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COVMUNI CATION DEVICE Field O The Invention 5 The present invention is
directed to a conmuni cati on apparatus selectively connectable to a

comuni cati on device, such as, for exanple, a nodem and a nethod for

enabl i ng data conmuni cation, and in particular, to an apparatus

sel ectively connectable to a communi cati on device and nethod that detects
various 10 comruni cation configurations and selects an appropriate

comuni cation configuration to establish a communication |ink between a
plurality of conmunication devices. D scussion OF Background And O her
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conventi onal Ei i hb nd (e.g., approximately 0 20 through 4 kHz bandw dt h)

of the PSTN. X 100 'ansnitted data over the PSIN at a speed of
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method for enabling data communication, and in particular, to an apparatus
selectively connectable to a communication device and method that detects various

10 communication configurations and selects an appropriate communication
configuration to establish a communication link between a plurality of

communication devices.

Discussion Of Backaround 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) to transmit data between a first location and a secohd location. Such
modems typicaily operate within a conventional voice band (e.g., approximately 0

_2'0 through 4 kHz bandwidth) of the PSTN. Early modems transmitted data over the
PSTN at a speed of approximately 300 bit/second, or less. Over time, and with the
increased popularity of the Internet, faster communication schemes (e.g., modems)
were demanded and developed. Currently, the fastest analog modem available
(referred to as an ITU-T V.34 modem, as defined by the International

25 Telecommunication Union Telecommunication Standardization Sector (ITU-T)),
transmits data at a rate of approximately 33,600 bits/second under ideal conditions.
Hybrid digital-analog modems, referred to as ITU-T V.90 medems, can achieve data
transmission rates up to 56,000 bits/second under ideal conditions. These modems
continue to exchange data within the approximate 4 kHz bandwidth of the PSTN.

30

" It is not uncommon 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
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(ITUT)), transmts data at a rate of approximately 33,600 bits/second

under ideal conditions. Hybrid digital-analog nodens, referred to as ITU-T
V.90 nodens, can achieve data transm ssion rates up to 56,000 bits/second
under ideal conditions. These nodens continue to exchange data within the
approxi mate 4 kHz bandw dth of the PSTN. 30 It is not uncommon to transfer
data files that are several nmegabytes (MB) in size. A nodemthat operates
utilizing the V.34 nodulation requires a long tinme to transfer 12 Septenber
2006 2 such a file. As a result, a need has devel oped for even faster
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nmet hods are being proposed and/or 5 devel oped to transmt speed or

br oadband dafgreshmeieds.ocal twisted wire pair that uses the spectrum above
the traditional 4 kHz band. For exanple, various "flavors" (variations) of
digital subscriber Iine (DSL) nodens have been/are being devel oped, such
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Each xDSL variation employs 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. CAT5 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 communication from the

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

 type of filters may differ between installations.



bandwi dt h. Depending on, for exanple, the quality of the twi stedlZPeetepkrr2006
(e.g., CAT3 wire vs. CAT5 wire), a given xDSL schene may not be able to
transmt data at its nmaxinmum advertised data transfer rate. 20 Wil e xDSL
technol ogi es exi st and offer the prom se of solving the high speed data
transfer problem several obstacles exist to the rapid depl oynent and
activation of xDSL equi pnent. Several of the various xDSL schenes permt

si mul t aneous comruni cation on a 25 single twisted pair in the voice band
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standardg, Egui B mg?ﬁnplgrﬂgﬁ one standard (or several standards) that may (or

may not) be mutuailly 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 to 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. Although

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 resuli, 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).
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may (or may not) be mutually conpatible. In general, startup and
initialization methods of the various standards have been heretofore

i nconpati bl e. Line environnents surrounding the xDSL data communi cati on
schenes, such as, 15 for exanple, their ability to co-exist wth a
conventional anal og nodemthat communicates wthin the conventional voice
band (e.g., 0 - 4 kHz bandwi dth), differences in central office equipnent,
the quality of the line, etc., are nunmegous, differ significantly, and are
conplicated. Accordingly, it is essential to be able to deternine the
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In a given ceniral office termination, a given communication channel (line) may be
solely provisioned for voiceband-only, ISDN, or one of the many new xDSL (ADSL,
VDSL, HDSL, SDSL, etc.) services. Since 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 ieased data circuits has
typically been furnished by the service provider. As the high speed communication
20 market continues to evolve, customers will aiso 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 line.

25 |

The customer premise wiring condition/conﬁgur_ation 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 premise wiring and/or make an installation
- 30 represents a large cost. Accordingly, an efficient and inexpensive (i.e., non-human
: intervention) method is needed to provide for the initialization of circuits in the



regul atory issues. The result has been that possible configurati &hSeptember2006
conbi nations at each end of a commrunicati on channel have grown
exponentially. 5 The US Tel ecomruni cati on Act of 1996 has opened the vast
infrastructure of netallic twisted wire pairs to both conpetitive (CLEC)
usage, and the incunbent telephone provider (ILEC) that originally

installed the wires. Thus, multiple providers may have differing

responsi bilities and equi pnent deployed for a single 10 wire pair. In a
given central office termnation, a given comunication channel (line) may

be solely provisioned for voiceband-only, |SDN, or one of the many new
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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 Termminal 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 éequence
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



wiring are varied and unspecifiable. For a service provider to dl4pentember 2006
technician and/or craftsman to anal yze the prem se wiring and/ or nmake an
installation 30 represents a |large cost. Accordingly, an efficient and

I nexpensive (i.e., non-human intervention) nethod is needed to provide for
the initialization of circuits i.n the 12 Septenber 2006 5 situation where

a plethora of communi cati on nethods and configuration nmethods exist. Still
further, switching equi pnment may exi st between the comruni cati on channel 5
term nation and the actual conmunicati ogp device. That sw tching equi pnent

may function to direct a given line to a given type of comunication
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to negotiate and then select a particular moduiation. After the modulation initiation

10 sequence has started, line probing techniques are used to receive some indication
of the condition of the communication channel. If it is determined at that point that a
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 iink, 2 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 {modufation) decision process.
Definitigns
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;



identify and negotiate nmutually common (shared) operating nodes,1ZSgiterger 2006
the nodul ati on schene enpl oyed, protocol, etc. However, both startup
sequence 25 Reconmendations are applicable only to the conventional voice
band comuni cati on nethods. Further, these conventional startup sequences
do not test (and/or indicate) the constitution and/or condition of the

comuni cati on channel between the nodens. 30 However, line condition
i nformation, such as, for exanple, frequency characteristics, noise
characteristics, presence or absence of;a splitter, etc., is wuseful at the

time that plural xDSL nodens are negotiating a connection, prior to 12
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of devices Wehhs Mddih®hey BRHY %mﬁheﬁﬁg Q@Qéned\érﬁ té’éteé/toalg%iémﬁ@%aﬁl?ﬁﬁ used

to negotiate and_then sel ect aBartlcu ar dul ation. After the nodul ation
initiati on 1t ¥Egebreemyaisations, teef for voies ?ﬂdcﬂﬁtﬁ“fb‘“i‘ é’éﬁﬁﬁ‘hlﬂe%‘e%%ﬁlﬂ@’éd to
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(i.e., self-1m@avinZ pfjonimlrtidzaicks;t echni ques are enpl oyed by t he prior art to
try and {{f ndcoe}nrm?r%ca t:.[m Oﬁetﬁgaho%r%nhao c%\ﬁ]rhkusrlimtion sometimes 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 HDLC 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 thén 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 network;
signal - information conveyed via tone based transmission;
signaling family - group of carrier sets which are integral muitiples 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; .
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required that observes (examnes) the line conditions before attenpting to
sel ect the nost appropriate comuni cation nethod. Wil e techni ques have

been established to increase the data rate for a given nodul ation, the

prior art does not provide a 20 nethod for using channel information to aid
in the selection of the comrunication nethod. Unfortunately, in the

current state of the art, capability negotiations occur wthout know edge

of the prevailing channel configurationg Explicit know edge of spectrum

25 splitting, etc. is vital to the selection of the nost appropriate
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termnal  equABRLatiohi ch originates an activation of an xDSL service; 12
Sept enber 2006 7 answering station - the DTE, DCE and ot her associ ated
terninal equiBNEAFHOMNI-cIFeqYfNSRePE BeEATeS pl WY onWih GEItRr @arRosiEye set - a

set of ong oackﬁs@edém@qgomm%aé@%aémwwd e (RRR), B8 kmaloug particul ar
x DSL Recorrrre&dat |afn; 5 ( - cabling and cabling conponenets designed and
tested to tr%ROMA -RRHMPYSto 16 MHZ of communications. Used for voice and

dat a/ LAN t r afipdteeahn The diregiehicf SarRefissichefoithe xTU-R to the XTU-C.

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 - Capabilities 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 Ling;
- EC - Echo canceling;
EOC - Embedded Operations channel;
30 ES - Escape Signal,
| '_ FCS - Frame Check Sequence;
.. FDM - Frequency Division Multiplexing;



CATS5 - cabling and cabling conponenets designed and tested to tr#thSeptember 2006
cleanly to 100 MHZ of communi cations; 10 comruni cation nethod - form of
comuni cation sonetinmes referred to as nodens, nodul ations, |ine codes,

etc.; downstream - direction of transmission fromthe xTU-C to the xTU R
errored frame - frame that contains a frame check sequence (FCS) error;

Galf - an octet having the value 8116 ; i.e., the ones conplenent of an

HDLG flag; 15 initiating signal - signal which initiates a startup
procedure; initiating station - DTE, DCE and ot her associated term nal

equi pnment which initiates a startup procedure; invalid frame - frane that

has fewer thagyf en flags, excluding transparency octets;
20 nessage - ?lr(a(r%e% gﬁ#ﬁ@%?&)wconveyed vi a nodul ated transm ssi on;

met al | i ¢ | oc@STNodenerat SwitchedFsldapbonecNetwae (s@ne ahESii);al 1 ic wires that form
the local |ppgt q).héfhgvé;%{aq_qm?&ﬁ%m se; responding signal - signal sent in

response to an initiating signal; résponding station - station that
responds to HETHi- éﬁaﬂéﬁfhab?'r@ﬂéﬁﬁmhlndatl on 25 transaction fromthe renote

station; sesEHTEN |RGHeYENGUTIHY TS EHAS connection, neasured from begi nni ng
to end, between conputers or applications over a network; signal -

i nf or mati on %ﬁ@&?@ﬂft'QF%quaﬁ%@dsﬁnﬁﬁ@iﬁg@] on; signaling fanmily - group

of carrier SHUSTWhi Cihi@hatidnal eTeRkomMuhicBioRS Ohio OLVeTeledMnfiRfdatiél Spaci ng
frequency; conbination of a high pass filter and a | ow pass

filter desi gﬁt@fié"lr Z§' njgecter,
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 - Simultaneous 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.



metallic local loop into two bands of operation; 12 Septenber 200b5September 2006
t el ephony node - operational node in which voice or other audio (rather

than nodul ated i nfornmati on-bearing nessages) is selected as the nethod of
comuni cati on; transaction - sequence of nessages, ending with either a
positive 5 acknow edgnment [ACK(1)], a negative acknow edgnent (NAK), or a
tinme-out; termnal - station; and upstream The direction of transm ssion
fromthe xTWUR to the xTU-C. Abbreviations 10 The foll ow ng abbreviations
are used throughout the detailed discusgion: ACK - Acknow edge Message;

ADSL - Asyrmetri c D gi tal Subscriber Line; 15 ANS - V.25 answer tone;

ANSam - Wﬁ@ﬁ Fal"]fé"ﬁ[ g AOM - Adm ni stration, Operations, and
l\/anagemant gg I'nternati ona TeI egraph and Tel ephone Consultative
Commttee; CDSL - Consumer Digital Subscriber Line; 20 CR - Capabilities

Request ; G—Thergaﬂa?l‘cjvioteﬂeﬁ &dgﬁ‘hunlgﬂ a&?a?él@é | defdcfiiy-IcShnd3BmIess - a DCVE -
Digital Grcuit Miltiplexing Equi pment
communication device, comprising: a transmitter that transmits a first predetermined

5 signal to designate a specific mode o the communication device; and a receiver
that receives a second predetermined signal from the communication device-in
response to the first predetermined signal, wherein the first predetermined signal
includes an identification field that stores modulation independent information and a
standard information field that stores modulation dependent information, data in

10 each field being hierarchically stored.

Preferably, the first predetermined signal comprises a MS signal and the second

predetermined signal comprises one of an ACK signal and a NACK signal.

15 Advantageously, the MS signal has a plurality of octets, a highest bit of each of the
plurality of octets delimiting data within the plurality of octets.

It is preferable that the ftransmitter transmits a CLR signal that requests the
communication device to transmit a communication device function list, and wherein
20  the receiver receives a CL signal that includes a communication device function list
from the communication device. Advantageously, the CLR signal includes an
identification field and a standard information field, data in each field being

hierarchically stored.

25  Preferably, one of the CLR signal and the CL signal includes a plurality of octets, a
B highest bit of each of the plurality of octets delimiting data within the plurality of
octets and the identification field within the MS signal includes country information

and revised information.

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



DPSK - Differential encoded binary Phase Shift Keying; 25 DI S -12befteraber 2006
Identification Signal; DMI - Discrete Miulti-Tone; DSL - Digital Subscriber
Line; EC - Echo canceling; EOC - Enbedded Operations channel; 30 ES -
Escape Signal; FCS - Frane Check Sequence; FDM - Frequency Division

Mul ti pl exi ng; 12 Septenber 2006 9 FSK - Frequency Shift Keying; GSTN -
General Swi tched Tel ephone Network (same as PSTN); HDSL - High | evel Data

Li nk Control; HSTU - Handshake Transceiver Unit; 5 |ETF - Internet

Engi neering Task Force; 1SO - Internatignal Organization for

Standardi zation; ITU-T - International Tel ecomunication Union -

LTU - Line ToreecRsrPoRied faontilareab appiaily eckSiply yplbupEia P '
Mode Sel ect ; cauBBunicationt tgimipdlf i aomprisiBgt ;2 transmitter that fransmits a first
predetermined signal o designate a specific mode to the communication terminal;
and a receiver that receives a second predetermined signal from the
5 communication terminal in response to the first predetermined signal, wherein, the
first predetermined signal includes an identification field that stores modulation

independent information and a standard information field that stores modulation

dependent information, data in each field being hierarchically stored.

10  Preferably, the first predetermined signal comprises a MS signal and the second

predetermined signal comprises one of an ACK signal and a NACK signal.

There is provided a method for establishing a communication between a pluraiity 6}‘
communication devices, comprising: transmitting a first predetermined signal from a
15 first communication device to a second communication device to designate a
specific mode to the second communication device; and receiving a second
predetermined signal, at the first communication device, in response to a second
predetermined signal issued by the second communication device, in.response to
the first predetermined signal, wherein the first predetermined signal includes an
20  identification field that stores modulation independent information and a standard

information field that stores modulation dependent information.

Advantageously, the first predetermined signal comprises a MS signal and the
second predetermined signal comprises one of an ACK signal and a NACK signal
25 and the MS signal transmitted by the transmitter includes a communication

" apparatus function list.

~ 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,
230 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.



NAK - Negative Acknow edge Message; 15 NTU - Network Term nati onldBeptember 2006
(Custoner prem se end); OGM- Qutgoing Message (recorded voice or other
audio); ONU - optical network Unit; POIS - Plain AOd Tel ephone Service

PSD - Power Spectral Density; 20 PSTN - Public Swi tched Tel ephone Network;
RADSL - Rate Adaptive DSL; REQ - Request Message Type Message; RFC -

Request For Comment; RTU - RADSL Terminal Unit; 25 SAVD - Sinultaneous or

Al ternating Voice and Data; SNR - Signal to Noise Ratio; VDSL - very high
speed Digital Subscri ber Line; xDSL - apy of the various types of Digital
Subscri ber Lines (DSL). XTU-C - central termnal unit of an xDSL and 30

XTU-R - remciﬁerh,%[sgﬁt']ﬂgclogme o re%]‘s)f% foﬂoz "§ T Ee%%ﬁ%’hcég e%l'{ RY -

THE | NVENTI ere 1's provi ed a Co niCCat

connect abl e metter ofwmmwmsslymmgmted heretmﬂzylrsfemgcemthmlaerﬁlmtyter that
transmts a first predetermned 5 signal to designate a specific node to
t he communi cati on device; and a receiver that receives a second

pr edet er m nedegingnendatioro M. 3t (EYBALNI “‘Craceduresidon Starling Sessions of Data

5  Transmission over the General Switched Telephone Network”, published by

Telecommunication Standardization Sector of the ITU;

Recommendation V.8 (08/96) - “Procedures for the ldentification and Selection of
Common Modes of Operation Between Data Circuit-terminating Equipments

10 (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
15 for Non-standard Facilities”, published by Telecommunication Standardization
Sector of the ITU; and

Recommendation V.34 (10/96) - “a Modem Operating at Data Signaling Rates of up
To 33,600 bit/s for Use on the General Switched Telephone Network and on

20 Leased Point-to-point 2-wire Telephone-type Circuits”, published by
Telecommunication Standardization Sector of the ITU.

BRIEF DESCRIPTION OF THE DRAWINGS

25  The foregoing and other objects, features and advantages of the invention wili be
apparent from the following more particular description of preferred embodiments,
as illustrated in the accompanying drawings, which are presented as a non-limiting
example, in which reference characters refer to the same parts throughout the
‘various views, and wherein:

30 Fig. 1 is a schematic block dlagram of a generai environment for usage of the

present invention;



response to the first predeterm ned signal, wherein the first prei@tpemberaos
signal includes an identification field that stores nodul ati on i ndependent
informati on and a standard information field that stores nodul ation
dependent information, data in 10 each field being hierarchically stored.
Preferably, the first predetermined signal conprises a Ms signal and the
second predeterm ned signal conprises one of an ACK signal and a NACK
signal. 15 Advantageously, the M5 signal has a plurality of octets, a

hi ghest bit of each of the plurality of, octets delimting data within the
plurality of octets. is preferable that the transnitter transmts a CLR

It
signal that q ) Lcati devi ce rans t a conmu ni cation
devi ce 1 unct B2 eech AR ot ine Biet  (@rio LR e 5 PR gna
t hat i ncl udestuatmblmwhnrcﬁemtmhCxﬂ"@eleqelpmentmasdwah|ps¢v:simmf¢m&osmmm cation
devi ce. Adv Pa,g% es an identification field
and a stand;z@al{fipi I n orrréw) ﬁfq@g?géﬂ%@@& é%ﬁltltatg'gh field being hierarchically
stored. 25 Frigf 8rizlel schewatic bock NegGIRs of g adfengrt emhedi@entsofgthalpréssot udes a
pl uralitys of ihaGHigh %se@ in *anh |tontLHh Rl %‘?&H&)Q@ ﬁ@?é%%ﬂe%%%&g N {; déied et s

delimting data wt the plurality of I cation
field withi naﬂtaﬁt@dwst@nwwgnalﬁ:ﬂolmé%otb@mnerg cpmmgniggiionehannghd revi sed

i nf or mati on. FigQ Braahfe arahémontdﬂﬁgr%a&csamswoﬁmgé%rseauéﬂc@ othh BT he MS

signal includes information designating one of 1 and G 992.2. 12
Sept enber 2068 11 There is al so provided a communi cation apparatus

sel ectivel y migraieatstib @ahdition didgPamieH Lirdns 8dlioh ARl seqGsHERIOK 8h ROU-E
transm tter th[at transmts a first
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;
15 Fig. 10 shows three types of fields of information;
Fig. 11 is a tree structure that links various parameters (NPars and SPars) in an
Identification (1) field and a Standard Information (S) field;
Fig. 12 shows a transmission order of NPars and SPars in a message;
Fig. 13 shows the structure of octets in the Identification (1) field;
20  Fig. 14 shows the structure of Non-Standard information blocks in a Non-Standard
information (NS) field; and
Fig. 15 shows the octet structure of data in each Non-Standard information block.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

25
According to a first embodiment of the present invention, a data communication
system comprises a central office system 2 and a remote system 4, which are

interfaced together via a communication channel 5, as shown in Fig. 1.

30 The central office system 2 includes a main distribution frame (MDF} 1 that
. functions to interface the central office system 2 to the communication channel 5.

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




predeterm ned signal to designate a specific node to the comuni tZa®épember 2006
termnal; and a receiver that receives a second predeterm ned signal from
the 5 conmunication termnal in response to the first predeterm ned signal
wherein, the first predeterm ned signal includes an identification field
that stores nodul ation independent information and a standard information
field that stores nodul ati on dependent information, data in each field

being hierarchically stored. 10 Preferably, the first predeterm ned signal
conprises a Ms signal and the second ppedeterm ned signal conprises one of
an ACK signal and a NACK signal. There is provided a nethod for

est a1 | shi oy QIR Ao PERURENSE BT Abh e HdBOBTUAL GRLL Gl devi ces.

conpri sing Irst pre S|gna 1o irst
conmmuni cat i ointedealiives (eq@., antsmelosedtrelafiivatingsi bh ¢he akerisi®. t o desi gnate a
specific node to the second communi cation device; and receiving a second
predeterm ned signal, at the first conmunication device, in response to a
second pr edEheeremqﬁ%ayséergﬂanclwé@ueﬂetwrktnhierf@;@dtﬁmedwrahﬁﬂhahﬂun@wn@m| ce,

in.response h%ﬁa&@%ef kdrddte N ERAT %81 tﬂ@%oﬁnﬂﬂ%hoﬁ"’eﬁérﬁkn 5t hend hEffork

predeterm ned signal includés an 20 1dentification field that stores
nodul ati on i RisEpehdRife (NHPIOH interfreas theausionagrgsguipenent tafths sammenicatipes d t hat

stores m)dul@m@n(g?pQM@uﬁ,cbﬁHﬂ%gﬁ{éi gn. Advantageously, the first
predeterm ned signal conprises a M5 signal and the second predetermn ned

signal conprises one of an ACK signal and a NACK signal 25 and the M5
si gnal transipistireersiyodtiig the prresitiivehtidnhsespiic &NOHEH @@immatrarﬁaoar atus

et L i S R Sk b b el i 1™ S50,
60/ 089, 850 fwhiled tlos pPrasent 1 hventdd IQQ&SCWdO%mGGQfefdnbedtd)m Jelephay, 1998,
and 60/ 094, 4c7o?r1mt]jnllc!a(ta‘on Osry}st‘(]aH'll gm%l%ymg 9tw13ted palr 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
15 systems, wireless systems, infrared communication systems, etc., without departing

from the spirit and/or scope of the invention.

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

instant invention.

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

30
The low pass filter 34 and high pass filter 38 function to filter communication signals
transfetred over the communication channel 5. The test negotiation block 46 tests



di scl osures of which are expressly incorporated herein by referetic8eptember 2006
their entirety. 12 Septenber 2006 12 The present disclosure also refers to
the foll owi ng Recormendati ons, the subject mtter of which is expressly

i ncorporated herein by reference in their entirety: Recomendation V. 8bis

(09/94) - "Procedures for Starting Sessions of Data 5 Transm ssion over the
CGeneral Sw tched Tel ephone Network", published by Telecomunication
St andar di zati on Sector of the I TU, Recommendation V.8 (08/96) - "Procedures

for the ldentification and Sel ection of;; Coormon Mddes of Operation Between
Data G rcuit-term nati ng Equi prents 10 (DCEs) and Between Data Term nal

FaupTent s (ERER BRSOt TSI BHE K o Shd
T.35 - "Pr ocﬂ@iﬁ%s‘lf@md tthee calminpmication cbanncetISrT Deef ineogd@edles theStefsbr

Non- st andar d Lk ot ! T t ation
Sector of th?a %%%i dnaﬂr’%gaﬁ?‘é%gﬂdrm‘fqlg%ﬁyv 495(&;%% Fn% ée%@em%}%%tl ng at
Data Si gnal i sReeraRasdenyreceiiing pad 3‘3"%50@'“9|5?¢t@n$é$gug@d@ﬁs)tﬁﬁeaflgbﬁbr“éﬂle Swi t ched
Tel ephones Neﬁl%ﬁ”sbeépﬂacgl'ﬂm chertse finBRing o rQeR! I%h SpedT dutd Ghepheas- type

Crcuits", i shed ?/ e ecormunl cation Standardi zati on Sector of the

| TU. BRI EF [fES@:FEP@TP Srodvienne igh saeed S?Tégﬂﬁlrﬁ@“thl?ﬂj seetiear 7bbj ect s,

]feialtures andrﬁﬁ#ﬁt@}[h@ﬂ%lﬁe@d détamha\f@ﬂétb@ éVh|4J TR hi é@@écn&ltis)@s hie
(0] ow Nng arti cul a re err | nts S
Pl ust T aced ThmBR Eomaton b B ‘ﬁxon SarprAGsL TS TR yost:

non-|im tingCDSL modems. ngh speed sections 68 and 70 can be a plurality of high speed
16 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 88 transmit signals to computer 82. The negotiation
data transmitting section 54 and the high speed data transmitting section 70 receive
signals issued from the computer 82.
15
In the disclosed embodiment, test negotiation block 46 comprises a negotiation data
receiving section 52 and a negotiation data transmitting section 54. The negotiation
data receiving section 52 receives negotiation data, while the negotiation data
transmitting section 54 transmits negotiation data. The operation of the various

20 sectlions of the central office system 2 wilf be described, in detail, below.

Remote system 4 comprises a low pass filter 36, a high pass filier 40, a test
‘negotiation block 48, a high speed data recsiving section 72, a high speed data
transmitting section 66, and a computer 84, Computer 84 is understood to be a

25 generic interface to network equipment located at the remote system. Test
- negotiation block 48 performs all of the negotiation and examination procedures

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

The low pass filter 36 and high pass filter 40 operate to filter communication signals

30  transferred over the communication channel 5. The test negotiation block 48 tests
" and negotiates conditions, capacities, etc. of the central office system 2, the remote
.system 4, and the communication channel 5. The high speed receiving section 72



exanple, in which reference characters refer to the sane parts t12 Segbmber 2006
the wvarious views, and wherein: 30 Fig. | is a schematic bl ock di agram of

a general environment for usage of the present invention; 12 Septenber

2006 13 Fig. 2 is a schematic block diagram of the present invention under
an exenplary situation in which Central Ofice equi prent has been

provi sioned for xDSL service and Renote equi pnent does not enploy a
splitter; Fig. 3 is a schematic block diagrans of a preferred enbodi nent of
the present 5 invention used in connecfion with two exenplary high speed
(xDSL) nodens adapted to transmt signals to each other over a

cormuni cati op,, Em'@qglsreecel os:gl‘n%ﬁ1 O[%esedada?atrﬁér%ﬁxun t(% II_.IQ@ gf‘kl%péﬂég é}%&ﬁ@ 2,

transacti on nessage
transition dwhilg @mfﬁgh Sﬂﬁeﬂ datastransmatingneestery 66 semmmtsdmmstpead dafBUo@he 10 unit;

Filg. 61s a bl b A0de SoTnd RLMALIKOMNE Wb QLerBF a8 Shd eGP ssage:

Fig. 7 is a field napplng convention 0es not resi in a
si ngl e oct et speeqlj gatagrecaivigg piectiasy der transmitt ganaettet heotonzputaraty Chlex k

Sequence { FGRgotiktidh dtal Sarlshitis) sH&HoH! 0 Shd Otﬁé Engc’n 'sBeéB Ba@MBansimtifg 9+ 10

shows three types of fields of Tnformation; Fi IS a tree structure
that |inks vsaff‘ﬁt'%§6ﬁ?§?%{ﬁﬁt9@?'§'5é%fff§"ﬁ}?dmgpa¥% 4; n an Identification (1)
field and a Standard Information (S) field; Fig. 12 shows a transni ssion

order of NPars and SPars jn_a nessage;
aln the gisc!oseJ embodiment, ﬂ?le tegst negotiation block 48 comprises a negotiation

data receiving section 56 and a negotiation data transmitting section 50. The
10 negotiation data receiving section 56 receives negotiation data, while the
negotiation data transmitting section 50 transmits negotiation data. The operation

of the various sections of the remote system 4 will be described, in detail, below.

The negotiation data transmitting section 50 of the remote system 4 transmits the
15 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
transmits the downstream negotiating data to the negotiation data receiving section

56 of the remote system 4.

20 The central office system 2 includes a plurality of channels 6, 10, 14, 16 and 18 that
are used to communicate with a plurality of channels 22, 26, 28, 30 and 32 of the
remote system 4. In this regard, it is noted that in the disclosed embodiment,
channel 8 comprises a central voice channel that is used to directly communicate

. “with a corresponding remote voice channel 32 in a conventional voice band (e.g., 0
- 25 Hz to approximately 4 kHz), which has been filtered by low pass filters 34 and 36.
Further, a remote voice channe! 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 5 (but prior to the low pass

- filter 36), and thus, provides the same service as the remote voice channel 32.

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

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



Fig. 13 shows the structure of octets in the Identification (1) 12 8éstemBér 2006
Fig. 14 shows the structure of Non-Standard information blocks in a

Non- Standard information (NS) field; and Fig. 15 shows the octet structure
of data in each Non-Standard i nformation bl ock. DETAILED DESCRI PTI ON OF

PREFERRED EMBODI MENTS 25 According to a first enbodi ment of the present

I nvention, a data communi cation system conprises a central office system?2
and a renote system 4, which are interfaced together via a conmmunication
channel 5, as shown in Fig. 1. 30 The cgntral office system2 includes a
main distribution frane (MDF) 1 that functions to interface the central

ffi t 2 to, th 0 i cation channe . he in distribution
Prams (on) T B oo ddf oPEO RS 8y 8 Bitied 1o, DAt Mitle, Melsibh o 2006
14 lines (e. ghgractenstiomiswatheon ahammidati&n) nmeayntake pface msingeotbert sovdeandn one

i de, and i ' | _ce l.qofflce .li t he
other o de.  HEnDRkaoh NG, Suon oY BBmRER0R, pietiote FRaRSRE (R o) 5
that functiofdd 838 bhe highrpase dilteise3d endtdd gressadentet! to ebdree @ofrequsncat i on

channel 54 Tg&c[}%\/g%ge“}q}erface device (NID) 3 interfaces the custoner's
equi prent to the communi cations network (e.g., comunication channel 5).
It is understood that the present invention nmay be applied to other

communi cat i ogg stréé?néjwlﬂe% Whé h@‘ﬁh tﬁl@@éﬂtﬁal Bficd Eﬁ'ﬂénﬁ E?al&PbuE bﬁea?ﬁkd/ﬁr scope
of the invention. Furthe whi present invention I s descri bed with

reference to2% %Sé!ngﬁﬁdmhe @mﬂ%wsae&rﬂ f*)ownw@? disitelaisprmythehprerusad i r
wires, it iscomirdericdt®adtident theheentral computer 82 and the remote computer 84,

10 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
shown), 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,
bit streams 10, 14, 16 and 18 may be configured as (but are not limited to) an

15  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
streams 22, 26, 28 and 30 can be implemented as discrete signals {(as shown in
the drawings), or bundled into an interface, or cable, or multiplexed into a single
stream, as described above.

20
Negotiation data {e.g., control information) corresponding to the condition of the

“communication line (e.g., frequency characteristics, noise characteristics, presence
or absence of a splitter, etc.) is exchanged between the negotiation data receiving
section 52 and negotiation data transmitting section 54 of the central office system

25 2, and the negotiation data receiving section 56 and negotiation data transmitting

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

30  conditions, capabilities, etc. of the central office system 2, the remote system 4, and
the communication channel 5. In practice, the configuration of the central office

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



i nvention is applicable to other transm ssion environnents, suchlZSeptember 2006
not limted to, cable communication systens (e.g., cable nodens), optical
comuni cation 15 systens, wireless systens, infrared comunication systens,
etc., without departing fromthe spirit and/or scope of the invention.

Fig. 3illustrates a detailed block diagramof the first enbodi nent of the
data communication systemof Fig. 1. This enbodi nent represents a typical
installation, 20 in which both the central office system2 and the renote
system 4 inplement the instant inventign. As shown in Fig. 3, the central

of fice system 2 conprises a low pass filter 34 and a high pass filter 38,

2 test neqot Lalbanil 85Fe ey DA IESAIRNE [SRPI BRLSRR MO 68 2

hi gh speed d ransm sec a co uter
under st ood t entlies ahajeamtrolcthe mesirélacfice eyatart vibr It.lkewep ﬁwncanabd:MSedndat t he

central of f b&'ﬁ’igurgﬁcﬁ qu%g%&%liﬂeﬂio ! Egéﬁwf'? apeeéigcg)gu ec‘?"td \fn‘ag vgpﬁ{one%)t i ation

and exam nati on Proc ace prio he Tnitiation of an
actual hi gh Hgetsslagad amb@@mﬁﬁnte@hﬂ?maﬂmim 4I5cﬂmdrﬂ§§3’e fmbedged3dititnd hi gh

pass filter 38qéhoasLanad, OHf)WéJe?rth&%H&H?nbﬁt?Bf 25 r%'ggfﬁbﬁ blokkmér%f ised over

t he conmuni cation channel 5. The test ne lation’b 46 test
Sept ember 2008Y: altsmatvehh &g dnplamested sgasrateors diginptfeam thegmodams 4%@%[ he

central offige §:g§é|@ﬁar%m.ﬁéueaﬁd&€w.@d b%weﬁ%ésesﬂﬁyaoﬂmn%m & 4N
channel 5. Thehﬁg edures of the test negotjation block 46 are conpl eted
prior to, andCi43rt fAtiestipgdnesenvirepment @F‘f?wehlagﬁomw@@aﬂw&a%ﬁ?%%efv. ng and

transm tti ngths &gt Nswedrethg centfDEBES 3ystin 288d #R.remhbR system 4.
10 _
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 detail, below.

15 In the disclosed embodiment, frequency division multiplexing (FDM) is utilized for
various communication paths fo exchange information between the central office
system 2 and the remote system 4. However, it is understood that other techniques
(such as, but not limited to, for exampie, CDMA, TDMA, etc.) may be used without
departing from the spirit and/or scope of the present invention.

20
The range from frequency 0 Hz until frequency 4 kHz is typically referred to as the
PSTN voice band. Newer communication methods attempt to use the frequency
s.pectrum above 4 kHz for data communication. Typically, the first frequency where
transmission power is allowed occurs at approximately 25 kHz. However, any

25 frequency above 4 kHz may be used. In this regard, it is noted that tone bursts at a
frequency of 34.5 kHz are used to initiate T1E1 T1.413 ADSL modems. As a result,
if possible, that frequency should be avoided in the spectrum used by precursor

negotiation methods.

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



5 high speed receiving section 68 functions to receive high speet Sgitember 2006
transmtted fromthe renote system4, while the high speed data

transmtting section 70 transnmits high speed data to the renote system 4.
The hi gh speed sections 68 and 70 may conprise, but not be limted to, for
exanpl e, ADSL, HDSL, SHDSL, VDSL, CDSL nodens. Hi gh speed sections 68 and

70 can be a plurality of high speed 10 transm ssion devices which "share"

t he conmmon bl ock 46 during the initial negotiation procedure. The

negoti ation data receiving section 52 agd the high speed data receiving
section 68 transmt signals to conputer 82. The negotiation data

hi gh d.d ' 70
receive s ol e Baef 4 MR BT FPu A o T el BE e
enbodi nent, begtiativegiata tdrisovitify seckomB0 ofdhe ramsds systame g ciridatcaved ey ttize
receiving s €k Odgﬂg'tlo%%a?éqr%céwﬂg gg(%tloﬁ%b ggthg%teﬁtrél Ltids g%ét Qg Tﬁg?\%éﬁigt:gﬁ The

negotlatlon ta recelvin recel ves ne iration a, while the
negoti ati on dewnstream dits are trﬁmlté@cby e regotiatiam dafat teanseiiing seclionS#élaf a. The

oper at i ons of thtar}:%nl’t‘eﬁro'ﬁﬂg§y%tgﬁ 26k 1085 oy the nggtmaﬁ&l d&h éc,ce‘rﬁvlr@ygcﬁéﬂ 2 will

be described, in detall enpt e system rises a l'ow pass filter
36, a high p6af the remegte wtera% &yice thﬁergqﬂoh@tmmdbqucapea@tra!ammhgﬁbg%ed dat a

recei ving segdm@éted 2he 3t biRagstefad And &H@Fb‘ﬁ%té i PG ﬁi?h@ eeiNd a
conputer 84. Conputer 84 is understood to be a 25 generic in ace to

net wor k equi %ﬁ?”*@gﬁﬂéﬁc%“st%a%ﬁ%taé‘ Jjet epged recgivingt 5e5H9NSn’ Dl ock 48

perform; al Ianafeatb(peﬂ@(gpau@mé)p@nﬂﬁngh@m,ﬁn nati on procedures that take pl ace
prior to_the actual high speed data conmunication. The | ow pass filter 36

and hi gh 0pass filter 40 operate to filter comunication signals 30
transferred Alveesddges mothaprisestt inaentieh arngint ith dheot M6te @GN Lsihg,Gor bl ock 48
tests 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
1, and the transmit point is rotated 0 degrees from the previous point if the transmit
15 bitis a 0. Each message is preceded by a point at an arbitrary carrier phase. The
frequencies of the carriers, and the procedures for starting the modulation of

carriers and messages, will be described below.

Once the remote system 4 begins receiving valid user downstream data, all of the
20 various communication channels have been established and are ready for the

negotiation procedures to be described below.

After the remote system 4 has received the spectrum information, it analyzes the
equipment capabilities, the application desires, and the channel limitations to make

25 afinal decision on the communication method to use.

After the central office system 2 has received the final decision, the transmission of
the negotiation downstream data is stopped. When the remote system 4 detects
the toss of energy (carrier) from the central office system 2, the remote system 4
30 stops transmitting the negotiation upstream data. After a short delay, the

- negotiated communication method begins it’s initialization procedures.



and negotiates conditions, capacities, etc. of the central offict Sgpemher2006
the renote system 4, and the conmunication channel 5. The hi gh speed
receiving section 72 12 Septenber 2006 16 functions to receive high speed
data transmtted fromthe central office system?2, while the high speed

data transmtting section 66 transmts high speed data to the central

of fice system 2. The negotiation data receiving section 56 and the high

speed data receiving section 72 transmt signals to the conputer 84. The 5
negotiation data transmtting section 5Q and the high speed data

transmtting section 66 receive signals issued fromthe conputer 84. In

the discloseg, ﬁgb&ghggaﬂb%%é}ﬁeo& ﬁ%nfggé)g%@é PRl BGK o8, %glg%rcle%e@ £

negotiation data re a negoti atlon atransmtting
section 50. PHEN swich3oendthedwnatonalityrad de xMiLhG 368 i éroppdigl in oodemel2.

negotiation @ghiy oifk E@itﬁepgo:i‘rﬁgﬁ%riséé L8y ﬂéésgf]yttetF ﬁﬂ%ﬁ& highRdssS ek 28N ;PO

transmts negotl ati on dat a. eratio e various sections of the

renot e syst ethedemple|sygemde stultipledalephoneg PG iare canapeiod to vpire dhagnsl BAePT on dat a

‘transm tti ngssepl kTR 308 I mplcRidlcd it HdkaM44. transmts the 15 upstream
negotiation data to the negotiation data receiving section 52 of the

central system 2. The negotiating data transmtting section 54 of the

central systefa gresdrit #veAtidnSgdebo grRMNBhGIBADOREBSTbIeathd ASnddREIRL Procddifs
negoti ati on .dat& receivi ion, 56 of the renote s?@g m4. 20 The

ng sec .
central of fiiceedyaeaand e hasendsngkepiapsduye. s bt Resrialcpalie arzs men: 16 and
18 that arechisedle topoibieIni cate with a plurality of channels 22, 26, 28,
30 and 32 of the renpte system4. In this regard, it is noted that in the
di scl osel” enbodi nent, channel 6 conprises a central voice channel that is
used to di r eaotthiy ragandnti iosttiet invention uses a unique method (criteria) for selecting the

transmission and reception carriers {frequency bands), as embodied in a PSD. The
spectrum and carrier alocation for the preferred embodiment of the present
invention will now be described. The description begins with a review of the
15 upstream and downstream PSD requirements of several different xDSL services
that are co-mingled with POTS or ISDN services. Implications of the xDSL PSDs

on the present invention PSD are also discussed.

Downstream carriers are transmitted by the negotiation data transmitting section 54
20. of the central office system 2, and upstream carriers are transmitted by the

* negotiation data transmitting section 50 of the remote system 4.

The present invention is used to initiate or activate many types of existing and
future xDSL services. The requirements of the various xDSL services have been
25 taken into consideration in the design of present invention. This description
| addresses two inter-related considerations: spectrum and activation methods. In
the present invention, suitable bands were selected for the transmission of the
negotiation data channels. The bands were selected based upon several criteria,
including considering the existing overall PSDs of the xDSL services and also the

30 activation signais of existing xDSL services.



with a corresponding renpte voice channel 32 in a conventional vt Ssptéaber 2006
(e.g., 025 Hz to approximately 4 kHz), which has been filtered by | ow pass
filters 34 and 36. Further, a renote voice channel 33 is provided in the
renote system4 that is not wunder the control of the central office system
2. Renote voice channel 33 is connected in parallel with the conmuni cation
channel 5 (but prior to the low pass filter 36), and thus, provides the
sanme service as the renote voi ce channel 32. 30 However, since this channel
is connected prior to the |ow pass filtgr 36, the renote voice channel 33
contains both the high speed data signal and a voice signal. 12 Septenber
2006 17 It } t e fferent
frequency  chavDRroe! ke SREe bt dDe S bh e Sonlete IR B 8l ST

ot her, |ow bwmﬁatedrhwmecaltelsen imegriiodl sare sshown ap, Tebde 1eszanperpOB®DNf bet ween
voi ce channe an The K " ted to
ensure a fre!é‘?jf‘é‘ﬁ'é’? gpél%g{:nt ?ﬁ% H%Dn aﬁ fﬁéé&gﬁf ugﬁ? eans 1%)&5&@1@EF and 18
-(in the centhglvagpes é@sgﬁf\féq?ﬁzf)fealﬂﬂicwq insTake?s Zable Dlsts 2% MG (in t he
et e syst emulirgOBbARs ALl Rbd1. SThEARE: hOR iBles SUliRd the ypfammuni cat e
between the central ut er and the rénote conputer 84,

respecti vel ye”VIrf’”m%”tdh‘gB'Pgf"@dﬂe%eﬁh'ﬂ\’?’tt'oi’ §iugh Bengapablgof @%ﬁ@gof the present
invention that bit streans 10 14, 16, and 18 could be inplenented as

di screte signals (as. shown), ‘bund! ed.i.nto.an..interface,- or cable, or
mul ti pl exed into asi ngl e. stlnfavanaumwfkmmreleha!ﬁ@mg the scope and/ or
function of the fpstant—nvention kg exanmpie— DhbsshTpans 10, 14, 16 and
18 may be confi Cl,!,g,@,g" as- (but: are} n@Lskd mt @g.ko) amwdi ipterface conformng

to a RS-232, .par aI | eI Fl r;eW___re; LImEEl—uPE‘krBQW) toni lers. ¢nn=rS=>r;._ii;.aI
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Bus (USB), wireless, or infrared (IrDA) standard. Likew se, it i% September2006
understood that bit streans 22, 26, 28 and 30 can be inplenented as
di screte signals (as shown in the drawings), or bundled into an interface,
or cable, or nmultiplexed into a single stream as described above. 20
Negoti ation data (e.g., control information) corresponding to the condition
of the comunication line (e.g., frequency characteristics, noise
characteristics, presence or absence of a splitter, etc.) is exchanged
between the negotiation data receiving ,,section 52 and negotiation data
transmtting section 54 of the central office system 25 2, "and the
negoti ati on data receiving. secti.on-56:and:-negotiation: data transmtting
section 50 of the: rennte-@?@%é##ﬂwnTﬁEbe%%@%ﬁﬁ@FJfeatures of “t he hardware
portion of the et Ton s + IIBI,.,[,BHII(.,Li O T LY CONL diciad 1Nl the test
negoti ati on bl K§Wﬁﬁﬁanc 48, -which test and.nego iate the | 30 condi tions,
capabilities,- R o) B T T VAY AT SR S Y system 24 “the repple system 4, and
t he connunica1sﬂn channel S - sl @Ot |t he -con |nurafynn of the central
office systen'2iamd the|FefdRe system 4 Fs“Sub]ei-*- ‘de|'variations. For
exanpl e, the 12 Septenber“?ﬁﬂﬁm“Tguéﬁhfl ufafﬁﬁ 3f~the'ext=rnal voi ce
channel 33 |s tnot under. _Hg“%ﬁgt ‘ @HE gntities:-that control the
ZzdBm [«m m e .
tlnsrand conflguratlon of

central officg: system 2. }'Ladsfe_:\'/&lm__gmm_,ﬁe; cctpagq;

the comuni cafion channel i-sgs},agsgf al.sQ, subj|egis. k@ W de variatfon. In the

di scl osed embgdinent, tegt negotiation bllesks 46 hnd 48 arefenbedded within
5 nmodens 42 apd 44 F-Iowe er, - the functi oralsgmt;.ysmof ‘t.est -negoti-ation bl ocks
46 and 48 rralma.ks.ﬁernat J'vel'\'/'[ssrb@lssqrmnl e nm«#wmnarmp and-gi-stinct from

-'T;_r_n

t he nodens 42 [EAmeDstoverison: |7 ome as Ty Kz 70 CAETIm
et | TR g [15':H= 31gmlﬂ43
Ao HR T P
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Sdwpara o Th
[WGEL . ; Lo Mt belingd
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With respect to the bands used by ADSL modems, the present invention uses the
following detailed criteria to select appropriate carriers for the upstream negotiation
_ channel and the downstream negotiation channel:
5 1 Consider all of the services/families known today (e.g., G.992.1/G.992.2
Annex a, Annex B, Annex C, HDSL2);
-2 Upstream and downstream negotiations will not use the same frequencies
(i.e.; the preferred embodiment does not use echo canceling);
3. FDM filter implementations (with a few non-essential additions) - e.g., avoid
10 upstream/downstream interleaving;
4, Avoid existing T1.413 activation tones (e.qg., tone numbers 8, 44, 48, 52, 60);



44. Signals transmtted and received between the test negoti ati ot2 $épterkber4®06
and 48 are used for testing the environnent itself as well as

comuni cating the results of the tests between the central office system 2
and the renote system4. 10 The purpose of each signal path in Fig. 3 wll

be explained foll owed by an explanation of the devices used to create the
signals. Exanples of specific values for the various frequencies wll be

di scussed in detail, below. 15 In the disclosed enbodi nent, frequency
division nultiplexing (FDM is utilized,for various comunication paths to
exchange informati on between the centra office system2 and the renote

system 4. Ho ver unde ot her techni gues such but

ot i ed Tor 1SR ABIE S e SvAABEE 3 Ui b s et e ot
departing fromt hmvmpireann camelis01G.8eDhAnwEx ¢ hed Brod82minnex Casstitiensan®) The
range from frequet g)%g Qrﬂleslﬁd H&Lﬁétreg%ec% %p&y 4 kHz is typically referred to as

the PSTN voice b communi catidn nethods attenpt to use the
frequency sPect rAineatione carrierasseniatekhwith cH89AhiAvae aris tByganoakbs yhe t he

first freguency V\’%‘?ﬁe‘? usdd S Bl Q@VAﬂdéas%hé)gé?@eerQﬁ% zaﬁmn X8 ced. In

approxi mately 25 However, any
this regard, it i§theotamp ahie qagies used with Ga992:7 Apnexducferbaih ueatrearrkHz are

used to initiate gHy delyndideafid3 ADSL nodens. As a result, if p055| bl e, that
frequency shoul d be avoided in the spectrumused by precursor otiation
met hods. 30 Fhe CW%éﬂnwaﬁawngtreéﬂbbwﬁﬁ@@qeﬂ t‘bé‘?'}‘% 37&H'€§’“B’ét6 for an
upstream comunigzaéd @rm(;fgggrrrthe rem)te system4 to the central office

system 2, an anot her g]th f or Yvnstrga} njcation fromthe central
office sifstein 2 t&f reasona y robust agamst termo uatlon products;

9. 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
directly on top of each other. Since the tones for Annex C have special

15 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 filters;

11. In general, there are 3 tones per Annex (however, Annex C has 2 primary

20 tones each way, and a third borderline tone);

12.  Tones between 14 and 64 should not be tfransmitted in a TCM-ISDN
environment; and

13. Avoid (if possible} RADSL activation frequencies. Thus, in the upstream
carrier, avoid 68 kHz (~#16) and 85 kHz (~#20). In the downsitream carrier,

25 avoid 282 kHz (~#65) and 306 kHz (~#71).
| ‘Based on the above discussion, a preferred Embodiment #1 uses the following

carriers:

A zant B oo uid |I:¢qn'l -15‘--'-“
];\n—m: aﬁnﬂ. H- h:ll'.ﬂ s ||'II: g""ld gN-“I‘-‘
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12 Septenber 2006 19 the renpte system 4. The negoti ati on upstr&aBegember 2006
are transmtted by the negotiation data transmtting section 50 of the
renote system 4, and received by the negotiation data receiving section 52
of the central office system 2. The negotiation downstreambits are
transmtted by the negotiation data transmtting section 54 of 5 the
central office system?2, and received by the negotiation data receiving
section 56 of the renote system 4. Once the negotiation and hi gh speed
training has been conpleted, the central office system2 and the renote
system 4 use high speed data transmtting sections 66 and 70, and high
speed data rﬁg)%f&lr&ﬁ rﬁggélﬂngﬁts#gt%es%qo!%%ﬁ capr?eré orma dupl ex communi cation.
10 All nessa '}:ﬁ SNt CRVEntTon &re Seft with one or nore carriers
using, for exarrpl e, . a D|fferent| al (Bi nary) Phase Shift Keyl ng ( DPSK)

nmodul ati on. I_IJlr“lﬁ, P - IEES |* g o) 10§ O RSB Totat -'E”J,,_gy ucgl EES fTunrtie previous

point if the AT G L, :.‘?aw et LT 'thesquh‘é%n'Jﬁ“ hs_ Tutated 0
degrees fro n Jic'l'.erHn[‘ﬁ?l'Vi LTI . fél-.-fl'-ll‘!?ﬁ | -lc L i lnlr.?‘_'lg”ulli E-filnscsuxrll': :)N @ U EaCh nmessage
i s precededi$ Vo, POT T r—t-1e . _uenci es of

G 5] AErErie Tane: B :
t he carri ers;—ant the- P chuuT!::a-IUI start+ llg t+he—nodul-ationr—oft carriers

and messages, will be described below. Once the rempte system 4 begins

recei vi ng vahipebfélsl ElRMféMteB3Mséihe folRlvngQbriehe 20 various conmuni cation
channel s have been established and are ready for the negotiation

“the spectru IE;QH;,QH[&L e el amat yu—;:: e Tpm Tapani tities, the
appl i cati ONEESTIES, A0, Ik L agnTer 11T 'fhlﬂ&nh%%';ﬁn‘%ﬂﬁ?‘l“-‘:e_3"-:3:3'-_'-:'--_

v A3 % Cownsmaam |47 (283,50, 5F, 66, Bk og;: I:ld- SV Anaet s and B rpras1se the gnd ko R
._'.:-_-:_4:_k:F;|.:|i_I}'_ I ::.R'GitﬁfTﬂ'ﬁb_ﬂﬂ'I-! : ':_:.:'.:..:.:.:'.:. e

5 A preferred Embodiment #4 uses the following carriers:

o Earmbe s Divdenan | Tone fedes oo o] Comment oo
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25 a final decision on the conmunication method to use. After th& September 2006
office system 2 has received the final decision, the transm ssion of the
negoti ati on downstream data i s stopped. Wen the renote system 4 detects

the | oss of energy (carrier) fromthe central office system2, the renote
system 4 30 stops transmtting the negotiation upstreamdata. After a short
del ay, the negotiated comuni cati on nmethod begins it's initialization
procedures. 12 Septenber 2006 20 In the exenplary systemof Fig. 2, the

voi ce channel 6 is often connected to &s PSTN switch 300, and the
functionality of the xTU-C 302 is enbodied in nodem 42. Central office
splitter 304 conprises a |low pass filter 34 and high pass .filter 38. In

the renote system 4, rrTHﬂtfi"p-l@ﬂtiéké'pﬁ@ﬁ@s?%%”aﬁé'ft‘onnected t.o voi ce channel
32 or 5 33, and tmﬁﬁ—‘sﬁ& ",{:I‘rrm—e*rrsn-. o 44, -{The present

i nventi on goes#0° great l:engths, bot 1___:b,'e:f;'o'r"e:-:t‘_:hei_sha'nds:ha:k;e_ procedure is

per for med and: dyri ngi t he (handshake procedure; to:be spectrafly polite or as
non- obtrusi ve asLpessi. bI e 10 Ln t_'?l'l_'_s;i';i_fr;e;ga'r'-d','_ _the instant fnvention uses a
crf Leria) A d ‘botiag-fhe—transprsston—and reception
carriers (frequeﬁca_ parsas—enbodred— A r:, ) The spe trum and carrier
al | ocation forithe preferred enbool nent: of {he present.__invention will now
be described. The- descri ptlon begl ns with* are%i ew of r‘t“he 1B upstream and
downstream PSDArmesquwemarts of several dlffPrPﬂT xSl servigces that are
co-m ngl ed with "POLSEEE L SDN-services- 1 "‘I‘”_‘! . urt: cr;; cf —the-XDSL PSDs on
the present inyefftioh PSD-are al s o di scussed SRS 1o

- -'-'-':-Noeﬁ T : e

NE) L LR (P Y T ;T; [ %[ 20| 2] sa [sefas[ad [mefea] i [7a[waliiaprae]

Comments on the selected carriers:
1. The upstream and downstream carriers are completely separated,;
5 2. The upstream and downstream bands of the existing T1.413 activation
tones are preserved;
3. Annex B allows the optional use of tones below number 33, in which the
ATU-x may be able to use some but not all of the carriers originally
_ designated for Annex a;
10 4. Annex B upstream band and Annex a downstream band essentially overlap,
so the common band was divided between the two requirements;

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



Downstream carriers are transmtted by the negotiation data trantdeptemger 2006
section 54 20 of the central office system 2, and upstreamcarriers are
transmtted by the negotiation data transmitting section 50 of the renote
system 4. The present invention is used to initiate or activate nmany types

of existing and future xDSL services. The requirenents of the various xDSL
servi ces have been 25 taken into consideration in the design of present

i nvention. This description addresses two inter-related considerations:
spectrum and activation nethods. In thg present invention, suitable bands
were selected for the transm ssion of the negotiation data channels. The
bands were sgl ecte p ver lter dering the
exi sting ove?al I gfﬁe@fqﬁ& O%QB%@ Z’ee?d\ﬂegefésr %r\{‘}é&r anl' q'f%h‘%jisg% asg'?lﬁ%/ta i on

signal s of existimychkPger fequancesould 2e Sepd efnsmatl@(s(jﬁ whith rﬁ‘glafrpdlmcpf

various spectra qrnetéﬂe Gé’tlonx&%lts apﬂw@%éﬁ&rhé@iﬁ? antF%erﬁ:dIslh&tt énug
negotiated by the present |nvention are S : purposes of
definition, "upsthasdneeriginfitetiswmirmantations may pecludad'sysagey t he nomencl ature
from thesvayiousrgHaSty S W iﬁ@%u@BPTCmsgﬂt cﬂrlﬂn J@PhEredis sgﬁgrp%sﬁvé i sts the
initiating 5 actlvatlng sequences of severa . Toget her these tables
outline the typi cghR f@ﬁ%%'ﬁﬁérhﬁommowﬂhﬁn@w present i nvention must be

capabl e of oper at7dng .74 iR delected a5 PEfRRACYABORnex[BY CIACT2m; and

9. The band to allocate Annex B upstream fones is very narrow. Using 3
carriers places the two outer carriers very near the band edge. If 2 carriers

10 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

values are shown in Table 5.
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Wth respect to the bands used by ADSL nodens, the present inventd Septesber 2006
the followng detailed criteria to select appropriate carriers for the
upstream negoti ati on channel and the downstream negotiation channel: 5 1.
Consi der all of the services/famlies known today (e.g., G 992.1/G 992.2
Annex a, Annex B, Annex C, HDSL2); 2. Upstream and downstream negoti ati ons

w Il not use the sane frequencies (i.e.; the preferred enbodi nent does not
use echo canceling); 3. FDMfilter inplementations (wth a few

non-essential additions) - e.g., avoid,;10 upstream downstream

interleaving; 4. Avoid existing Tl.413 activation tones (e.g., tone nunbers

8, 44, 48, 52, 60); 12 Septenber 2006 23 5. G 992.1 Annex a and G 992.2
Annex a use the same upstream and downstreamcarriers. G 992.1 Annex C and
G 992. 2 Annex C use the sanme upstream and downstreamcarriers; 6. At |east
one carrier associated w-th.G:992.:1.--Annex-a is.the sang .as the .5 -carrier
used with G 992.1 Annex CT*WTFQ%IEWFE%?‘W%WW“@% 2 Annex a is the
sane as the carrier used WIth-G 992 2 Annex.C.. (For both upstream . and
downstream ;. 7. Kaes ADSL Annex & - rean band. | s rpducnd 1o fnnas’. 37

t hrough 68, basedi®n G 992. 910 redshnahbl . rnhnef agabnst.d
| nt er nodul ati.of: pirneﬁucr_q Q:ﬁ'g_;ag-jm |’=d fnr ideci hatiioh (hai D6 P_|;-:e for
Annex a and _An 1ex”-r-B§\ f"Th__'__‘F_g: e '”::___'_ _ 4’_;: — 5? e .-
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' Although Tables 4 — 7 describe preferred embodiments, it is understood that other
5 sets of frequencies can be used for other environments, while still conforming to the

selection criteria described in this invention.

The frequencies of the carriers are derived by multiplying a base family frequency

(e.g., 4.3125 kHz, or 4.000 kHz) by the carrier index. To achieve robustness,

10 multiple carrier symbols are used for each data bit. The 4.0 kHz family, designated

~ as family B, achieves a bit rate of 800 bits/s by dividing the 4000 symbols/sec rate

- by 5. The 4.3125 kHz family, designated as family a, achieves a bit rate of
539.0625 bits/s by dividing the 4312.5 symbols/sec rate by 8.

15



allow a sanple clock that is lower than the Nyquist rate to stil12 Septeraber 2006
the required information, because the fol ded over signals in the spectrum
fall directly on top of each other. Since the tones for Annex C have

speci al 15 requirenents, they often cannot be aligned on the sanme grid as

the Annex a and Annex B tones; 10. H gher frequency tones shoul d be spaced
farther apart to reduce |leakage in the filters; 11. In general, there are

3 tones per Annex (however, Annex C has 2 primary 20 tones each way, and a
third borderline tone); 12. Tones betwegn 14 and 64 shoul d not be
transmtted in a TCMISDN environnment; and 13. Avoid (if possible) RADSL

activati on | FeRUeREheSorEPYScidh LAEARSHE T e8! ShsdialdObate (- 10

and 85 kHz ( réam carri
306 kHz (- #7@pu1r®a®‘é@were simalianeovaly dicawossi bis, alep pudérdito bel alatsodfithent #1

uses the fol | | defils! IHah §eg§ et Phis R Rr rred
Enbodi nent # \Sagg,g utsﬁgw l\/P%gvr\]ﬁmng gar ri epls F ?m%% @IS er{-@() \ﬂ% 25
transmission techniques have not been finalized. Thus it zs.adwsable to consider

'5  the following criteria and considerations when selecting carriers for use with VDSL
devices (modems):

1. Some VDS 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
#140). Other splitter designs roll-off at approximately 300 kHz (e.g., ADSL

10 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
with the ADSL PS5Ds. Thus, care should be taken not to introduce

15 performance degradation to existing services, and in particular, ADSL
service;
3. in this regard, current VDSL proposals call for carriers fo be spaced at

21.625 kHz and 43.125 kHz. However, it is likely that devices will initiate in
the 43.125 kHz mode, so carriers with a grid of 43.125 kHz is preferred;
20 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;
5. Carriers should avoid known HAM radic bands, such as, for example, 1.8-
2.0 MHZ (which is equivalent ADSL tones #417 - #464) in North America, or
_ 1.81 - 2.0 MHZ in Europe;
25 6. Carriers should be selected so as to avoid interference from AM radio
stations;
7. VDSL may employ Time Division Duplex (TDD) techniques. Accordingly,
upstream and downstream separations need not be so strict;
8. Signals above 1.1 MHZ in the VDSL band should be transmitted in

30 synchronism with the ONU's chosen superframe structure, in order to avoid



[err] Comments on the selected carriers: 1. The upstream and doVd&Septesarer 2006
carriers are conpletely separated; 5 2. The upstream and downstream bands

of the existing T1.413 activation tones are preserved; 3. Annex B allows

the optional use of tones bel ow nunber 33, in which the ATU x nmay be able

to use sone but not all of the carriers originally designated for Annex a;
10 4. Annex B upstream band and Annex a downstream band essentially

overlap, so the common band was divi ded between the two requirenents; 5.

The tones associated with Annex a and Bygare set along a common grid; 12

Sept enber 2006 26 6. * Tone 26 may optionally be used for downstream

transm ssion, so Noated oCI! RIS e MERGY: FAHDALHISH sl ppbbuat i ons

i n which hlgh frequency I on exr st , since it isin
the midst of the @#pktream band, certain filter inplenentations may

preclude it'g Usagfeast ohe s&%ﬂ?{ar?ﬁrsfs%dlébé fhs?d@%é"%éLgérga:Wpll PN spect rum

so there is sonme positive ere and It "Annex B: 8.
Tone 74 was sel ecBaspda hpabpye pirderesd ¢asreraipreDI. scerdiar tniheapigset The

band to al opadMiocANdIeX%s BIBRSt reamtones is very nar row Usi ng 3 carriers

pl aces the two outer carriers very near the band e | f carriers
: Downstream Grid = {ADSL dowrnistream grid) x (VDSL gnd) (8N+2) X (10)

— 100, 180, 260, 340, etc.
Upstream Grid = (ADSL upstream grid) x (VDSL grid) = (4N-1) x (10)
— 350, 390, 470, 510, 550, efc.
10
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 channel.

15  Channel probing is performed implicitly by observing all of the initializing carriers
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

20 communication channei (line) to perform a spectrum analysis of the signal to
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 aiters (changes} it's modulation and parameters selections
based on the contents of a CL/CLR message exchange and the SNR from the

25 implicit channel probe.

Another problem addressed by the current invention relates to the use of too many
carriers, or the use of too much transmission power, during an initialization
procedure. In some environments, it is necessary to reduce the number of carriers
30 used to transmit negotiation information in order to be spectrally polite. in such

cases, it is difficuit to determine which tones the receiver is actually receiving.



10 are sufficient, they could have nmuch better placenent. |n thal2 8epiembeinz2006
appropriate upstreamgrid is 4N-1 and all of the revised upstreamcarrier

val ues are shown in Table 5. [err] 5 12 Septenber 2006 27 [err]

| though Tables 4 - 7 describe preferred enbodi nents, it is understood that
other 5 sets of frequencies can be used for other environnents, while

still conformng to the selection criteria described in this invention.

The frequencies of the carriers are derived by nmultiplying a base famly
frequency (e.g., 4.3125 kHz, or 4.000 4Hz) by the carrier index. To

achi eve robustness, 10 nultiple carrier synbols are used for each data

bit. The 4.0p Y al, e of 800
bits/s by di VW &%L} fﬂ%)td%éh%%b ﬁﬁj’f@@%&?a Ve\ﬁn%‘ fcgcrgqlﬁcyr%sthgl%q? zE)Htf amly,
desi gnat ed aSarfigrdi ﬂefﬁrr@d taenp d’lwsgﬁeveraa!@x@mp e5REsteamsangi downstréam di vi di ng
the 4312.5 syrbobe/mfed.” #hen BY xPu-xlrecohfesSEREEFORT 2 iar 88, it transmits

phase reversals on it's corresponding mate (pair) before beginning a modulated

5 carrier.

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 wouid be idle; and

10 2. The carriers cannot always be uniquely paired.

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 ali of it's carriers to
15 indicate which carriers it is receiving. Codes can be created by transmitting
concatenated 50% duty cycle patierns of 1's and Q's, with different lengths
indicating different carriers. The fixed duty cycle allows reception without octet

synchronization.

20  However, this example exhibits the following limitations:

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;
3. This scheme increases the time required for the activation sequence; and
25 4. This coding scheme does not include error correction.

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

30  octets in message transactions.



In the above carrier selection enbodi ments for the ADSL bands, s&8eptemk8S2006
requi rements were simnultaneously examned. It is also prudent to be aware

of the spectrumused by VDSL nodens. However, as of the tinme of this

i nvention, VDSL transm ssion techniques have not been.finalized. Thus, it

I's advisable to consider 5 the following criteria and considerations when
selecting carriers for use with VDSL devices (nodens): 1. Sone VDSL

splitter designs begin the HPF roll-of f at approximtely 600 kHz. As a
result, some carriers should be above 60 kHz (e.g., ADSL tone #140).

QG her spitter designs roll-off at approxi mately 300 kHz (e.g., ADSL 10

tone #70). Bﬂﬁngsgr‘? b tiaPEtﬁteaQQé/ gﬁﬂaﬁg c'éﬁﬁw ?rgl%l. g’g %S%gd ea\(;l\lf'ic:'i g h

Al t hough there is di scussion atl
ensures no i At Earfsantascennters mncaiedes Tabisz a gl Tatﬂaﬁm yParerdeteisnig thewer i n

the carrierg) heroydke seda tél%?terglﬁ}é' ﬁﬂlﬁt ﬁb%mcémgl%r td §s8 fof

conpliance wth the A aken not to 1 ntroduce
15 perfornané@sﬂ@ﬁﬁ“éd%ﬁsiségﬁst @reeshom gT%téﬁ? vyl Tabig 35q fﬂi?tﬂt’mﬂearOf ADSL

service; 3. {ndntitesd E&HSEUma 3}3‘Eérr@&ﬁcey%l-th@rsgﬁ‘ﬁsl?ér%a@tﬁahl sué?f aSatiiks to be
spaced at 21.625 kHz and 4 However, it is |ikely that devices

Wil initiatWmnigd tog MR, Mg, A, PAK rﬁ%%fé@ﬂ%'a they PR fransacion. angar pumbsr o3 125
kHz is pref eframshittetOcafrierCatali MoshesiRaudd ub@utl%éheé\ht%eéé‘%s(aﬁﬂura\haé@ahst0 ADSL

tone #695) o th e det ect he est of VDSL capable
| nes. 5. caet biEhzeihints & &Fﬁmﬁ?ﬁﬁﬁs B TS USRS aaR porlt pf
exarrpl e, 1. 83ta@s,&hé/kﬁ)-(x\lwi$le§boms nenor el sand theShblk eadsr ifbinfation#464) in North
Aneri ca, ¥l 1.81 - 2.0 MHZ in Europe;
If a channel impediment, such, as but not limited to, an interferer or a bridge tap

arises later, an initialization timeout from the initiating xTU-X allows all of the

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

15 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
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.

20 " _
If an x'_I'U-X has been instructeél to reduce the number of carriers in the midst of

. completing a transaction, the xTU-X only reduces the carmriers when it is in the
process of transmitting flags. After the transmission of a complete flag, the xTU-X
transmits an unmodulated carrier on the redundant carriers for a period of two octet

25 times before stopping transmission on the redundant carriers.

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

and the initialization scheme re-commences.



25 6. Carriers should be selected so as to avoid interference frthbememben 2006
stations; 7. VDSL may enploy Tinme Division Duplex (TDD) techniques.

Accordi ngly, upstream and downstream separati ons need not be so strict; 8.
Signals above 1.1 MHZ in the VDSL band should be transmtted in 30
synchronismwith the ONU s chosen superframe structure, in order to avoid

12 Septenber 2006 29 Near End Crosstal k (NEXT) into the other TDD VDSL

lines in the binder; and 9. At |east one set of carriers should be inside
the VDSL spectrum pl an. Based on the abgve, preferred carriers for VDSL,
according to the present 5 invention, are as follows: Downstream Gid =

(ADSL downst Egam, gL (c__:rgl%tr o@f %g[ O}) stem(zg%li*?%z) ?ém(og%gg ;%?em %Slﬁﬁf 260,
h

340, etc. Upstream ream 1) X
(10) --. 35bitialpopodulatpn @‘@0”6455 e giegotiation Thata transmitting sezdﬁalmﬁelofﬁh@bu ng

feature of thgdi erdth 4 f?é{r?s'ﬂ%tbQHe B2 Hég%@lat]m @596 the AQWRHSRAT Bfed eri stics

of the communi cation channel | e concurrently transmtting 1 nformation
over the con‘f?ﬁﬁ'i‘"@&tﬁeéﬁ*?”cﬁ%ﬁﬁ@e quﬁfabﬁmﬂ pr b%mgotlaﬁn@éim‘aovwmmm)l icitly

by obser vi ngsatibn 84 of the chi Is@sltérﬁ PNGNSRitd therd%wnﬁeé&tn ﬁ)égohmgtdaea dGhd vati on
carriers were sent

o el R et e Rl el Bk A ESShB o
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.

10
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
15  both families of the Upstream group, via negotiation data transmitting section 50.
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 transmitling section 54, selected from only one family of the
20 Downstream group. After receiving the carriers using negotiation data receiving
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., 7Es) as
data. If the xTU-R initiated with carriers selected from both families, the xTU-R
25  stops transmitting carriers from the other family before it begins modulating carriers
| from the selected family. After receiving the flag, via negotiation data receiving
section 52 from the xTU-R, the xTU-C DPSK modulates only one of the family of
carriers (using negotfiating data transmitting section 54) and transmits flag {e.g.,

7E+6) as data.

30

- To facilitate the finding of a common set of carriers (if they exist), if an xTU-C
receives carriers of a family that it cannot transmit, it nevertheless responds by



of unnodul ated carriers, the xTU-C, using the negotiation data r&teeptemger 2006
section 52, and the xTU- R, using the negotiation data receiving section

56, nonitor the 20 conmunication channel (line) to performa spectrum

anal ysis of the signal to calculate spectruminformation. The accuracy of
the inplicit channel probing need not be precise; it is only necessary to
obtain a rough estinmate of the SNRin the channel. An XxTU-X alters

(changes) it's nodul ati on and paraneters sel ections based on the contents

of a CL/CLR nessage exchange and the SNR fromthe 25 inplicit channel

probe. Anot her problen1addressed by the current invention relates to the

use of too nﬁgw f’z?%chﬁfeﬁs frGfh J:Eh‘?ngsne fsoéasﬁaﬂ% M&s&ﬁtﬂrﬁ%ﬁé'éﬁ@wﬁﬁ@r

durii ng an i ni tI t1on proce one environ I'S necessary
to reduce t héTWr&nﬂ@eieteﬁt thﬁapnesencg B hauxBérC end,ribit sas tthmeaj?@blll%[ttp @A so,

| nformation kibridRfnitdnd BropBash whh biRAL Lriel Angich  cases, Tt s

difficult to determ ne tones the recelver 1s actually receiving. 12
Sept enber 2006 30 According to a first exanple of the instant invention

for reducs ngintthe dRHBRRS erbodirkéit N th€ kPU-J &fahé %ﬁulﬁ)maﬁltc@tlﬁainé iéMagangrever sal
exanpl e, upstream and downstream tones are pai red. Wien an xTU-x receives

a tone from SEHSTS PG| tqrtrangmitting parfiprs,, ig,Aycld nieriarig wilhe pXisling SsAVisss: s

corr espondi ngsirgpthe ne@stiation feth edceivihgeettitne G2 andBetbaieetvelp carrier. However,
this exanple exhibits the followng Iimtations: 1. One tone of the pair

mate m ght not be usabl e because of bridge taps or interference; thus, the
ot her pair nEieexTAbCltchnbaits idesticabdida, twithAdenliba tiedig dresrsy ardrafaowastvaps be

uni quel Yifal éa%jérs. The xTU-R transmits identical data with identical timing on any and all

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

15 section 54. After receiving the carriers, using negotiation data receiving section 56,
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

20 xXTU-R, the xTU-C begins DPSK modulating only one of the family of carriers using
the negotiating data transmiiting section 54, and transmits ones (FF;) 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

the selected family. After receiving ones from the xTU-C, the xTU-R DPSK

25 modulates only one of the family of carriers and transmits flags (7E.s) as data. After
“the flags are received from the xXTU-R, the xTU-C DPSK modulates only one of the.

family of carriers and transmits flags (7E;s) as data.

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



A second exanple of is referred to as a Mddul ate Carrier Before M:Serigmber 2006
exanpl e. After sending an unnodul ated carrier and before sending a

nodul ated «carrier, nessages begin with flags, the xTU X nodul ates all of
it's carriers to 15 indicate which carriers it is receiving. Codes can be
created by transmtting 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. 20 However, this
exanpl e exhibits the followng limtatiqgns: 1. The scheme is not bit or
time efficient; 2. It would be preferable to octet-synchronize first and
then send ther,] B‘?Jre{é%m%rés@née B SRl RERSARG, tgn in}j {i@ %@ﬂ&ﬁﬁf&e’?ﬁ”eases
the tinme required for e activation sequence; an . I'S codi ng
schene does eaitierfamiiudd hap ihercapabilitgta dose. A third exanple is referred to as
a Carriers Used and Request Transmt schene. Based upon the limtations of
this scheme (discussed below), exanmple three is the preferred schene.
Carriers to deordied] tenthg Balsskdientions ethisi FU-& e@ndeliet KB nyarétor 38 oct et s
in message tEamnanédtion Sline1@ising Phe 'HRbtiARR Odats rebdWihd e@idns B2t kad 58t at e,
every applicable carrier transmts CUCLR nessages. a list of transmtted
carriers is TCRORTELR W Torrasiing gemises Rorrigpiransotinggaiziats; By erdehita Avld cUCLR
messages Useidtetferittphiey slising caoged.i ate) which carriers to use for

subsequent nessages are shown in Table 34 and Tabl e 35. The nunber of 5
transmtted carriers may be reduced in the same transaction, such as, but
not The xTU-C transmits identical data with identical timing on any and all downstream

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

upstream carriers.

In the present invention, an error recovery mechanism comprises (but is not limited
to) the transmission of an unmodulated carrier of ones (FF;s), or flags (7E;g) that
15 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.

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

first, followed by a description of the voiceband fallback procedures:

25 1. Fallback Methods To Legacy xDSL Modulations

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

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



limted to, MR, M5, ACK, NAK nessages in the same transaction. Th&Sepieiber 2006
of transmtted carriers nmay al so be reduced in subsequent sessions and
transactions that initialize with M5 or MR nessages. As with M5 for MS
nmessage contents and states, the xTU- X uses sonme nmenory to save the usable
carrier information. 10 If a channel inpedinent, such, as but not limted

to, an interferer or a bridge tap arises later, an initialization tinmeout
fromthe initiating xTU-X allows all of the possible tones to be used from
the initiating xTU-X. 15 In their initigl states, the xTUR and xTU-C are
encouraged to transmt as many carriers as possible, in order to determ ne

whet her any gg nc.tcmemoﬂ(rjﬁerggmaéﬂva iBn iersB%;e%X&!‘}aﬁ 8l pr%t J'g8g1 1 ate

usi ng predeterm roce I ne to sg hsm ssi on
of a reducedﬂfﬁwﬁmwéfnoﬂﬁﬁﬁd@# dadiligies wtﬁﬁqa@nrnformtm g@@tfam?f?uibsa&]uent

initializati ng%tc,%g\,érﬁheaﬂumﬁgg& iRfsiAR6S mbisdd ucted to reduce the number of
carriers in the mdst of conpleting a transaction, the xTU- X only reduces

the carriers when it is in the process of transmtting flags. After the

transni ssi onTRE agtivaBs et @sc&b@%etﬁétﬁfa?&mtéé thbrﬁélr%fﬂ bﬁdé\fbéé%ﬁb‘#% ahed
carrier on the redundant carri erio 25 tines

e
bef ore st oppPfgEH H'ﬁ’ﬁgﬁ’ﬂr‘s@g&?"@rﬂ‘? wsg?t@aarﬁa@ﬁwam rT*éﬁ" §"°"‘19fth%ﬁta£“|*l’}°f-? and
xTU- C have n@gmesamdw tfor léﬁ@mﬁe,r enlsleaantsRtinexf a,i Bj bt @ bE at pebetedhiné®rs by

IR I T T e R
within tinme But not3bnitedi or Ti.d$3.r UCThleorpsesfehbiméﬂit&)nomb&ltor:x-&ﬂvéfalt diffemgitice t he
number of, cagLd 8he BHnds LERPLFY-c: @i HGitnY debt SA% U-RE RETG LGP Mences.

section 56. Thus, a device that also supports a regional standard (such as, for

example, T1.413) can concurrently (or nearly concurrently) monitor for the regional

standard activation signals while monitoring for the activation signals of the present

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

15 Table 8.

_ _'_'_";'.'ZWmlsfuij-.ﬂ.C'l‘REQ

: ;-Z';j_;.Tl..uu

i Ignerss Eﬂmt invent mnm:-.-anr:m SIgnzll. B _:_': :
S Z1r;nm=s'ﬂ LS whe mccwughﬂnq LT _. |
ik e 'I"n":TP-E-annmt invenrion |r1mh.ng h:m.u:u] o

""_:_:jnmamnsappmpnmﬁ{'-ﬁ-ﬁ---.-" :
i _;-T[msmﬂ:ll.n';.LT.l’ I_EQandwm; fan' TOMNE srC .-‘I-':l'

L gregent Pvenlion ':,|rnn nspunsz ta pmem mvension acfivation s-snﬁ-’» ranaics R M'T EEQ Sl

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

. modulation, by indicating the legacy communication system in a message. The



12 Septenber 2006 32 Either the central office (xTU-C) system 21dBeptamber 2006
renmote (XTUR) system4 nay initiate nodul ati on channels. The negoti ation
data transmtting section 50 of the renote system4 transmts the upstream
negotiation data to the negotiation data receiving section 52 of the
central system 2. The negotiating data transmtting 5 section 54 of the
central system 2 transmts the downstream negotiating data to the

negoti ati on data receiving section 56 of the renote system4. After the
negoti ati on nodul ati on channel s have bgen established, the renpte station
is always considered the initiating nodemin terns of the transaction
nmessages. Li LSE, C I L 1 nal i e rred to
as the respoﬁ%;éér’%ﬁ:srtng%n%ﬁ.&{%g% Hﬂ%h@%r%ﬁﬁfg?{ﬁ}% hg (lﬁﬁ’? {ﬁ ?Qt ?‘{)%e%tﬁﬁﬁ"‘z xTU-R
will now be Hédmefige(®) fieldl | oned by a discussion of the initiation by the
XTU-C. The initiating xXTU-R transm ts unnodul ated carriers selected from
either one or, 15 both famlies of the Upstream group, via negotiation data
transmtting TeRPI§SERt Bentiopyaliaws Hhe agenisien @nd daceptivr ©iay nemysStaedard on 52
receives 5herr@aéargeerﬁaﬁ-iﬁoﬁ@festMﬁerémLﬂn&aMibn.aRe?ieﬁlﬁts%rnaaria@@arpsé bRficiey tine
(at least 20 e preferred _epbodinent), the responding xTU-C

O ns in.th
transmts unﬂﬁ%?tﬁggﬁo%ﬂq“ﬁ%@am faciliifSgot i ati ng data transmitting section
54, selected fromonly one famly of the 20 Downstream group. After
receiving the carriers using negotiation data receivin section _56 from
e xTU-C f of™ RESssrbquPic s Fertn 5 B8 fatiisapn 2y PRt 306 oy
t he xTU- R DPSknhdandi Lihfatnesion useseggacthot iralidaten additfereht ansioiatidn. nOR&dsal on 50,

(()gl é ons 1];3) gtgrgdafr@smcg?( b%f ega{cft!beﬁesgoﬁé}gd ttﬁ%ﬂam at Zode %ro% e[ltl ethgi sqgrgdafr ag
1 information field. '

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

of this invention.

2. Fallback Methods To Voiceband Modulations

20  Failback methods for voiceband modulations are similar to the fallback methods
described above for xDSL modulations; that is, both explicit and implicit methods

exist.

~The initial signals for a voiceband modulation are specified in ITU-T
25 Recommendation V.8 and ITU-T Recommendation V.8bis. In the explicit method,
after the V.8 or V.8bis code points are selected in an MS message, acknowledged
- with an ACK(1) message, and the present invention has executed (been
completed), the V.8 or V.8bis procedures begins. The xTU-R takes on the roll of a

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

30

 Inthe 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




data. If the xTUR initiated with carriers selected from both fald $epsemben2p06
XTU-R 25 stops transmtting carriers fromthe other famly before it begins
nodul ating carriers fromthe selected famly. After receiving the flag,
via negotiation data receiving section 52 fromthe xTU R, the xTU C DPSK
nodul ates only one of the famly of <carriers (using negotiating data
transmtting section 54) and transmts flag (e.g., 7E16) as data. 30 To
facilitate the finding of a conmon set of carriers (if they exist), if an
XTU-C receives carriers of a famly that it cannot transmt, it
nevert hel ess responds by 12 Septenber 2006 33 transmtting carriers froma
famly it is gﬁﬂ& Lt ' hJ: 3 ect the
presence of ?ﬁgpéﬁtggﬁgéﬁ , .FbP?*ﬁ%?“?ﬂ%qﬁﬁﬁggpﬁ???QB%%%%%g%%ﬁagﬁﬁenpt an
initiating pihecbrRm e Un<tdpes nitfsuppeshe high spead eammugication| and mey dheit| osed
embodi Mrent, _&iagntd ifatiBgd Soifminiddith T8 LBlooddhd Jrb@RufcRIsui b Viding Ser vi ces

prior to transmtting carriers, to avoid interfering with existing

servi ces, ugﬁﬁﬁ-the negoti ati on data receiving sections 52 and 56,
respectively. The xTU-C transmits identical data, with identical timng on
any and all ﬂﬁmms%{ am 10 c?rr%ﬁgs. The xTU-R transmts identical data
with identich® {NSAThIMERIYN PISqnzrckpsses (b thrighRrtcRiePiery & havRg i'eNng: Pt i ng
XTU- C t r ans nednsplitkited duitisizetbnC Riifdatlichs SwheC biitbr f dopim@iidabét devies @ theoot h

famlies of the Downstream group using the negotiation data transmtting
15 section 5%?"@#?%%”?@@8%6@%8’@%@”@&@ ‘ers, using negotiation data

recei ving section 56, fromthe xTU-C for (in the preferred enbodi nent) at
| east 2090 M8y, gten&a{, ﬁ‘l%%nLEbrilgusually always ON, or will have been turned ON hefore the
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
15 needs to "wake up" the XTU-R before a data transmission can occur. Four basic

transactions for accomplishing this are described in Table 9.
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XxTU-R transnits unnodul ated carriers using the negotiation data 12 September 2006
transmtting section 50, selected fromonly one famly of the Upstream
group. After the carriers are received for at |east 200 ns by the

negoti ati on data receiving section 52 of the 20 xTU-R, the xTU C begi ns
DPSK nodul ating only one of the famly of carriers using the negotiating
data transmtting section 54, and transmts ones (FFl16) as data. If the
XTU-Cis initiated with carriers selected fromboth famlies, the xTU-C
stops transmtting carriers fromthe ofgher famly before it begins

nmodul ating carriers from the selected famly. After receiving ones from
the xTU-C, tBpcx e ﬂ@ﬁ&lﬁu%‘%};@%h@ﬁ@r@ﬂhxgﬁgs of b th€adiBl dn¥ th fis rriers
and transmts flags (7E 6) as “data | ags are recei ved fromthe
xTU-R, the xMeseagepsiieulsobsiast meannglyl an@ossible hens tei yy-Brinalizes dfes and

transmts fl agauibtidal ®e Bﬁasgﬁt lﬁvenltlﬂn Ql%é@é ﬁr@fefr@@'lﬂlﬁéh%t%n td@oddi Rehdige @ conmon
set of carriers (jf_they f U R 30 recejves carriers of a

[

family that Phowaiinbible r@ns’f‘%‘fecma“i"?'yn%’\‘/é?"!ar'iéq‘t%SOTP'@%?Jcﬁ?B%m%WUSY@t%’\é‘?n tting

carriers §romae fAMray bé usedCapalberoft fr émﬁalﬁ@t&éd ifrght thétﬁ:nQ'tbOWésé he 12

Sept enber 2006 34 xTU-C to_detect w%ﬁ%{ gnce of t U—Ragg attenpt an

initiation wWeFaGiouePRy 8fmade yifhoyt de Omfth?tSp'Iﬁ' Q” HeS©RB Efty to do

so. Accor di nigsthot ibvemtiomst ant i nventi on, the XTU-C and the xTU-R nonitor the

5 comunication line (using the negotiation data receiving sections 52 and

56, respectively), for -existing services pri.or. to . transmtting.carriers,

in order to avoid iint erferi nglmsfm ﬁﬁhﬁhidﬂg?z&ﬁfﬂw B&Smeﬂ'lhe xTU C-transmts

i dentical data w th:identica HeYa by ol —downstream—i)
data '“f‘ﬁ“"““d"‘““‘t | cal -'_-it"

carriers. The xTU—R tr ,I--m' ng on any
and all I . S aTuare ATU3 ATU-R Y

R N S PR B O .a.{.m_ﬂ_rc TR R
R L "--'ZI::K‘N-uc e )
D [ Cempu P (R P S K= R W ACRRAR |
B N _l.,zn'ral Pl.lifl Reagabiish -0 [RE D U mEa o ACRANAK R R

Tr;lbmlt’!c‘lfJbllitIES].l.il S f: R
Col u, s 1:-;:.:55 Sarvas & w3l a7 20sE bie mndes of o upcm.[ml'l it imnsmmurq arian
]I:l:: I. f"il nnd "{:4 J:!t 111: ul?.er 1.I1 1 n alw l:ran.sl"m 1 C.'q'lnhht 121 usl R

i e e reaatzes the aminiating. o F":i 'p'a.'nu.'—'ul':-nncd# r!f; pmratins i dhe i &ats Smiinr.

10



upstreamcarriers. In the present invention, an error recovery ntcherip@her 2006
conprises (but is not limted to) the transm ssion of an unnodul ated
carrier of ones (FF16), or flags (7E16) that 15 shall not exceed, for
exanple, a tinme period of 1 second. An xTU-x may restart the initiation
procedure or may optionally start alternative initiation procedures. If
only one conmmuni cation device in the comunication link inplenents the
present invention's preferred activation nethod, a high speed

comuni cati on nmay not be 20 possible. 3bhe foll owi ng describes nechani sns
to fallback (or escape) to | egacy comuni cation systens, such as, but no
limted to, |egacy DSL systens or voiceband communi cati on systens.
Fal | back to xDSL systens mnll be described . first, follomed.by.a._

descri ption of theg:uvoi- o ; .‘- - al-Hpack—et hods To

Aor) e,

Legacy xDSL Modul.af: ”6ris' B "ébﬁcy %DSL syst ems (exarrpl es of whi chare

shown in Table 3):do nop inpl SREA Totrives plrosen i fve HE Pet mTen e psent
i nvention includes: proc 2dur es - e 4 B Electortar £ R gers §f PR DSE-Seridght i on
met hod. The present i nventi.on: Fatrrierammered e o ST - royizt-2iechani sm f or

activating a nul ti Z)|_I_CI y of xEBSL“ ?mmﬂ*awwlemmwﬁﬂff-ﬁé‘Wﬁr“@%c&éﬁ'ﬂf unknown

equi pment w t h unkfiown fr-ansceiper-ES s nal
standards (i.e., I agacyﬁ deVI ce&“)'“'feﬂa"f\"“b’@“haﬁﬂﬂl“ ﬂ““w tvvo dl fferent ‘het'hods:
12 Sept enber 2006 1352 0 L0 fooyethod. g actbvati-onovia ..~a_pe) . or
an explicit nethod f*(-“-é'*g ”“"‘"‘ﬁt’t“i‘t/‘ﬁ't"f BIVi a. nonst. andard faC| | i ties pr
standard i nformatipn) . |[BSTEYEIHOHE" Gr e LaR £ STy THE '1".‘%‘.*.”’.f.1de of

initialization net hods M THE RO TR B A BEEABE et hod: faC| lli'tates the
startup of devices pr1 or to ‘t BARIT) (aka BAR-EFY idiares fiat lhe mmms swiian is unable 1o “*ﬂpﬁ" _h# ;__:3_

N r::l:nnd me:sage b-el:auﬁt It 15 B0 El‘rl“"ﬂlf Fmrm:

o Nﬁh:: "}l,a.k T \lﬂ._-: N:ll.] |11d|w¢s rhm lhem::nmg s:aunn i um:mmnl:f lmwlz !n lm'du C

Lo : 'tIu: -nm]r :!qutsttd tw ihe mnsmlmrrs ialiom; -

SN b-ﬂna;ta.k 1 M..l{ ‘\5] uﬂdn::lh:siha.t |h: mcwmg srannn :slh:r les nmsuppan orhap -
e jdusabled he mndz rH.]u.ernd ':y"lhe lmnimr'trmg m.-!mn an:l : ’

j-\.b.r:l-l;. {aka. h.ﬂ: \IL'} ik 1['-:- fhe: r::eavmg Fion % umlz-lz L] mrﬂprzt aps

S "hzmgsgaga:rclls:hctmI."ininl:c-:mlml.'-”:-”-'-'-- i R
OREN 5] T*:-s mmnga reuesis ihe. msr;m;sslm usfz mnde seltt‘ rntssage Ew eles izriate haliuri.

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

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

10 use transaction X instead of W.

MS always includes the desired mode.



present invention beginning the negotiation nodul ation. This al | H2eRtg@ber 2006
startup of devices which, for exanple, inplenent Annex a, B, or C of a
predeterm ned comunication standard (with differing PSDs) and a | egacy
xDSL system such as, but not limted to T1.413. The present invention
nmoni tors several different 10 frequency bands using xTU-C s data receiving
section 52 or xTU-R s data receiving section 56. Thus, a device that also
supports a regional standard (such as, for exanple, T1.413) can
concurrently (or nearly concurrently) menitor for the regional standard
activation signals while nonitoring for the activation signals of the
present i NVERLTUIR NAKR i eansectioAnX bitlvAsneB ik ke Widd) itdhan S0kl NAk. #13
protocol is sh 15 Table 8. [err] e activation via non-standard
facilities o?m£$g%hQFﬁ°“ﬂ¥ rmation enbodi ment 20 all ows the |ntermork|ng
of devices after the |n|t|aI|zat|on of the handshake nodul ati on,

indicating t g9 | cat i 2 Se tenber
2006 36 mas@agb n%ﬁg ﬁ@rx-h?ﬁo@%ﬁa%a’?g? FnF@?@gtSFB‘II}%\é? ﬁ% ld or a
St andar d SInmmmmwnme(wa fleld The present invention allows the

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

t hr ough non-Biearfieliewingt &cinbietli s theTlsiuglions evttere e kTio® bdss dnifatay itdes f or
the transm sgiQatRRd reception of a

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

However, if the xTU-R is to have equal control, it should use transaction Z;

3. Although transaction Y could be used, it is overly presumptuous on the part
of the xTU-R; and
15 4. The initiation of modulation by the xXTU-C can also be used in conjunction

with a power management system.

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

-their common capabilities. Transaction C is used to exchange information about




standard information message that indicate a different nodul ati of? SeRiginber4006
10 standards can be explicitly negotiated through a code point in the
standard information field. It is understood that other DSL comrunicati on
systens, such as, but not limted to, for exanple, RADSL, can be

negoti ated using the sane explicit and inplicit 15 nethods di scussed above
for T1.413, without departing fromthe spirit and/or scope of this

i nvention. 2. Fallback Methods To Voi ceband Mdul ati ons 20 Fal | back net hods
for voiceband nodul ations are simlar ta the fall back nmethods described
above for xDSL nodul ations; that is, both explicit and inplicit nethods

exi st. The i gdnl abt.&isgeaﬁa%nﬁ;@g arrRleRER RS TREHUAS kPRI %éﬁ%@bﬁd;ﬁ%
| TUT 25 Reconmendation V.8 and | TU-T Recommendation V.8bis. Int

explicit metHePn oé&?kteéP”‘t’q’lé’f\VeQ”B’P”\?Oémestra@é%Fé'%m nts are selected in an MS
nmessage, acknow edged w th an ACK(1l) nessage, and the present |nvent|on

h execut ed_(be o] ed t he V. 8 or .V. 8bi s procedures begin The
x'zli'fl- R t akes: oi(fl ﬁea?cg “'Ifmﬁﬂs fate) @taée deanifiony %%gé%m%rfogﬁd Serndy fiapge '%{kes on

the roll of anhb(ﬂmansvvaeuswge &ht@eﬁﬁdhrdzagfié}né rshbmtatérpifarmaﬂorn@@qde ,starté an .
XxXTU-X initiates a andsh e sessi,on b ttin ofia t ones but
does not rec&l Ve ag r Lér[)egﬁl%éanfs?@sﬁd a"pd j’olag s%c’gt'" HﬂatT? % t fber 2006
37 ot her endreoéivechenessageuthiat adused tbhatﬂtelchSnga) heni Figd. i atandh p, xﬂ'édsé!gmay
assume t hat nalnme% faﬁtpv?éd B&T% ésgﬂﬁ (*T?&dlc%%éoﬁlg{ heastrg}eQrangl e?‘ina %réni'éﬂ“ cation,

and may the
_ upon the reception of a complete message, or upon the reception of one or mare

10 segments of the message.

When a message is received with the “additional information avaitable” parameter
set to binary ONE in the identification field, the receiving station may send an
ACK(2} message to request that further information be sent. When the ACK(2)

15 message is received, further information is sent. The transmission of signals
associated with a selected mode begins immediately after the transmission of
ACK(1).

When a station receives an MS message requesting a mode that it is unable to

20  invoke, the station responds by sending a NAK. i 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
message data from the other xTU-X, the error recovery procedures (described
above) apply. If an xTU-X has transmitted a message and is receiving flags, it waits

25  for a predetermined period of time, for example, 1 second, before re-transmitting
the same message. If the xTU-X has transmitted the same message a certain
‘number of times (e.g., 3 times) without receiving a valid message response from the

- other xTU-x, the transmitting xTU-X transmits a Hangup message and stops
transmitting the carrier. if desired, the xTU-x may restart the initiation attempt or

30  start alternative initiation procedures.



switch to initiating a comunication using voi ceband procedures He¢ptermbes 2006
and V.8bis. 5 The instant invention al so addresses the prior art problem

of having long or conplicated initialization transactions when either

conmuni cation device in the comunication link needs to transmt data. 10

In general, the xTU-Cis usually always ON, or will have been turned ON
before the xTU-Ris turned ON. The xTU-R can always renmain ON, but it is
nore likely that there will be periods in which the xTUR is turned OFF or
placed into a "sleep” node (a node inahich the xTUUR is placed in a
standby node to mnimze electrical power consurrption). If the xTUURis in

the sl eep nMoPRs nfakitiumeAlAHBEr éfldé%tsla SRR mh&ion e i84. ﬁfhﬁe widnBibef ore a

data transm ssi o occur. Four bhasic. transactions for acconpli shing

this are des‘é’?qu@'ﬁt%is imiy thegemaindergf fhe informagtion @y e osn@medygs@smt@n% he xTU-R
wnhl I | 3I \Q/ays meﬁﬁgbﬁe Thi |h6|batgﬁﬁ§a‘gﬂhd?fmfamﬁd’tlﬁﬂ%&%fsl an.‘Addigbraheférinagén nessage
sSNnou e as, neani, 0SSl e n e, X | Zes

ol At on:ATRRNE Do 8RR B e ONE T hbddiitaation fe pEbE SRS of ocol
schene ShOV\lInesssagé'abﬂ'Bls ligforrAbticar matvieve| $ha|laﬂnlyrthd isati Eab“éi qacwm% Qlﬁrﬁl schene
| | ustrated able 11 ma e use i S under,sto t -
Voot | o Bsdod S il Xialith "R AP UCRES), mekadce HEESFLOBTREDT ||

spirit and/ oinfogoaipn. of the instant invention.

Where non-standard information is present in the information field, the standard and

10 non-standard information may be conveyed in separate messages. If the
inforhﬁ’ation to be conveyed in the CL message cannot be conveyed in a single
message, and the “Additional Information Available” parameter is set to binary

ONE, a response is required from the receiving station in order for the transmitting
station to complete transmission of the combined CL-MS messages, irrespective of

15 whether the additional information is to be sent. In 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 capabiliies (e.g, channel information, service

20 parameters, regulatory information, etc.) during the negotiation procedure. In this
regard, the present invention contains several different and additional types of
information, as compared to V.8bis and V.8. The types of information emphasize
service requirements instead of "application groups". It is noted that the types of
information are merely examples of the types and methodology of parameter

- 25 exchange, and thus, modifications (variations) may be made without departing from

the spirit and/or scope of the invention.

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

capabilities information are independent of the various xDSL modulations. The



[err] O 12 Septenmber 2006 39 [err] hough there are nanes and'%xeepiampes2006
associated with the transaction, the nanes should nerely be considered as
informational in nature. 5 All nessages in a transaction are required. The
RC nessage 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 confusion. In this situation, it is recomended (but not

mandat ed) that the xTU-C 10 use transaction X instead of W M al ways

i ncludes the desired node. 12 Septenber432006 40 If a XTU-R NAKS in a
transaction X but wi shes to keep trying, it shall send NAKU and then

transaction &verﬂbdnﬁbbsiﬂbrh of mBédddes bécortingtd\d frstNaKmpletid 8howhin Raplaoyl d send
RC to startTWE f?}nsiaﬁﬁlon X or W The following is noted in the situations
where the xTUME 1R Thilystigiesd taqand example.
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nmodul ation: 1. If the xTUURis prepared for the xTU-C to doni natE September 2006
transaction X or W 10 should be utilized. This should be the typical case
when the ATU-C initiates the nodulation; 2. However, if the xTURis to
have equal control, it should use transaction Z; 3. Although transaction Y
could be used, it is overly presunptuous on the part of the xTU-R, and 15
4. The initiation of nodulation by the xTU-C can al so be used in
conjunction wth a power managenent system J[err] Il permtted
transactions will now be described. 204Transactions involving the use of
nmessages CL and CLR permt a transfer or exchange of capabilities between
the two stations. Transactions involving the use of nessage MsS allow a
specific nmode to be requested by either station and permt the other
station to accept or df‘a%\el19@3-&@&wﬁEsmsjo&.b&nmhmﬁﬂmmreaqﬂpsted node. 25
Transaction a:or: B are: used to sel F\Pf nprah Nng—oo. de - without first

est abl i shing. Jtheir conm)n cé’ﬂé‘b‘r"l ities. TEMEEETFon C’,"""Is?'"‘ﬁsed to exchange
i nformati on about:: 1 i 2006 il 886 Hund O G abHities.
J_a-gjgms,g:t}'-o_;t ake control

=

of the outcong of t he t an:act i on.

) \,-1;551.5_1 cResisioa ]

Transaction B s inf éﬁtfé%f’! ""EF'fDov__t_sﬁ\‘é‘”"rgf oﬁ“d"f’ﬁﬁ;-”'
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The following describes the organizational details within each category.

5  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
NPars/SPars tree.

10  Parameters that are negotiated in T1.413 are also negotiated in the present
invention (with the exception of Vendor ID, which uses T.35 codes). However,
there are a few cases when related parameters need to be negotiated by the

- present invention: |
» If the optionality of the parameters in G.992.1 differ from T1.413;
15 ¢ Ifthe parameter actually needs to be negotiated instead of just indicated;
' ' or
* |If a general preference about a c!ass of parameters needs to be

indicated.

20 If the parameter is very general, it should be negotiated in the Service Parameters
octets on the Identification field. If the parameter is fairly closely related to the




Figs. 4 and 5 illustrate state transition diagrams for a second 1% 3pRigwbeL#06
5 enbodi nent. The state transition diagrans show state information (e.qg.

the state nanme and current transmitted nmessage) and transition information
(e.qg., the received nessage that caused the state change). In Figs. 4 and

5, nessage nanes followed by an asterisk (*) indicate that the state
transition nay be taken wupon the reception of a conplete nessage, or upon
the reception of one or nore 10 segnments of the nmessage. Wien a nessage is
received with the "additional informati4n avail abl e” paranmeter set to

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

ACK( 2) rressag\@dmlaudreqw;dt tbbaheédﬁaiehaﬁ thé ROT 18R] IP Bhd o8 @Bfon'sVéteRddrdie  ACK( 2)
15 message is_recei ved, ¥V§ information is sent. The transm ssion of

signals assBEBHAIRD oFtets Fver|obpsaimpgvationeRarametermagifahs SniaF eBPNg he
t ransm ssi onvarfous AG@@[b}lonél\mﬁdy @e Thaéd SdpakR6IQifaresachmdduldliBs.s AR, beekest i ng a

de that it k th ds b di
NAK 1 an | 10Sh (TEOlRRS) 8T o8t SRaeIam e YOSk atBVE  fhEhG e8! STRETL ot | on
sends a NAK(Ajrameers, maddtigalt erbryy chfﬁbumr mshatve @R Ihn’gelgllsabf pzﬁhﬁlb%rs gf/m@m XTU- X
h t t N s or. valli nessage
data T romt nesyr BOR8 0L bl Sl EhabS, SRRl 1R B + 888 Sbove)
apply. |f anredUiglaxichixsthe madsiation parametees sagechiie same eaeineg neguridaagss, it
waits 25 foreﬂs@mﬁﬁ%@" AP Hdrd s Mo fdrlifatefeQindB¥ ARAAsT RACRBG, DT ore

re-transmttin e sane nessage as Ur anem e sane
nmessage a ce@f?adermtfcaﬁunber of tinmes (e.g., 3 tines) without receiving a
valid negsage response fromthe ot her xTU—x, the transmtting xTU X
transmts a Hangup nessage and sto transmtting the carrier. If desired,
the XTU x rraV‘r?%sg/ﬁ’Pl% pheparameters(q Wsathéﬁptm%n*lfac uring, provisioning and

negotiated options.

1._Manufacturing Qptions
15

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

20  impossible without commonality between the various devices.

2. Provisioning Options

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

-3. Negotiated Options



30 start alternative initiation procedures. 12 Septenber 2006 43 Jgrtember 2006
maxi mum nunber of octets in any Information Field is 64. If the information
exceeds this limt, the remainder of the information nmay be contained in
subsequent nessages. To indicate that further information exists, an
"Additional Information Available" paranmeter is set to binary ONE in the
identification field of the transmtted 5 nmessage. This information,

however, shall only be sent if, on receiving the nessage, the renote

station sends an ACK(2) nessage request4eng further information. Were
non-standard information is present in the information field, the standard

and 10 non- NegaR@achptibADEE iR J58Hh ébaomrwmm% itdin FRBAA FeciRRAYeS: | f
the information to be conveyed in the CL nmessage cannot be conve ed in a

single messadel ofdmendpiany: ?Na&ﬁ*tt"?)d?mnﬁ nfB EHADPISPT A/RRI0HHPE oPkReY i§ is

set to bi nar yata Glsmidsibe B NIB@ehStiat RN PHbRS] tHd PARshtRiche&BIiyinAge pdartd On in
order for the transmtting station to conplete transm ssion of the

conbi ned CL-RE'messages, irrespective of 15 whether the additional
information is to be sent. In this case, an ACK(1) shall be sent if no
further infogmation sre e vention al o dresses the
osi rabi 11ty 08 ot Raldh FEHbERi oo e PReRIvestiT PR 53 S RBSLRF prent
capabi i ti esregpeaffo Catdemed-43.nThor distussion pseided edth rédpepiaio Jablben S-18regul at ory
i nformation, prS{/ Sea agﬂééﬂégoutngefnfgﬁrgﬂqgh a &QS ap%%ea%l %‘?%ct?d" o tﬂ ??atl?r%g rofi the

present i nveNtl on contarns sever Ji f ferent "and- ad I Ona €5 ~of
i nf or mat i on, thagmstembipsertnt o V. 8bis and V. B. The types of information
enphasi zg, service requirenments instead of "application groups”. It is

noted that the types of
The basic format convention used for messages is illustrated in Fig. 6. Bits are

grouped into octets. The bits of each octet are shown horizontaily and are

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
15 is the first bit to be transmitted.

For fields which are contained within a single octet, the lowest numbered bit of the
field represents the least significant bit (2°). When a field spans multiple octets, the
fowest numbered bit of the field in the highest numbered octet containing the field
20  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 ociet number decreases. Fig. 7 illustrates a field which

spans two octets.

25 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
the LSB (see Fig. 8).

30 Messages of the instant invention use the frame structure shown in Fig. 9.
Messages start and end with a standard HDLC flag octet (01111 1 10,), as defined in



information are nerely exanples of the types and nethodol ogy of PaPepiginker 2006
25 exchange, and thus, nodifications (variations) may be nmade w t hout
departing from the spirit and/or scope of the invention. The preferred
enbodi nent of the present invention has the general organizational

structure shown in Table 12. Mdul ati on i ndependent information is

presented in 30 an "ldentification" field, and nodul ati on dependent
information is presented in a "Standard Information” field. In general,
service paraneters and channel capabil47ties information are independent of

t he various xDSL nodul ati ons. The 12 Septenber 2006 43 overall conposition

of messages mwAECIizEG.t Thd HrbhEICRXRMBUBehe FEBMTeidNis T@Rh&s F3isomt | e Tabl e
14 illustrat a 1second exanpl e. Table 12. Infofmation or%anl zat 1 on
Structure ?éqgr] ransparga sy %%rﬁ%ﬁhe%t%stufﬁﬂzg medhqd)is definedin ISR 388cri bes the
organi zational details within each category. 5 Paraneters specific to a
gi ven xDSL dul ati on shoul d al S _.appear under the approprijate
Totul at i ons LA BEGFPe 6P 7i5e JeHar o ob Ared aeanens; o BRETBRIGY e

5. (I}, followed by a standard information field (S); and an optional non-standard

information field (NS). The general structure of the message information field is

shown in Fig. 10.

In both the identification (I} and the standard information (S) fields, most of the
10 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
15  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
20 no subparameters associated with them, and (2) SPars ~ meaning parameters
which have subparameters associated with them. The general structure of this tree
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. Simifarly, at level 2 in the tree, each SPar has associated with it a series of

25  NPars at level 3 in the tree.

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
30 NPars and SPars is specified in Fig. 12. {Par(2),} indicates a set of level 2
parameters associated with the n'th level 1 SPar, and consists of NPar(2),

parameters and possibly SPar(2), parameters. {NPar{(3), »} indicates a set of level



mi ght be nore general than others, and can have hi gher positi ons'4 #eRrtgmber 2006
NPars/ SPars tree. 10 Paraneters that are negotiated in T1.413 are al so
negotiated in the present invention (with the exception of Vendor |D,

whi ch uses T.35 codes). However, there are a few cases when rel ated
paranmeters need to be negotiated by the present invention: |If the
optionality of the paraneters in G992.1 differ fromT1.413; 15 |If the
parameter actually needs to be negotiated instead of just indicated; or

If a general preference about a class o8 paraneters needs to be i ndicated.
20 If the paraneter is very general, it should be negotiated in the Service

Pi'ir arrFt er sI t@Ng%P§aé%BCIbl|é3 lelﬁQI?‘é hnqgh Q‘eﬂ;t% @gpfaz thi?bh |||1Furi1 f@aééééift@@?}nﬂh ltli:j§ bf airly
closely rela ept enber nodul at i it shou e
negot i at ed |'ﬁﬁ‘t 2{1?@%@’? © JENTRIESIHD @LIPARMSHFTS §9'5M’é1gdhe fist OFROT on
octets. EvenNPér(’t)ImE%nﬂ@dﬁH kil ogeyrdmeie)ys are fairly simlar anong
various nodul ations, they are coded separately for each nodul ation. Al so,

ot her xDSL nodul ations, such as, for exanple, VDSL, have sone very
di fferents 5 e aseeofededimitimg ita ¢ #ltstratadyindiig.f12c UAitleasd ohabit indefinedragen | i st of

t t h
Papan | 1 es ey Rouhft baodordh bR R G TR e e 198 on
paraneters, last Qﬂtﬂthn thieeplerine? biagryt4=R0O metisndiapusition emdicgf(es thattthere.ighf s.
Further, mank,QionkMRaREHATekE il Bk, WEnY3 O1Rt S B SidoR MdicEE

i denti cal .
the last octet in the block.

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

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

20 A Par(2) block may either contain both NPar{2} and SPar(2)} octets, or NPar(2)
~ octets alone. To indicate that a Par(2) block contains only NPar(2) octets, bits 7
and 8 are hoth set to binary ONE in the last NPar(2) octet. Bits 1 through 7 at level

1 of the tree and bits 1 through 6 at level 2 of the tree may be used to encode
parameters. To allow for compatibility with future revisions (developments),

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

understood.

In a first embodimeht, the identification field consists of three components; a four-bit
message type field {(see Table 15), followed by a four-bit revision number field (see

30 Table 17), followed by a bit-encoded parameter field.



10 Three types of paraneters/options exist; manufacturing, provi$ 8aptagbairf06
negoti ated options. 1. Manufacturing Options 15 Manufacturing options are
defined as optional portions of a specification that a nanufacturer

i ncl udes/ chooses in the product design. An exanple of a nanufacturing

option is to enploy EC vs. FDM Manufacturing options nust be disclosed

and acknow edged in the startup, since a conmunication would be 20

i mpossi bl e without commonal ity between the various devices. 2. Provisioning
Options Provisioning options are defines as optional capabilities that are

in some way fixed 25 a priori. An exanple of a provisioning option is the

Loop tim ng @i alsBEordRmibiRimdns, the REMtIf@HA BelBoRBstS 8F BfePYorfidnBet; hhe CO or
the CP. The CO capability i r mal | fixed by a priorji decision prior to
the negoti at PGRtP! Pessaun Bpe del Keae WY@Qipfpllwd@d@nt?@ht-%red@wniWeéi t her

t he manuf act Bsid (Tably 18)Sfaldweatbyth KMRdrcaasd pAamatef fsidll This §8HeYaltrii@lte i®Pt | ONs
are in this cate orFi/g’ §0 3. Negotiated Options 12 Septenber 2006 46

Negot i at ed okacf 8 d3defined as an option in which an item nust be
selected from a list of (nmandatory avail able) options. An exanple of a

negoti at ed oph fiicl st e A BafAN MY FRLERe RHeSor b3 MBAST AL $8i9R8 T On:

number field identifies the revision number of the current invention to which the
equipment conforms. The identification field encompasses information including,
but not limited to: (1) non-modulation specific information, (2) channel capability

10 information, (3) data rate information, (4) data flow characteristics, and (5) splitter
Information. The 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 transmitted only if the corresponding bit in the SPar(1) is a "1". Octets are
transmitted in the order shown in Table 19.

15
Vendor identification, including, for example, the country code, provider length, and
provider code fields, follows the format of ITU-T Recommendation T.35 and is the

same as used in the Non-standard field shown in Fig. 15.
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peer. 5 The information coding format for the present invention 8 PerterpRetRO06
described with respect to Tables 15-45. The di scussion provided with
respect to Tables 15-18 are provided as background infornmation. Tables
20-45 are directed to the features of the instant invention. 10 The basic
format convention used for nmessages is illustrated in Fig. 6. Bits are
grouped into octets. The bits of each octet are shown horizontally and are
nunbered from1 to 8. Cctets are displayed vertically, and are nunbered
froml1l to N The octets are transmttem i n ascendi ng nunerical order.
Wthin an octet, bit 1 15 is the first bit to be transmtted. For fields
whi ch are contained within a single octet, the | owest nunbered bit of the
field represents the least significant bit (2). Wen a field spans nultiple
octets, the |owest nunbered bit of the field in the highest nunbered octet
containing the field 20 represents the |least significant bit (2). The order
of the bit values within each octet .increases as.the bit nunber increases.

The order of: theTEht.,r Mah!hﬂslagermm Gelefrimat Emh-ﬁl:mﬂnd:#éases as the octet
nunmber decreases Fig: 7 illusfrates a field-which spans two octets. 25 An

exception to this conyention il the Epswpmigheck Sequence (FCS) field, which
spans two octets. ln:ft _ﬂiggggﬁe 8.t he sortler of £hd |bit values within t he
octets is reversed.. IMat s, Jpitolwofothe finstojoctet is the MSB and bit 8
of the second octet i|me. the L Bl (sea Fign 8).130 |Messages of the instant
i nvention use- the frane structuneﬂshomm ﬂn'Flg,DQL_f R
..... CLE 3 .:.ﬂ 'ﬂ i 3’-1 ST
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Messages start and end with a standard HDLC flag octet (01111110 Serigmber 2008
defined in 12 Septenber 2006 47 1SQO | EC 3309. The Frame Check Sequence

(FCS) field is defined in ISOIEC 3309. Transparency using the Cctet
stuffing nethod is defined in I SOI1EC 3309. The nessage information field
consists of three conmponents; an identification field 5 (1), followed by a
standard information field (S); and an optional non-standard information
field (NS). The general structure of the nessage information field is

shown in Fig. 10. In both the identification (1) and the standard

information (S) fields, nost of the 10 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 consistent set of rules; and allow future extension of

the paraneter list in a way that permts present and future inplenentations
of the present invention to correctly parse the information field, the
parameters are |inked 15 together in an extensible tree structure. The

order in which the par anet er qubhlﬁﬁéentlrmeuEsrlé ﬂrdansfrﬂctessed and the use of
delimting bits whi-eh engu. € TStTECE st r ecei ver
will be describedbifi _ ATEVETS (Paksi7jar e
classified as (1) NPa : paran’eters'v\hl_chi;have 20 |ngis |
subparaneters ass (;,L.M,,e,q,;dvm TH them and (Z) SPar. “npani ng [pananet ers
whi ch have subparanmeters associat ed with them The |general . iﬂalsuus:t ure of
this tree is as. fhawaselm Fig. 11, At level 1. -which s -thelhi ghest |evel
of the tree, each|SRatamshas o qpruaq of Parq _(NPars! and pos: di bl ySPars) at
level 2 in the trPesesdoisst od ywith. _ Sipit- '".' AR w;é‘«,'"C’ -2 the tree,

£ uc —t |0~ t._u., u_;—,-.. - o

H riggeing [l NEuq{‘l)]c,ogln; : -
each SPar has ass “j::::& ::mn‘r"eh_‘! ki .'t_.e_.tr_.h_r_n_ﬁ'mfﬁfs;'uﬁﬁ;dnn}’ Gd::i o sRad iy ] TableTy
- [Taentificanan fuele (Service Requta)- (8P 1y sadfing + Oeiep 2 7 S PRy Takle 2T ©
| demuiticin Fueld < 100 Curerily rsisrated Sariees [MPar(2) mﬂms AN IR B ::“9“’@]: ] Tabledd |
':: Tpantificaban Seld - (E0 Curerily nz]:rrrkndmmu:[i‘{hrf?]leq»dlng Ql:l.c! 1' vl WPy | Tabla 24 |
o deniiearan Eeld = (GE Spestnio fizst usabbe fogueney {alPar(t rodiog | | BEadE | Tabledd 4
o Identiczl: i ]"tld ['."L] Spntlum R imisen ﬁ'eq_u:ncy n..-p:.lr;nm -:"JP.-n{__,. -::' A NE'ar[i]_ 5 :T.a:_lr'_n:::lﬁ_- g
g ; i S RN 1 ol
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25 NPars at level 3 in the tree. Paraneters are binary encoded, Hneptember 2006
transmtted serially. Paraneters of the same type (i.e., |evel
classification and association) are transmtted sequentially, as a block
of data consisting of an integral nunber of octets. The transm ssion order
of 30 NPars and SPars is specified in Fig. 12. {Par(2)n} indicates a set of
| evel 2 paraneters associated with the n"th level | SPar, and consists of
NPar (2)" paranmeters and possibly SPar(2)" paranmeters. {NPar(3),,, ,"}
indicates a set of level 12 Septenber 2006 48 3 NPars associated with the
mth level 2 SPar, which in turn is associated with the n'th level 1 SPar.
The transm ssion of paraneters begins with the first octet of NPar(l) and
ends with the last octet of Par(2)N. 5 The use of delimting bits is
illustrated in Fig. 12. At least one bit is deflned as a dellnltlng bi t

W thin each og¢tet—6f— _ - . g : . _ -the | ast

octet in the bl ock 'y

is at |east oHe’ ﬁﬁH“FWHHaI octet in the block A blnary CNE inthis bit
posi tion indi'é&éﬁwmﬁﬁe | ast. octet. in the bl.ock. 10 Blt 8. is usedlto
delimt the {'_;;ﬂ“ng'- K the £SPar(i}} bl ot el Par(2)

bl ocks. There are"N" Par(2) ‘bl'ocks, one for each of the capabl Fities in
the {SPar(1)} bl ock that is enabl ed (e.g., set to binary ONE). 15 Bit 7 is
used to delivid Id@ﬁﬁf&al{dﬂpﬂf pashinelr ale IS%‘H})O&&D@" é@\)e}almcfé@skof apdreach of the
associ at ed {NPar SQ%H IglFaks Fi 12 indi cates that there are "M NPar(3)

bl ocks, Jone>FHt! HHe Baharsciats igash iparameter;ismssigngd @ wligyekblt hat i s
enabl ed (e. positiset(of fleld). 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
encoded as described in it's table.
10

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

15 in Table 23 through Table 35.




bi nary ONE)

Par (2) block may either contain both NPar(2) and SPar(2) octets,

octets al one.

bits 7 and 8 are both set to binary ONE in the |ast NPar(2) octet.
1 of the tree and bits 1 through 6 at
To allow for conpatibility with

i nformation

t hrough 7 at

enmbodi nent ,
four-bit
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paramneter field.

identification
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structure is

| evel
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bl ocks and ignore information that
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and NPar(2). NPar(1l) and SPar(1) octets are always transmitted. Naegtember 2006
octets are transmtted only if the corresponding bit in the SPar(1l) is a
"1". COctets are transmtted in the order shown in Table 19. 15 Vendor
identification, including, for exanple, the country code, provider |ength,
and provider code fields, follows the format of I TU T Recommendation T.35
and is the same as used in the Non-standard field shown in Fig. 15 [err]
12 Septenmber 2006 50 J[err] 12 Septenber 2006 51 [err] 5 12 Septenber .
2006 52 54

lnble ?3 Idcmifmnn" F'EM [{ 1} Curranthr

transmnted cnrrlers {NPar{Z}} coding - Octet 1 s

& now

5 The usable spectrum frequencies of Tables 25 — 27 are useful to indicate the

TX/RX capabilities of the xTU-x (such as, for example, an xTU-C that only transmits

_ _throu'gh tone 68) and can indicate FDM vs. overiapped spectrum operation
availability. ' | -

10




[err] The ldentification (1) parameter field is conposed of sevs agptemper2006
of NPar(1l)s, 5 SPar(1l)s, and NPar(2). In the octets, each paraneter 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

mul tiple paraneters is conveyed by transmtting a binary ONE in each bit
position corresponding to a valid paraneter. Afield is encoded as
described in it's table. 10 NPar(1l) and SPar(1l) octets are always
transmtted. NPar(2) octets are transmgfsted only if the corresponding bit
in the SPar(1l) is a "1". Cctets are transmtted in the order shown in
Tabl e 19. The level | NPar is listed in Table 20. The level 1 SPars is
described in Table 21 and Table 22 The level 2 NPars are separately
described 15 in Table 23 through Table 35. [err] 12 Septenber 2006 53
[err] 5 Transmitted carriers and famlies are indicated above.

- Rzmud[urHUT
. " nspeciiied by mwmﬂ
.; s::u N ﬁ--l u:abl# fmm:yﬂ:;uﬁ | 1 Lu J:H:n

Sl n=

...... "':3'_3' "i al}fle 26, Iﬂ:&nﬂfcntmn E'zld [CI} SpELtrum
| i requgncy upstream {"‘\IPar(Z}} cod' g

T
! : 3 .: :
I

its 5- IaL'-FHE] :
Crrreamibily - 5t KHZT




12 Septenmber 2006 54 [err] 5 The usable spectrum frequenci es b Sqpigmber 2006
25 - 27 are useful to indicate the TX/ RX capabilities of the xTU-x (such

as, for exanple, an xTU-C that only transmts through tone 68) and can

i ndicate FDM vs. overl apped spectrum operation availability. to 12

Septenber 2006 55 [err] 12 Septenber 2006 56 [err] 12 Sept enber 2006

57 [err]
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An xTU-X may request that the other xTU-X transnit only on a certZ$eptembes2006
of 5 carriers. This permts a reduction in the nunber of carriers for the
rest of the transaction, or for the next initialization, as described
above. Note that an xTU- X should only send a request that it knows the
other xTU-X can fulfill. 10 12 Septenber 2006 58 [err] The Standard
Information field is conposed of several octets of NPar(1l)'s, SPar(1l)'s,
and possibly NPar(2), SPar(2), and SPar(3). NPar(1l) and SPar(1l) octets are
specified herein and are al ways transmsted. NPar(1l) octet encoding is 10
described in Table 36, while SPar(1l) octets encoding is described in Tables
37 and 38. The contents of NPar(2), SPar(2), and SPar(3) octets are
transmtted only if the corresponding bit in SPar(1) is a "1". In general,
the contents: regard nodul B, tdkbtimatoraeRt Q6 R} DiteRatel S speci ficito
respective | TU-T ReCOITTTBﬂ.@lﬁhhﬂﬁﬁunﬁﬁﬂm}‘mbb]uﬂlﬁﬁt by speci fications of

nodul ati on encocn ng are gl vpenkl g Iabl es 39 25 [ L2 -Septenber:200b- 59 5

" Reserved Tor ITE-T S ; S (RS COPE T SOPRERE [ R S I
“'uﬂ!:!l{db\’l“l‘ﬂ'llr::l : REPREIELE R R D St e o ,.D_ el
% i SR IR S :J

- "'rqme;ﬁ j‘ae.',g.f.-;;g,;a field < (SR)DataRate
-*Lmuum {\-Izmmum} {NPnr[I}} todmg _'Dctet oo

SO ey T S _:- T L
I:Uﬁhﬂfvlf!r'byl!ﬂ'ﬂﬂm . FRIRREIENETIN

L _runﬁlmrlzl:m:y ST S R ':_'s‘:'_:::::\c__ R
_"_-Burm e e e e g
: e
-\ Mo pasaiitéers i This petel T D Il K. Rt

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

~ should only send a request that it knows the other xTU-X can fulfill.
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[err]
Sept enber 2006 62
defi ned herein.
"Non-standard field"

12 Septenber 2006 60
[err]
contain a non-standard i nformation
When non- st andard
par amet er
field of the transmtted nessage.

[err]

IS set to binary ONE in

5 12 Septenber 2006 61
5 The M5, CL, and CLR nessages may optionally

field to convey infornmation beyond that
information is to be sent,

[ et4 $eptember 2006

t he
the identification

The non-standard i nformati on

58

'_Q_L“uﬁ:rr_ﬂﬂlﬂll!l.!n';'l.'nl '_.kl-lrl"nm:g;-\

o -REECETTIRIRFN Uatny eHz (araiye )
- .R.e'-JuL-sr- .t.r-'-jrlsmif'-:n 'ir:.zir.-.n.:r '.4;, PR

¢ | Request ransimican - earmier -'*..., 1:':_._.
| Reqiesi transmy an pamer Ao
o 3‘\]0 par.jrm[t:":; |I1 Ihls xtol

B L TR AR R L R
oot Ll e

I‘ableﬁ: Idennl’tﬂtmn Fleld {ER} Rﬁquest
Trﬂnsmlssmn Danrrlers [’\:Pnr{i}} Lndlug Dc’tetl T A

HFani‘u

i

g
e e |
L)

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

38.

10 described in Table 36, while SPar(1) octets encoding is described in Tables 37 and

The contents of NPar(2), SPar(2), and SPar(3) octets are transmitted only if the

corresponding bit in SPar(1) is a "1".
15 and protocol details specific to respective ITU-T Recommendations.

In general, the contents regard modulation

Some

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



10 field may optionally be conposed of one or nore non-standard 14hPeptambeo2006
bl ocks (see Fig. 14). Each non-standard information block (see Fig. 15)
conprises: (1) a length indicator (one octet) that specifies the | ength of
t he remai nder of the block; (2) a country code 15 (K octets), as defined
in Recommendation T.35; (3) a length indicator (one octet), that specifies
the length of the provider code(e.g., the value in octets indicating that

L octets follow); (4) a provider code as specified by the country
identified in Recommendation T.35; andsg(5) non-standard information (M
octets). 20 The present invention permts the nodul ati on used by the
present invention to continue to be transmtted after the negotiation
procedures are conplete. According to a feature of the present invention,

t he nodul ati on can be used as, for exanple, a clear channel ECC. For
exanple, a standard information NPar(1l) bit indicates the availability of
CU CLR nessages, and the sane bit is used to indicate 12 Septenber 2006 63
selection in M5 nessages. Following the term nation of the present

i nventions negotiation protocol with the ACK nessage, the carrier could
remain ON to provide a clear EOC channel. 5 In the past, the configuration
of an ATU R Handshake by a Term nal was performed. using either AT

d th t h tant- t
' ACM managenent rpféf@i' ; %ﬁaygﬁnféerm wé ?Srfﬁ?ngf %amst be ATUR and a

simlar comupication path between the ATl C.and.the network. . . inagenent
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i nvention's handshake procedure in an ATU-R Since the present iH/Septpahes2006
handshake procedure data rate is under 100 bytes/sec, a reasonable tine
needs to be provided for the Terminal to actively participate in the
handshake session. 15 In general, the CL and CLR nessage paraneters can be
set before the handshake procedure begins. The present invention enables
the Termnal to inquire (of the ATU R) the status of several of the
parameters. SNVP Traps can be used to indicate critical parts of the

recei ved nessages that 20 nust be acteg on by the Termnal if it desires
to influence itens, such as, for exanple, M or ACK/ NAK nessages. Wiile
the invention has been particularly shown and described with reference to
the preferred enbodinents thereof, it is understood by those skilled in
the art that 25 various alterations in formand/or detail nmay may be nade
wi t hout departing from the spirit and/or scope of the invention, as
defined by the following clains. Although the invention has been descri bed
with reference to the particular neans, materials and enbodi nents, it is
to be understood that the invention is not limted to the particulars

di scl osed herein, but extends-.to all .equivalents w.thin the scope of the 30
clai ms. 12/ 09/ 2006bls64. Watukitnct ﬁi‘ﬂéd Amnesh i"‘A’ﬂ!fEiMMﬂl"tﬂa'tq}ﬁ# lapparat us
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a first transmission node to transnmit a plurality of Mde Sel ect1q ®eptember 2006

signals designating a particular comrunication node to the centra

comuni cati on apparatus, the central conmmunication responding to the

transmtted MS signals by issuing one of a plurality of acknow edge (ACK)

signals and a plurality of negative acknow edge (NAK) signals; and a second

transm ssion node to transmt a plurality of Mbde Request (MR) signals to

the central communi cation apparatus requesting a transm ssion of M signals

fromthe central comunication apparatdis, said conmununi cator receivVving

said M5 signals issued by the central conmmunication apparatus and

responding by transmtting one of said ACK signals and said NAK signals to

the central communi cation apparatus; and a controller that executes one of

said first transm ssion node and said second transm ssion node upon

initialing a coomunication with the central communi cation apparatus,

wherein a first group of frequencies utilized by signals transmtted from

the comunication apparatus and a second group of frequencies utilized by

signal s received by the communication apparatus belong to a nutually

G 1 eront band. . sdbblep MBRARor R SPgRAISTERE G (6BRL | Cal dat & w th

i denti cal tlnlnq but having different-carrier. frequencies g id MR
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4. The communication apparatus of claim1, wherein said first grtpeRipmber2006
frequencies are |l ower than said second group of frequencies. 5. The
comuni cation apparatus of claim 1, wherein said plurality of MS signals
conprise three Ms signals, and said plurality of MR signals conprise three
MR signals. 6. The communi cation apparatus of claim5, wherein said first
group of frequencies conprise 9 tines a base famly frequency, 17 tines
said base fam |y frequency, and 25 tines said base fam |y frequency, said
base fam |y frequency being equal to ome of 4.3125 kHz and 4. 000 kHz. 7.
The conmuni cation apparatus of claim5, wherein said second group of
frequencies conprise 40 tines a base famly frequency, 56 tinmes said base
famly frequency, and 64 tines said base famly frequency, wherein said
base fam |y frequency conprises one of 4.3125 kHz and 4. 000 kHz. 8. The
communi cati on apparatus of claim1, wherein said communi cator executes a
third transm ssion node to transmt to the central conmunication apparatus
Capability List Request (CLR) signals that informthe centra

comuni cat i on ‘appar agiis, of VieduliiGh LQRed2 Sivpak:2) hgnamaRIni cation appar at us
and to request. a: functlon list fromthe central . connunlcatlon appar at us,
the central counug_ ) EQIQUUb leu*ni[[i]_ paQIILIynLhS (CL)
signals to t] _conmunical ﬁ“parat ua':thut + .'. catethefrmction |ist of
the central c_ﬁﬁUﬁFH&Tf@W”‘EB‘%?atus-rn responsge; tq the CLR sighals, said
third transm $sion nnde_thereafter ctrangmttd ng: one @f ‘thex AGK|si gnal s and
gpparat usiv 9.1 The

the NAK signalg to the central:comunicatiion v gpparatus.v9.x T
conmuni cati on appar at us of cI a| m 8_ _v\h_e_r__d*m sajd tHhird tran’sm*s
12/ 09/ 2006 6#5 o B B R R "
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The MS, CL, and CLR messages may optionally contain a non-standard information
field to convey information beyond that defined herein. When non-standard
information is to be sent, the “Non-standard field” parameter is set to binary ONE in
the identification field of the transmitted message. The non-standard information

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

~ Each non-standard information block (see Fig. 15) comprises: (1) a length indicator

(one octet) that specifies the length of the remainder of the block; (2) a country code

15 (K octets), as defined in Recommendation T.35; (3) a length indicator {one octet),

that specifies the length of the provider code(e.g., the value in octets indicating that

L octets follow); (4) a provider code as specified by the country identified in
'Recommendation T.35; and (5) non-standard information (M octets).

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

| example, a clear channel EOC. For example, a standard information NPar(1) bit
indicates the availability of CL/CLR messages, and the same bit is used to indicate



node is executed prior to an execution of said first transnissi of? RBRiemben2008
The commruni cation apparatus of claim8, wherein said third transm ssion

node s executed prior to an execution of said second transm ssion node.

11. The conmmuni cation apparatus of claim8, wherein said CLR signals

conprise three CLR signals, and said CL signals conprise three CL signals.
12. The comruni cation apparatus of claim 11, wherein carrier frequencies
utilized by said three CLR signals transmtted by the communi cation
apparatus conprise 9 times a base famdsy frequency, 17 tinmes said base
famly frequency, and 25 tinmes said base famly frequency, wherein said

base fam |y §él@c§iiéﬁrlﬁYM80ﬁB§éa?8§ pcn@wmb the 3ibARinktidh épﬂwe4p@9§}1tk|h{?entlél3 The
communi cat i on a;t)gar at us of al m 11 wherein carrier re uencies utilized

by said thr B yaioeol Wi ihe éQKWStSP%§h9a°al55%rec°f1'§r¥?ﬂ”§'”qu‘étﬂié’ﬂ‘é9e 56

ti mes sai d basear f@Cichyndel.equency, and 64 tines said base fanmly frequency,
wherein said base famly frequency conprises one of 4.3125 kHz and 4. 000

kHz. 14. The conmuni cation apparatus of claim1l, wherein each M signal of
said M5 si giahs pasicthe denfigoratideot arf ATRR l%’hdfshﬁded)ytdwrmﬁ'fao\ﬁl%péﬂbﬁué@ti on

i ndependent and . a standard.informati o | t res
modul at | on ABPAERT AniuiisoR OBt Bopretay heeydhtepRanel e el o and
data i n sai dinggndinoaan AQW onarsigemant§ pretatolbisi mydhlvaweﬂsrc bi Tainingl shorties.  15.
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plurality of octeéets, each salrd ets
delinmiting daeragsiment WStede In filerrefeireq embodiverts sthe Iarmlfraieswherﬁml\»ﬁ:atl on

appar at ugy of 5 6i.ah Ry £ I revision
appar at ufy of prbloghimEkfe R85 dlifdied Nidlertob] toBhie bt el g
invention's handshake procedure in an ATU-R. Since the present invention's

handshake procedure data rate is under 100 bytes/sec, a reasonable time needs to

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

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

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

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

example, MS or ACK/NAK messages.

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

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

30 claims.



17. The communi cation apparatus of claim 14, wherein said standard

i nformation includes information designating | TU-T Recommendat i

18. The communi cati on apparatus of claim 14, wherein said standeil'(rjzld/6599%;)(§L6
information field includes information designating |ITU T Recomrendation

G 992.2. 19. The comuni cati on apparatus according to claim1l, wherein each
MR signal of said plurality of MR signals starts and ends with a High

Level Data Link Control (HDLC) flag and includes at |east an
identification field and a frane check sequence field. 20. The

comuni cati on apparatus of claim 19, wggrein said identification field

I ncl ude evi sion information. 21. A central communicati on apparatus

sel ecti §'1t1§8 dle to a rempte comunication apparatus to perform a
full duplex comunication with a Digital Subscriber Line (xDSL) nodem the
central conmmunication apparatus conprising: a comunicator that executes: a
first transnilssi oA nostanfunidations rppaites ObelactkepM eefitectAR) 161 @nabsntand
negative acknow edge (NAK) signals to the renot'e comruni cati on appar at us
af ter t AEMEBHUCAHON appAiRins datnesiorah pafudk duples convsynivaden Suilizing aNBjgital

signal s : I ' nication node f.romthe renote
comuni §g?|§éé1rl]3@ gg‘lﬁ)ar ug‘a}lgﬁd aﬁgégéﬁﬁﬁﬁﬁgﬁk%%ﬁ%%%’ép%n%r ansmit MS
signal s to taheomanmtieatrofimtgrecateson apparatus after the central

communi cati on fao aratus receives Mde Request (MR) signals fromthe renote
communi cat i of H-sgaﬁaasrul;swogamadw srapsanit ar plyealdy i ofgMadanSeliests (MS) ofigreds d

xecut o siendtBil'a piiCAM ¢t RITHOL ERid<1 BEERA rimolficiohabmmtins dhon
mode i ncemtrabesinmeaicatidirespaittdStol the GaAirhited N sighels wmﬁ&ﬁ%ﬁ gfa'!i%}"

apparatus, wherein a first group of frequencies utillzed
r ecei v asknewicdge 4ACK) signals and a plurality of negative acknowledge (NAK) signals; and

a second transmission mode to transmit a plurality of Mode Request (MR) signals to

the central communication apparatus requesting a transmission of MS signals from the
central communication apparatus, said commununicator receiving said MS signals issued by
the central communication apparatus and responding by transmitting one of said ACK signals
and said NAK signals to the central communication apparatus; and
a controller that executes one of said first transmission mode and said second
transmission mode upon initialing a communication with the central communication
apparatus, wherein a first group of frequencies utilized by signals transmitted from the
communication apparatus and a second group of frequencies utilized by signals received by
the communication apparatus belong to a mutually different band, said plurality of MS
signals carrying identical data with identical timing, but having different carrier frequencies,
- said MR signals carrying identical data with identical timing, but having different carrier

frequencies.
2. The communication apparatus of claim 1, wherein said communicator
transmits said NAK signals when said communicator receives MS signals which require a

non-executable mode,

3. The communication apparatus of claim 2, wherein said communicator returns



communi cati on apparatus and a second group of frequencies utilized by
signals transmtted 12/09/2006 68 fromthe central communicati F
belong to nmutually different bands, each M5 signal of said M5 ggaﬂg?g2%kﬂ§
carrying identical data with identical timng, but having a different
carrier frequency. 22. The central conmunication apparatus of claim 21,
wherein said conmmunicator transmts NAK signals when said comruni cat or
receives Ms signals which require a non- executable node. 23. The centra
comuni cati on apparatus of claim 22, wherein said comruni cator returns the
central conmunication apparatus to an igkgitialization state after said NAK
signals are trapnsmtted. 24. The central comrunication apparatus of claim
21, wherth$ sommugicationappgratsptogm injtialigationcsitate afierssaibNAK signals are trnsmittad
group of frequencies. 25. The central communi cation apparatus of claim 21,
wherein said M5 signals conprise three M5 signals, and wherein said MR

si gnal s conpdi se Ths aRmMiupicafigh SppaftusTbf QSN 'Rl whEIR RhERHAN RRPALAL US
of claim 25, wherein carrier frequencies of said first group of

f r equenéieguen@efyre dever thamsaid seeonsegroupiof frefuenpiesacy, 17 tines said base
famly frequency and 25 tines said base famly frequency, wherein said base
famly frequency conprises one of 4.3125 kHz and 4.000 kHz. 27. The

central com@ni caThedbripRRcatiora ' V\%ﬁé ' BRUSHEIES
of said secaond group of frequencliﬁ;eagﬁé%brrﬁlig%élh tljiéirrr]&sz}&gﬂgga???gmlyé 3
f r equenegmpase thirerM Ssugnnls, badsaideplintality o MR sigpalsaoGisethree MRaighatns e
famly frequency, wherein said base famly frequency conprises one of
4.3125 kHz and 4. 000 kHz.

6. The communication apparatus of claim 5, wherein said first group of
frequencies comprise 9 times a base family frequency, 17 times said base family frequeﬁcy,
and 25 times said base family frequency, said base family frequency being equal to one of
4.3125 kHz and 4.000 kHz.

7. The communication apparatus of claim 5, wherein said second group of
frequencies comprise 40 times a base family frequency, 56 times said base family frequency,
and 64 times said base family frequency, wherein said base family freéuency COmPprises one
of 4.3125 KHz and 4.000 kHz. |

| 8. The communication apparatus of claim 1, wherein said communicator executes
| a third transmission mode to transmit to the central communication apparatus Capability List
“Request (CLR) signals that inform the central communication apparatus of a function list of
| the communication apparatus and to request a function list from the central communication
apparatus, the central communication apparatus transmitting Capability List (CL) signals to
the communication apparatus that indicate the function list of the central communication
apparatus in response to the CLR signals, said third transmission mode thereafter
- transmitting one of the ACK signals and the NAK signals to the central communication

_ 'apparatus.

9. The communication apparatus of claim 8, wherein said third transmission



28. The central conmunication apparatus of claim 21, wherein said

comuni cat or 12/ 09/2006 69 executes a third transm ssion node th? /2006
transmts Capability List (CL) signals that indicate a function ? 02f
the central communi cation apparatus to the renpte conmunicati on apparatus,
In response to receiving Capability List Request (CLR) signals fromthe
renote comruni cation apparatus that informthe central comrunication
apparatus of a function list of the renpote comunicati on apparatus and
requests the function list of the central comunication apparatus, the
central communication apparatus thereafgger receiving one of said ACK
signals and said NAK signals fromthe renpte conmunication apparatus. 29.
The centPAe S&FREHIED REIPHIP Ypprecution obsaid fustirapgmissinn miodesai d t hi rd
transm ssion node is executed prior to an execution of said first

transm ssi on node. 30. The central communication apparatus of claim 28,

wher ei n sai d 10hi r The tomntimicaton ap OfSCIGINES, WIRGeiR shidl thir@ pafsniXfen flodd Of
sai d segond transm ssi on node. 1. The central comuni cation appar at us of

cl ai m 283 eXgeuicg; prsdp @n exeeutiogrfiseidssaprd gensmission Wi gnal s, and wher ei n
said CL signals conprise three CL signals. 32. The central cormuni cation
apparatus of claim 31, wherein carrier frequencies wutilized by said CLR

signal s corrpllse Thé c@mﬁmmdaﬁaﬁaf)pmthyof&ﬁﬁﬁ%n%ereﬁ sditl TIR §x§hﬁs rise
famly freq ncy, and 25 times said base famil requency, famly
f r equentiyee TigBalaangdrraidELsi mcmlmeﬁ %b@lgnﬂis 33. The cent ral

communi cati on apparatus of claim 31, wherein carrier frequencies utilized
by the CL signals conprise 40 tinmes a base famly frequency, 56 tines said

base fami | ylZ.r edhigycammenidatish épﬁéﬁ%usséﬁ dhiltPPE \J\fli%?é]h&éaﬁ{e? E(Eéﬁkﬁﬁxes%ﬁhgecpase
family frequency conprising one of 4.3125 kHZ and 4. 000
by said three CLR signals transmitted by the communication apparatus comprise 9 times a
base family frequency, 17 times said base family frequency, and 25 times said base family

frequency, wherein said base family frequency comprises one of 4.3125 kHz and 4.000 kHz.

13.  The communication apparatus of claim 11, wherein carrier frequencies utilized
by said three CL signals comprise 40 times a base family frequency, 56 times said base
family frequency, and 64 times said base family frequency, wherein said base family
frequency comprises one of 4.3125 kHz and 4.000 kHz.

14, The communication apparatus of claim 1, wherein each MS signal of said MS
signals include an identification field that stores modulation independent information, and
a standard information field that stores modulation dependent information, data in said
identification field and data in said standard information field being hierarchically stored.

15. The communication apparatus of claim 14, wherein each MS signal includes
a plurality of octets, a highest bit of each of said plurality of octets delimiting data within said
plurality of octets.

16.  The communication apparatus of claim 14, wherein said 1dcnt1ﬁcat10n field

includes revision information.



34. The central communi cation apparatus of claim21, wherein each M signal

of said MS signals includes an identification field that store | /ot i
i ndependent 12/09/2006 70 information, and a standard infornat?gﬁpggé%gj@@
that stores nodul ati on dependent information, data in said identification
field and in said standard i ndependent field being hierarchically stored.
35. The central communi cation apparatus of claim 34, wherein each M signal
includes a plurality of octets, a highest bit of each of said plurality of
octets delimting data wthin said plurality of octets. 36. The central
communi cati on apparatus of claim34, whgrein said identification field

I ncl udes revisg on t.nformati,on, 37. The central connunicationﬂzfparatus of

cl ai m 34, whet'ei n ‘L&iQUEREHeAHR appAragisafclam ¥4, stherein shid standare inforatation
desi gnatjj nE mﬁgﬁm | X The tyal communi cation
appar at uﬂslaggé% a(le , %@g‘?‘fﬁg‘?&‘g%‘éﬁ&%‘%ﬁda?%‘éﬁgﬁ-on field includes

I nformati on designating | TU-T Recomendation G 992.2. 39. A nethod for

performng a full g%gpl ex communi cati on between a renpte conmunication
appar at us and®a cdiecammBysation @apustis 95 slaimilds whetdin siid gtandDidgnfoxination

Subscri Brid 4 . st B, . Sel ect j vel ecuting a first

t r ansni ?;e;[on C@&é@%ﬁ%ﬁ%ﬁ%@@&%@%ﬁgﬁ%%bﬁé(\fg: desi gnating a
particul ar comuni cation node, to the central communication apparatus, the
central co Qi cation respondi ng by issuing one of acknow edge (ACK)

signal s and négat i ) CABRNGIEAE 8PPNAR astardilgso daiel twhertin eack MR isigmah
second b & Biudae) b MR Sightls st 3l bndPSin RiREE Y oviRa Link Control (MDLC)

flag and includes at least an identification field and a frame check sequence field.

20.  The communication apparatus of claim 19, wherein said identification field

includes revision information.

21. A central communication apparatus selectively connectable to a remote
communication apparatus to perform a full duplex communication with a Di gital Subscriber
Line (xDSL) modem, the central communication apparatus comprising:

a communicator that executes:

a first transmission mode to transmit one of acknowledge (ACK) signals and negative
acknowledge (NAK) signals to the remote communication apparatus after the central
communication apparatus receives Mode Select (MS) signals that designate a particular

~ communication mode from the remote communication apparatus; and

a second transmission mode to transmit MS signals to the remote communication
apparatus after the central communication apparatus receives Mode Request (MR) signals
from the remote communication apparatus, said MR signals requesting transmission of said

MS signals from the central communication apparatus; and

a controller that executes one of the first transmission mode and the second

transmission mode in accordance with signals transmitted by the remote communication
- apparatus, wherein a first group of frequencies utilized by signals received by the central

communication apparatus and a second group of frequencies utilized by signals transmitted



signals that request a transm ssion of MS signals fromthe central

communi cation apparatus, and to receive M5 signals fromthe centzahg/2006
comuni cati on apparatus, the second transm ssion node thereafter
transmtting one of ACK signals and NAK signals to the central

communi cati on apparatus; and determ ning which one of the first

transm ssi on node and the second transm ssion 12/09/2006 71 node to
execute upon initializing a comrunication with the central comunication
apparatus, wherein first carrier frequencies utilized by signals
transmtted fromthe renote communi caggon apparatus and second carrier

f ' i1 b ' I ived. by th . i cati
appar at OBt s Ef comfmBnERRON appstaps, el i 40 muisly W Teregh BAIGS ceHEMS S
i 1 or ont e o MEEKAS o g [ L O el o o Ao i By

i dent i ceprrsEfeequendy. an i dentical tinmng, but having a different carrier

frequency. 40. The nethod of claim 39, further conprising transmtting the
NAK signals when M signals which require a non-executable node are

recei ved. 4122 TheThethed I ' : [ .carsd er equenci es
are | ower th%%f t he geconﬁfngglhlﬁcgirl&?a quen%é@%ﬂg%{.’ #ﬁe&e@g%ﬁ&%nglﬁ@%f)% 39,
wher ei ntransmisniNAK signalseviidh saidemahmuniearr irscivdsMBSigals Whichte@&rd%non-
signals,_an b erai n transmtting the plurality of signals Conprise

t r ansmi CXCHEOHMOEENR signals. 43. The nmethod of claim 42, wherein the
first carrier frequencies conprise 9 tinmes a base famly frequency, 17
times the base fam |y frequency, and 25 tinmes the base famly frequency,

the base famdd.y fheqentalycobahmgcaipnadpphotand cfin2?3 dWderdiigaid contmBeeadz -

returns the central communication apparatus to an initialization state after said NAK signals

are transmitted.

24.  The central communication apparatus of claim 21, wherein said first group of

frequencies are lower than said second group of frequencies.

25.  The central communication apparatus of claim 21, wherein said MS signals
comprise three MS signals, and wherein said MR signals comprise three MR signals.

26.  The central communication apparatus of claim 25, wherein carrier frequencies

-of said first group of frequencies comprise 9 times a base family frequency, 17 times said

base family frequency and 25 times said base family frequency, wherein said base family
frequency comprises one of 4.3125 kHz and 4.000 kHz.

27.  The central communication apparatus of claim 25, wherein carrier frequencies
of said second group of frequencies comprise 40 times a base family frequency, 56 times said
base family frequency, and 64 times said base family frequency, wherein said base family
frequency comprises one of 4.3125 kHz and 4.000 kHz.

28.  The central communication apparatus of claim 21, wherein said communicator



44. The nethod of claim43, wherein the second carrier frequencies conprise
40 tinmes a base famly frequency, 56 tinmes the base famly fre ,

64 tines the base famly frequency, wherein the base famly frg%%{eng?{M6
conprises one of 4.3125 kHz and 4. 000 kHz. 45. The nethod of claim 39,
further conprising executing a third transm ssion node that transmts
Capability List Request (CLR) signals to the central conmunication

12/ 09/ 2006 72 apparatus that informthe central comrunication apparatus of
a function list of the renbte comunication apparatus and requests a
function list of the central communi catggon apparatus, the central

communi cation a a&&t us t r.ansn;ﬁit@tth%grcapabi |ity List %CL% signals to the
communi CAEFYES ﬁgﬁﬁ AIRMISHQR Magke) qoeits (apebidity List (Cb) signals deatdndicate
comuni CatfiuAR tS ol e . signal s, the third. nmde

t her eaf t er t%%f?%@?? ?r%é g%@“%f é@@%ﬂg&ﬁo@ g@ﬁ%aglsahgﬁﬁéem{% TPIYEapgn, e
central apparaius, catesponse(ip aeivisg Chpabilinelive Regeese {CERY sibndR. frd thd®mote
conpri sing executing the Etgl rd transm ssion node prior to executing the

first tCOHERUCIHAN dppartusthat infosmthe geriral communicat®dn appatahsiof adipetios lisy
. o = s gk "
1 anan OF e Gebidhd CobARACHERM AbbarlNColt f@heli (RE RN 1 e e ek

si gnal s commpuriicationt appastis; _thert_@ntrhrcﬁmlﬁhﬁcaﬁapa;bﬁaram%&Eﬁf&&&e&ﬁﬂ%éﬂb bf! ng
CL signal.s ¢ rrise transmiting three CL signals. 49. The nmethod of claim
48, Meﬁaéar{\‘gg)% s andospid AL sigmals fromdhey remote commeenicition aipgratis
transmtted by the communi cation apparatus conprise 9 tines a base famly
frequency, 17 times the base famly frequency, and 25 tines the base famly

frequency, 29. The central communication apparatus of claim 28, wherein said third

transmission mode is executed prior to an execution of said first transmission mode.

30. The central ‘communication apparatus of claim 28, wherein said third

transmission mode is executed prior to an execution of said second transmission mode.

31. The central communication apparatus of claim 28, wherein said CLR signals
comprise three CLR signals, and wherein said CL signals comprise three CL signals.

32.  The central communication apparatus of claim 31, wherein carrier frequencies
utilized by said CLR signals comprise 9 times a base family frequency, 17 times said base
family frequency, and 25 times said base family frequency, said base family frequency
comprising one of 4.3125 kHz and 4.000 kHz.

| 33.  The central communication apparatus of claim 31, wherein carrier frequencies
'utilized by the CL signals comprise 40 times a base family frequency, 56 times said base
family frequency, and 64 times said base family frequency, said base family frequency
comprising one of 4.3125 kHz and 4.000 kHz.

34.  The central communication apparatus of claim 21, wherein each MS signal of

said MS signals includes an identification field that stores modulation independent



wherein the base famly frequency conprises one of 4.3125 kHz and 4. 000
kHz. 50. The nmethod of claim 48, wherein carrier frequencies “t“iﬁéG@/QZOOG
the. three CL signals conprise 40 tines a base fam |y frequency, 56 tines
the base famly frequency, and 64 tinmes the base fam |y frequency, wherein
the base famly frequency conprises one of 4.3125 kHz and 4. 000 kHz. 51.
The nmet hod of claim 39, wherein each M5 signal of the MS signals include an
identification field that stores nodul ati on i ndependent infornmation, and a
standard 12/09/2006 73 information field that stores nodul ati on dependent
information, data in the identificatiomg field and data in the standard

i nf t.l .el.d ' ' hi cal t d. 52. Th t hod of cl ai m 51,
wher i n BERFEh Sl Mo fenitoRtiald ff ioms medulation depengeidaiorprtions

h of . ; by D . ol ;
cetota, JMEIPLR edifichhoP it dhdif suld fdthed dtpthdelh Feld feiPl dietpichicatly
i ncl udesstoredi sion information. 54. The method of claimb51, wherein the

standard i nf rnathglg i ncl udes infqrmation desmati ng | TU-T Reconmendati on
G 992.1. 55. “The mefifE8TRY CAPBIRicaHon gpparay of idaikx 3haubareimeashMBi Sgnal el d

i ncl ud ' | ' [ ’ t i 92.2.. 56.
ot hod o o PGy o G gk Lo e ch S PR AR LHicts dBpimiive di¥fna <
starts avithiesaid plitatitpof-bgetsLevel Data Link Control (HDLC) flag and

includes at least an identification field and a frame check sequence
field. 57. The nethod of claimb56, wherein the identification field

i ncl ‘{des revgi OnThé BERFATRb B mication apparatus of claim 34, wherein said identification

field includes revision information.

37.  The central communication apparatus of claim 34, wherein said standard
information field includes information designating ITU-T Recommendation G.992.1.

38.  The central communication apparatus of claim 34, wherein said standard
information field includes information designating ITU-T Recommendation G.992.2.

39. A method for performing a full duplex communication between a remote
communication apparatus and a central communication apparatus utilizing a Digital
Subscriber Line (xDSL) modem, comprising:

selectively executing a first transmission mode that transmits Mode Select (MS)

. signals, designating a particular communication mode, to the central communication
apparatus, the central communication responding by issuing one of acknowledge (ACK)
signals and negative acknowledge (NAK) signals;

selectively executing a second transmission mode to transmit Mode Request (MR)
signals that request a transmission of MS signals from the central communication apparatus,

- and to receive MS signals from the central communication apparatus, the second
transmission mode thereafter transmitting one of ACK signals and NAK signals to the central
communication apparatus; and

determining which one of the first transmission mode and the second transmission



58. A nethod for performng a full duplex comunication between a central
communi cati on apparatus and a renmote conmuni cation apparatus utij3zph8y Fpoe
Digital Subscriber Lines (xDSL) nodem conprising: selectively executing a
first transm ssion node that transmts one of acknow edge (ACK) signals
and Negative Acknow edge (NAK) signals to the renpte comuni cation
apparatus after the central communication apparatus receives Mde Sel ect
(M5) signals from the renote comruni cati on apparatus, the M signals
designating a particular conmmuni cation 12/09/2006 74 node; selectively
executing a second transm ssion node tgiitransmt the Ms signals to the

Fecel ved RIA0 ‘B e BRR afttfaRg) £ commirgian filte o frutl gomBNDICaton
appar at Uppataiss, WResdifl Fbtab®G YRS HuciSies ﬁﬁfii%gﬁé\}g :Ergﬁw&k% ﬁg@&@@g rom

the central communi cati on apparatus; deter one o
t r ansni SONYAUHBIOTANPardties alseodnd camsnfrequiennies ntiieed by sigaslyireceived by the

accorda ith signhals transmtted by the renpte conmuni cation apparatus,
wher ci n 1ol ColuByBiehahApprais belena P A mually dlemeraraIdsachdS sigal of the

conmuni ¢g8is aﬁ)@@ﬁq SERL | I 1 . Si. I -
transm ttedighr omt eﬁgl?:(%ae%tﬁ rg%]] co%ﬁ%ﬁgﬁﬂg@%?a%éﬁ%gﬁ%ﬁgdﬁ%ﬁ SREAA | y
di f f er effitequenwy, eachdIRBignabofithse MR \sigmgls dattginigiidaiticdbdAa aith dnddaiticaPdimingl ng,
but hav'bn a.different carrigr frequency. 59. The nethod of clai m 58,
further B%VFP%F TPOLCAIEE SePane¥. NAK signals when MS signal s which
require a non-executable node are received. 60. The nethod of cl ai m58,
wherein the first carrier frequencies are lower than the second carrier
frequenci es.40.  The method of claim 39, further comprising transmitting the NAK signals

when MS signals which require a non-executable mode are received.

41.  The method of claim 39, wherein the first carrier frequencies are lower than

the second carrier frequencies.

42.  The method of claim 39, wherein transmitting the MS signals comprise
transmitting three MS signals, and wherein transmitting the plurality of MR signals comprise
transmitting three MR signals.

43.  The method of claim 42, wherein the first carrier frequencies comprise 9 times
a base family frequency, 17 times the base family frequency, and 25 times the base family
frequency, the base family frequency being equal to one of 4.3125 kHz and 4.000 kHz.

44.  The method of claim 43, wherein the second carrier frequencies comprise 40
times a base family frequency, 56 times the base family frequency, and 64 times the base
family frequency, wherein the base family frequency comprises one of 4.3125 kHz and 4.000
kHz.

45.  The method of claim 39, further comprising executing a third transmission
mpde that transmits Capability List Request (CLR) signals to the central communication



61. The nethod of claim58, wherein transmtting the M5 signals conprise
transmtting three M5 signals, and wherein transmtting the pl urla%}g?/ojoé/ge
signals conprise transmitting three MR signhals. 62. The nmethod of claim
61, wherein the first carrier frequencies conprise 9 tines a base famly
frequency, 17 times the base famly frequency, and 25 tines the base famly
frequency, the base famly frequency being equal to one of 4.3125 kHz and
4.000 kHz. 63. The nethod of claim6l, wherein the second carrier

frequenci es conprise 40 12/09/2006 75 tines a base famly frequency, 56
times the base famly frequency, and 642tinmes the base famly frequency,

wher ei n e ' frequency conpri,ses one of 4.3125 kHz and 4. 000
o, <o PRAEAR el R el AR HRTR N Bmirus o6 adnadinn it ob Taenepte

t ransm sehfunit@ish & a ' pabg L |.& bt u ' s to
the central c%lrrrruni cg igﬂfs gﬁd;;%@e% ?E@P%% cli)irs?h(ffﬁgﬁcg‘?\[mélﬂ con%%?‘@é I on
appar at @pPaRius, therenirgrconimuniodtianapparatng teansedttingrCaabiling LiwpeLpkigaale e
requestﬁ%ea nction |list of t{t}g cent % communi cation apparatus, the
central “Co UDIGAUOR APBALAIUS: “cch-}ﬁé ¢ dpRgitanakistind] the wenfrali congnynicaiom| s
to theapparatRii | EfNRA : | . ' LSt of t

central agomrynilggﬁpgﬁs appg%qﬁsslkﬁﬁt&rﬂélgM@O@%%é{é&@tj&?@s@h@ng’onF I‘?g%f'%i rd
node t h&(dasigaalstandrtheriNAK signatstodhe téigiral AGHnRirgodich dfiie NAK signals to

the central communi cation apparatus. 65. The nethod of claim64, further
conprising executing the third transm ssion node prior to executing the

excauti ng thet hi T T mod X ciabas TG Pimy Mg Ltutbl iy Pira R

t r ansmi ®eie priep theexecuting the first transmission mode.

47.  The method of claim 45, further comprising executing the third transmission

mode prior to executing the second transmission mode.

48. The method of claim 45, wherein transmitting CLR signals comprise
transmitting three CLR signals, and wherein transmitting CL signals comprise transmitting
three CL signals.

49.  The method of claim 48, wherein carrier frequencies utilized by the three CLR

signals transmitted by the communication apparatus comprise 9 times a base family

frequency, 17 times the base family frequency, and 25 times the base family frequency,
wherein the base family frequency comprises one of 4.3125 kHz and 4.000 kHz.

50.  The method of claim 48, wherein carrier frequencies utilized by the three CL

. signals comprise 40 times a base family frequency, 56 times the base family frequency, and

64 times the base family frequency, wherein the base family frequency comprises one of
4.3125 kHz and 4.000 kHz.

51.  The method of claim 39, wherein each MS signal of the MS signals include an

.identiﬁcation- field that stores modulation independent information, and a standard



67. The method of claim64, wherein transmtting CLR signals conprise
transmtting three CLR signals, and wherein transmtting CL S|gq_‘$09/2006
conprise transmtting three CL signals. 68. The method of claim

wherein carrier frequencies utilized by the three CLR signals transnltted
by the conmmuni cati on apparatus conprise 9 tinmes a base famly frequency,
17 times the base famly frequency, and 25 tines the base famly frequency,
wherein the base fam |y frequency conprises one of 4.3125 kHz and 4. 000
kHz. 69. The nethod of claim 67, wherein carrier frequencies utilized by
the three CL 12/09/2006 76 signals corfgrise 40 tines a base famly

a1y fgormabh el BRE sHASCmoAtalide deSHHRRf KisnBRetion, datariPabe idemidisation
4.3125 lﬂdidamﬂdéta(i@@ld(é'd&nda?@ infOhfRatigi hed H&h@h@f&?&lﬁ@@%@f gl n each M5

signal of the M5 signals include an identification that stores
nodul ation i ndependent information, and a st andard I nformation field that

stores m)dul |on end nf o [ dentification field
and data in Tﬂ%@&ﬂﬁ?ﬁ?ﬂé B‘hl Fql’éP %’Fi%déﬁﬂé@r ol eetets, 71.
The neth htefst Bﬂt@f@h&{)@fﬂ&ﬁ ﬁhﬁ%ﬁﬁ% {M@f J,,:gi,

octets, Mziijghl ghest bit of ?zﬂich f the p r%plﬁitgyddg ocC e%hgpge |§*ﬁ%‘§8{§ata
within the pIurallty of octets. 72. The nethod of claim 70, wherein the

i dentificati rev i nforat.i.on, 73.. The net hod of

cl ai m 70, whétei nﬂil &%ﬂﬂﬁ&ﬂ”ﬁ#ow Fein Ahg jeptifisafion feldringhiden revision

desi gnafnfoendtd: T Recomrendat ion G 992.1. 74. The nethod of claim70,
wherein the standard information field includes

54. The method of claim 51, wherein the standard information includes
_ information designating ITU-T Recommendation G.992.1.

55.  The method of claim 51, wherein the standard information field .includes
information designating ITU-T Recommendation G.992.2.

56.  The method of claim 39, wherein each MR signal of said plurality of MR
signals starts and ends with a High Level Data Link Control (HDLC) flag and incluodes at

least an identification field and a frame check sequence field.

57.  The method of claim 56, wherein the identification field includes revision

information.

| 58. A method for performing a full duplex communication between a central
communication apparatus and a remote communication apparatus utilizing a Digital
Subscriber Lines (xDSL) modem, comprising:
selectively executing a first transmission mode that transmits one of acknowledge
(ACK) signals and Negative Acknowledge (NAK) signals to the remote communication
apparatus after the central communication apparatus receives Mode Select (MS) signals from

. the remote communication apparatus, the MS signals designating a particular communication



information designating | TU-T Recormmendation G 992.2. 75. The method of
claim 58, wherein each MR signal of said plurality of MR signalisheyioe
and ends with a H gh Level Data Link Control (HDLC) flag and includes at
least an identification field and a frame check sequence field. 76. The

met hod of claim 75, wherein the identification field includes revision

i nformati on.

74
mode;
selectively executing a second transmission mode to transmit the MS signals to the
remote communication apparatus after the central communication apparatus receives Mode
Request (MR) signals from the remote communication apparatus, the MR signals requesting

a transmission of the MS signals from the central communication apparatus;

determining which one of the first transmission mode and the second transmission
mode to execute in accordance with signals transmitted by the remote communication
apparatus, wherein first frequencies utilized by signals received by the central
communication apparatus and second frequencies utilized by signals transmitted from the
central communication apparatus belong to a mutually different band, the MS signals having

identical data and identical timing, but having a different carrier frequency.

59.  The method of claim 58, further comprising transmitting the NAK signals

when MS signals which require a non-executable mode are received.

60.  The method of claim 58, wherein the first carrier frequencies are lower

than the second carrier frequencies.

_ 61.  The method of claim 58, wherein transmitting the MS signals comprise
transmitting three MS signals, and wherein transmitting the plurality of MR signals comprise
- transmitting three MR signals.

62.  The method of claim 61, wherein the first carrier frequencies comprise 9 times
a base family frequency, 17 times the base family frequency, and 25 times the base family
frequency, the base family frequency being equal to one of 4.3125 kHz and 4.000 kHz.

63.  The method of claim 61, wherein the second carrier frequencies comprise 40
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_ 75
times a base family frequency, 56 times the base family frequency, and 64 times the base
family frequency, wherein the base family frequency comprises one of 4.3125 kHz and 4.000

kHz.

64.  The method of claim 58, further comprising executing a third transmission
mode that transmits Capability List Request (CLR) signals to the central communication
apparatus that inform the central communication apparatus of a function list of the remote
communjcation apparatus and requests a function list of the central communication
apparatus, the central communication apparatus transmitting Capability List (CL) signals to
the communication apparatus that include the function list of the central communication
apparatus in response to the CLR signals, the third mode thereafter transmitting one of the
ACK signals and the NAK signals to the central communication apparatus.

65.  The method of claim 64, further comprising executing the third transmission

mode prior to executing the first transmission mode.

66.  The method of claim 64, further comprising executing the third transmission

mode prior to executing the second transmission mode.

67. The method of claim 64, wherein transmitting CLR signals comprise
transmitting three CLR signals, and wherein transmitting CL signals comprise transmitting
three CL signals.

68.  The method of claim 67, wherein carrier frequencies utilized by the three CLR
signals transmitted by the communication apparatus comprise 9 times a base family
- frequency, 17 times the base family frequency, and 25 times the base family frequency,
'wherein the base family frequency comprises one of 4.3125 kHz and 4.000 kHz.

69.  The method of claim 67, wherein carrier frequencies utilized by the three CL
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signals comprise 40 times a base family frequency, 56 times the base family frequency, and

64 times the base family frequency, wherein the base family frequency comprises one of
4.3125 kHz and 4.000 kHz.

70.  The method of claim 58, wherein each MS signal of the MS signals include an
identification field that stores modulation independent information, and a standard
information field that stores modulation dependent information, data in the identification

field and data in the standard information field being hierarchically stored.

71.  The method of claim 70, wherein each MS signal includes a plurality of octets,
a highest bit of each of the plurality of octets delimiting data within the plurality of octets.

72. The method of claim 70, wherein the identification field includes revision

information,

73. The method of claim 70, wherein the standard information includes

~ information designating ITU-T Recommendation G.992.1.

74.  The method of claim 70, wherein the standard information field includes

information designating ITU-T Recommendation G.992.2.

_ 75.  The method of claim 58, wherein each MR signal of said plurality of MR
signals starts and ends with a High Level Data Link Control (HDLC) flag and includes at

~ least an identification field and a frame check sequence field.

76.  The method of claim 75, wherein the identification field includes revision

information.



