, they eften _canmot be alligned op the sane grid as the
Annex a and Anjnexs Bltones: T
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TABLE 7. CARRIER PREFERRED K WBODIMENT #4
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10. Higher frequency tones should be spaced farther apart to reduce | eakage

{’Q@V%OG

in the filters; 30 11. In general, there are 3 tones per Annexl(j]
Annex C has 2 primary tones each way, and a third borderline tone _
12/ 09/ 2006 25 12. Tones between 14 and 64 should not be transmitted in a

TCM 1 SDN environnent; and 13. Avoid (if possible) RADSL activation
frequencies. Thus, in the upstream carrier, avoid 68 kHz (-#16) and 85 kHz

(-#20). In the downstreamcarrier, 5 awoid 282 kHz (-#65) and 306 kHz
(-#71). Based on the above discussion, a preferred Enbodi ment #1 uses thhe
following c ' ; rr 2 err.l t n the
sel ected car’?ﬁgpgﬁ %_aLPIe#ﬁe tgg%?géﬁeg% d%’ﬁ,ﬁ%‘ﬁ'?g?it%n |(E:([§rurnld§rrs§% %&cog?r%l etely
separ at ed; Zetsipidragpgendiessandedised fan othes envibandstso ivhitehstill ernfetrming talthe4 13

activati on gejection criteria described in this invention.

5  The frequencies of the carriers are derived by muttiplying a base family frequency
(e.q., 4.3125 kHz, or 4.000 kHz) by the carrier index. To achieve robustness,
multiple carrier symbols are used for each data bit. The 4.0 kHz family, designated
as family B, achieves a bit rate of 800 bits/s by dividing the 4000 symbols/sec rate
by 5. The 4.3125 kHz family, designated as family a, achieves a bit rate of

10 539.0625 bits/s by dividing the 4312.5 symbols/sec rate by 8.

In the above carrier selection embodiments for the ADSL bands, several xDSL

requirements were simultaneously examined. It is also prudent to be aware of the

spectrum used by VDSL modems. However, as of the time of this invention, VDSL

15 transmission techniques have not been finalized. Thus, it is advisable to consider
the following criteria and considerations when selecting carriers for use with VDSL
devices (modems):

1. Some VDSL splitter designs begin the HPF roll-off at approximately 600
kHz. As a result, some carriers should be above 600 kHz (e.g., ADSL tone

20 #140). Other splitter designs roll-off at approximately 300 kHz (e.g., ADSL
tone #70). Thus, carriers above those frequencies would be needed;

2. Although there is discussion of an ADSL-compatible mode of VDSL which
ensures no interference to ADSL lines, by significantly reducing power in the
carriers below 1.1 MHZ, a VDSL device can transmit carriers in compliance

25 with the ADSL PSDs. Thus, care should be taken not to introduce
performance degradation to existing services, and in particular, ADSL
service;

3. In this regard, current VDSL pfopoéals call for carriers to be spaced at
21.625 kHz and 43.125 kHz. However, it is likely that devices will initiate in

- 30 the 43.125 kHz mode, so carriers with a grid of 43.125 kHz is preferred:

4, Carriers should be below 3 MHZ (equivalent to ADSL tone #695), so that

they can be detected on the longest of VDSL capable lines;



tones are preserved; 3. Annex B allows the optional use of tones bel ow

number 33, in which the 10 ATU-x may be able to use some but ng }Péé/ﬁfo E?
the carriers originally designated for Annex a; 12/09/2006 27 Annex

upstream band and Annex a downstream band essentially overlap, so the
common band was divided between the two requirenents; 5. The tones
associated with Annex a and B are set along a common grid; 6. * Tone 26 may
optionally be used for downstreamtransggi ssion, so that a 5 nmuch | ower
frequency could be used in situations in which high frequency Iine

attenuation gxi St(%frté'pw avaﬂi RfiGwh HAN rddib B.‘Jﬂ'ﬁige &ﬁtasof‘orté}gmﬂgsﬁ gﬁ;n 24

band, certain filter enentati ons nmay prec I'T''s'usa
falls in the nul R Q)‘MHi‘mlpfsmcwpyebmﬁﬁﬁstqswﬂé #@@Morﬁn&mﬁrfw or SNR

there and it is | B1CORRAZ gr@gnex B;: 10 8. Tone 74 was sel ected as the
frequency for Annex B's C—M and 9. The -band to allocate Annex B

upstream t ofes i Satrisrs shewld dw. seledted) sB ax 4o rveid Sntpffercaee filom ANb rasio er

carrierssvery negpstle band edge. If 2 carriers are sufficient, they could
have much better facerrent In that case, the appropriate upstream grid is
4N-1 and al I7- of VR&Lrmaay gmalouﬁsmedawslgarnup&x (TDB) vedhnisiesir dcstrdinglyi n Tabl e

5. [err] 20 ypstream and downstream separations need not be so strict;
8. Signals above 1.1 MHZ in the VDSL band should be transmitted in
synchronism with the ONU's chosen superframe structure, in order to avoid
10 Near End Crosstalk (NEXT) into the other TDD VDSL lines in the binder;
and
9. At least one set of carriers should be inside the VDSL. spectrum plan.
Based on the above, preferred carriers for VDSL, according to the present
invention, are as follows:
15 Downstream Grid = (ADSI. downstream grid) x (VDSL grid) = (8N+2) x (10)
— 100, 180, 260, 340, efc.
Upstream Grid = (ADSL upstream grid) x (VDSL grid) = (4N-1) x (10)
— 350, 390, 470, 510, 550, etc.

20  The implicit channel probing feature of the present invention can be used to assess
the characteristics of the communication channel while concurrently transmitting

information over the communication channei.

Channel probing is performed impiicitly by observing all of the initializing carriers

- 25 sent during the activation sequence, and to verify which carriers were sent, by
reading the corresponding bits indicated in Tables 23 and 24. During the reception

of unmodulated carriers, the xTU-C, using the negotiation data receiving section 52,

-and the xTU-R, using the negotiation data receiving section 56, monitor the
communication channel (line) to perform a spectrum analysis of the signal to

30  calculate spectrum information. The accuracy of the implicit channel probing need

| ‘not be precise; it is only necessary to obtain a rough estimate of the SNR in the
channel. An xTU-X alters (changes) it's modulation and parameters selections



12/09/ 2006 28 [err] 12/09/2006 29 Although Tables 4 - 7 describe
preferred enbodinents, it is understood that other sets of fre 0%
be used for other environnents, while still conformng to the qgﬁg%%?gn
criteria described in this invention. 5 The frequencies of.the carriers are
derived by multiplying a base famly frequency (e.g., 4.3125 kHz, or 4.000
kHz) by the carrier index. To achieve robustness, nultiple carrier synbols
are used for each data bit. The 4.0 kHzifam |y, designated as famly B
achieves a bit rate of 800 bits/s by dividing the 4000 synbol s/sec rate by
5. The 4. 313akkpn ifeichMentd & HRRIAR flosh ' h hate of

10 539. 0625 bits/ 9 by dividing eRk 4312%@*%“?"9%3@ ?’é{gh@yﬁg he

above carri dnpligdicharnebprobebodi ments for the ADSL bands, several xDSL

requi renents were sinultaneously examned. It is also prudent to be aware
of the spectrumused by VDSL nodens. However, as of the tine of this

i nvention, Wmstbellsrwbm@dﬁr%eéﬁytﬂ&ﬁﬂramwemméelﬁm to denuss ¢fdpo maagy Thus,

it is ad!' S@Bhrird OorCfPIESbééerof tBﬁ%B@L'ﬂ%ﬁérﬂﬂsaﬁﬁ'ﬁo%!rad %ﬂ“@'itféﬁia@%%ons when

sel ecti ng carri ers for use wt evl ces
splitter de@fqgﬁéurseg? PONe eNVHPPMERHS| lt@fmecassaapmrasimeathelnyrr@eoof GaFgers As a

result, SOMBsGAL | sﬁnsﬁgqa EinfipRYforPMCoMEL 1o CUE #140) .
O her spl [ tt%r esriﬂ nsI ro M"’?‘ Inat approx? nat gl @e @lﬁ?b? e In Si
cases, it is diificuit to determine which tones the receiver is actualiy recelvmg

10  According to a first example of the instant invention for reducing the number of
carriers, referred to as a Pair Phase Reversal example, upstream and downstream
tones are paired. When an xTU-x receives a tone from a particular pair, it transmits
phase reversals on it's corresponding mate (pair) before beginning a modulated

carrier,
15
However, this example exhibits the following limitations:
1. - One tone of the pair mate might not be usable because of bridge taps or
interference; thus, the other pair mate would be idle; and
2. ‘The carriers cannot always be uniquely paired.
20 .

A second example of is referred to as a Modulate Carrier Before Messages
example. After sending an unmodulated carrier and before sending a modulated

carrier, messages begin with flags, the xTU-X modulates all of it's carriers to
indicate which carriers it is receiving. Codes can be created by transmitting

25 ~-concatenated 50% duty cycle patterns of 1's and 0's, with different lengths
~ indicating different carriers. The fixed duty cycle allows reception without octet

synchronization.

However, this example exhibits the following limitations:
30 1 The scheme is not bit or time efficient;
2. It would be preferable to octet-synchronize first and then send the

information in a digital message;



tone #70). Thus, carriers above those frequencies would be needed; 2.

Al t hough there is discussion of an ADSL-conpati bl e node of VDS—PEV@@/ZOOG
ensures no interference to ADSL |lines, by significantly reducing power

the carriers below 1.1 MHZ, a VDSL device can transmit carriers in
conpliance 25 with the ADSL PSDs. Thus, care should be taken not to

I ntroduce performance degradation to existing services, and in particul ar,
ADSL service; 3. In this regard, currept VDSL proposals call for carriers
to be spaced at 21.625 kHz and 43. 125 kHz. However, it is likely that

L 0 e h agrid
ool i T M b P BT WL T

to ADSL toneh #69FNis cadingisalieme fess nohinclyde geercermegtianm t he | ongest of VDSL
capabl e lines; 12/09/2006 30 5 Carriers should avoid known HAM radi o

bands, such as, for exanmple, 1.8- 2.0 MHZ (which is equival ent ADSL tones
#417 - #464)A third egample dgreefeised toas a Cagriers Used anpiRequeiuTrepemit 6che®ss ri er s
shoul d bg_ Selaged Bebrifle At dtifls gaf %lﬁs%gs%dfﬂ ﬁm)AMJn%'é freisIhel | ons:

7. VDSL may enp Ime Division Du ues.” Accor |ngly,
upst ream an@fﬂi@%ﬁg&qh@am Sapigrata bﬁysedele@ wbsewnb@es,stqnu ate negotiaidyiml s above

1.1 MHZ in bRets\PrlesbfRdraniodfs be transmtted in synchronismwth the
ONU s chosen superf rsame rstructou?e in order to avoid 10 Near End Crosstalk

(NEXT) into the other TDD VDSL lines in the binder; and
During an initial state, every applicable carrier transmits CL/CLR messages. a list

10 of transmitted carriers is indicated in Table 23 and Table 24. Parameters in the
CL/CLR messages used to determine (negotiate) which carriers to use for
subsequent messages are shown in Table 34 and Table 35. The number of
transmitted carriers may be reduced in the same transaction, such as, but not
limited to, MR, MS, ACK, NAK messages in the same transaction. The ndmber of

15  transmitted carriers may also be reduced in subsequent sessions and transactions
that initialize with MS or MR messages. As with MS for MS message contents and

states, the xXTU-X uses some memory to save the usable carrier information.

If a channel impediment, such, as but not limited to, an interferer or a bridge tap
20 arises later, an initialization timeout from the initiating xTU-X allows all of the

possible tones to be used from the initiating xTU-X.

in their initial states, the xTU-R and xTU-C are encouraged to transmit as many
carriers as possible, in order to determine whether any common carriers exist. a

25 pair of xTU-R and xTU-C negotiate using predetermined procedures, defined
- above, to specify the transmission of a reduced number of carriers for subsequent

messages and subsequent initializations.

If an xTU-X has been instructed to reduce the number of carriers in the midst of
30 compileting a transaction, the xTU-X only reduces the carriers when it is in the
process of transmitting flags. After the transmission of a complete flag, the xTU-X



9. At |least one set of carriers should be inside the VDSL spectrum pl an.
Based on the above, preferred carriers for VDSL, according to “19/%9 enloe
i nvention, are as follows: 15 Downstream Grid = (ADSL downstream grld? X
(WDSL grid) = (8N+2) x (10) -* 100, 180, 260, 340, etc. UpstreamGid =
(ADSL upstreamgrid) x (VDSL grid) = (4N-1) x (210) 350, 390, 470, 510,
550, etc. 20 The inplicit channel probing feature of the present invention
can be used to assess the characteristiscs of the comuni cati on channel
whil e concurrently transmtting information over the comrunication

channel . Chapnghit®s9bhRed gte@tﬁérﬁef Sl nid‘éhttc!a}‘riel?é/fo‘PQZ%FiMé Btgt\nﬁldctcf?z Ot he

initializing carriers 2_5d|sen uring the activation sequence, an

verify whi cﬂ'”@érbﬁfoﬁ stopRing trggmissigyon thesedungantearriess.r espondi ng bits
indicated in Tables 23 and 24. During the reception of unnodul ated
carriers, the xXTU-C, using the negotiation data receiving section 52, and
the xTU- R, HamgUHRandx§btG havegieogtiated tocuseiaieddcesiset pionitigigationairiass t he |
comuni cat i ' t r&.Qr : [ e, signa
o 30 carcurats EReees UBed Shobl MBIl beaNEE b LOMBR AT b8 Bea 1 0 2ne
probi ng nee@ubsggueridnitintisatione:If an anticipstadyrespanss dangt receivsigtwithin time dugh

estimate of plidanstiBlior tHoPtheMIRTU:x }ollod teRhBbror BliRpdaRNaddred

nodul ati on and paraneters sel ections 12 ased on the
of a CUCLR Aedthgdutiaizaliparighernae-comamenRsfromthe inplicit channel probe.
Anot her probl em addressed by the current invention relates to the use of
too many 5 carriers, or the use of too much transm ssion power, during an
i nitial i'®at Edier the central office (xTU-C) system 2 or the remote (xTU-R) system 4 may

initiate modulation channels. The negotiation data transmitting section 50 of the
remote system 4 transmits the upstream negotiation data to the negotiation data
receiving section 62 of the central system 2. The negotiating data transmitting
section 54 of the central system 2 transmits the downstream negotiating data to the

15  negotiation data receiving section 56 of the remote system 4. After the negotiation
modulation channels have been established, the remote station is always
considered the initiating modem in terms of the transaction messages. Likewise,
the central office terminal is thereafter referred to as the responding station.

20 A discussion of the initiation by the xTU-R will now be described, followed by a

discussion of the initiation by the xTU-C.

The initiating XTU-R transmits unmodulated carriers selected from either one or

- both families of the Upstream group, via negotiation data transmitting section 50.

25  When the negotiation data receiving section 52 receives the carriers from the
| xTU-R for a predetermined period of time (at least 200 ms in the preferred
embodiment), the responding xTU-C transmits unmodulated carriers, via
negotiating data transmitting section 54, selected from only one family of the

_ Downstream group. After receiviﬁg the carriers using negotiation data receiving
30 section 56 from the xTU-C for the predetermined period of time (e.g., at least 200
ms), the xTU-R DPSK modulates, using negotiation data transmitting section 50,

| only one of the family of carriers and transmits a predetermined flag (e.g., 7E¢) as



procedure. In sone environnments, it is necessary to reduce the nunber of
carriers wused to transmt negotiation information in order to /2006
spectrally polite. In such cases, it is difficult to detern1ne |c% ?one
the receiver is actually receiving. 1o According to a first exanple of the
I nstant invention for reducing the nunber of <carriers, referred to as a
Pai r Phase Reversal exanple, upstream and downstream tones are paired.
When an XxTU-x receives a tone froma pagticular pair, it transmts phase
reversal s on it's corresponding mate (pair) before beginning a nDduIated

carrier. " ¥the xtl'b'ﬁ Wm%?ﬁﬂie@ £ %19(? fr]::)f:}\| B&ngrﬁlh%é r[hé %-Paps or

One tone of the palr ‘mate usa
i nt er f er encstopshi@ssmitiing Qmim frpmithe otherefamdy bdfotestt begies maduiaﬁhg CHméersarriers

cannot al Wa@npﬁeugéé&#&ﬁ ¥a ' rA‘?tgr rec%Rnr@ ﬁ?%g\ff% g@tlgt détg rrégél\% ed to as

a Modul ate Carrier Before Messages g™ an tnhddul at ed
carrier and sbetfopr& ﬂ;@mdhmngé-RrerJkHﬁ@dDPSKrmm@Iatesmdgangesaf tregiamilpiof h f | ags,

the xTU I I lers it is
recer ving. Cade S teddltb g fap kel o480 WS A (€05, uy
cycle patteFﬁ&)Mda_tas and 0's, W|th di fferent Iengt hs indicating different
carriers. The fixed duty cycle allows reception wthout octet

synchroni zati on. However, this exanple exhibits the following Iimtations:
30 1. The sdhdadilitate thetfinding afra commonfdet of eatrier2(if they vexist)d ifban pfdiGrabl e to

oct et - synchiQppze chirerd o] Farhilfthat R EhnhdCtrarshi® it RiveRAeibd RsHbils! A

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

XTU-R to detect the presence of the xTU-C, and, if it has the capability to do so,
attempt an initiating procedure with a different carrier family.

In the disclosed embodiment, the xTU-C and the xTU-R monitor the line for existing
15 services prior to transmitting carriers, to avoid interfering with existing services,
using the negotiation data receiving sections 52 and 56, respectively.

The xTU-C transmits identical data, with identical timing on any and all downstream
carriers. The xTU-R transmits identical data with identical timing on any and all

20  upstream carriers.

The initiating xTU-C transmits unmodulated carriers selected from either one or
both families of the Downstream group using the negotiation data transmitting
_ section 54. After receiving the carriers, using negotiation data receiving section 56,
25 - from the xTU-C for (in the preferred embodiment) at least 200 ms, the responding
XTU-R transmits unmodulated carriers using the negotiation data transmitting
section 50, selected from only one family of the Upstream group. After the carriers
are received for at least 200 ms by the negotiation data receiving section 52 of the
XTU-R, the xXTU-C begins DPSK modulating only one of the family of carriers using
30  the negotiating data transmitting section 54, and transmits ones (FF,s) as data. If
the xTU-C is initiated with carriers selected from both families, the xTU-C stops
transmitting carriers from the other family before it begins modulating carriers from



12/09/ 2006 32 3. This schene increases the tinme required for the
activation sequence; and 4. This codi ng schene does not |ncludq&§g5 /2006
correction. Athird exanple is referred to as a Carriers Used an eque
Transmt schenme. 5 Based upon the limtations of this schene (dlscussed
bel ow), exanple three is the preferred scheme. Carriers to be used in a
subsequent session are negotiated via octets in nmessage transactions.
During an initial state, every applicabke carrier transmts CUCLR nessages.
alist 10 of transmtted carriers is indicated in Table 23 and Tabl e 24.

Parameters it gugngi ' neqot i-at.e)

carriers to ﬁesesté su ggﬁztéla'?géel %néé’gpogﬁ gﬁ V\)/ﬁ%l-é ?%‘bl&lraﬁ I:)ﬁ‘\%kTabl e
35. The nu ntsmdu{a‘tes Qrﬂ)amfﬁheaiarrdapf ¢agnies's amy tromsmitsdlage (VHq¢) at ldatas aifter
transacti on, It . K nes s in the
sane transactl{g)lériJg (raec%HE tP L i(gbtr?gl?\és%n{"@ngmqﬁgﬁeS%y g‘fes%qﬁ reduced
i N subsequefamilyed saniats anddrmsmhsﬁaga(ﬁﬁﬁ) agdedd. initialize with MS or MR
nmessagess As with MS for M5 nmessage contents and states, the xTU X uses

sonme nendry to save the usable carrier information. If a channel
i npedi ment , Insordhr; tofaciljate thefindingra cendmoo sebof darriees (ifthey exist), df the x@igeR t ap 20

ar 1 ses | at efocee KAkt 43k Fthol FARACS, MUekh BRI BBl bR | o0

all of the 0SsSI b rom e’ini 'Ag X
initial st atrerssmlttlhg c;aﬂﬂerﬂframda araiyCit ds eapatde wf dgeshittingt r a@nis rallowsaisherany

carriers as r r. rriers
oxi ot oK efect f iBEdREe bRARTBLSLRE ARG M ien Ly kRl
proceduﬂ@s,Cal‘eénfamdw,afbﬁ\ﬁe,theGanapiﬁtyitt:y!otsbe transm ssi on of a reduced nunber
of carriers for subsequent nessages and subsequent initializations.

According to the instant invention, the xTU-C and the xTU-R monitor the
communication line (using the negotiation data receiving sections 52 and 56,
respectively), for existing services prior to transmitting carriers, in order to avoid

15  interfering with existing services.

The xTU-C transmits identical data with identical timing on any and all downstream
carriers. The xTU-R transmits identical data with identical timing on any and all

upstream carriers.

20
In the present invention, an error recovery mechanism comprises (but is not limited
to) the transmission of an unmodulated carrier of ones (FFy), or flags {7E¢) that
shall not exceed, for example, a time period of 1 second. An xTU-x may restart the
initiation procedure or may optionally start alternative initiation procedures.

25

- _'If only one communication device in the communication link implements the present
invention's preferred activation method, a high speed communication may not be
possible. The following describes mechanisms to fallback (or escape) to legacy
communication systems, such as, but no limited tb, legacy DSL systems or

30 - voiceband communication systems. Fallback to xDSL systems will be described
first, followed by a description of the voiceband fallback procedures:



If an xTU-X has been instructed to reduce the nunber of carriers in the

m dst of 30 conpleting a transaction, the xTU- X only reduces t i
when it is in the process of transmtting flags. After the trart}gzn?gg{gﬁj’%

a conplete flag, the xTU- X 12/09/2006 - 33 transmts an unnodul ated carrier
on the redundant carriers for a period of two octet tines before stopping
transm ssion on the redundant carriers. If an xTU R and xTU- C have
negotiated to use a reduced set of initjdgalization carriers 5 by the
procedures defined above, the reduced set of carriers shall be used for a

subsequent | 1 & iiabicilihfk Td fedity 3ASL flcRAfichs” eSPONSe I s not rece ved
Wthin tinme T, ot her xTU-X to reduce the
nunber of carriers are ignored and the initialization schene re-comences.
10 Either t [ T, - t TU R t
10,5 ther NPt 5L Sk TclhoRy 51 SRR, BB, WL AR KRR, ot
section 50 dhplement thenpreserd \isveationt tThangesdrd investior sicludesnproegdareatto on dat a
to th i j (VA i al t 2. Th
negot | at g Are€f &Ry 15 abafior " I78 it PR Y ERY Y, St s
t he downst r dana melyst imechangsrd fom activatime almultiplpiy ichitdOSh tatdations énvihag

ti 56 ' ! Af il l,ati
channel s hayts B iRy 4ot wit ol Gt By PO e RSB el e e

channel s have

the initi at regipnabslandards (ier,fegasy deliees)randmdtandiediyswagiifferentirkethodse, t he
central offj i od he rreferred to, as the respondi ng
station. Zobﬁ«eig{p Ec'usm oorﬁJ gef'bf hééc‘ﬁ?’%ioﬁ i 4f %Sr?aé 't%eariﬁ’jb&mqﬁpo og‘f Pe
descri béel, adivatinmedalbyonatandardcfasiliiesnorostandaed iinformation)on Both tethodd @reC. The

initiating &l‘h&%ﬁ%“ﬁggmﬂﬂg%Pﬁﬂfaﬁéa%? ﬁ%&@ggr s selected fromeither one or

both famlies o ream group, Vv tiation data transmtting
section 50.
The activation via escape method facilitates the startup of devices prior to the

present invention beginning the negotiation modulation. This allows the startup of

15  devices which, for example, implement Annex a, B, or C of a predetermined
communication standard (with differing PSDs) and a legacy xDSL system, such as,
but not limited to T1.413. The present invention monitors several different
frequency bands using xTU-C's data receiving section 52 or xTU-R’s data receiving
section §6. Thus, a device that also supports a regional standard (such as, for

20 example, T1.413) can concutrently (or nearly concurrently) monitor for the regional
standard activation signals while monitoring for the activation signals of the present
invention. a procedure for interworking with the ANSI T1.413 protocol is shown in
Table 8. '



25 When the negotiation data receiving section 52 receives the carriers
fromthe xTU-R for a predeterm ned period of tine (at |east 2001@@)9/9%6
preferred enbodinent), the responding xTU-C transmts unnodul ate

carriers, via negotiating data transmtting section 54, selected fromonly
one famly of the Downstream group. After receiving the carriers using
negoti ati on data receiving 30 section 56 fromthe xTU-C for the

predeterm ned period of time (e.g., at 4yeast 200 ns), the xTU R DPSK

nodul at es, using negotiation data transmtting section 50, only one of the
famly of carriers and transmts a predetermned flag (e.g., 7E16) as

12/ 09/ 2006 34 data. |If thespeBJER {vziddwatodomwihn TadLd Besiceel ected from
both famlies, the xTU-R stops transmtting carriers fromthe other famly
before it begl ng Lﬁr-gr-s—f—m—HTew—e-l-ecfeﬂ—f?mﬂ—y——N‘ er

Nevice: l....:lp\a'hzll.l N A gorithm h
receiving the flg R TEUUtT B L TR HfkES TECET VITIg~ Section 52 Tromthe
XTU R, the xTU ¢ BFSK fibdul at e D heen RS .J,mmgm.f amily of 5 carriefs (using
negotiating datq transmitting En(a:lzslrlgﬂwénlinw%rl r.;.]{Ia;nsm ts flag (e.g. 7E, 6)
as data. To facirty - TV 10ACT RE QS I e il n&@rrl ers (TTithey
exist), if an x 0— rp%%ﬁéu‘ég.?j.?:.ral&h%r&n&f a fam y t it cannot {ransmt,

it neverthel ess CESPOMHR: DY lker]ﬁWuﬂsﬁgﬁ-ﬂjﬂngﬁﬁcﬁTom atamly it is
capabl e of tran m tting. This (’:H,mllé) 5 ,mﬂ,pg,;rg,ﬂng, ‘,,ql@,t,,ggﬁ,ct he presence of
the xTU-C, and, fi Fov:N : an rnitiating
procedure with d| ffggiglr;,;_mg;ar r,,l,,ggpuj,qm,,lmym,. ,Qp,c,mg ,,QJ],_s,g,anm@T ggbodi frent, the
XTU-C and the xTO-R moNi tor tThe rine 1or existing 15 services prior to
transmtting carriers, to avoid interfering with existing services, using
the negotiation data receiving sections 52 and 56, respectively. The xTU-C

transmts identical data, with jdentical tim ng on any and all downstream
he activation via non-standard facilities or standard information embodiment

allows the interworking of devices after the initialization of the handshake

5  modulation, by indicating the legacy communication system in a message. The
message may use either a non-standard information (NS) field or a Standard
Information (S) field.

The present invention allows the transmission and reception of a non-standard
10  message that indicates a different modulation. Regional standards can be explicitly

negotiated through non-standard facilities.

The present invention also provides for the transmission and reception of a
standard information message that indicate a different modulation. Regional
15 standards can be explicitly negotiated through a code point in the standard

" information field.

It is understood that other DSL communication systems, such as, but not limited to,
for example, RADSL, can be negotiated using the same explicit and implicit
20  methods discussed above for T1.413, without departing from the spirit and/or scope

of this invention.

2. Fallback Methods To Voiceband Modulations



carriers. The xTU-R transmts identical data with identical timng on any
and all 20 upstreamcarriers. The initiating xTU-C transnits - uwyyb@ EQ%G
carriers selected fromeither one or both famlies of the Ebmmstrean1group
using the negotiation data transmtting section 54. After receiving the
carriers, using negotiation data receiving section 56, 25 fromthe xTU-C
for (in the preferred enbodinent) at |east 200 ns, the responding XxTU-R
transmts unnodul ated carriers using thg negotiation data transmtting
section 50, selected fromonly one famly of the Upstream group. After the
carriers are received for at |east 200 ns by the negotiation data

recei ving section 52 of the xTU- R the xTU C begins DPSK nodul ating only

one of the fraltbdck raéthody far enizebsidngodilatidne atecyilmiattb nlge diback metmost ti ng
section 54, and.transmts S F16) dat a. JTU.Cis . initiated
with carri erdg seibed 4ogye %qdﬁ%EdP{ﬂdﬁF%?#??}ggt 'St ﬁ%thﬁ[’lcé %’FXB?]‘CW PEIN9HF ¢ t i ng
carriers fremisthe other famly before it begins nodul ating carriers from
12/09/20Q6 35 the selected famly. After receiving ones fromthe xTU C

the xTU-R DPSK nodul ates only one of the famly of carriers and transmts
fl ags (7El6)Thas indidl a sighdls effor tahevdidabgad ambdulaﬁm' vae fs“p@mf‘édne:rv(ﬂwuﬂ_ t he

XxTU- C DPSK dul at es .onl on the fam arr,i nsmts
flags (oo febanfindatl \Va 8¢ il miominidntordlsRR b T i bRED cot o
carriers (i bftérthy VekorsV. Bbisicbdé peintsTdde Reletted én ﬂﬁMS:mless@bsac}a‘noWleﬂgm' ly that
it cannot tr nsm t nevert hel ess .respond nsmtting,carriers from
oot WS E AGKD) OGRS e i PR iBiantibh e e BRE Bt oot

the pr es@nceom;bletbh)a thelVIsRr Atgbisaproeaqiresabedimy. t Tl XTARRWARES an Wefrblesfent 10
carrier f‘fjm'l/|8ydalllmg s{atttorh1 3Rd &Q%T&a@?al?éls IOltl et r(?:alltt.')i a?l.%‘ answering station.

In the implicit method |, if an xTU-X initiates a handshake session by transmitting
negotiating tones but does not receive a response from a possible xTU-X at the

15 other end of the communication channel 5, the initiating xTU-X may assume that
the other xTU-X does not support a high speed communication, and may then
switch to initiating a communication using voiceband procedures such as V.8 and
V.8bis.

20 The instant invention also addresses the prior art problem. of having fong or
complicated initialization transactions when either communication device in the

communication link needs to transmit data.

In general, the xTU-C is usually always ON, or will have been turned ON hefore the

25 xTU-R is turned ON. The xTU-R can always remain ON, but it is more likely that
there will be periods in which the xTU-R is turned OFF or placed into a “sleep”
mode (a mode in which the xTU-R is placed in a standby mode to minimize
electrical power consumption). If the xTU-R is in the sleep mode, the central side
needs to "wake up" the XTU-R before a data transmission can occur. Foﬁr basic

30 transactions for accomplishing this are described in Table 9.
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mechani sm conprises (but is not limte to) the transm ssion of an
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Since the xTU-R will always send the first message of a transaction, and the first

“message should be as meaningful as possible when the xTU-R initializes the

modulation, the present invention uses a preferred initialization protocol scheme

shown in Table 10. Alternatively, an initialization protocol scheme illustrated in

Table 11 may be used.

However, it is understood that variations to these

transactions may be made without departing from the spirit and/or scope of the

instant invention.

Table 10, Transaclions Preferred Scheme #1

:_ Tearxaccion secuence
| = Kiume vk e [xnn- [aTuxs  faTUe - | aTUR
Z twsr Tiwa IR L ME ATEMAR
b Re=est2b"ish M5 ACKMNAK
1w Coaisral Push Farst Tt RL CLR L it ACKNAK
X Cenval Push Reesmaklish iy M4 ATRNAK |
Where:
CL Tr=nsmut 4 Copabilines Lt
Th's Tessage sarveys 3 st 919055 ke medes of aperation of the imnsmufing §rion
o Trenzmit o Capobiities Last and Reguest the uiles ¢n.1 0 2lsa transenl 3 capahilities il
Thns misage canvexs a fist al sl & 50065 07 apanstion 9f tie mansToing staior ané Al requests
ke Irarstrasann w1 3 czaalalities ):sc ke rhe semole shfion
TS Aade Salact - spreily (b4 intended mede,

b3 miessage reautsts the nirarizn of 2 pariucal = meds ol ap=ralwa n ke eress saker.




be a robust mechanismfor activating a nultiplicity of xDSL nodul ations in
the presence of unknown equi prment with unknown transceiver PSDs.
activation of regional standards (i.e., |egacy devices) can bgs"'hzaﬁn_@d?égOboy6
two different nethods: an inplicifg nethod (e.g., activation via escape),
or an explicit nmethod (e.g:, 10 activation via nonstandard facilities or
standard infornmation). Roth nethods are used.to cover the multitude of
initialization [n¢fhddg"THé'FE¥¥Fati on via escape nethod faciljitates the
startup of deviices gdrior tosdxher: pa@SBRtsisnveNt irow daegindnmng o he
negoti ati on nodul atifon. Thi Sasgid 10WSd R S friddvkdbpea@fer pulda Waviggg Whi ch, for
exanpl e, inplenent Annex a, criBipmdii Lom@fmaicpiedete i r-2egw@enmuniicat i on
standard (with idiffgring -PSiog): raReabegeeysxbStirsysiemed @aeh (as, but not
limted to T1.413. The pr eSetssihN@ni hi@iol FOR it kgm.gevigthahadckhitf er ent
frequency bandsl usi g XTU Gaseslahsdi-go@aubirgeizect i on 52 or xTW R s data
receiving sectlion 36. Thus, a device that al so supports a regional
standard (such [asy flors@@axampies< T1. 413) can concurrently (qr nearly
concurrently) nonit @musirense tolpas b ggrgmade = sbignoier deacteyat P orsiignal s whil e
nonitoring for it he jeti-watdorrsivgnalishofismasgridegnt | nventign. a
procedure for iinterworking sakiylixt. R-eNMSlies Lilne Acd-3ug PFi@ ts8@@ lo inkng: BfOWN i N Tabl e
8. 12/09/2006 |37 [lerr] Thexaschiati@tmirannon-standard faciflities or
standard i nforrnation enmbodigent, . alkQ e WL Qf Vi ces after
the initializatlion ¢f the hggﬁt‘ﬂlé%g; %ﬁimtm%ﬂ%ﬁ, by in%ndi cating the | egacy
e e

conmmuni cation systemin a nessage. )
H NAK{T ) {ak 2 KAK-NS) mdicabes that the reseiving scabon exther Uazs nol Suppon or haa

yisatled the made reqresied by the mndrming st2dan; and
WAKM) faka. WAK-NL) tndicawes ha; the receiving siation s uneble 4o moespeet 2

PeCeLyeLs MEsage.

Re, o k 2 REG] Roveet ¢onimo] of e mangaction ba the aTU-C
The me:::_lEEl‘eﬂs the xTU-C o lake comirol.
vk Tns mexsage reguesis I KIrsmission of 2 made select message by che remate stataun,

Although there are names and scenarios associated with the transaction, the

names. should merely be considered as informational in nature.

All messages in a transaction are required.

The RC message contains only one bit of information. Setting the bit to "1"

represents that the xTU-C was "surprised" by the push request, or is in a state of
10 confusion. In this situation, it is recommended (but not mandated) that the xTU-C

use transaction X instead of W.

MS always includes the desired mode.

15 If a XTU-R NAKs in a transaction X but wishes to keep trying, it shall send NAK( )
and then transaction Z. '



message nmay use either a non-standard information (NS) field or a Standard
Information (S) field. The present invention allows the transni§%¥qyggﬁ%06
reception of a non-standard to nessage that indicates a differén
nodul ati on. Regi onal standards can be explicitly negotiated through
non-standard facilities. The present invention also provides for the

transm ssion and reception of a standard infornation nessage that indicate
a different nodul ation. Regional 15 syandards can be explicitly negoti ated
t hrough a code point in the standard information field. It is understood

t hat ot her L.co ni.cati gn_sy uch as. ,but, n Lim t for
exanpl e, RA ,thecgﬂ%" ehaﬁ'gggt ?’ét"i@f% ’ttﬁ'g )ZEBHT_E 8'9(06'1?4 c,sleFd J?]%%ﬂ%?ritcit 20
met hods di sdaasatiomXar&V.for T1.413, without departing fromthe spirit

and/ or scope of this invention. 2. Fallback Methods To Voi ceband

Modul ations 12/09/2006 38 Fall back nmethods for voi ceband nodul ati ons are
simlar to tThe folidwihgcik netedhddsthe detiationse dvhabo\tie HXTIU-Q Dds mnitthiéditthens; t hat

i's, both e)r(rﬁi?icli%i and inplicit methods exist. 5 The initial signals for a
voi ceband 3"'3 Pon are specified in I TUUT Recommendation V.8 and ITUT

Recomendat fon VIf&he xTUHR i¢ peepareql foc tHe WEHMDGy domintt ttaheactio Xoor W 8bi s
d I nt I d,..| . , W ] .an ACK( 1
message, and t neHELEtte clt S ULs Beaudiraaarnune 16 ATEGERE 1 he

V.8 or V.8bis pribeechdutstiolegi ns. The xTU-R takes on the roll of a

2. However, if the XTU-R is to have equal control, it should use transaction Z;
10 3 Although transaction Y could be used, it is overly presumptuous on the part
of the xTU-R; and
4. The initiation of modulation by the xTU-C can also be used in conjunction

with a power management system.

Table 11. Trausavtiens Preferred Scheme ¥2

TransacLion mamber LIU-R aTU-C I xATLI-R
Ajsameas Y M5 ATKAIAX

L] -{sarm: na Xj MR~ W3- AN AR
o pedi ficasion of 2ane W | CLR- CL- 2 CINAX

15
All permitted transactions will now be described.

Transactions involving the use of messages CL and CLR permit a transfer or
exchange of capabilities between the two stations. Transactions involving the use.
20 -of message MS allow a specific mode to be requested by either station and permit
the other station to accept or decline the transition to the requested mode.
Transaction a of B are used to select an operating mode without first establishing
their common capabilities. Transaction C is used fo exchange information about
each station’s capabilities. Transaction B is intended to allow the responding

25  station to take control of the cutcome of the t_ransaction.



V.8 calling station and the xTU-C takes on the roll of a V.8 answering

station. In the inplicit method , if an xTU-X initiates a handsliaéga §952§jd)61
by transmitting negotiating tones but does not receive a response (T)rom a

possi ble xTU-X at the 15 other end of the comrunication channel 5, the
initiating XxXTU- X may assune that the other xTU X does not support a high
speed communi cation, and may then switch to initiating a conmunication
usi ng voi ceband procedures such as V.8 gnd V.8bis. 20 The instant

i nvention al so addresses the prior art problem of having | ong or

Ther Communifly | 5t B ih etk *PRRC banBion fbrins [ F L REP BhbRelC o "
usual |y al waeysbo@Mentr Ths bﬂaltdrtaarsitibaeﬁagramm@ﬂomtmeimrmatidﬂe(el@ﬁh:e'&btﬁ IS

d ON. TUR . ' ) t jf.is. re. like at
there w1 DEe g Furfh TaiShited SHBSBor o Harisliah eferpstion fEad e &
"sl eep" nodecefudmmedssaga tiMditi clused ehed BtatdR changed).adadFigs) 4 ant &B)dhyssagede t o

I ni m el ectrical wer  cqns tian Lf.the xTU-R s in the, sl eep node,
The cent Fal "arigs e BVAn SIRRNEL ke oot rd syF draeliony i 8 ke Bt on
can occur. kpon tHeareceptiol ®f brapnpiatd mzssade) ror apaothe! resdptiog of bhe ocamerelescri bed

I n Tabl e 9. 09/ 2006 39 err] Since the xTURw Il always send the
first nessaﬁ%grg?'%ﬁoﬂggr%eﬁﬁ?q%n, and the first 5 nmessage should be as
meani ngf ul as possi ble when the xTU-R initializes the nodulation, the

present | nvmteinoanmlégseasgee}s Perc%}cvggi rw?tﬂ tiwg i“géa?tloinéﬁ%}o?rﬂa o%ogv%ﬁacgle”sp?ar}aerggter
10 set to binary ONE in the identification field, the receiving station may send an
ACK(2) message to request that further information be sent. When the ACK(2)
message is received, further information is sent. The transmission of signals
associated with a selected mode begins immediately after the transmission of

ACK(1).

15

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

start alternative initiation procedures.

The maximum number of octets in any information Field is 64. If the information
30 exceeds this limit, the remainder of the information may be contained in subsequent
‘messages. To indicate that further information exists, an “Additional Information
‘Available” parameter is set to binary ONE in the identification field of the transmitted



shown in Table 10. Alternatively, an initialization protocol schene

illustrated in

variations to these transactions nmay be nmade without departing

spirit and/or scope of the 10 instant invention. [err] 12/09/2006 40

[err] Although there are nanmes and scenari os associated with the
transaction, the nanes should nerely be considered as informtional
nature. 5 All nessages in a transactions;are required. The RC nessage

contains only one bit of information. Setting the bit to "1" represents

hat the xTU-C " L sed by Lh '
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Table 11 may be used. However, it is understoodl';z@edg/ 006
romt%e

10

XTU-C use tmesssge;t thenreicteSdtativth @&ndd/ aNBATK(BY mebstjeu dmpictling d@ther ed node.
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Where non-standard information is present in the information field, the standard and
non-standard information may be conveyed in separate messages. lf the
information to be conveyed in the CL message cannot be conveyed in a single
message, and the “Additional Information Available® parameter is set to binary
ONE, a response is required from the receiving station in order for the transmitting
station to complete transmission of the combined CL-MS messages, irrespective of
whether the additional information is to be sent. In this case, an ACK(1) shall be

sent if no further information is required.

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

the spirit andfor scope of the invention.

The preferred embodiment of the present invention has the general organizational
structure shown in Table 12. Modulation independent information is presented in
an "ldentification" field, and modulation dependent information is presented in a
"Standard Information" field. In general, service parameters and channel
capabilities information are independent of the various xDSL modulations. The
overall composition of messages according to a first example is shown in Table 13,

while Table 14 illustrates a second example.

'r\T}lAaﬁs in a transaction X but wi shes to keep trying, it shall



On the other hand, if an XTU-C NAKs, the xTU-R should send RC to start
transaction X or W The following is noted in the situations whgrg Q@?ZOOG
XTU-C has initiated the 5 nodulation: 1. If the xXT-R is prepare({ or "the
XTU-C to dom nate, transaction X or W should be utilized. This should be
the typical case when the ATU-C initiates the nodul ation; 2. However, if
the xTWR is to have equal control, it should use transaction Z;, 10 3.

Al t hough transaction Y could be used, iy is overly presunptuous on the part
of the xXTUR, and 4. The initiation of nodul ation by the xTU-C can al so be
used in conjunction wth a power managenment system [err] 15 Al
permtted transactions will now be described. Transactions involving the
use of nessages CL and CLR permt a transfer or exchange of capabilities
between the two stations. Transactions involving the use 20 of nessage M
allow a specific node to be requested by either station and permt the
other station to accept or decline the transition to the requested node.
Transaction a or B are used to select an operating node wi thout first
establishing their comoiablapabifprmafienOrempizatiensiriirec j s used to exchange
i nformation apout oo Sl S GaL) Mk (idrrad-gnsact 1 on B is intended
to allow the [espQRdL NG Brmidtdt it bRk RuGORLt0l of the outcome of the
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12/09/ 2006 42 Figs. 4 and 5 illustrate state transition diagrans for a
second transaction enbodinent. The state transition diagrans Sﬂ%@é?g‘bOG
information (e.g., the state nanme and current transmtted nessage) ah
transition information (e.g., the .received nessage that caused the state
change). In Figs. 4 and 5, nessage 5 nanes followed by an asterisk (*)
indicate that the state transition may be taken upon the reception of a
conpl ete nessage, or upon the receptionsof one or nore segnents of the
nmessage. When a nessage is received with the "additional information
avai | abl e" paraneter 10 set to binary ONE in the identification field, the
receiving station nay send an ACK(2) nessage to request that further
information be sent. When the ACK(2) nessage is received, further
information is sent. The transm ssion of signals associated with a
sel ected node begins immediately after the transm ssion of ACK(1l). 15 Wen
a station receives an NS nessa equesting. a . it is unable to
i nvoke, the station ré@ﬁlﬁﬁ‘h?"ﬁgﬁgfgﬁ%’%mgosmﬁﬁ%%ﬁﬁn?%%al id frame is
received in §ny stTRpie, t(he we@&Rinvi Ng St al xon:sends [a MEEE) and
imediately returnsjto an Initial State. |If_an xTU:X h@s=trgnsmtted a
message, but s not]¥ReekpVl Ngudbads soi=a/a idfc@@wn'ess;qg fgggda} fromthe other
XTU- X, the erfor reovery |proceduresmpsiescravb@dwingbovers appl’yt I f an xTU X
has transmi tt gl Nessage [and is fe@ewwi ng flags, it wajfs for a
predet er m ned| peri od okt | [Tegafor |exanpl e[ 1 second) before re-transmtting
the sane mess%_lvf the XTU-X hag transnjtted-the $anme nessage a certain
n(e

nunber of tim 9., %3 tfi itho¥t rbceiving alvakiEgmpssage response
fromthe cr X X X h L
. s X - X X N RZCESRTY
K X
~NAX, X -
RER X z -

5  The following describes the organizational details within each category.

Parameters specific to a given xDSL modulation should always appear under the

appropriate modulations category. Of those modulation parameters, some of them

might be more general than others, and can have higher positions in the
10  NPars/SPars tree.

Parameters that are negotiated in T1.413 are also negotiated in the present
invention (with the exception of Vendor ID, which uses T.35 codes). However,
' .there are a few cases when related parameters need to be negotiated by the
15 present invention: 4
| e [f the optionality of the parameters in G.992.1 differ from T1.413;
» If the parameter actually needs to be negotiated instead of just indicated;
or _
+ If a general preference about a class of parameters needs to be
20 indicated. |



25 other xTU-x, the transmtting xTU- X transmts a Hangup nessage and stops
transmtting the carrier. If desired, the xTU-x may restart thelizyé'gtzioqj’s
attenpt or start alternative initiation procedures. The maxi num nunber of
octets in any Information Field is 64. If the information 30 exceeds this
limt, the remainder of the information may be contained in subsequent
nmessages. To indicate that further information exists, an "Additional

I nformati on Avail abl e" paraneter is seg to binary ONE in the
identification field of the transmtted 12/09/2006 43 nessage. This

I nformati on, _ e, t ] 2CRI age, the
renot e st at iI%ﬁgggﬁﬁa%'ﬁg2%&(9%@3%%?5%%@&%%%9 Oﬁ %ﬁg(ﬁfﬁ‘fe t 92\8 ot Fﬁr gﬁa ilon. 5
Wher e non- stogietiapal thenfaentification field. plf dee parametarhie fairyf olosely irelateflitelttde t he
standard an - st. ' 1Bt i nd i S.EP.

nmessages. | %@%ﬁoﬁ’n'fgﬁ% ib%met%é' ée(lj grgﬁﬁ\;g%e |eﬁ%FKh?@§dLﬁ%§°§§g%5€é§mot be
conveyed i nirforyiatigh ectetse sEvayeif thesd mdnulatiad diataneteds dreffaidyraimilen atwag | abl e"

paranetect | ' Y, [e ' . t he.receiving
G ot on In g2 HEARRRklinardle odtelSeRERIG I o8 thodiiub Moot B <l on
of the conbxB&H BodyEionss sugesss, i for ex@epld, vEDSE, halhetsome wvergy diffdient onal

I nformati on,j . | . | f no
further inf Bé%n'{e?eé%e?éﬁ&%gu\{eﬂ;egﬁ%g@@gvrm? gﬁ %ﬁ;ﬁé/é%tt ?%rémg%rsaﬁjﬁﬁ%&es t he
desi r abi | i t gatisfy all ahthei xRSlnrpguingroentsitaind reapabilities. kkda résaitatheteist semeequi pnent
capabilitie : I f rgpsﬁi ,.C r t r tory

I nformati onf%dgﬁ%. "V%?ﬁ%@l’%ﬁ“’ﬁ&o i%?’?bﬁqﬁer{%’c@?j&?@?%fmﬁ tﬁ%}tisrgdun?c%éé d, the
pr esent 14 nvexists aith MoBhimi Rertheeeany ofdhé berasrdfera nidderdtie varoualappljqatiensof

i nformati on, asfegpared to V.Bbis and V.B. The types of information
enphasi ze

Three types of parametersfoptions exist; manufacturing, provisioning and
negotiated options.

15 '
1. Manufacturing Options

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

impossible without commonality between the various devices.

2. Provisioning Options

25
- Provisioning options are defined as optional capabilities that are in some way fixed
a priori. An example of a provisioning option is the Loop timing at the CO that is
required to be mastered by either the CO or the CP. The CO capability is normally
fixed by a priori decision prior to the negotiation. It is noted that this dption can be
30  merged into either the manufacturing or negotiated options. As a resuit, only a few

options are in this category.



service requirenents instead of "application groups”. It is noted that the
types of 20 information are nerely exanpl es of the types and neq@nggpgbdg
paranmeter exchange, and thus, nodifications (variations) my be

wi t hout departing from the spirit and/ or scope of the invention. The
preferred enbodi nent of the present invention has the general

organi zational 25 structure shown in Table 12. Mdul ati on i ndependent
information is presented in an "ldentigication" field, and nodul ation
dependent information is presented in a "Standard Information” field. In

general , sery t@g 23! @@}ﬁrs and channel capabilities information are

| ndependent xDSL nodul ations. The overall conposition of
nmessages according to a first exarrpl e is shown in Table 13, 30 whi l e Tabl e
14 illustra nd exa 12/ 09/ 2006 .44 err 12/ 6 45
Cerr] 5 ThoCRebER AR BN Ry of A ORI Mt o e S RHEI each

cat egory. Parlastef ¢nandajoec aﬁaliabie))opnoglsvemn E:Eaﬁtp!mﬂalr&gomm bpmdrdlsahefvays
appear der e I t hose . nodul ati on

ooy et ors. deEnsPRBRERe T ndBRldeR piots. R Ei ke tath B BEedRer Sl Pave

hi gher p05| peems in the

The information coding format for the present invention will now be described with
respect to Tables 15-45. The discussion provided with respect to Tables 15-18 are
10  provided as background information. Tables 20-45 are directed to the features of

the instant invention.

The basic format convention used for messages is illustrated in Fig. 6. Bits are
grouped into octets. The bits of each octet are shown horizontally and are
15 numbered from 1 to 8. Octets are displayed vertically, and are numbered from 1 to
N. The octets are transmitted in ascending numerical order. Within an octet, bit 1

is the first bit to be transmitted.

For fields which are contained within a single octet, the lowest numbered bit of the
20 field represents the least significant bit (2°). When a field spans multiple octets, the
lowest numbered bit of the field in the highest numbered octet containing the field
represents the least significant bit (2°). The order of the bit values within each octet
increases as the bit number increases. The order of the bit values from octet to
octet increases as the octet nqmber decreases. Fig. 7 illustrates a field which

25 spans two octets.

An exception to this convention is the Frame Check Sequence (FCS) field, which
spans two octets. In this case, the order of the bit values within the octets is
reversed. That is, bit 1 of the first octet is the MSB and bit 8 of the second octet is

30 the LSB (see Fig. 8).



10 NPars/SPars tree. Paraneters that are negotiated in T1.413 are al so

negotiated in the present invention (wWwth the exception of Venq
whi ch uses T.35 codes). However, there are a few cases when rel
paranmeters need to be negotiated by the 15 present invention:
optionality of the paraneters in G 992.1 differ from T1. 413;

paraneter actually needs to be negotiated instead of just

If a general preference about a class qf paraneters needs to be
i ndi cated. 12/09/2006 46 If the paranmeter is very general, it sh

;?;/e%.@/ 2006

If the
If the
i ndi cated; or

20

oul d be
rbfiel d.
shoul d be

[ Che. par alboERors o] M stk R v bR e MR e Fir

negot i at ed iMessagesXtatt drel/erid with 4 Standard iHDAG fiagy' ccted {@did 4t 1),), ias fdefimaltin on

. j ' fajrl i .
oct L, Sueragle 58, B EAMBABEl STRLSCS P08, SALLihi P o000,
ot her xDSL 3808 uTanhsmanencyssing tieesQctebstufingmethed is/M8ined ral8O/IEQNIS08er v

differeng paranmeters, making it very difficult to have one large |ist of

par anet ef' s

trying to satisfy all of the xDSL requirenents and

capabi | i t i eFhe Amssagecmidrmatidrhfisld corsisto nkethrescshmypdaaaty; amidehificatiaidfield | on

par amet er s,

Fur chor - mafly "BPHA:b 2 SAMARBor R ISF 8, 38 bominebashdy

i denti cal .

ifformaticny peld (NE).pThameneras sStopdiirens tex inwssagenintdrmation field is

provi si oni nghoﬁ%qn F%(_aqat | at ed opti ons.

10

15

20

In both the identification (I) and the standard information (S) fields, most of the
information to be conveyed consists of parameters relating to particular modes,
features or capabilities associated with the two stations. In order to encode these
parameters in accordance with a consistent set of rules; and allow future extension
of the parameter list in a way that permits present and future implementations of the
present invention to correctly parse the information field, the parameters are linked
together in an extensible tree structure. The order in which the parameters in the
tree are transmitted and the use of delimiting bits which enable the tree to be
reconstructed at the receiver will be described in the rules set out below.

Parameters (Pars) are classified as (1) NPars — meaning, parameters which have
no subparameters associated with them, and (2) SPars ~ meaning parameters
which have subparameters associated with them. The general structure of this tree -

25

is as shown in Fig. 11. At level 1, which is the highest level of the tree, each SPar
has a series of Pars (NPars and possibly SPars) at level 2 in the tree associated
with it. Similarly, at level 2 in the tree, each SPar has associated with it a series of

_ .NPar_s at level 3 in the tree.

30

Parameters are binary encoded, and transmitted serially. Parameters of the same
type (i.e., level, classification and association) are transmitted sequentially, as a

“block of data consisting of an integral number of octets. The transmission order of
NPars and SPars is specified in Fig. 12. {Par(2),} indicates a set of level 2

bi s.



15 1. Manufacturing Options Manufacturing options are defined as optional
portions of a specification that a manufacturer incl udes/choong/idﬁgyEgm)-
product design. An exanple of a 20 manufacturing option is to enploy

vs. FDM Manufacturing options nust be disclosed and acknow edged in the
startup, since a communication would be inpossible wthout commonality

bet ween the various devices. 2. Provisioning Options 25 Provisioning
options are defined as optional capabilspties that are in some way fixed a
priori. An exanple of a provisioning option is the Loop timng at the CO

that is requj o) nast Y, .2l roat CQ. o CP. I
capability i(ﬂ’é'tér’]r'ﬁe?%%l ?{%Scsgl% ?e@ﬁlﬁ&hg np{rﬁl E)elri}gl &egﬁéﬁ’ o%nd[)rc %@sﬁst% ooft NESr(S?
negot i at i on patameters Aot @dsgithiynSPat{2)s pepimeters.c #P4r8) 34} indicateslaisat of levef her t he

manuf act uri ' t t. . tions are
o thi e cat Sty B68REh Rl HR BB 20 Fhith i1 llee Bl s L: O
are defi nednds lewal b @Rapn The tdmsalission oft parameters begise With ttieel fifst @otet @f | | st of
(mandat oty ' )am Lons., of a negotiated option is the 5
data tr a%smﬂﬁ’gl}(l’ n rag%néj.g%th%n%elﬁgﬁ%ﬁéga%]ﬁ@%ns, the transm ssion rate is
made peer to peer. The information coding format for the present invention
w |l now be i e l,es -45.  The . d] si.0
ot ovi ded i THE PES sbainfilaris E MRSl i P35 Al Tedty ud BE 1 bRKI s o
i nf or mat i ondelilmifirigelst Rdhid Bashr octdi ofcart mtbrinatidrnblotie aThis és usdd to define the

last octet in the block. A binary ZERO in this bit position indicates that there is at

10 least one additional octet in the block. A binary ONE in this bit position indicates
the last octet in the block.

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

Bit 7 is used to delimit each {NPar(2)} block, each {SPar(2)} block, and each of the

associated {NPar(3)} blocks. Fig. 12 indicates that there are "M" NPar(3) blocks,

one for each of the capabilities in the {SPar(2),} block thét is enabled {e.g., set to
20  binary ONE). "M" may be different for each of the Par(2) blocks.

A Par(2) block may either contain both NPar(Z) and SPar(2) octets, or NPar(2)
octets alone. To indicate that a Par(2) block contains only NPar(2) octets, bits 7
and 8 are both set to binary ONE in'the last NPar(2) octet. Bits 1 through 7 at level
25 1 of the tree and bits 1 through 6 at level 2 of the tree may be used to encode
‘parameters. To allow for compatibility with future revisions (developments),
receivers shall parse all information blocks and ignore information that is not

understood.

30 In.afirst embodiment, the identification field consists of three components; a four-bit
message type field (see Table 15), followed by a four-bit revision number field (see
Table 17), followed by a bit-encoded parameter field. |



the instant invention. The basic format convention used for nessages is
illustrated in Fig. 6. Bits are grouped into octets. The bits gf

octet are shown horizontally and are 15 nunbered froml| to 8. gg?ﬂ?gpgpgﬁ
di spl ayed vertically, and are nunbered froml to N. The octets are
transmtted in ascending nunerical order. Wthin an octet, bit 1 is the
first bit to be transmtted. For fields which are contained within a single
octet, the | owest nunbered bit of the 530 field represents the |east
significant bit (2). Wien a field spans nultiple octets, the | owest
nunbered bit of the field in the highest nunbered octet containing the
field represents the least significant bit (2). The order of the bit

val ues wi t hilm assecbndemnbodimenic theaidestifiaatidnhiield consisisrbiethreencomsmsests; dhe or der

of the bit f t, Al . . - r

decr ases. A BEmebplelfitoid Gop TabE"2)lcRR387 af 3cbiPpy AT UERE,

excepti on t deldi{Table d8)y tatiowenhby s bitleacddedparatatendicBk lesgengf&EBYctiieds d, whi ch
spans twp oglefs.. 'Jc'lé] 1t?hi s case, the order of the bit values within the
octets iS5 reverseds That is, bit 1 of the first octet is the M5B and bit 8

of the second octet is 30 the LSB (see Fig. 8). 12/09/2006 48 Messages of

t he i nstant 4 | . tr h i I g o sages
start and eﬁhgvﬁ?ﬁbi@wgﬁﬂgygie{l@%gqua%&gééj%?yp%oﬁ\i@i{%ﬂ%, TQ% rge |'f1ed in
| SO | EC 3308umiéreficia identif@sctbk r&asjor muenbeFGSihef clatedt irvedtidn tvewhich theSQ/' | EC
3309. Transpat: | t _ ffi | s.def|. ol SO | EC
3300, 5 TheoAuBte Shichls. Yhe fofiaRlon 40 S fEhiRes PiamalE g™
i dent i f i€ at butnndt ilislitedd to: (1) non-modulation specific information, (2) channel capability
information, (3) data rate information, (4) data flow characteristics, and (5) splitter
Information. The Identification field comprises several octets of NPar(1)s, SPar(1)s,
and NPar(2). NPar(1) and SPar(1) octets are always transmitted. NPar(2) octets
are transmitied only if the corresponding bit in the SPar(1) is a "1". Octets are

15 transmitted in the order shown in Table 19.

Vendor identification, including, for example, the country code, provider length, and
provider code fields, follows the format of ITU-T Recommendation T.35 and is the

same as used in the Non-standard field shown in Fig. 15.

Table 15, Messave (ype field format Embodiment #1

fulessage C I iwaoers

tvpe 4 1 2 1

M5 d 3 e !
L o H I [
Cilk b [ 1 1
ALK o I J n
ACK|2) U | 3 :
» Bosarved far ITU-T [ i 1 a
Resarvedt for ITU-T 0 L i §
NaXl) 1 ] 1 ]
NaK{n 1 a 7 |
NaK f 0 t 0
NAKc) | a i 1
RC 1 I i B
Ilangva 1 | 1 t
Reserved Jor :TU-T I ] 1 D]
Reserved for ITU-T L I ! i




(1), followed by a standard information field (S); and an optional
non-standard information field (NS). The general structure of tjhe G8y 5
information field is shown in Fig. 10. 10 In both the |dent|f|cat|on ; §
and the standard information (S) fields, nost of the information to be
conveyed consists of paraneters relating to particular nodes, features or
capabilities associated with the two stations. In order to encode these
paraneters in accordance with a consistgnt set of rules; and allow future
extension 15 of the paraneter list in a way that permts present and future
i npl enentations of the present invention to correctly. parse the
information field, the paraneters are linked together in an extensible
tree structure. The order in which the paraneters in the tree are
transmtted and the use of delimting bits which enable the tree to be
reconstructed at the receiver will be described in the rules set out bel ow.
20 Paraneters ( §8 - NMeani ng, paraneters
whi ch have no Eﬁﬂ‘gg‘? gintgﬁngéﬂiggéslggﬁagnﬁzEMdW?hem and (2) SPars - neaning
paraneters which have subphranet eargasoci gt ed with them The general
structure of this t[&esie B% Shewd itnFi%g '[11. At level 1, which'is the
hi ghest | evel of thptree, paich SPar °23 Had(a series of Pars (NPars and
possibly SPars) at [#vel 2 h fng fr ejadsddiated with it. Sinilarly, at
level 2'in the tree|C-each SP} hasjagsqciatidd with it a series of NPars at
level 3 in the tree r amef @r@ are tgl rgaruy (,encoded, and transmtted
serially. Paraneter smq t hel gagrer, 304t ype (ii.e., level, classification and
associ ation) are trjamsed tt e sequent balsl v, :ds a bl ock of data consisting
of an integral nunbercef ocfets.! Thettransmi|ssi on order of NPars and SPars
is specified in Figlnagss {Fa’r(?) l'}f}‘i E\di:ca}t (?s a set of level 2

. }

MAR-MNL o

KEQ-M3 oo i . 0 1t B 0
REQ-MR B 9 ¢t 0 1 L
RECQLCLR I

Tahble 17. Revision Nomber field format Embodiment 71

N Oit manbers
Reximian
tmber s . N P
]
Revinan | 1] 1] i H

Table 18. Revision Number field format Embodiment #2

Rit murmibers
Revigion number 5 1 ¢ 3 a 3 2 ]
g 1|

L Revigpon t o 0 o0 9 3

10



12/ 09/ 2006 49 paraneters associated with the n'th level 1 SPar, and
consists of NPar(2). paraneters and possibly SPar(2), pararretelszh/oa(zoofi
{NPar(3)~, m} indicates a set of level 3 NPars associated with't

| evel 2 SPar, which in turn is associated with the n'th level | SPar. The
transm ssion of paraneters begins with the first octet of 5 NPar(1l) and
ends with the last octet of Par(2)N. The use of delimting bits is
illustrated in Fig. 12. At |least one biss is defined as a delimting bit
within each octet of an information block. This is used to define the |[ast
octet in the block. A binary ZEROin this bit position indicates that there
Is at 10 | east one additional octet in the block. A binary ONE in this bit
position indicates the last octet in the block. Bit 8 is used to delimt
the {NPar (1)} block, the {SPar(1)} block, and each of the Par(2) bl ocks.
There are "N' Par(2) blocks, one for each of the capabilities in the 15
{SPar(1)} block that is enabled (e.g., set to binary ONE). Bit 7 is used to
delimt each {NPar(2)} block, each {SPar(2)} block, and each of the
associ ated {NPar(3)} blocks. Fig. 12 indicates that there are "M NPar(3)
bl ocks, one for each of the %4 dBﬂllﬂ'r"l"nr'é‘-%mPﬁ"-‘!%é”{’gpgﬂ“f}"} bl ock that is
enabl ed (e.9., sgito20brnary ONE—"M My be~diff TREHL [ah-cach of the
Par (2) bl ocks. A 1%5(,6”{,.,&;35%K may & Ther—contai m botn 9Par ( 2)=ane [SPar ( 2)
octets, or NPar(2) octets alone. To indicate that 4§ Par(2) Blkagk contains
only NPar(2) octé¢tsw.#ktsm 7 and 8 are pbotfSet to Qinpry mhd1-Ane | ast
NPar (2) octet. Bilts 1 through 7 at level 25 1 of the tyee andnhits| 1
through 6 at |evgl 2, gf the tree nay be used 10 _encqdel. paraneters, To
al l ow for conpatifRiidIadswW th Tuture revisions (devellopnents),] recleivers

shal| parse all ifafefs@ien bl ocks and ignore ipforgmtf-on that is Inot
terdificalon Oeld - {NFar 1)) soding HPar (1) ‘Table 20
[enLitication fehl fCapahifities Informatiom)- $8%ar( [ 3 seding - Cotel 1 SFarf 1} “Table 21
iertificatian figle [Service Requeses)- [$Ra 1Y cading - Dciet 2 GParly Tabls 22
“Eesifisanan Freld - (0N Corently mascewed garriers (MPar2)) coding - Qeter 1 NPur3) Table 2%
*pentificaian Fefd  (CD Curenily razpomiteed amers [MFPard7)| coding - Oclet 2 THPa(2} Tahl= 24
Idennfizanan Seld = (C1) Spectrum frst ussble Foquensy 1olPar(Z3f codiog KPz(2) Table 23

ldeqeificaizun feld - (D) Spectim mox imum feguency - upatrearm {NPar(Z}] MP=ar{2) Tzhie 28

eodang

Identi icenpn Reld — {23) Spacmum muswmunt Eequercy - doanatream {NPanl}; MFar(2) Table 27
oing

Ictert:Tivation Field - (C 11 Sphrer Informacian {MPar(2H coding - Gebet 1 HPar{l) Tuble 24
Idenp:fication Field — (1) Zohiter Inforration [Netar(2} codiog - Oxtel 2 NPg(2) | ¥able 28

[Eeatiicanion feld — 15 R} Dam rae Amoourt (Average) JNPorE) coding - Oemet 1 | OF NPx{2)- | Table 30
cenification had -- (SR Datd -3¢ Ameunt (Maximum) {MFuar(2); eeding « Oclet | BS TePar(?) Table 31

~

<~

Identizasian feld — 18R : Dam e Amuoust (vGnimaem] 2P 23 coding - Ocer | DS MPar(2} Tabkie 2

L3
Idenaeal-oh Gizld — [SIR3 Liors ree Amouat {&vecnged 1NParidil ending - Octecl | MS MPar(2} Table 3D
Fdepal.caren £che — |$5R ) Das rale Axuusic IMaa ram) [NPa(23] meng - Ocel | US Npal(E) Table 31

4 : r
lderrdicanea Feld - 151 Cvazs rale Amacnt iMmaiaang JNFan 31 codmg - Cerae |8 - NParg) Tante 32
3
‘ceatslicauion Feld = (SR1 Daw rane=oe (Parf?]| alfing 1Y MNFarf2% Falle 23
feegriication ticld = £5R) Diala rale Ivee MNFAN2E ¢onirg HLEM NEar2 Table 15
- 1 Icenrificanon Iseid — (SR) Dala rane rype (H2arfdM creiny | 1S NPan ) Tuble 33

“Ieentificaima Fiezd - (SR Reques: menswision of rammers - ¥Pan2y eeding - NPuZi  {Tabless

Izl |
Idznifcztor Fiod - (ER; Royues] Irahsmisson of carrzrs YNPar(2F goding -

Pl Table 33

sy




understood. 30 In a first enbodinent, the identification field consists of
three conponents; a four-bit message type field (see Table 15) S 0hb29®%e
by a four-bit revision nunber field (see Table 17), followed by a
bit-encoded paraneter field. 12/09/2006 50 In a second enbodi nent, the
identification field consists of three conponents; an eight-bit nessage
type field (see Table 16), followed by an eight-bit revision nunber field
(Tabl e 18), followed by a bit-encoded pgraneter field. This general
structure is 5 shown in Fig. 13. The nessage type field identifies the
nmessage type of the franme. The revision nunber field identifies the

revi sion nunber of the current invention to which the equipnent conforns.
The identification field enconpasses information including, 10 but not
limted to: (1) non-nodul ation specific information, (2) channel capability
information, (3) data rate information, (4) data flow characteristics, and

(5) splitter | DEOLTRH s 1NE T dENTTTTCATTON 116l d conprises severil
octets of NPa SQH;LJIS,IEHSP% 1)s, and NPar(2). NPar(1l) and SPar(1l) octets are
al ways transnftted. NPar(2) octets are transnitted only if the

cor r espondi ng| BT #*Fhe SPar(1) is a "1". 15 transmtted in

t he order shouitziprryy j j -Ags xanpl e,
the country code, provider length, and provider code fields, follows the
format of ITU T Recommendation T.35 and is the sane as used in the
Non-standard field showmn in Fig. 15. Table 15. Message lype field format Em

boil iment #t 7-lessx;e 3 1 d41~Cof$ type a 3 - |
5  The Identification (I) parameter field is composed of several octets of NPar(1)s,

_Octe_ts are

SPar(1)s, and NPar(2). In the octets, each parameter is assigned a unique bit

position (or field). a binary ONE in the assigned bit position indicates that the

parameter is valid. The validity of multiple parameters is conveyed by transmitting a

binary ONE in each bit position corresponding to a valid parameter. A field is
10  encoded as described in it's table.

NPar(1) and SPar(1) octets are always transmitted. NPar(2) octets are transmitted
only if the corresponding bit in the SPar(1) is a "1". Octets are transmitted in the
order shown in Table 19. The level 1 NPar is listed in Table 20. The level 1 SPars

15 is described in Table 21 and Table 22 The level 2 NPars are separately described
in Table 23 through Table 35.

Table 20. Identification field - {NPar(1})} coding

REEL M & < i ¥ 4 F| z ]

Reseryed Sor LTLET X x x X L L L i

o A VB x a ¥ K ] x. 1 x

Ree ¥ Bhis x ¢ |4 L3 x ! & LS

1 add:unnal information avzilable % % % x 1 1 ® x

| Trarsmu ACKL1) H x x 1 ] L x x

" R=served for ITU-T ¥ x 1 % x % x x

| Mon-standasd field x [ % % H] x ] x

Mo par amerers in this usiet 1 1] Q 3 0 ¢ J .'I.II
NOTE = Ree ¥ §ard Rec. V.5ms uva: b dine can ne idenlified tu allow 3cope inba vaceTand naadulansn

praeedures
1|




] 01 SISC CLOO Cut Cl I ACKI r: 01 0n ACKIZ) UIl 8 Rc evcl far
ITWUTOI I O Rcserred for ITUTOL I I 1Ax;1) 101 J SAK(ng I

NAK(3) | 01 0 NAK(c) 101 RC11 00 Rerwed for 7U-T | ({JOQ/QO(M
Reserved for 1TU-T L I 1 12/09/2006 51 Table 16. Messnge type flel d format

Enbodi nent #2 B: 1'tuzuers Stew $ 11 4 5 4 2 | M5SO00O0OO0O0OO0OO0OD MRODO
0O0O0OOOL CLOa700:110 Up, aal0bJali ACKI)y~UUI 00O00O0
54

Table 21. Identification fleld (Capabilitius
Informatien)~ [SPur{1}) coding - Octer 1

SEar )3 H 1 I3 4 l 5 2
Cumrently Laaspiizbed crzris 5 x b H X H % I
Szzcerum finst usable Pequenty A E] T x s 1 1 3
Specoimm mAZIU rEQUEncy - oSS a " X X x 1 x L1
Smecerm maxmaurs frequerssy - Jtavnsmeam 1 A X % 3 Iy % x
; Splimer Inforecandn - » TU-R T L1 % I LY X E z
 Regerves Jor U-T 2 ) ) x ] A x ®
i ann sardard capabilities inftematica A I x & a X A ]
Ma paramerers in this acie! £ s ] o ] 3 n Y
| NOTE -
5
Tuble 22. Identification field {Service
Requests)- [SPar(1)} coding - Octet 2
! SEat 133 6] * 5§ 3 & 1z |
-5 Data rere Amaent Downstream ' x £ a i oa P |
Liara rape Amosnt Upsiream ) K x A X a ] F
{ara rate Type Dwemstream % z % " x 1 a %
Dats ruke Type Lpskeirn X = X x f i » i
Heques| Tarsmit of crics x % ® 1 & 1 x x
Resezogg Sor [TU-T x L H x 3 % 5 x
o fandard serviee request i3 L x E t x x £
1 porumeteis in chis ovld ¥ 0 g [ 4] [ B 1

Transmitted carriers and families are indicated above. .

10



ACK(1) UOOI OUOIl NAKEFOOI 0. DOi NAK-NRO1Z1, t UUOOII
NAK-NS fi OLOOO1O0 NAK-NL' 0OOri OOI I KEQM OO . .
REQMROOI I 0OI G KEQCLRO J I I O1 I I Table 17. Revisior}()zl\{u(?rgé(réoo6
field format Etnbutlinment #1 RevlLssan OL nn .btr! nunber i ML r Revision
| AO 'O 5 Table 18. Revision iNutnler field format E nbodinlent #2 Rit
nunbers Recision nundxc 54 32 1 | Repssonl 00 nOO1l 10 12/09/2006
52 [err] 5 12/09/2006 53 55

Table 23, Tdentificatien Fisld — (1) Currently

transmitted carriers [NPar(2)} coding - Oczet 1

Nwils
Curropidy Tarsmzeg = 325 Kz fenely te)
Cunens'y rarsmsming A 2Elz Funsle JHY
L arTERLy TUniniTng S2ITIEr A, o
. artenly IANSTIGIE Samitr Ay s
Cumrenly Iransmibeng carmt S
Cursenily pasmiting can iy Sy
« Mo paiupaiers tn s petit

oA = M lw
CERE TV

[ad B I B RFA ¥. 8
M oM A g e om |l

-
L I e

L T e Y
S o W H o moaom |

M M OH X K = oM |-

Table 24. Tdentification Fiedd — {CI) Currently
transmitted carriers {NPar(2)) coding - Octet 2

‘wd
—

[ MY 2)s ]
¥ Ciessor oy Iransmiliing o es Ay o
1 Cermeraly Fasmatting <200 27 Ay,

i Coerrenrfy maasnittioe <207er Aos,
Cumrentiy raasmnitiizg 520080 Ag o
Cumresily crasnitiny saeel By o
C arrealhe agsmitime zarmcr By x
“p parariciets nkis acle

A X o o L a2
— H A4 A4 a |
LM w2 = M|

D OH N M= M - oW [pe
D H M A a4 m o

S M = m o s |ka
[T I R T

W K M m M oHom

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

10 |



[err] 5 The Identification (I) paraneter field is conposed of severa
octets of NPar(1l)s, SPar(l)s, and NPar(2). In the octets, each t

is assigned a unique bit position (or field). a binary ONE in Eﬁ%xggzggﬁg%
bit position indicates that the parameter is valid. The validity of
multiple paraneters is conveyed by transmitting a binary ONE in each bit
position corresponding to a valid paraneter. Afield is 1o encoded as
described init's table. NPar(1l) and SRar(1l) octets are always transmtted.
NPar (2) octets are transmtted only if the corresponding bit in the
SPar(1l) is a "1". Cctets are transmtted in the order shown in Table 19.
The level 1 NPar is listed in Table 20. The level 1 SPars 15 is descri bed
in Table 21 and Table 22 The |l evel 2 NPars are separately described in
Tabl e 23 through Table 35. Table 20. ldentification field - {NPar(1)}
coding S7ar(lj: S- RF 31 I Zesrrvcd: oFrnlT z x AAY Xx x 1 Rec V 8

X A
Yyelt x] Rec VShis x Cx émé:% WentAEAIH 4 L RCD M@V | abl e x Y x X
X X A

| x x x Trarsm|AGW1) a X X ps.zsmamqu}eﬁgrl&mr(ﬁ Dleodifith T X X | X X

Nonsldndi d field al A a x x remin tha uaat A0OOO0OO0O0O

9 NOTE -.Rcc V S-prd—Ree—y- e HabrH-yegn %ucyLI&EU'TU"HT?ﬁW
a"Te i nba aecr aanggraufhgtien S
TInspeci®ed by rerminal % x 0 0 i 1} 0
Saeciare st usable Braquency Caes -1 2 10 XH® LY % E3 1! x x a

Table 26. Identification field — (CT) Spectrum
maximum frequency - upstream {NFar{2}} coding

I NPar 2 s
Rocstreed For ITL-T X
Gespesilied by tarmiral X

b4
x

| 2pesmurm TR TUr Fequency - ¢prTaamibits 5.1 x L MHZ)
seurrar LTI fres ouey - Lpsweanibts E-f 5 0 KHZY

x m & =—=1pH
= H oD o—m
LI A -l

]
1
4
|
C

P T I
e M Z3 = La
A 2 o1 =

1
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a-aceSurcS 1 12/09/2006 54 [err] 10 12/09/2006 55 [err] 5 The usable
spectrum frequenci es of Tables 25 - 27 are useful to indicate the /4
capabilities of the xTU-x (such as, for exanple, an xTU C t hat o(r:ﬁ{/ $/3b06
transmts through tone 68) and can indicate FDM vs. overl apped spectrum
operation availability. 10 12/09/2006 56 [err] 15 _

57

Table 27, Idenrtification field — {CI) Spectrum
maximum freguency - dewastream {NPar{2)} coding

bl LT ] ¥ 5 H 4 S 2 1
Aeserved for 1T -7 % E ! 1 1 i ! |
Lnspecilied Ly sermanl _ x ] ® ¥ a2 0 0 ©
wpecorm e fwm Fequensy - downsirearnfhas 5-1 x 1 ¥ T I ¥ % v n x
SEZ) 4
spoutium masununt frequency - Jovkseerbs 5.1 x 10 . x ¢ £ % X " 1
- il ]
Tahle 28. Identification Field — (1} Splitter
Information {NPar(2)} coding - Octet 1
! WEarllls i {6 & a4 3 z i
LPF 15 vaice x % x A A X x k]
LPF 15 LJRA [SDN A x 2 2 ] H L A
L PF 15 Curpocar TSN < i 3 ¥ a L a ¥
Reserved fon [TC-T ¥ % [ x 1 A X x
Resereed for ITRST x a x I a % x =
Npa-siandand LPF x X 1 X % T F =
No purameters i this pohe! i x B 4 i o [ 1]
Table 29. Tdentification Field — {CT) Splitter
Infermation {WPar{2}} coding - Ociet 2
[ T 8 T le $ 4 3 2 1
. F2F 1 25 %Az varc: % H 3 I3 X H % 1
| HP= & 0 kB2 US4 15D x x| a a2 x L 2
HIPF 15 |50 kHz AD3 L with Furepean LDM) % x a 1 ' L x ]
IIFF is 100 kEke VIS A x 1 ¥ 1 a x ®
Teserved for ITU-T 1 x x 1 % a a %
Sancseandard HPF x F 1 x t % % x*
it FArUMCLEEs ir £1is oo * 2 n ¢ G s [ 3
Tahle 30, [dentification field — {SR) Dats Rale
Amennt {Average) {NPar(2}} coding - Octet 1
WParZh i 7 f. i ¢ L] 1 1
Reseryed foe FTIT % x : M H H M ]
Linspac-lizd by el x x - 0 U a 0 Q0 u
Avemgr bandwish ik 3.0 2 ¥ kbpsd % % 1 3 x X 1 n
Awzrage bandwitth fbis -1 % 32 ibyst » % i g . 1 ¥ L




12/09/ 2006 57 [err] 12/09/2006 58 [err] An xTU X may request that the
other xTU-X transmt only on a certain nunber of carriers. Thi
reduction in the nunber of carriers for the rest of the transa?f?@%gyh%d%
for the next initialization, as described above. Note that an xTU-X 5
should only send a request that it knows the other xTU- X can fulfill. 10
12/09/2006 59 [err] 5 The Standard Information field is conposed of
several octets of NPar(l)'s, SPar(1l)'sg and possibly NPar(2), SPar(2), and
SPar(3). NPar(1l) and SPar(1l) octets are specified herein and are al ways
transmtted. NPar(1l) octet encoding is described in Table 36, while
SPar (1) octets encoding is described in Tables 37 and 38.

Takde 31, Identification field — {SRK) Dara Rate

Amoeunt {Maximum) {NPar(2)] coding « Octer 2

NPar 21z ] T ;] z L k] 3 |
Reserved far iTU -7 1 X . | | N 1 i
Easgeesticd by rerminal ¥ H a q H 1] 0 v
s imam Sandwidrh {gis 5.7 x 572 «bps) 1 * 1 x x T 5 x
Maimam Baodfuedth Fis 5-1 % 12 kbas) ! 13 3 x x L] X x l
Table 32 Identilication field - (SR) Daty Raote
Amount (Minimnum) {NPar(2); codiog - COctat 3
MNPl L] TE L i) 4 J 2 1
Reserved fro [TUT x v | 3 1 i I |
Unspesifier: by lermenat X x 0 o J 0 o q
Sl bandundth (i -5 % 523 Kbps) CRE B I A
Slimram nandweidih £l $-1 ¢ 32 kbkps) X X 0 2 x A % A
Table 33. Identification field — (SR) Daota rate type [NPar(2)} coding
“Pawd)s g T E] 5 4 3 H 1
Law laleney A X x ] x % ] 1
Constant i2ency 3 X x % I3 x I X
Bursey x A * x X | x x
&5 X z 3 X 1 * X [ 4
% x x i K a % ®
x ) P T x x 3 X
o pasaiharers 1 this ool L] x Ll a 1 i 0 2]

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

5  should only send a request that it knows the other xTU-X can fuffill.

10



10 The contents of NPar(2), SPar(2), and SPar(3) octets are transmtted
only if the corresponding bit in SPar(1l) is a "1". In general, 1typ9/2006
contents regard nodul ation and protocol details specific to respective
| TUT Recommendations. Some illustrative specifications of nodul ation
encoding are given in Tables 39-45. IS 12/09/2006 60 [err] 5 12/09/2006
61 5 [err] 12/ 09/ 2006 62 [err]

59

Tuble 34, identification Field - (SR} Request
Transmission of Carchers {MPar{2}} codinyg - (etet ]

NP2
Feguest rnsmi¢ ng 4 3035 Kz ey (A
Reypds; rrznsr? uzng dcHz family o0)

i}
‘
[

Reeyuus IIRRSMLE an Lanill A <
Reques! FARSTIS OB CAMTET Sy o, :
Raguest RIS a0 cameer Anuy }
Regtes! (ransinil an Camer Ay -
Mo pararitress in this oot

HoH & M M oM o=

E - m m A oM
LY B S B T
= N T Y
RE M OM P om e i
L= I I L L]
[~ - L

A o W a4 ox e

‘Fable 35. Identilication Field — (58) Request
Transmission of Carriers [NPar(2}} coding - Oetet 2

NPanTe

Request Brsnsmic on carmier Ag, .
Request FagsMis an cured S a
Reques? trangmit an crwef Aca
Roexjuess cransmul o <+Ter Ag
1 Raquesl ¢imsnst 9n =emier By
R=quest srapsmetar. camer Sz x
Mu patalgerers ir 1his oowet

DM = M o ou om s
R oM — ad X W e
= L T
O oM M OH M e WM
[ B A

I T I Y
L O L B

5 The Standard Information field is composed of several octets of NPar(1)s,

SPar(1)’s, and possibly NPar(2), SPar(2), and SPar(3). NPar(1) and SPar(1)
octets are specified herein and are always transmitted. NPar(1) octet encoding is
d.éscribed in Table 36, while SPar(1) octets encoding is described in Tables 37 and
38.
The contents of NPar(2), SPar(2), and SPar(3) octets are transmitted only if the
corresponding bit in SPar(1) is a "1". In general, the contents regard modulation
and protocol details specific to respective ITU-T Recommendations. Some
illustrative specifications of modulation encoding are given in Tables 39-45.
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12/ 09/ 2006 63 The MS, CL, and CLR nessages nmay optionally contain a
non-standard information field to convey information beyond thqtz/d@_é)'ygggjs
herein. When non-standard 5 information is to be sent, the "Non-standar
field" parameter is set to binary ONE in the identification field of the
transmtted nessage. The non-standard information field may optionally be
conposed of one or nore non-standard information blocks (see Fig. 14). 1o
Each non-standard information block (seg Fig. 15) conprises: (1) a length

i ndicator (one octet) that specifies the length of the remainder of the

bl ock; (2) a country code (K octets), as defined in Recormendation T. 35;
(3) alength indicator (one octet), that specifies the length of the

provi der code(e.g., the value in octets indicating that L octets follow);
(4) a provider code as specified by the country identified in 15
Recommendation T.35; and (5) non-standard information (Moctets). The
present invention permts the nodul ati on used by the present invention to
continue to be transmtted after the negotiation procedures are conpl ete.
Accordi ng to a feat ulrgblofs.timsdareBesrinatis/ied | NEaclifjesmegul ati on can be used
as, for 20 exanple, a clear channel ECC. For exanple, a standard
information WPar (I DIT ~JRdd cat €s the avaijl abi 1y of GUCLR nessages, and
t he sane bi t%l-,-.summg e vsagll cat e select) on L n MS nessages.: Fol] owi ng t he

term nati on @t hBupresent yisps@ntien neget: ati on prot ocol i hj t he ACK
message, thel&arriteftould remain ON to prqvide a*clear! EGC ehpnnel. 25 In
the past, theé*eonfigatati on of an ATU- R |Harldshake by a Terri ndl| was

per f or med usEj’ig::él fier AT commands, or [of Hef pfopxhe:t ary feafis| According
to the instank,, .iwoutr O

Mo parmelors st this acet : x [ a L o 0 ) 1]

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

SPar I)s ] v & 5 i 3 2 1

TI9E2 1. Annea A % 2 K < I3 x x 1

{3992, - Aniga 3 x " x x x x 1 x

G.O99Z | - pnnex £ ¥ ¥ x x % i n x

L O e A x X ] 1 A L a

{ i1 v B z % a | i x X a

5 5922 - {in TUM-25D envirenmens) 1 % I x x " T a

Mar.scandard ¢apabilities modulgonrs) x 1 x H x a Hy [

MNa maremitisrs ¢ this pctel 3 )] 7} a q 1 [ 3§
Table 38, Standsrd Information feld - {SPar{1)} codipg - Octet 2

SFan 135 3 3 L] h] ¥ 1 2 1

| AaNSTEI0D5EL2 ¢ G hekl2 -4 % £ S 1 1 3 |

EANBIVDSL a FGovds Sunek e % x X % [l 1 1 ¥

] ANSLVYDEL B ¢ Gondal Acmes B " * E r X 1 x x

ANSITE SIS lsxue 2 x X = LY I x % 5

Rrsgoved for ITL-T T % 4 N x % % %

Reserved ot T T £ : x % E x 3

Qesaryeg for DU-T t ' ] 3 % H A L

2 parameles . this ecesl 3 1] 0 1 0 Q i d




i nvention, an AOM managenent protocol is used between a Term nal and the
ATU- R, and a simlar conmunication path between the ATU- C and t enggw(ﬁ)(s
30 nmanagenent systens. In the preferred enbodi nents, the Term nal uses the
SNMP  protocol (IETF RFC 1157 published May 1990) to configure and nonitor
the present invention's handshake procedure in an ATU- R Since the present
invention's 12/ 09/ 2006 64 handshake procedure data rate is under 100
bytes/sec, a reasonable tinme needs to e provided for the Terminal to
actively participate in the handshake session. In general, the CL and CLR
nmessage paraneters can be set before the handshake s procedure begins. The
present invention enables the Termnal to inquire (of the ATUR) the
status of several of the paraneters. SNMP Traps can be used to indicate
critical parts of the received nmessages that nust be acted on by the
Terminal if it desires to influence itens, such as, for 10 exanple, M or
ACK/ NAK nessages. Wile the invention has been particularly shown and
described with reference to the preferred enbodi nents thereof, it is
understodd by those skilled in the art that various alterations in form
and/ or detail may may be nade wi thout departing from 15 the spirit and/or
scope of the inverfippniy. asodbitioned:992.1 haré:ol {Mair 3y rolliag ABcteNl t hough t he

i nvention has been described with reference to the particul ar neans,

material s and embodi MEM Supkie 1S L0 De under st qod that: the invantion is
not |imted tq T nhaks @t 8 Gkt 0OSed [herekr, s bui extendss to all
equi val ents wi'thin the scope of the claims: 20| 25« = s 1
STu=i, ATiM=1 x z % 3 x 1 % %
NTR x z x H . a S a
& x F X X A & 4
x x I L] T LS E H
¢ pararmeteTs o IRis acker ® x U L] d 0 0

Table 40. ¥odulation — G.992.1 Aonex a {NFar(2)} ceding - Octet 2

a
pons

~

NPar(2)5

[ 517 ATM" cownsream
A52 downSan

ALS downsmexm

L51 downsoream

L%2 downsream

L5l 7 AT upstieam

Mie parseretcrs o this ool

L= I L I
B M o N R s M id
o A M M H e e

TN H OH —=m om A

=2 o= X on W M x|

LI B I I
M = oM M R M om
GO OR o=k m m oM

Table 41. Medulation — 5.992.1 Annex a {NPar(2)} coding - Octet 3

MPax2n

L52 uosiriam

I R I I

M O oH ox® X om m foh
- p X W oM H | 2w
S H oA M MW o X

Do oa W o M M —

®oM oM M OH oA @ |-
o M e A W N W Qu
IR N M e M W M |

&

oo DR MM G Lind B0



12/09/ 2006 65 WHAT IS CLAIMED IS 1. A communi cation apparatus sel ectively
connectable to a central conmmunication apparatus, conprising: § /09/2006
transmtter that sinultaneously transmts a first node select (Ms) signal,
a second Ms signal, and a third Ms signal to the central conmuni cation
apparatus during a negotiation procedure that designates a predeterm ned
digital subscriber line (xDSL) comunication node, said first, second and
third M5 signals carrying identical dat@a wth an identical timng, said
first M5 signal having a first carrier frequency equal to 9 10 tinmes a base
famly frequency, said second M5 signal having a second carrier frequency
equal to 17 tines said base famly frequency, said third M5 signal having a
third carder frequency equal to 25 tines said base famly frequency; and a
recei ver that receives one of acknow edge (ACK) signals and negative
acknow edge ( NAK)ragiegnatsdnliiafnsnioz ecnéuBiNPaF®)] cliver-sletecONMUNi cat i on
apparatus, in 15 response to said simultaneously transmtted first, second
and third MS Eignals, Whekgs.n _sald T1rsf: secondsand thind edrrier
frequenci es OfoBad@:ti: n Stys@ecome: -aerd t[hkr o sixgnal s« andrqarri er
frequencies Utilized by said one of saifd-" ACK Signal 8 a‘hd -saifd NAK signals
belong to a mutually different band, said negdtiatipn prdceﬂue bei ng.
performed in ‘A" full duplex node. 20 2. The,L qnmyni catj on appar at us of
claim1, wherein said first, second and this g carriers f requgnci es of said
first, second NowEntrdtisekelVS S gnal r  frequenci es
utilized by dJaFtd- Oreh o bk hAEKS. sw@wm%'“"&rm'"@&r’H‘%K“!%‘F&ha‘t 4. 25 3. The
comuni cat i on zARRALALHRB] Wikl byl Jkuc WRRELI RrgRikAmbas @-hattty |f requency

! hove 32! L= iX Teres §1 o 63 mandatary, RY toneg L 1632 oprignal )

Table 43. Bodulation — G.9%2.1 Aneex C [NPar(2)] coding - Ostet 1

HPan2}s s »1a s 4 3 z |

Spesify paryaens or pealiles Rir G592 1 Anres 5 % % X % x x a i
£ x K % % 7 1 -3

% % x X k] ] LY [

[<¢4 2 % z 3 t X L4 x
x % 5 L ¥ x [ 4 %

a A i X A X 3 X

Wr paruneters in rhes ache? A X [ Q 1] 1] ! 0

Table 44. Modalatian — G hds) {(¥Par(Z)] coding

NPart2 15 ] ¥ & 3 4 3 H I

U5k G hdst Annexs B x H a 3 ] H X p
3 x H X x 3 | A

= ) X I '. x P

S e X x F ] - a % 1
5 » x 1 . a 5 ¥
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conprises 4.3125 kHz. 4. The comuni cation apparatus of claim1, wherein
said base famly frequency conprises 4.000 kHz. 30 5. The co 'pggyg 06
apparatus of claim1, wherein said carrier frequencies utilize y sal

one of said ACK signals and said NAK signals conprises 40 tines said base
famly frequency, 56 tinmes said base famly frequency, and 64 tines said
base 12/09/2006 66 famly frequency. 6. The comruni cati on apparatus of
claimb5, wherein said base famly freqgygncy conprises 4.3125 kHz. 5 7. The
conmruni cation apparatus of claimb5, wherein said base famly frequency
conprises 4.000 kHz. 8. The communi cation apparatus of claim1, wherein
each of said first, second and 10 third MS signals include an
identification field that stores nodul ati on i ndependent information, and a

data 1 sar 4P EH R PILETS piePiaey nedeeRal Phefls PRRARI LT o' Dol ng

Cvihera.rchi cfalﬁélgl &t mou;a.céy i.hﬁ)r??trid‘:‘]d)eqanimiﬁtcdeﬁmd !afrp'mr aht\lhien orlic?reétaildmsi, ‘e a

b1 ai 115 ol SRl B e 6B e SERORY R phBIrelerTr S S BRED GREREL o <

delimting thetidentifitition field of bk uramsiitiedohessaget Theldn-strelach miermiatiert i on

appar at s ofe il Metondlt B SloBRabdlof BROLI Fofehdofiarddafl thrlfdibfl viockd each M8
(see Fig. 14).

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

15 Recommendation T.35; and (5) non-standard information (M octets).

The present invention permits the modulation used by the present invention to
continue fo be fransmitted after the negotiation procedures are complete.
According to a feature of the present invention, the modulation can be used as, for

20 example, a clear channel EOC. For example, a standard information NPar(1) bit
indicates the availability of CL/CLR messages, and the same bit is used to indicate
selection in MS messages. Following the termination of the present invention
negotiation protocol with the ACK message, the carrier could remain ON to provide
a clear EOC channel.

25
In the past, the configuration of an ATU-R Handshake by a Terminal was performed

using either AT commands, or other proprietary means. According to the instant
invention, an AOM management protocol is used between a Terminal and the
ATU-R, and a similar communication path between the ATU-C and the network
30 management systems. In the preferred embodiments, the Terminal uses the SNMP
protocol (IETF RFC 1157 published May 1990) to configure and monitor the present
invention's handshake procedure in an ATU-R. Since the present invention's



11. The conmmuni cation apparatus of claim8, wherein said standard
information field of each M5 signal includes information desig i
Recommendation G 992.1. 25 12. The conmmuni cati on apparatus of glaga/:dn]?éb-ﬁlé‘g
wherein said standard information field of each M signal includes
information designating | TU-T Recormendation G 992.2. 30 13. A

conmuni cati on apparatus sel ectively connectable to a central comrunication
apparatus, conprising: a transmtter that sinultaneously transmts a first
node select (MS) signal, a second Ms signal, and a third Ms signal to the

central compunication apparatus, duri 9/,2006 67 a negotijation

o ocedur o 1 REvsak] GReRRRE bt el Lodk? 106 bRFRa R retthrRp IR 1o M os)
conmuni cat i e pravitied faraha Ténmisdl to satieelp gadinidatelin the Hebdshajaabssiarar r yi ng
identical data wth an identical timng, said first M5 signal having a
first carrier frequency equal to 37 tines a base famly frequency, said

second MS sirggemerdhahe Of sd G messgempactmetérs ego &acyt bsfo@ the haddshakees sai d

base fanily freguency, said third.MS signal,hayi a. ird.carri.er
Frequency oBiaarals Badig. rE At EaRrOfbirR b dtafing! BLRREEIE vor ¢ nar
recei ves onATU{R)alekstatuk efgeretAA\CKhe paginadtersand negative acknow edge (NAK)
signals, transmtted fromthe central communication apparatus, in response
to said sinultaneously transmtted first, second and third M signals,

wherei n  saSNHMPi Traps care bendedial inditatederitiasalrpagts dof ties veeeived Snesbagesi taff | r st

second and thi,rd i gnal d cartier frequencies utilized by .said one
of Contd- AcknDptofie. BRed i By the RARWERALE oo R e B0, ML &R, A B s et
band, sz d exagpld, MS aTAGK/NdKINessapes. ng perfornmed in a

While the invention has been particularly shown and described with reference to the
preferréd embodiments thereof, it is understood by those skilled in the art that
various alterations in form and/or detail may may be made without departing from

15  the spirit andfor scope of the invention, as defined by the following claims. Although
the invention has been described with reference to the particular means, materials
and embodiments, it is to be understood that the invention is not limited to the
particulars disclosed herein, but extends to all equivalents within the scope of the
claims.

20

25



full duplex node. 14. The conmuni cati on apparatus of claim 13, wherein said
base famly frequency conprises 4.3125 kHz. 15. The conmuni cat il@/09/2006
apparatus of claim 13, wherein said base famly frequency conprises 4.000
kHz. 16. The communi cati on apparatus of claim 13, wherein said carrier
frequencies utilized by said one of said ACK signals and said NAK signals
conprises 72 tines said base famly frequency, 88 tines said base famly
frequency, and 96 tinmes said base famly frequency. 17. The conmuni cati on
apparatus of claim 16, wherein said base ganmly frequency conprises 4.3125

kHz. 18. The CAMAYYs tJ %Dalﬁgar atus of claim 16, wherein said base famly
frequency conprises 4. KHz. 19. The conmuni cati on apparatus of claim
13, wherein each of said first, second and third M5 signals include an

nf or mat  on, _ahd a AeunAEHBh SR sboiid o HRARIC Y ehralirpRa
dependent i nfappedtusyeomgadivg:i n sai d identification field and said standard
e B g e S A GHGR Nl e PP B Rl
MS signal s congecorstM8 sighalr arid 4 tirdMSaignet te fhezcehira) berstubicationfapparetys deringai d
B bt ok AR PR g ) AR bl BRRiSLET
10 wi t hi n eaccoMBusiicgtion mode| saittfrst; eedond @nd ithifddY!Swignals carrying identical data
with an identical timing, said first MS signal having a first carrier frequency equalto 9
10 times a base family frequency, said second MS signal having a second carrier
frequency equal to 17 times said base family frequency, said third MS signal having a
third carrier frequency equal to 25 times said base family frequency; and
, a receiver that receives one of acknowledge (ACK) signals and negative
acknowledge (NAK) signals, transmitted from the central communication apparatus, in
15 response to said simultaneously transmitted first, second and third MS signals, wherein
said first, second and third carrier frequencies of said first, second and third MS signals
and carrier frequencies utilized by said cne of said ACK signals and said NAK signals
belong to a mutually different band, said negotiation procedure being performed in a -
full duplex mode. |

20
2. The communication apparatus of claim 1, wherein said first, second and third

carrier frequencies of said first, second and third MS signals are Tower than said carrier
frequencies utilized by said one of said ACK signals and said NAK signals.

25 3 The communication apparatus of claim 1, wherein said base family frequency
- comprises 4.3125 kHz.

4. The communication apparatus of claim 1, wherein said base family frequency
comprises 4.000 kHz. .
30
5. The communication apparatus of claim 1, wherein said carrier frequencies
utilized by said one of said ACK signals and said NAK signals comprises 40 times said
- base family frequency, 56 times said base family frequency, and 64 times said base



22. The communi cation apparatus of claim19, wherein said standard

information field of each M5 signal includes information desig } I
Recommendation G 992.1. 15 23. The communi cati on apparatus of gaéa{?ngfgﬂbg
wherein said standard information field of each M signal includes
information designating | TU-T Recormendation G 992.2. 20 24. A nethod for
sel ectively connecting a renote conmuni cati on apparatus to a central
comuni cati on apparatus, conprising: sinmultaneously transm'tting a first
node select (MS) signal, a second Ms signal, and a third Ms signal to the
central co ni.cati on apparatus during a negotiation procedure that

desi gnat es aaﬂ'ﬁ'%g‘é"d@ﬁx'ned digital subscriber line (xDSL) 25 communi cation
node, the first, second and third Ms signals carrying identical data with

an identical  timpg, the first M si | .havi a first carrier frequency
equal to 9 t6nes T cEmncafio) PRAFLTIRAID 5 WESteB3IPaRR Tl FERURIR ng
second carrigmpris@uaetenkequal to 17 tines the base famly frequency, the
third Ms.signal having a third carrier frequency equal to 25 tinmes the

base fam’sly frequency; and 30 receiving one of acknow edge (ACK) signals

and negat i ve, ackrmbelcosgRinichidd appai@iiadiiair Sanbdreihtsaid Hage faniily freqadricy al

conmuni cati on _appar s, . in response to the simultaneously transmtted
first, secoﬁ&"@ﬁgest'ﬁém% signals, wherein the first, second and third

carrier frequencies of the first, second and third M5 signals and carrier

12/ 09/ 2006 _69 frequencies utilized by the one .of the A ignal,s _and the

NAK si gnal s 8bel o Se F%“'Hun'?ﬁi‘f’ﬁﬁl’ﬁ?&ﬁ? ?gc@%ﬁtwﬁﬂa?aﬁfhﬁsﬂ'ggﬁg ngcfolngﬁ'n rocedur e

bei ng pdof othirloMS rsignafstihtiudiel ph ddentification field that stores modulation independent
information, and a standard information field that stores modulation dependent
information, data in said identification field and said standard information.field being

hierarchically stored.

15 9 The communication apparatus of claim 8, wherein said each of said first,
second and third MS signals comprise a plurality of octets, a highest bit of each of said
' plurality of octets delimiting data within said plurality of octets.

10.  The communication apparatus of claim 8, wherein said identification field within |

20 each MS signal includes revision information.

11.  The communication apparatus of claim 8, wherein said standard information
field of each MS signal includes information designating ITU-T Recommendation
G.992.1.
25
| 12. The communication apparatus of claim 8, wherein said standard information
field of each MS signal includes information designating iTU-T Recommendation

G.992.2.

30 13, A communication apparatus selecfively connectable to a central corﬁmunication
apparatus, comprising:

_ a transmitter that simultaneously transmits a first mode select (MS) signal, a

'~ second MS signal, and a third MS signal to the central communication apparatus'during



node. 5 25. The nethod of claim 24, further conprising selecting the first,
second and third carrier frequencies of the first, second and tiyyrgdoM5g0s
signals to be |ower than the carrier frequencies utilized by the one of
the ACK signals and the NAK signals. 26. The nethod of claim 24, wherein
the base famly frequency conprises 4.3125 10 kHz. 27. The method of claim
24, wherein the base famly frequency conprises 4.000 kHz. 15 28. The

met hod of claim 24, further conprisingisel ecting the carrier frequencies

utilized bya segotiatonerazbduraittcht dﬁi@r&{egmadrédemdir&aid@it%bé‘driﬂétﬂi}bé (iosLbe 40 g
[equency, an

a1 res. ORI oy PRty sl B WS o ol endlis. v i
the base f awithlan ifentical iming, sakifrsi M$ sighalikidihg ahfélcarﬁ&-freﬁh&d?‘éﬁbg‘*ﬁf '(I:'Lai m
L. e

28, wherein. the se . fam frequency co [ses 4,000 kHz.
met hod of 31"‘5% %g‘a F%W'Whﬁ%qUEB?)gPP@i ¥F§°PM%&H’?@! haing @-3ac08d AV £ i r st ,
;egond Snd feuenty bua tapdtitimes salt bade Ifddr_hl‘fyiftb_qtu?w?, dalicihild ]M@éligr&ﬂ ﬁémg grodul ation
I hdependeny,.. r Lon, an St andar I nformati on I e t hat stores

rmduIOat i onﬁwgp%h%éﬁ?aue?'ﬁ\' 8?"??3{0?%&','"‘??&3 %G{W%E@H?WYF% ion field and the

standar d i nf or matreceiverithatdrebeivasgone36f hclebwledte GACKY sighalsefhd @eyativee nmet hod
ssociated. with each

of claim3 f rising a.pluralit f octets
of the fir é?'f"°§’feer€§%@@'ﬁgp9{’ﬁ’?’r‘8’%ﬁ§“‘§f‘ g’ﬂ’é‘ﬂ@‘? daqtrg} EBnigaion appagaliis, s ¢ he
plurality tsspaiedosadstiuliancously transmitted first, second and third MS signals, wherein

said first, second and third carrier frequencies of said first, second and third MS signals

and carrier frequencies utilized by said one of said ACK signals and said NAK signals

belong to a mutually different band, said negotiation procedure being performed in a

full duplex mode.

14. The communication apparatus of claim 13, wherein said base family frequency

comprises 4.3125 kHz.

15.  The communication apparatus of claim 13, wherein said base family frequency

comprises 4.000 kHz.

16.  The communication apparatus of claim 13, wherein said carrier frequencies
utilized by said one of said ACK signals and said NAK signals comprises 72 times said
base family frequency, 88 times said base family frequency, and 96 times said base

family frequency.

17.  The communication apparatus of claim 16, wherein said base family frequency

comprises 4.3125 kHz.

18. The communication apparatus of claim 16, wherein said base family frequency

comprises 4.000 kHz.

19. The communication apparatus of claim 13, wherein each of said first, second
' and third MS signals include an identification field that stores modulation independent



70 octets delimting data wthin the plurality of octets. 33. The nmethod of
claim 31, further conprising including revision information in jegcig
identification field. 5 34. The method of claim 31, further com:)lrl Sl ng/;2006
including information designating |TU T Recommendation G 992.1 in each
standard information field. 35. The nethod of claim 31, further conprising
i ncluding information designating 10 ITU T Reconmendation G 992.2 in each
standard information field. 36. A nethod for selectively connecting a
renot e conmuni cation apparatus to a cent r% communi cati on appar at us,

conprising: Si neously transmttin ILrst. node sel ect, (M5), signhal, a
second MS si gnzrﬂrH !rot”?'i@%ar?&gaa ts?ﬂr@ardl\/gfcgﬂaﬁ% ﬁ?'a that stoms P'ij'-"@&?ﬂﬂﬁ?%?%n
appar at us duri nigfoamatispotiatatn seid identifieatibn feld Sed s#l@ StaBdat Sfomnatioh ER LRI ned
digital subscri,lﬂgrr xDSL) communi cation node, the first, second and

lin
third M5 signals @écplrcgﬁyn%orle entical data with an identical timng, the

first M5 signal having a first carrier frequency equal to 37 tines a base
second carrier frequency

. . : | havi
cqual 20 ¢ 0 315 2 med @ PRieETon A PR E AL SALY 1o NGB 4 RSTsPbTAN Tifhy] ng
athird carri erseccﬁndmﬂéhliméMSq‘rgadzls b@nﬁ&e?aipﬁﬁélit%&f%c&@,ahfg%@kt{(ﬂﬁo\flfmémd @(ﬁm; K;:md
recei ving one A signal s, and negative acknow edge (NA
signals, trans EL{@%&%%% ﬁg’gtwgﬁapa'f’ﬂ%mﬁ{&ﬁa&[}i‘gﬁdéﬁpar atus, in response
to the sinultaneously transmitted first, second and third M5 signals,

wherein the fikgt, .and third carrier frequencies of the first, -
second and t hi ?3 I\/Bﬂs?{égﬁrg §§'§§‘b°"c%‘?9|ﬂr ps © ?lﬁ'ahéélc‘f"g“sre'ﬂtsﬁ' E’@Bt'ftt??t'qrhgelﬂne of
the ACK si dfal withine@acthMSielakingnddssetisiboimdortration. nut ual |y. different band,

t he negotiation procedure being perfornmed in a full duplex
22.  The communication apparatus of claim 18, wherein said standard information
field of each MS signal includes information designating ITU-T Recommendation
G.992.1.
15
23.  The communication apparatus of claim 19, wherein said standard information
field of each MS signal includes information designating ITU-T Recommendation
G.992.2.

200 24. A method for selectively connecting a remote communication apparatus to a

central communication apparatus, comprisingrz
simultaneously fransmitting a first mode select (MS) signal, a second MS signal,
and a third MS signal to the central communication apparatus during a negotiation
_ procedure that designates a predetermined digital subscriber line (xDSL)
- 25 communication mode, the first, second and third MS signals carrying identical data with
_an identical timing, the first MS signal having a first carrier frequéncy equal fo 9 times
a base family frequency, the second MS signal having a second carrier frequency equal
to 17 times the base family frequency, the third MS signal having a third carrier

_ frequency equal to 25 times the base family frequency; and

| 30 - receiving one of acknowledge (ACK) signals and negative acknowledge (NAK)
signals, transmitted from the central communication apparatus, in response to the
'simultaneously transmitted first, second and third MS signals, wherein the first, second
and third carrier frequencies of the first, second and third MS signals and carrier



node. 30 37. The nmethod of claim 36, wherein the base famly frequency
conprises 4.3125 kHz. 38. The nethod of claim 36, wherein the Qhasedangoe
frequency conprises 4.000 12/09/2006 71 kHz. 39. . The method of claim
36, further conprising selecting the carrier frequencies utilized by the
one of the ACK signals and the NAK signals to be 72 tines the base 5 famly
frequency, 88 tinmes the base famly frequency, and 96 tines the base famly
frequency. 40. The nethod of claim39, wherein the base famly frequency
conprises 4.3125 kHz. 41. The nethod oggclai m 39, mhereln t he base famly

frequency co 2e o d d aof, cl

cormr 1 o1 mg" 1 MR is b by % ond °§*ﬂ%%@%ﬂa‘% g MK BistRle telinadS s

signals, an mldmlf{yfd' ftesetnit band, ited deddbiatiorsprocezitrebelng pérf@med il e ehdigiex

[ nformation, n?ﬂ?:@ a standard information field that stores nodul ati on
in

dependent orimation, data in the identification field and the standard
information field being. hierarchically stored. 20 43. The nethod of claim

42, furth .alJ t t et. iated with h of th

first sesondoand TSR B4 rRl Arputs SR Pt Rt D a1 1y
of octets deamﬂnftaquqlcihatoathm&slnisacarldanplthindaﬂs signaié todstiewes thatvthe damermet hod
Ctent 1 11 ca | EpAlnBBEuAIRERE) B e bFE UL Sofe'ditf RONAR BRI on 11 25 each

26.  The method of claim 24, wherein the base family frequency comprises 4.3125
10 kHz. '

27. The method of claim 24, wherein the base family frequency comprises 4.000
kHz.

15 28 The method of claim 24, further comprising selecting the carrier frequencies

. utilized by said one of said ACK signals and said NAK signals to be 40 times the base

family frequency, 56 times the base family frequency, and 64 times the base family
frequency.

20 29.  The method of claim 28, wherein the base family frequency comprises 4.3125
kHz.

30.  The method of claim 28, wherein the base family frequency comprises 4.000 .
kHz.

25 ‘
31.  The method of claim 24, further comprising including, for each of the first,
second and third MS signals, an identification field that stores modulation independent
information, and a standard information field that stores modulation dependent
'information, data in the identification field and the standard information field being

30 hierarchically stored.

32.  The method of claim 31, further comprising a plurality of octets associated with
each of the first, second and third MS signals, a highest bit of each of the plurality of



45. The nethod of claim42, further conprising including information
designating |TU T Recomrendation G 992.1 in each standard inforpmypoey 2006
field. 30 46. The nmethod of claim42, further conprising including .

i nformati on designating |TU T Recomrendation G 992.2 in each standard
information field. 47. A comrunication apparatus selectively connectable to
a communi cati on device, 12/09/2006 72 conprising: a transmtter that

simul taneously transmts three node select (MS) signals to said

comuni cati on _deyi during a ne otiatioff procedure that designates a

pr edet er ni ned °8'ieé’|cfe initigg gataithiarthe plueality:obstitsconmuni cat i on node; and a
recei ver that receives one of an acknow edge (ACK) signal and a negative

acknow edge (R@K) 'Fi gnal fromthe conmmunication device in response to said
three MS sigRals, TRREEEOA ofslgim B fuithps sbmprisingielsdiag révistort infdreatidnan i el d

and a st andar éachiitidriificatibh @slgf i el d, said identification field storing
nodul at i ons I ndependent information, said standard information field

storing nodul ati on dependent information, data in each field being

hi er ar chi cal | 34. st OfethetR&EH dim S Haghe BW i i bn 98di&tating &
nighest bit of, egch of sald o pfifherta) Pﬂ%?%{”?’“ﬁ@?i'ﬂrﬁ%aﬁa"§§%'%\"€®m hi n
sai d plurality-of ~oeyapendaton &.99% 4 ineaghstansgrd-ipformatioddialdi cal data with an

identical timng but using a different frequency. 48. The conmuni cation

apparatus of gl aim47. wherejn id different frequencies used by said
three M5 si gr?gl S ?hﬁﬂeiﬂloé' ‘@claf’?léi furthes sampriging ipcledioginknoptionl designatieg sai d

base fanilly fFéJRecoymentstionTs 09212 ieh Stahasa iﬁf&ﬁia{gé{n ﬁéig.quency- 49. The
comuni cati on apparatus of claim48, wherein sai ase fam ly frequency

conprises 4.3125 kHz. 50. The communi cation apparatus of claim48, wherein
sai d base fa#f.l y Ameaghnehfoyselectively connecting a remote communication apparatus to a

central communication apparatus, comprising:
simultaneously transmitting a first mode select (MS) signal, a second MS signal,
15  and a third MS signal to the central communication apparatus during a negotiation
procedure that designates a predetermined digital subscriber line (xDSL)
communication mode, the first, second and third MS signals canrying identical data with:
an identical fiming, the first S signal having a first carrier frequency equal to 37 times
a base family frequency, the second MS signal having a second carier frequency equal
20 to 45 times the base family frequency, the third MS signai having a third carrier
frequency equal to 53 times the base family frequency; and—
receiving one of acknowledge (ACK) signals and negative acknowledge (NAK)
signals, transmitted from the central communication apparatus, in response to the
simultaneously transmitted first, second and third MS signals, wherein the first, second
25  and third carrier frequencies of the first, second and third MS signals énd catrier
frequencies utilized by the one of the ACK signals and the NAK signals belong to a
“mutually different band, the negotiation procedure being performed in a full duplex
mode. ‘ '

30 37. The method of claim 36, wherein the base family frequency comprises 4.3125
kHz.

38.  The method of claim 36, wherein the base family frequency comprises 4.000



conprises 4.000 kHz. 51. The communi cation apparatus of claim47, wherein
said different frequencies wused by said three MS signals conpriisge/gg/tJ0%s
a base famly frequency, 45 tines said base famly frequency, and 53 tines
said base fam |y frequency. 52. The conmmuni cation apparatus of claim51,
wherein said base famly frequency conprises 4.3125 kHz. 53. The

communi cati on apparatus of claimb51, wh&ein said base famly frequency
conprises 4. 0812 kHz. 12/09/2006 73 54. A conmmuni cation apparatus

sel ectively connectable to a comuni cation device, conprising: a
transmtter that sinultaneously transmts a plurality of Ms signals to said

communi cat i or:sedevn‘ﬁ@métrrddrw camee%ﬂﬁérldémpﬂﬁuﬁgtgélaétm ttﬁ@&arﬁéﬁ’rm@me"s a

speci fic digi F' b bscrlog?r&éﬁsg @& E cognknl cat i on nnd g E M5 si gnal
of said ptur XHZEg bginegn ais\Arddhe Hefsianals tBQFaTZ\M”ieﬁt 5P Fent | cal

timng buf ugdnily feqdérdye®ithed thedaes emily fRiquerldyCakPOBUMES Bel 3 dfpipr at us of
cl aim 54, anrrel n said different frequencies used by said plurality of M

signal s conp & tines a base fanily frequency, 17 times said base
famly frequency, and 25 tinmes said base famly frequency. 56. The

comr i see. 4 o5 ProneBed otdaiR B Wil d6e Bree R menacomPiben 4E5uhe! ei n

sai d base fakhizt.y frequency conprises 4.000 kHz. 58. The comuni cati on

apparatus of claimb54, wherein said different frequencies used by said

three M5 signals conprise 37 tinmes a base famly frequency, 45 tines
41.  The method of claim 39, wherein the base family frequency comprises 4.000

kHz.

42.  The method of claim 36, further comprising including, for each of the first,

15 second arid third MS signals, an identification field that stores modulation independent
information, and a standard information field that stores modulation dependent
information, data in the identification field and the standard information field being-
hiefarchically stored.

20 43.  The method of claim 42, further comprising a plurality of octets associated with
each of the first, second and third MS signals, a highest bit of each of the plurality of

octets delimiting data within the plurality of octets.

44.  The method of claim 42, further comprlsmg including revision information in
25  each identification field.

45.  The method of claim 42, further comprising including information designating
ITU-T Recommendation G.992.1 in each standard information field.

30 46.  The method of claim 42, further comprising including information designating
ITU-T Recommendation G.992.2 in each standard information field.

47. . Acommunication apparatus selectively connectable to a communication device,



: : : : : 59,
said base famly frequency, and 53 times said base famly frequency
The communi cation apparatus of claim58, wherein said base fam I]yzje\gggqm:g
conprises 4.3125 kHz. 60. The conmuni cation apparatus of claim58, wherein
said base fam |y frequency conprises 4.000 kHz.

72
comprising:
a transmitter that simultaneously transmits three mode select {(MS) signals to
said communication device during a negotiation procedure that designates a
predetermined digital subscriber line (xDSL) communication mode; and
a receiver that receives one of an acknowledge (ACK) signal and a negative
acknowledge (NAK) signal from the communication device in response to said three
MS signals, wherein each MS signal includes an identification field and a standard
information field, said identification field storing modulation independent mformataon
said standard information field storing modulation dependent information, data in each
field being hierarchically stored, each MS signal having a piurality of octets, a highest
bit of each of said plurality of octets delimiting data within said plurality of octets, each
MS signal carrying identical data with an identical timing but using a different frequency.

48. The communication apparatus of claim 47, wherein said different frequencies
used by said three MS signals comprise 9 times a base family frequency, 17 times said
base family frequency, and 25 times said base family frequency.

49, The communication apparatus of claim 48, wherein said base family frequency

comprises 4.3125 kHz.

50. The communication apparatus of claim 48, wherein said base faniily frequency

comprises 4,000 kHz,

51. The communication apparatus of claim 47, wherein said different frequencies
used by said three MS signals comprise 37 times a base family frequency, 45 times
said base family frequency, and 53 times said base family frequency.

52. The communication apparatus of claim 51, wherein said base family frequency |

comprises 4.3125 kHz.

53. The communication apparatus of claim 51, wherein said base family frequency

comprises 4.000 kHz.
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54. A communication apparatus selectively connectable to a communication device,

“comprising:

a transmitter that simultaneously transmits a plurality of MS signals to said
communication device during a negotiation procedure that designates a specific digital
subscriber line (xDSL) communication mode, each MS signal of said plurality of MS
signals carrying identical data with an identical timing but using a different frequency.

55, The communication apparatus of claim 54, wherein said different frequencies
used by said plurality of MS signals comprise 9 times a base family frequency, 17 times
said base family frequency, and 25 times said base family frequency.

§6. The communication apparatus of claim 55, wherein said base family frequency

comprises 4.3125 kHz.

57. The communication apparatus of claim 55, wherein said base family frequency
comprises 4.000 kiHz.

58. The communication apparatus of claim 54, wherein said different frequencies
used by said three MS signals comprise 37 times a base family frequency, 45 times
said base family frequency, and &3 times said base family frequency.

58. The communication apparatus of claim 58, wherein said base family frequency

comprises 4.3125 kHz.

60.  The communication apparatus of claim 58, wherein said base family frequency

comprises 4.000 kHz.



