
; e3emXm$F6TX lLr l  COMMUNICATION APPARATUS SELECTIVELY CONNECTABLE TO A
COMMUNICATION DEVICE Field Of The Invention 5 The present invention is
directed to a communication apparatus selectively connectable to a
communication device, such as, for example, a modem, and a method for
enabling data communication, and in particular, to an apparatus selectively
connectable to a communication device and method that detects various to
communication configurations and selects an appropriate communication
configuration to establish a communication link between a plurality of
communication devices. Discussion Of Background And Other Information 15
Traditionally, data communication devices, such as, for example, modems
(both analog and digital), have been employed over public switched
telephone networks (PSTN) to transmit data between a first location and a
second location Such modems typically operate within a conventional voice
band (e.g , approximately 0 2o through 4 kHz bandwidth) of the PSTN. Early
modems transmitted data over the PSTN at a speed of approximately 300
bit/second, or Less. Over time, and with the increased popularity of the
Internet, faster communication schemes (e.g., modems) were demanded and
developed. Currently, the fastest analog modem available (referred to as an
ITU-T V.34 modem, as defined by the International 25 Telecommunication
Union Telecommunication Standardization Sector (ITU-T)), transmits data at
a rate of approximately 33,600 bits/second under ideal conditions. Hybrid
digital-analog modems, referred to as ITU-T V.90 modems, can achieve data
transmission rates up to 56,000 bits/second under ideal conditions. These
modems continue to exchange data within the approximate 4 kHz bandwidth of
the PSTN. 30 It is not uncommon 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    V 7 such a file. As a result, a need
has developed for even faster modems and Internet access methods.
Accordingly, many new communication methods are being proposed and/or 5
developed to transmit high speed or broadband data on the local twisted
wire pair that uses the spectrum above the traditional 4 kHz band For
example, various "flavors" (variations) of digital subscriber line (DSL)
modems have been/are being developed, such as, but not limited to, for
example, DSL, ADSL, VDSL, HDSL, SHDSL and SDSL (the collection of which is
generally referred to as xDSL). 



l0 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. 2o 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 3o frequency band above the voice
band carrying data communication. The use and type of filters may differ
between installations.   V 3 Recently, there has been technology and market
motivation to eliminate or reduce the use of those filters. Thus, for a
given communication channel, the presence and/or type of filter is often
unknown. There is a need for the communication devices to "know" the
existence and configuration of such filters before initiating a 5
communication method, as such filters impacts which communication methods
are viable. Many different xDSL and high speed access technologies
solutions have been described in public, proprietary, and/or de facto
standards. Equipment at each end 10 of a connection may implement one
standard (or several standards) that may (or may not) be mutually
compatible. In general, startup and initialization methods of the various
standards have been heretofore incompatible. Line environments surrounding
the xDSL data communication schemes, such as, 15 for example, their ability
to co-exist with a conventional analog modem that communicates within the
conventional voice band (e.g., 0 - 4 kHz bandwidth), differences in central
office equipment, the quality of the line, etc., are numerous, differ
significantly) and are complicated. Accordingly, it is essential to be able
to determine the capabilities of the communication channel, in addition to
being able to 2o 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 result, it is desirable to have a system 3o
that automatically indicates user service and application requirements to
the other end of the link (e g., central office).   4 In addition to the
physical composition of the communication equipment and communication
channel, high speed data access complexity is also influenced by 



regulatory issues. The result has been that possible configuration
combinations at each end of a communication channel have grown
exponentially. s The US Telecommunication Act of 1996 has opened the vast
infrastructure of metallic twisted wire pairs to both competitive (CLEC)
usage, and the incumbent telephone provider (ILEC) that originally
installed the wires. Thus, multiple providers may have differing
responsibilities and equipment deployed for a single Io wire pair. In a
given central 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 leased data circuits has typically been furnished by the service
provider. As the high speed communication 2o market continues to evolve,
customers will also expect and demand freedom in selecting and providing
their own CPE for high speed circuits using the band above the traditional
voice band This will place increased pressure on the service providers to
be prepared for a wide range of equipment to be unexpectedly connected to a
given line. 25 The customer premise wiring conditionlconfiguration 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 andlor craftsman to analyze the
premise wiring andlor make an installation 3o 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   5
situation where a plethora of communication methods and configuration
methods exist. Still further, switching equipment may exist between the
communication channel 5 termination and the actual communication device
That switching equipment may function to direct a given line to a given
type of communication device. Thus, a high speed data access start-up
technique (apparatus and method) that solves the various equipment,
communication channel, and regulatory environment 1o problems is urgently
needed. In the past, the ITU-T has published recommended methods for
initiating data communication over voice band channels. Specifically, two
Recommendations were produced: 15 1 ) Recommendation V.8 (09I94) -
"Procedures for Starting Sessions of Data Transmission over the General
Switched Telephone Network"; and 2) Recommendation V.8bis (08I96) -
"Procedures for the Identification and Selection of Common Modes of
Operation Between Data Circuit-terminating Equipments (DCEs) and Between
Data Terminal Equipments (DTEs) over the 2o General Switched Telephone
Network" Both Recommendations use a sequence of bits transmitted from each
modem to identify and negotiate mutually common (shared) operating modes,
such as the modulation scheme employed, protocol, etc However, both startup
sequence 25 Recommendations are applicable only to the conventional voice
band communication methods. Further, these conventional startup sequences
do not test (andlor indicate) the constitution andlor condition of the
communication channel between the modems 3o However, line condition
information, such as, for example, frequency characteristics, noise
characteristics, presence or absence of a splatter, etc., is useful at the
time that plural xDSI- modems are negotiating a connection, prior to   6
actually connecting to each other, if the communications link is to be
successfully established. Voice band line probing techniques are known in
the art and can be used to 



5 determine voice band line condition information Such techniques have been
used to optimize a given modulation method, such as, for example, V.34, but
have not been used to optimize startup methods andlor communication
selection methods. In a set of devices with multiple modulation methods,
V.8 or V.Bbis has been used to negotiate and then select a particular
modulation. After the modulation initiation 1o 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 link, a method is
required that observes (examines) the line conditions before attempting to
select the most appropriate communication method. While techniques have
been established to increase the data rate for a given modulation, the
prior art does not provide a 2o method for using channel information to aid
in the selection of the communication method. Unfortunately, in the current
state of the art, capability negotiations occur without knowledge of the
prevailing channel configuration. Explicit knowledge of spectrum, 25
splitting, etc. is vital to the selection of the most appropriate
communication mechanism (modulation) decision process. flofinifinnc 3o
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;
answering station - the DTE, DCE and other associated terminal equipment
which answers a call placed on a GSTN, carrier set - a set of one or more
frequencies associated with a PSD mask of a particular xDSL Recommendation,
5 CAT3 - cabling and cabling componenets designed and tested to transmit
cleanly to 1C MHZ of communications. Used for voice and dataILAN traffic to
10 megabits per second; CAT5 - cabling and cabling componenets designed and
tested to transmit cleanly to 100 MHZ of communications; 1o communication
method - form of communication 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 81,6 ; 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 than four octets between flags, excluding
transparency octets; 2o message - framed information conveyed via modulated
transmission; metallic focal loop - communication channel 5, the metallic
wires that form the local loop to the customer premise; 



responding signal - signal sent m 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
multiples of a given 3o 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;   8 telephony mode - operational
mode in which voice or other audio (rather than modulated
information-bearing messages) is selected as the method of communication;
transaction - sequence of messages, ending with either a positive 5
acknowledgment [ACK(1 )], a negative acknowledgment (NAK), or a time-out;
terminal - station; and upstream: The direction of transmission from the
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; 2o 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 Line; EC - Echo canceling; EOC - Embedded
Operations channel; 3o ES - Escape Signal, FCS - Frame Check Sequence; FDM
- Frequency Division Multiplexing;   J 9 



FSK - Frequency Shift Keying; GSTN - General Switched Telephone Network
(same as PSTN); HDSL - High level Data Link Control; HSTU - Handshake
Transceiver Unit; 5 tETF - Internet Engineering Task Force; ISO -
International Organization for Standardization; ITU-T - international
Telecommunication Union - Telecommunication Standardization Sector, LSB -
Least Significant Bit; 1o 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; 2o 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 3o xTU-R -
remote terminal unit of an xDSL.   l0 SUMMARY OF THE INVENTION There is
provided a communication apparatus selectively connectable to a
communication device, comprising: a transmitter that transmits a first
predetermined 5 signal to designate a specific mode to 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 1o 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 transmitter
transmits a CLR signal that requests the communication device to transmit a
communication device function list, and wherein 



2o 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 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. 3o Preferably, the standard information field
within the MS signal includes information designating one of G.992.1 and
G.992.2.   There is also provided a communication apparatus selectively
connectable to a communication terminal, comprising a transmitter that
transmits a first predetermined signal to designate a specific mode to the
communication terminal; and a receiver that receives a second predetermined
signal from the 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. 1o 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 plurality of
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 2o 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 60I080,310 filed on April
1, 1998; 60I089,850 filed on June 19, 3o 1998; 60I093,669 filed on July 22,
1998; and 60I094,479, filed on July 29, 1998, the disclosures of which are
expressly incorporated herein by reference in their entirety.   12 The
present disclosure also refers to the following Recommendations, the
subject matter of which is expressly incorporated herein by reference in
their entirety: Recommendation V.Bbis (09I94) - "Procedures for Starting
Sessions of Data 5 Transmission over the General Switched Telephone
Network", published by Telecommunication Standardization Sector of the ITU;
Recommendation V.8 (08I96) - "Procedures for the Identification and
Selection of Common Modes of Operation Between Data Circuit-terminating
Equipments to (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 (10I96) - "a Modem Operating at Data Signaling Rates of
up To 33,600 bitls for Use on the General Switched Telephone Network and on
2o 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 will be apparent from the following more particular
description of preferred embodiments, as illustrated in the accompanying
drawings, which are presented as a non-limiting example, in which reference
characters refer to the same parts throughout the various views) and
wherein: 3o Fig. 1 is a schematic block diagram of a general environment
for usage of the present invention;   



13 Fig 2 is a schematic block diagram of the present invention under an
exemplary situation in which Central Office equipment has been provisioned
for xDSL service and Remote equipment does not employ a splitter; Fig. 3 is
a schematic block diagrams of a preferred embodiment of the present 5
invention used in connection with two exemplary high speed (xDSL) modems
adapted to transmit signals to each other over a communication channel;
Fig. 4 is a state transition diagram for a transaction message sequence of
an xTU-R unit; Fig. 5 is a state transition diagram for a transaction
message sequence of an xTU-C to unit; 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 (I) 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 (I) field; 2o 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. 3o 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   14 lines (e.g., communication
channel 5) coming from the outside, on one side, and internal lines (e g.,
internal central office lines) on the other side. The remote system 4
includes a network interface device (NID) 3 that functions to 5 interface
the remote system 4 to the communication channel 5. The network intertace
device (NID) 3 interfaces the customer's equipment to the communications
network (e.g., communication channel 5}. It is understood that the present
invention may be applied to other communications 1o devices without
departing from the spirit andlor scope of the invention. Further, while the
present invention is described with reference to a telephone communication
system employing twisted pair wires, it is understood that the invention is
applicable to other transmission environments, such as, but not limited to,
cable communication systems (e g., cable modems), optical communication 15
systems, wireless systems, infrared communication systems, etc., without
departing from the spirit andlor 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, 2o 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 B8, 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 transferred over
the communication channel 5 The test negotiation block 46 tests   15 and
negotiates conditions, capacities, etc. of the central office system 2, the
remote system 4, and the communication channel 5. The procedures of the
test negotiation block 46 are completed prior to, and initiate the
selection of the high speed modem receiving and transmitting sections (e
g., modems) 68 and 70. The 5 high speed receiving section 68 functions to
receive high speed data transmitted from the remote system 4, while the
high speed data transmitting section 70 transmits high speed data to the
remote system 4. The high speed sections 68 and 74 may comprise, but not be
limited to, for example) ADSL, HDSL, SHDSL, VDSL, CDSL modems. High speed
sections 68 and 70 can be a plurality of high speed to transmission devices
which "share" the common block 46 during the initial negotiation procedure.
The negotiation data receiving section 52 and the high speed data receiving
section 68 transmit signals to computer 82. The negotiation data
transmitting section 54 and the high speed data transmitting section 70
receive signals issued from the computer 82 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 2o sections of the central office system 2 will be described, in
detail, below. Remote system 4 comprises a low pass filter 36, a high pass
filter 40, a test negotiation block 48, a high speed data receiving section
72, a high speed data transmitting section 66, and a computer 84. Computer
84 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 3o 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   l6 functions to receive high speed data transmitted from the central
office system 2, while the high speed data transmitting section 66
transmits high speed data to the central office system 2. The negotiation
data receiving section 56 and the high speed data receiving section 72
transmit signals to the computer 84. The 5 negotiation data transmitting
section 50 and the high speed data transmitting section 66 receive signals
issued from the computer 84. In the disclosed embodiment, the test
negotiation block 48 comprises a negotiation data receiving section 56 and
a negotiation data transmitting section 50. The to 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. 2o 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 6 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 channel 33 is provided m 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. 3o 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.   17 It is noted that the
filters may be arranged to have different frequency characteristics) so
that a communication may take place using other, low band communication
methods, such as, for example, ISDN, between voice channels 6 and 32. The
high pass filters 38 and 40 are selected to ensure a frequency 5 spectrum
above 4 kHz Bit streams 10, 14, 1 fi and 18 (in the central office system
2) and bit streams 22, 26) 28 and 30 (in the remote system 4) comprise
digital bit streams that are used to communicate between the central
computer 82 and the remote computer 84, 1o 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 andlor 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 3o
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   18 



configuration of the external voice channel 33 is not under the control of
the same entities that control the central office system 2. Likewise, the
capabilities and configuration of the communication channel 5 are also
subject to wide variation. In the disclosed embodiment, test negotiation
blocks 46 and 48 are embedded within 5 modems 42 and 44 However, the
functionality of test negotiation blocks 46 and 48 may, alternatively, be
implemented separate and distinct from the modems 42 and 44. Signals
transmitted and received between the test negotiation blocks 46 and 48 are
used for testing the environment itself as well as communicating the
results of the tests between the central office system 2 and the remote
system 4. to 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 to exchange
information between the central office system 2 and the remote system 4
However, it is understood that other techniques (such as, but not limited
to, for example, CDMA, TDMA, etc.) may be used without departing from the
spirit andlor 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 spectrum above 4
kHz for data communication. Typically, the first frequency where
transmission power is allowed occurs at approximately 25 kHz. However, any
25 frequency above 4 kHz may be used. In this regard, it is noted that tone
bursts at a frequency of 34.5 kHz are used to initiate T1 E1 T1.413 ADSL
modems, As a result, if possible, that frequency should be avoided in the
spectrum used by precursor negotiation methods. 3o 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   19 the
remote system 4 The negotiation upstream bits are transmitted by the
negotiation data transmitting section 50 of the remote system 4, and
received by the negotiation data receiving section 52 of the central office
system 2. The negotiation downstream bits are transmitted by the
negotiation data transmitting section 54 of 5 the central office system 2,
and received by the negotiation data receiving section 56 of the remote
system 4 Once the negotiation and high speed training has been completed,
the central office system 2 and the remote system 4 use high speed data
transmitting sections 66 and 70, and high speed data receiving sections 72
and 68 to perform a duplex communication. 10 All messages in the present
invention are sent with one or more carriers using, for example, a
Differential (Binary) Phase Shift Keying (DPSK) modulation. The transmit
point is rotated 180 degrees from the previous point if the transmit bit is
a 1, and the transmit point is rotated 0 degrees from the previous point if
the transmit 15 bit is a 0. Each message is preceded by a point at an
arbitrary carrier phase. The frequencies of the carriers, and the
procedures for starting the modulation of carriers and messages, will be
described below. Once the remote system 4 begins receiving valid user
downstream data, all of the 2o 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 a final 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 loss of energy (carrier) from the central
office system 2, the remote system 4 3o stops transmitting the negotiation
upstream data. After a short delay, the negotiated communication method
begins it's initialization procedures.   20 In the exemplary system of Fig.
2, the voice channel fi is often connected to a PSTN switch 300, and the
functionality of the xTU-C 302 is embodied in modem 42. Central office
splitter 304 comprises a low pass filter 34 and high pass filter 38. In the
remote system 4, multiple telephones 30fi are connected to voice channel 32
or 5 33, and the xTU-R 308 is implemented in modem 44. The present
invention goes to great lengths, both before the handshake procedure is
performed and during the handshake procedure, to be spectrally polite or as
non obtrusive as possible to In this regard, the instant invention uses a
unique method (criteria) for selecting the transmission and reception
carriers (frequency bands), as embodied in a PSD. The spectrum and carrier
allocation 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 carvers 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 3o activation signals of
existing xDSL services.   21 Examples of various spectra of typical xDSL
and existing services that might be negotiated by the present invention are
shown m Table 1 For purposes of definition, "upstream" and "downstream"
directions using the nomenclature from the various xDSL serrrices are
indicated in Table 2. Table 3 lists the initiating 5 activating sequences
of several xDSL. Together these tables outline the typical environment in
which the present invention must be capable of operating. 'lahle i, sur~eG
of e~cixtiud rele~~3n1 Spectra blaW dfiprT.~la! L F-s7;cdi'Y ~wi Snaarn.
Dr-urrx-1i1wdwu;h hard idlh 3landmdlh[,~s~e UpFer Lawer UFpt. Lms'ar
L-DfxrrkH~) (kllrs ftHz~ s1.H31 skfit)
~kHZJIIU-Tt-99?l4nnex_2-,1a425I3926L,104I I'J-T C 99? = hnnex :.
~FDAI)~:,lfly2517~,2d, LO<ITG-TCi')9= I Anne Li131f1,4,LI i-..-T f 99? I
annex C2fi102fiSG2GStlI- -:i 99'_ ? An,c~c C2Gi0~6SG'_5iUI
rIEW~~L_~rnU-Trshds~0a4fa9vDSL ; W ~L~ mropra.~ ISw)300!e;~oo3
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xTU,RTf 4I3 Cat I wtArlBloJlflrersATU-Rto hTU-ChT~ C:bATU-AG 7ry? ?aTU-R
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a~_RG hsls, f?y'TU to LTULTU :o NTIa -y(55-,0N fLl ~ LTIJI-:-CI ~o NTUWLJSI
fwnlh Enmpran!SDt~Y f7TSrf~1-0rsf~fiS
L~dr8aSu0~7f:99A-2S~71oL5tU?LTsCVU(LT)ta~T-rZ10-ef. xTLJ-~. N fU. Tff
irvJ~,.E7s eusror-mr xW xTL: C LTlI) Dh;U WIC~rc nerwnr'e xne    22 ',I
~hle 3. rs.cti~stiun signals of existinb ~1~SL~ SI~ouIdllqn
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zvrsbals oa~-hLT6~le~rtnbul[r~-~ddm (~Ibms]Ir~tYHz(k4d16d s;-rbol (~-:2dBrn
(-l6ms)C'.,SCT3395sYmboaqi>- (_'?Laxl)~3akHi(I~$~)G~L'Tdz39 kHs WBO)TI a-3
:aue ?(SBrie as lul:.r I1[iBAIC 9.5 rbsve 1)ETSI rDSLover 15`JNa.-r~e as 7L
a1$ but l^12,CACT'.m18 , 133 tHa319 k3ix told)C-.tLT:e$;$ kHz (f175)l4USL
s,APR CU-R mnsmu~ R5~+Iiadt-'Ls.n~ 2B2 kKr.and{,~sr~da raue atiytlSb9k
tai}306 k?isUnl~g be kHz snd $5 kfizLh~51
rZLSIC~)1-TLtarunm~0~TS~trussm.LrSUU hGsl L~.1P- 4nnex ElyLTIJ trrnsrn.ls
CSON'f V t:~nsmns RSI?,') I i 8 srtnboLs vL ~rstudo note a syrssbOl) I?D s;
.rrs1:o15 ofI~teFscud6 noise at5vtnbnl n'eL!DS L2Td ~1 L~ hut drluud
S'rITS.Zhia?4~7C~I~dratl', 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 senrices/famllles
known today (e.g., 6.992.11G.992.2 Annex a, Annex B, Annex C, HDSL2); 2.
Upstream and downstream negotiations w111 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 to
upstreamldownstream interleaving; 4 Avoid existing T1.413 activation tones
(e g., tone numbers 8, 44, 48, 52, 60),   23 5. G.9921 Annex a and G.992.2
Annex a use the same upstream and downstream carriers. G.992.1 Annex C and
G.992.2 Annex C use the same upstream and downstream carriers; 6. At least
one carrier associated with G.992.1 Annex a is the same as the 5 carrier
used with G.992.1 Annex C. At least one carrier of G.992 2 Annex a is the
same as the carrier used with G.992.2 Annex C. (For both upstream and
downstream); 7. The ADSL Annex a downstream band Is reduced to tones 37
through 68, based on G.992 2; to 8. Be reasonably robust against
Intermodulation 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 2o tones each way, and a third borderline tone); 12. Tones between
14 and 64 should not be transmitted 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 downstream carrier,
25 avoid 282 kHz (~#65) and 306 kHz (~#71 ). 



Based on the above discussion, a preferred Embodiment #1 uses the following
carriers: F,rmlw ~ Uifr.~nrsn-unc IW t~..:, L, lJpsaram7, I 1, 17, ZI. 's3,
7 , ~!f.~untx i ~n~ 4lurmi u~ Ih,C Rri ~n+I;I ~ ~ 1, flnvns'.rcma~. ~. l~)
~~. ~R fir, ~ ~. '!0, : I~Wn~~x 5 BOG R tane.s use Ihc ~;td $~t2; L= Sc _mu
14'K~i~YY4 l~4flt ~~G~ ~-;   24 A preferred Embodiment #2 uses the
following carriers: F~nulw ' ~'Irc~:ynTane hxlexLt:r_rmL1 t l~nstrearni, I
I. :i.33, 55, ~9(~~rtx 11':I R Inner urx the god ~~-13~. i k U~wnsf~t~rt:b.
1. f ~6i. 70, 5 $, 5b, ~ a, ~JD. I 1 ~i.i nnex a zed fi loots usr lF.c Er.d
aN -'_'a k f,~~ilx~3eeerve Tome mead-5 A preferred Embodiment #3 uses the
following carriers: Fofn:lu t Dirrc'.ionTOlic I~den~'anr-ien~4 ~ k
Up9~rczm9, I~, 21. ~T, 33.36, 3QAll I~no.i'~Sr sht3nd 3N1d 3 k
Cuwusrrt~rn~. 7. (~~1. fi0, 5R, dfi, 7J~ 9Q, 614~AruStx B MCI 6 r~r,~ ~,.5~
the $T1d $~+~)4 k font IwRcSeI~Y T~Ct iCCB :^5- A preferred Embodiment #4
uses the following carriers: EBiYhlv f birdt~ianTonf I.~dt~LCornrnsnll 3 k
U ostrt~tnT. 4 I ,15, 37,-0.i. ~3(Arlnt~ a.v~d H lanes use Iht god 4N# I }l
.; k Dawnsl:~rlLI 2,L~, 4i~ ifS, 6~, %', R8, 96i.8.15nCJI ~ gird B cones
use Ifse god 3N)d k ~fpslrearr34 ~) ilos~'nsr:earr3   25 TaHI r 'l,
Cxu~IT~K PuE r'FRRED E~'ttsUr~l~rlF,Y'T ~1 gyp' 7awn ; rJpslrcs~ Oc..rsaev~
~l~- ~ ~ ~ Ib I 5f i aYr.rs H175L'_ '-iY .- I nryx x ~ ._- . _. . I ~.n, 3
' 3i ~T ,I; nnx G 9 .I I7 i 17n '..I .a i= SG-_. h'xy. i /,mds ; - H-'.5
L_' :~-i) I ~nr a ' ' ''?I iC 3R 66 I i ~o~a6 ; 'a 9011a prx 11 ; ~, Tx i'
I d 7 ; ; Sa 7 In~~x .,7 i 4 5 I d I 7 ; $ I 9 I I' ~ llld~l:l I=bl a
1~713TLIL;J~I ~8l;ol f115815C16p16i166'b31711741'7~0~f 1.155 IUP -Z ~ r .
~~i N~SL~ " .~nx a ' ~~I .7n. H ' .3 d5 - IS ' hn, f a 'N.. ''- ,3_I 1 H
OSL'. I nrx ~ ' 33 ~ dE anx H_r~' ' di 2:5 ?,nX ~ h -'.~ 13 - ~ _ Comments
on the selected carriers: 1. The upstream and downstream carriers are
completely separated, 5 2. The upstream and downstream bands of the
existing T1.413 activation tones are preserved, 3. Annex B allows the
optional use of tones below number 33, in which the ATU-x may be able to
use some but not all of the carriers originally designated for Annex a; 1o
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;   26
6. * Tone 26 may optionally be used for downstream transmission, so that a
much lower frequency could be used in situations in which high frequency
line attenuation exists. However, since it is in the midst of the upstream
band, certain filter implementations may preclude it's usage; 5 7. Tone 74
falls in the null of TCM-ISDN spectrum, so there is some positive SNR there
and it is in common with Annex B; 8. Tone 74 was selected as the frequency
for Annex B's C-ACT2m; and 9. The band to allocate Annex B upstream tones
is very narrow Using 3 carriers places the two outer carriers very near the
band edge. If 2 carriers to 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. TA~Y.~ ~,
L`YSTREr~~i CAR81ER FRF FERRED E?~TRODIbIE~'! #~ ILIp h mid5 I N.'?SL= pnx
A pox B A9x C I kiax Lyqun i up~~~,i Dawnsac2mi ~ LCr I9' Il 13 ~ '35 i9'9
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~..,~" f Ilosteom *_asJs ~ 5 1~ is1 ' HnsL = ' p, ~x A ~r I "_ :. I ~' 4~5
31 - 3~ ~t '9i ~lnx ~' 1 9 12 ._ i 15   27 `~',~RLE 7. C ~RRIEi~
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ipnx h 9 ~ r I ; ?i ' ` ' ' ' I ' 17~ 'd5 53 Aai J ~_ I I i arx C!~ ' 9 I
~I 1n n1 IDN ~~^9.is '~ 14d ~ ~45 ~3' '~0YF~51 5 iiI~ ~ I I4nK .A ' i~~0 i~
r ~ 55 (14A n c ~ ' ii' '~72 88 96.~S n 7C. C. 1 L ~ I ~ 11r1I /~i Ii1
i1II~fJE!C 3 5 "~ A 9I. LsL~ ai 31 3d 1'~ ~;54A i?i33d 40 43 ~ fis 6S 72 8a
95 5Il i i i iLJP yYdSL 3~I' 1~I1AnA Is .'J ~"`,~$' "~,Y t ~;~ ~,~.1I ~1
hnx ~- 



'T I :~5';' ,.s . ~,r t 'y,w .:G x~:~~Anx C ~,7 WJr'~~131 _..ii i, 1~~ IS
shdsl $ 'I ~tI1pnx v 'I '3~~'' .<~'~~''.' ;:~< s.'r.. '~ $$Ant s~~ iI "~.
.~ s'`:~IL~ C ~ n.A I~t~,1 I t t  5 Although Tables 4 - 7 describe
preferred embodiments, it is understood that other sets of frequencies can
be used for other environments, whsle still conforming to the selection
criteria described in this invention The frequencies of the carriers are
derived by multiplying a base family frequency 10 (e.g., 4.3125 kHz, or
4.000 kHz) by the carrier index. To achieve robustness, multiple carrier
symbols are used for each data bit. The 4.0 kHz family) designated as
family B, achieves a bit rate of 800 bits/s by dividing the 4000
symbols/sec rate by 5. The 4.3125 kHz family, designated as family a,
achieves a bit rate of 539.0625 bstsls by dividing the 4312.5 symbolslsec
rate by 8.   28 In the above carrier selection embodiments for the ADSL
bands, several xDSL requirements were simultaneously examined. It is also
prudent to be aware of the spectrum used by VDSL modems. However, as of the
time of this invention, VDSL 5 transmission techniques have not been
finalized. Thus, it is advisable to consider the following criteria and
considerations when selecting carriers for use with VDSL devices (modems).
1. Some VDSL splitter designs begin the HPF roll-off at approximately 600
kHz. As a result, some carriers should be above 600 kHz (e.g , ADSL tone to
#140}. Other splitter designs roll-off at approximately 300 kHz {e.g., ADSL
tone #70) Thus, carriers above those frequencies would be needed; 2
Although there is discussion of an ADSL-compatible mode of VDSL which
ensures no interference to ADSL lines, by significantly reducing power in
the carvers below 1.1 MHZ, a VDSL device can transmit carriers in
compliance 15 with the ADSL PSDs. Thus, care should be taken not to
introduce performance degradation to existing services, and in particular,
ADSL service; 3. In this regard, current VDSL proposals call for carriers
to be spaced at 21.625 kHz and 43.125 kHz. However, it is likely that
devices will initiate in 2o the 43.125 kHz mode, so carvers with a grid of
43.125 kHz is preferred; 4. Carriers should be below 3 MHZ (equivalent to
ADSL tone #695), so that they can be detected on the longest of VDSL
capable lines; 5. Carriers should avoid known HAM radio bands, such as, for
example, 1.82.0 MHZ (which is equivalent ADSL tones #417 - #464) in North
America, or 25 1.81 - 2.0 MHZ in Europe, 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; 30 8. Signals above 1.1 MHZ in the VDSL
band should be transmitted in synchronism with the ONU's chosen superframe
structure, in order to avoid   29 Near End Crosstalk (NEXT) into the other
TDD VDSL lines in the binder; and 9. At least one set of carvers should be
inside the VDSL spectrum plan. Based on the above, preferred carriers for
VDSL, according to the present 



5 invention, are as follows: Downstream Grid = (ADSL downstream gnd) x
(VDSL grid) _ {8N+2) x (10) -> 100, 180, 260, 340, etc. Upstream Gnd =
(ADSL upstream grid) x (VDSL grid) _ {4N-1) x (10) -j 350) 390, 470, 510,
550, etc. to 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 carvers 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 2o communication channel
(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 alters (changes) it's modulation and parameters
selections based on the contents of a CLICLR 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 3o used to
transmit negotiation information in order to be spectrally polite. In such
cases, it is difficult to determine which tones the receiver is actually
receiving.   30 According to a first example of the instant invention for
reducing the number of carriers, referred to as a Pair Phase Reversal
example, upstream and downstream tones are paired When an xTU-x receives a
tone from a particular pair, it transmits phase reversals on it's
corresponding mate (pair) before beginning a modulated 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 would be idle; and 2. The careers 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 all of
it's carriers to ~ 5 indicate which carriers it is receiving. Codes can be
created by transmitting 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. 2o 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
Carvers 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.   



31 During an initial state, every applicable carrier transmits CUCLR
messages. a list of transmitted carriers is indicated in Table 23 and Table
24. Parameters in the CLICLR messages used to determine (negotiate) which
carvers to use for subsequent messages are shown in Table 34 and Table 35.
The number of 5 transmitted carriers may be reduced in the same
transaction, such as, but not limited to, MR, MS, ACK, NAK messages in the
same transaction The number of transmitted carriers may also be reduced in
subsequent sessions and transactions that initialize with MS or MR
messages. As with MS for MS message contents and states, the xTU-X uses
some memory to save the usable carrier information. ~o 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 xTU-X has
been instructed to reduce the number of carriers m the midst of completing
a transaction, the xTU-X only reduces the carriers when it is in the
process of transmitting flags. After the transmission of a complete flag,
the xTU-X transmits an unmodulated carrier on the redundant carriers for a
period of two octet 25 times before stopping transmission on the redundant
carriers. If an xTU-R and xTU-C have negotiated to use a reduced set of
initialization carvers by the procedures defined above, the reduced set of
carvers shall be used for a subsequent initialization. If an anticipated
response is not received within time T, , 3o prior instructions from the
other xTU-X to reduce the number of carriers are ignored and the
initialization scheme re-commences.   32 Either the central office (xTU-C)
system 2 or the remote (xTU-R) system 4 may initiate modulation channels.
The negotiation data transmitting section 50 of the remote system 4
transmits the upstream negotiation data to the negotiation data receiving
section 52 of the central system 2. The negotiating data transmitting 5
section 54 of the central system 2 transmits the downstream negotiating
data to the negotiation data receiving section 56 of the remote system 4.
After the negotiation modulation channels have been established, the remote
station is always considered the initiating modem in terms of the
transaction messages. Likewise, the central office terminal is thereafter
referred to as the responding station. 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 transmitting section 54,
selected from only one family of the 2o 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., 7E6) as data.
If the xTU-R initiated with carvers 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 carvers (using negotiating 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   33 transmitting carriers from a family ~t is
capable of transmitting. This allows the xTU-R to detect the presence of
the xTU-C, and, if it has the capability to do so, attempt an initiating
procedure with a different carrier family. s In the disclosed embodiment,
the xTU-C and the xTU-R monitor the line for existing services prior to
transmitting carriers, to avoid interfering with existing services, using
the negotiation data receiving sections 52 and 56, respectively. The xTU-C
transmits identical data, with identical timing on any and all downstream
to carriers. 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 2o xTU-R, the xTU-C begins DPSK modulating only one of
the family of Garners using the negotiating data transmitting section 54,
and transmits ones {FF,6) 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 carvers 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,6) as data. After the
flags are received from the xTU-R, the xTU-C DPSK modulates only one of the
family of carriers and transmits flags (7E6) as data. In order to
facilitate the finding a common set of carriers (if they exist), if the
xTU-R 3o 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   34 xTU-C to detect the presence of the
xTU-R and attempt an initiation with a different 



carrier family, if it has the capability to do so. According to the instant
invention, the xTU-C and the xTU-R monitor the 5 communication line (using
the negotiation data receiving sections 52 and 56, respectively), for
existing services prior to transmitting carriers) in order to avoid
interfering with existing services. The xTU-C transmits identical data with
identical timing on any and all downstream to 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,6), or
flags (7E,6) 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 2o 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 3o be a
robust mechanism for activating a multiplicity of xDSL modulations m 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.   35 an implicit method (e.g., activation via escape),
or an explicit method (e.g., activation via nonstandard facilities or
standard information). Both methods are used to cover the multitude of
initialization methods. 5 The activation via escape method facilitates the
startup of devices prior to the present invention beginning the negotiation
modulation. This allows the startup of devices which, for example,
implement Annex a, B, or C of a predetermined communication standard (with
differing PSDs) and a legacy xDSL system, such as, but not limited to
T1.413. The present invention monitors several different 1o frequency bands
using xTU-C's data receiving section 52 or xTU-R's data receiving section
56. Thus, a device that also supports a regional standard (such as, for
example, T1.413) can concurrently {or nearly concurrently) monitor for the
regional standard activation signals while monitoring for the activation
signals of the present invention. a procedure for interworking with the
ANSI T1.413 protocol is shown in 15 Table 8. `S'ABLE 3. ~SCx~E AC'~~Y4TZ~V
5vL'1'H T1.413 ~~:~m~s flavus.4apabrlrl-rsr1`4orithr~A fIJ-C:T L~ L 5lua~ls
Par Jt-A~'L'-Rk,~.l~4ve~ praxnt inventan arlcY0Li0f1 signals~cjriaksTL.IL3
whol ctotlwts R-11f-'!'~RE(~~ I U~TI d.3 &Wa~Ls lock-.PICT-4Q f~~t
invtriIi011 If:lnahng tand~lpresML I~~h~onJodi8LC8 4S 9ppfOpnala~, T',:. ~T
I ~i I 3Tr~l~ruts ~..'~G t-ltE~ SY~ w9lSS fnr ~'~TQNL ~r C-A~'rIgnaro any
tAA ans'411rI0n lcrivalsun si HIS fi4rn 4`~e ATU-~;~ r I;-RTL ~ 13 &Tf
W9mu3 p~~t inrarhao aClnrsllon i~~alsp.rqenr mYe,~Lro,If no r~spanse to
roeni Tvedlo0. xrivativn m nsls. ~nsrni-s R.AC'C-R.Et7 The activation via
non-standard facilities or standard information embodiment 2o allows the
interworking of devices after the initialization of the handshake
modulation, by indicating the legacy communication system in a message. The
36 message may use either a non-standard information {NS} field or a
Standard Information {S) field. The present invention allows the
transmission and reception of a non-standard 5 message that indicates a
different modulation. Regional standards can be explicitly negotiated
through non-standard facilities. 



The present invention also provides for the transmission and reception of a
standard information message that indicate a different modulation. Regional
1 o standards can be explicitly negotiated through a code point in the
standard information field. It is understood that other DSL communication
systems, such as, but not limited to, for example, RADSL, can be negotiated
using the same explicit and implicit 15 methods discussed above for T1.413,
without departing from the spirit and/or scope of this invention. 2.
Fallback Methods To Voiceband Modulations 2o Fallback 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.Bbis. 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.Bbis procedures begins. The xTU-R takes on the roll of a V.8
calling station and the xTU-C takes on the roll of a V.8 answering station.
3O In the implicit method , if an xTU-X initiates a handshake session by
transmitting negotiating tones but does not receive a response from a
possible xTU-X at the   J7 other end of the communication channel 5, the
initiating xTU-X may assume that the other xTU-X does not support a high
speed communication, and may then switch to initiating a communication
using voiceband procedures such as V.8 and V 8bis. 5 The instant invention
also addresses the prior art problem of having long or complicated
initialization transactions when either communication device in the
communication link needs to transmit data. >o In general, the xTU-C is
usually always ON, or will have been turned ON before 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 ~ 5 needs to "wake up" the xTU-R before a data transmission
can occur. Four basic transactions for accomplishing this are described in
Table 9. Tabte 9. Four B~~3i~'Tr~n~act~~n deeds \pnG~esxlF~~on:'~~r~c'ensL
sR_;rw7C~ Fm;t :vry f rst nnx mitiol~-ian9Ca. A: ;.-R itirimr-s
r~utu.olrar~~mr~CCir.?iat<clrcu,t- fuliG~p~i'.iurexch~nge Syrpic~l
iri~alitatiur.h~ amo-~ileur'nI,Rrm.t ft:5rsbl-sh a feeYiously ne~ahaled-
ATU-R .nil-ales moduLW anL~tt~~~btiaf:vpt:~mg moda re=nrfirrnahon ut
p~e-nuu~ nr~u~eIh r~u~r:, rrunurAl ttcnon~tl:erlra_ Push Thr ncCw4~< sidr;
mad t-~e Rl-IJ-c~ to A fU-C If:iri~tes rnodulal:aei= rse 1 ii nc Ja, I: wrc
u: ~rG~r f,7r'hr nets~rk Lv~  fu p ~ f ~intms etch angeCrtih't' a -p~h"
s:a`rvro-y _~~r.-il ?ash4 Push apFim~lu~rt ~lr.nr9 t0 rtG~9Ei Ish.  .~Tfu~;
i~YiSI8rt5 rn4{iulationr.~hlish tvpit5-ly 4GGUf~~Fer a prev'laus
fullc3FdGLl ifiES tw eh~ngar~tnn~al ruchan    38 Since the xTU-R will
always send the first message of a transaction, and the first message
should be as meaningful as possible when the xTU-R initializes the
modulation, the present invention uses a preferred initialization protocol
scheme shown in Table 10. Alternatively, an initialization protocol scheme
illustrated in 5 Table 11 may be used. However, it is understood that
variations to these transactions may be made without departing from the
spirit andlor scope of the instant invention. ~-able 10,'~'eansacliurts
Preferred Sch~~~e #1 fryuacnanseruencc ha,uncx1 l~-R Y',1,-f: -aTU-1
xTt:,C -~l U-K3hir5r .Tr-r~ef f Rv:L11S
A-Kl-OAKR-_estxh'sSIWlSACK,M~K:4Ccdst~l Push Frra T-W tRC'CLR(:fM`~ uCfGTa
IK4 enzal Push kMx~hlishftC715At h.-'V.xK  



S\~nere LL Try~emit 1 C~f~hrlities Lint I h S 1 ~SUge car.vt;n a nsl J7
905s h r r-rndes of aPcr,rtrOn 4F the hvrsmsltm ;rynn ~Lq Trxn:mit a
C4IAhr:rtra>; f rst and ~e~~eet the u17s4f 4n i -n tlvs tranSiwrl ~
caPahilit~es inl Thss mr,i3~r crrve~s ~ hxl a f msiL t i'rOd45 9`n[>t^~ian
4:'ht rx-~~r_rrmLr sta;i0n aAC aISJ .'~l~s~ 'hs IrO, Err' ~r.~rr, rf ~ : _L
il rW B ~: St C~ the ~emofe stahun 4~S 11,N'r Salact  sprcrh the rnmn~ted
rnr.de ll'i5 yes^o~e ru~~st-Ii Ihr ~nrnanr n of a pSnL~JI_ rYlCd4 rf
ip_r~ltr~ in Ihr rh'r4st u31-rr l~   39 s-~~ I.~cknuwlttgt'h95rrvG'c~
Tnie.kCK(11~ Tnls Tcs~i oeV,:Ahls~,~as reel, t a ~r ~i5 mtssaga and
rcnmrults a;ransacvm. I' 11J4 Y1l' Ec ustd i0 ~Gkn4leege rc~wpl Ct 1537 4r
a C~.-!rj' W ~SS~c icarnbmaltan utd :equesl tr_nsrnBSIQ1 Of tic renal ndrr
ui the nts90gt t'9utbta~l:bnA~iCt-5 Thisrns~ar,~. ackrwwled$ti tar~tof a
~L.CLf~ ur 11S nttibi$tx5d r4q~usls theIhansmssim of,~chhunal rnisrri BrIDn
by ih= renu,e slalfidn. ~k'OVICIr~ Shi.M101t s:BhQnhas snr_rcated Ihu
addlC,tn.s: sn~OrrlI~SIDf1 is availabley ,qKNnr 4tknu~lcugt Iht SC~G4:4d
mrceTha -ness~C ~ntllcue~ shy the rxe:vlnq statson 13 un5blt So ~r'erprel ~
rurr.~al mcaS~r Cs SO m4W.e thernudc .cyutsr5d iy tie tr=~srru'tmg slalcn.
Fuvr ~ ASC n'rCSi~gcs ve dcl'mtdNAsCsI) (a-k a bi4.K-EES ,~ICCIis nat the
rece:vui$ SrJSl4n itl unihla to intrrFrtt 'herecened messa5e bacBuSi II is
EII ErtCrcd Frame,NAPCiI)ta.k a. YAiC-NRJ IndICUti rhr therecehmg ~19n4n
issrrtttlorutly uxuole to Irrveftethe mvslc reyutSStY1 by d'14 rr4n~Tlrtrlg
s~auun,s1'hPGS3}?s_k.i I:dlC-~S] ~rldmtrihat the rcCeWl~q scatssn eslber
Ilecsnut suppan or haidi9BGlbd 7hs male rrquased SyiF.e tranl~IYllring
~tzisan~ anll~JsIC(d) {a.k a 7;ABC-WL') .ndmalt! Ih-~7 the rrcervmg 318t1Dn
;i unoble to rsloecpret arxca:vad rssasagc?0 k a RL~) R.rCrI COnIl01 Of rhC
rfanaetisxl to rheA7U-C'.'he mess o tells the x~'U-~= to lake covltrol
_SiRl'u9 rnruage reuvco-ls Iht rt8r#rtlltildel Afi rr~ndr selrc; rnt58P s
by she -cnatr u~Ls~n 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 to use transaction X instead of W. MS always includes the desired
mode.   40 If a xTU-R NAKs in a transaction X but wishes to keep trying, it
shall send NAK(~ and then transaction Z. On the other hand, if an xTU-C
NAKs, the xTU-R should send RC to start 5 transaction X or W. The following
is noted in the situations where the xTU-C has initiated the modulation: 1.
If the xTU-R is prepared for the xTU-C to dominate, transaction X or W
should be utilized. This should be the typical case when the ATU-C
initiates the modulation; 2. 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 xTU-C can also be used in conjunction with
a power management system. Table II.Tr~ns;~c~l~r~s I'ref~rr~~ ~41~~rn~ #~
TrSnsas.UOn marnFr_rMid-RxT'.1 ~xTU-Ris.~~ ~ ~ y~r~s,~.~~',~:a~~C~I (.same
a~ ?~J~iFl~;~~-14~~E~'~rt~C~ ; mC^dnt~:ian of Z 3eC ~'~~~-~L-,B.C~.fif~k~
All permitted transactions will now be described 20 Transactions involving
the use of messages CL and CLR permit a transfer or exchange of
capabilities between the two stations. Transactions involving the use of
message MS allow a specific mode to be requested by either station and
permit the other station to accept or decline the transition to the
requested mode. 25 Transaction a or B are used to select an operating mode
without first establishing their common capabilities. Transaction C is used
to exchange information about  



41 each station's capabilities. Transaction B is intended to allow the
responding station to take control of the outcome of the transaction. Figs.
4 and 5 illustrate state transition diagrams for a second transaction 5
embodiment. The state transition diagrams show state information (e.g , the
state name and current transmitted message) and transition information
{e.g., the received message that caused the state change). In Figs. 4 and
5, message names followed by an asterisk (*) indicate that the state
transition may be taken upon the reception of a complete message, or upon
the reception of one or more to segments of the message. When a message is
received with the "additional information available" parameter set to
binary ONE in the identification field, the receiving station may send an
ACK(2) message to request that further information be sent. When the ACK(2)
15 message is received, further information is sent. The transmission of
signals associated with a selected mode begins immediately after the
transmission of ACK(1 ). When a station receives an MS message requesting a
mode that it is unable to 2o invoke, the station responds by sending a NAK,
If an invalid frame is received in any state, the receiving station sends a
NAK(1 ) and immediately returns to an Initial State. If an xTU-X has
transmitted a message, but is not receiving flags or valid 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 3o start alternative initiation
procedures.   42 The maximum number of octets in any Information Field is
64. If the information exceeds this limit, the remainder of the information
may be contained in subsequent messages. To indicate that further
information exists, an "Additional Information Available" parameter is set
to binary ONE in the identification field of the transmitted 5 message.
This information, however, shall only be sent if, on receiving the message,
the remote station sends an ACK(2) message requesting further information.
Where non-standard information is present in the information field, the
standard and to non-standard information may be conveyed in separate
messages. If the information to be conveyed in the CL message cannot be
conveyed in a single message, and the "Additional Information Available"
parameter is set to binary ONE, a response is required from the receiving
station m order for the transmitting station to complete transmission of
the combined CL-MS messages, irrespective of ~5 whether the additional
information is to be sent. In this case, an ACK{1) shall be sent if no
further information is required The current invention also addresses the
desirability of transmitting information in additional to the equipment
capabilities {e.g, channel information, service 2o 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.Bbis 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 andlor 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 3o an "Identification" 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  



43 overall composition of messages according to a first example is shown in
Table 13, while Table 1~4 illustrates a second example. fable 1~.
Information ~7rgflnia~tiou Structure I . Iderl.ucaoor ( ~'~ Parerrrelcr5~'
Chan~lvl Cop~b:l~rirs) NPor(I1 ~~o slb-~~r~n,elcrs)  Idcnl:tlr.rr:nn l
SmICt P?t~mCrcr~' fharslel Copcrbll IliesJ SPt~I) [Sub-peers? wlessaecl YPt
~d s'crsaon ~'ar~Lur IdCnrific~tian usm~ ~ 35 todtf
Anu)1111G'Sy~caibarsdsmd7l: nunlxr of tat. ehanr:sls dnuai Ytfrrvrn sphtttr
InfrX-ny::an sFectrurr u8~ble'rrqumc:e3 - gratraiaanon fl( FC1Y1 and
werlappbd 3px-rwn c~rrstr:amrhef ~jraup5. 815d ;041t W -mbc5 hang
rnu'snillnl ~ .jrondarJ L:It9rtrlarlan [At4du13Sloh5'(K0:8C0155 NF'ar(I] c;
arAlord fnfarrnat:vn lhEOd4:lmnns~pralxals~ SPz-ti) k'~ I :Ch h'fx ul xi7SL
alc H-.; 4r41 ~ros;5nt'lnars (-,c . ~c uC a S~n P:C Arnex In o RewxTCr~mdb;
lonl Prncucul nSfC"nal.an ertuc i4crtvtloydW crs~D'~~Sinr -~c
v~prstv,5sn11n!ormaran 5 I able I3, Owewll nIessage Composiunn (Embodiment
T1) Idtll;~fic~uon3;ardarc In!vm91 e,yo, St_,,:,ud In:orra;loi
l,le~~3e:LI-__ssa~e  -,rpe ~ 1~e--ynr :I cWar;Counh-; Csde  P'ovl'iU
Leng:r. p'9'W~tide 11r1+LOt~ea1Sefi'Ito &  Cn~nnel F8f0Y'stlCrs ('t'clcls;
Lfcdulrt:un5 3t Prolocc~s _~n~labrc (". aete'sj  rt*~,~*~oc:ars~RvY'~''L L
y''~YYss naaassY.'h[vYY'.'as naceeai-yiiSYYYYis r~ecessa~sr~1i KY`.'_~
r~.4.W'Y~. `,rlc5 ' r't ~~L ~. I ICI Iris :ne reaun for m~ rvr.._r. vy
acung L15 V I45 V I n ~ unr,mng par;u nc~r:~ a 



44 Tflt~le 1~. ~v~~-ull J~tessaae ~ompo~ition {Embofliment #2)
:rLrr:lifica~~nSSAndarG:nFarmaLar~an$tanoud Infarnvron  !Ac~5~~5sSlas:,.~G
TSf~e  Re~ns~m  i T uCcfS)vcrdOf id   (8 o~k61Servsca ~ Gh8~11C1
psrort~ml=licW lBLivnS fir. Pru;uSOB ilYBila~leN ~ + ~ t 1 + ~d, .i
ae~ect-___CL~xxxxa nc.xxxxas na~uyrfvisx-xxas ruacessarva~KxOAK~c__REf'-X~~
- I'I - J The following describes the organizational details within each
category 5 Parameters specific to a given xDSI_ 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 NParsISPars tree. 10 Parameters that are negotiated
in T1.413 are also negotiated in the present invention (with the exception
of Vendor ID, which uses T.35 codes). However, there are a few cases when
related parameters need to be negotiated by the present invention: 15  If
the optionality of the parameters in G.992.1 differ from T1.413;  If the
parameter actually needs to be negotiated instead of just indicated; or  If
a general preference about a class of parameters needs to be 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 



45 5 modulation, it should be negotiated in the 2"d level of the
modulation's standard information octets. Even if these modulation
parameters are fairly similar among various modulations) they are coded
separately for each modulation. Also, other xDSL modulations, such as, for
example, VDSL, have some very different parameters, making it very
difficult to have one large list of parameters trying to satisfy all of the
xDSL requirements and capabilities. As a result, there is some redundancy
in the modulation parameters, m much the same way that redundancy exists
with V,Bbis. Further, many of the parameters under the various applications
are identical. to Three types of parametersloptions exist, manufacturing,
provisioning and negotiated options. 1. Manufacturing Options 15
Manufacturing options are defined as optional portions of a specification
that a manufacturer includeslchooses 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 25 Provisioning options are defined as optional
capabilities that are in some way fixed a priori. An example of a
provisioning option is the Loop timing at the CO that is required to be
mastered by either the CO or the CP. The CO capability is normally fixed by
a priori decision prior to the negotiation. It is noted that this 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
46 Negotiated options are defined as an option in which an item must be
selected from a list of (mandatory available) options. An example of a
negotiated option is the data transmission rate In negotiated options, the
transmission rate is made peer to peer. 5 The information coding format for
the present invention will now be described with respect to Tables 15-45.
The discussion provided with respect to Tables 15-18 are provided as
background information. Tables 20-45 are directed to the features of the
instant invention. 10 The basic format convention used for messages is
illustrated in Fig. 6. Bits are grouped into octets. The bits of each octet
are shown horizontally and are 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 frelds 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 lowest numbered bit of the field in
the highest numbered octet containing the field 2o represents the least
significant bit (2). The order of the bit values within each octet
increases as the bit number increases. The order of the bit values from
octet to octet increases as the octet 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}. 3o Messages of the
instant invention use the frame structure shown in Fig. 9. Messages start
and end with a standard HDLC flag octet (011111102), as defined m   47
ISOIIEC 3309. The Frame Check Sequence {FCS) field is defined in ISOIIEC
3309. Transparency using the Octet stuffing method is defined in ISOIIEC
3309. The message information field consists of three components; an
identification field 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. 1 D. In both the
identification (I) and the standard information (S} fields, most of the to
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 2o 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 Similarly, 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 3o 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)~, m} indicates a set of level
48 3 NPars associated with the m'th level 2 SPar, which in turn is
associated with the n'th level 1 SPar. The transmission of parameters
begins with the first octet of NPar(1) and ends with the last octet of
Par(2)N. s The use of delimiting bits is illustrated in Fig. 12. At least
one bit is defined as a delimiting bit within each octet of an information
block. This is used to define the last octet in the block. A binary ZERO in
this bit position indicates that there is at least one additional octet in
the block. A binary ONE in this bit position indicates the last octet in
the block. to 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. 2o A Par(2) block may either contain both NPar(2) and
SPar{2) octets, or NPar(2) octets alone. To indicate that a Par(2) block
contains only NPar(2) octets, bits 7 and 8 are both set to binary ONE in
the last NPar(2) octet. Bits 1 through 7 at level 1 of the tree and bits 1
through 8 at level 2 of the tree may be used to encode parameters. To allow
for compatibility with future revisions (developments)) 25 receivers shall
parse all information blocks and ignore information that is not understood.
In a first embodiment, the identification field consists of three
components; a four-bit message type field (see Table 15), followed by a
four-bit revision number field {see 3o Table 17}, followed by a bit-encoded
parameter field.   49 In a second embodiment, the identification field
consists of three components; an eight-bit message type field (see Table
18), followed by an eight-bit revision number field (Table 18), followed by
a bit-encoded parameter field. This general structure is shown in Fig. 13.
5 The message type field identifies the message type of the frame. The
revision 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 1o information, (3} data rate
information, (4} data flow characteristics, and (5) sputter 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. -f able
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;,ea3' IwISG'7t~ I0,.'~ hCC ItD~;1 I.~SClCI I ;~1A~ICI?faI;l>
(ts5~rv~~lfarITU~T0iI 0RCSiwed for ITI!-T0LI I.rn~;l~~nanx<z'I>oU
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11H7 ~J ~ C ~L~ ~~ ~~rdTl L~ ~ ~ Tt~ ~ 0~1171Tli ~~ B it nueiher5Rsznsiun
nurnlyt.'~ L i d 3 ? I~C~hlOh I~ ~ ~ ~ ~~ '~ y I   51 T:lblc 19.
~dentificatiDn Firld - Urder of Octrt~ ~:S TypeTuble HMleu.lgc lyp4 ;lelc
:orn,tr?~hle ly i TaSle Idt'rrs~ors Tr~a C~tdTabk I : r T~ot~ r aw4Gnrrv
cadc ' -PraYlder ~tnRr~Pr.rndsf ~~ tL attt73)I~errh~catlur. tlelrt - (NPar'
f)I GOdrnsNP~r(1)Table 2f7L.'.enuGt9upn fisld fC:e titles Intornat:vn)-
ySP9r( t y~ Coding - t7stn 1SParf I j?'9ble3liCe-rtincaitan fitlG (Serricc
f!tqutits)- (Sar(13; ~dlcg . flcitt 3SPsr~l3Table Z2-u~tdlWllnn Prtld -
tCf1 f'.u.-renllv tra.~rrr.TOtr~ CSrtltr: INPv"S25) oodlnE - UC:ir 1\P
e)TSble 33'oe~te5a'rorl :'std (Ci) Gu:YCI;dY rr~~Tihed t~rrw~ (NParl,1)I
CAdIPg -Octet 3;,Pm(3)7a6Le 3d:d:ntl'iiil:nn x eld - [Lit Spxtrurn rust
uisblt . uefYCy ~~JPor(=if codloTPa(2)T~blt 7 ~flSenri~csnun ~tld - (C'C)
5pnh utYt IYIOX lltWrn ftsrrvenry - cFs(rc5fi / i`JPSr(1; i CPS
n3NP~t~ZjTable ?b4dentllaorlrm Geld - (Ci) Spet'rurtt rnrurn,uM faqdeficy -
rjnwnstriarn ~ NP8/!?; ~ 



cvC~ IP gNP~r(3 aToble 22Idirt.ti~anoll Freld -tCl1 Spl~rter fnfoamatlan
tTlPxr(3)) opCW - fhM 'NPar(2jTable 1$I Jcrrl.Ftnnon F:c!d - (r'1j 5nlrurr
In~orYStlop ITl?or(2); coding - Oct41 ~".aN>ti(3):561e 34CunLIliv5t19n
field -I,S R; D~tn woe Amwri i.~vtr c) I Np7rr~ 11 cod-ng - Ut:rSt IC?$ t5
P3a(Z)~ SbIC 3G;ce~rncarlon tlCr~ - !SR) DSIS-5tt JISITOUnI (.VJasimurn)
;NF,u(3)) iotl:ng . pclct iL7ST,IPar~2jTahbe 37~ ldrntl:i;,b:mn fielJ-;SR:
naa r='r Arnuuntj~'iW;ttlJm) r~Par{=;; c~~lmg -Oae1 i SDSh1P>ujZiTsEIC
3:Idenhf.:nl art-7elc -/SR's LSari rre lr~ount~haet:~eS 1~1'al;a;; erdinre
-Lk;tt IIaSNl'ar(1STBblt 3UIdilrl/col
enrrld-[$fJ)rar:rafe.4TUU.Ull.l7amum?[SP~(?)I ,uWr,yl -l~-.el
2US`.W.,:I~J'^a61e1:IJer1.11Gvr~rn fell-ISKliriaraltAmo~ntfMlr,vtlu.nrt
iNP'~.-JI =odley -larel 3 _ _Ia ~ ~Par(Z) ~T7.ptt3:'r.G11711vJt10O
field-iSRI L~d~a rare ~-;le iNPar;?ll .~ucyf>5N?~rf3:"Cable 3.ii~r
Irlticuian Ii~tJ-l$Rj nat.rraict.,rcc ;Ni'dllZ:; C~dirq 'L:5NP~t(2)Tafrli
1.! Jtt~riricrt:lun Ilt~.f-rSR) Dal rSSr I~t ;N?ir(.)1 ceirg ;USNPvi
2)T.Ible 33_ Ic-__nti5t,r':On Fli:d - f s 121 IterJnec- rrznsaisalon
uCc.untr~ - ~I'1f!2'~ tedl:rg - :l=lu I:`i f ,ui~ji dblC 54
i~IJCnrI=--.::orhlc~~-~.~R It:4ut-rnnsmliJlona'.c~n:.-s;vP~r(3j CCclns~-
'n-lir ~I lPz~=iTs5Lc35   52 4' - ; =~,roili:w5 in~rrrnotion $'f = :=rvme
ri4unCr`ltPs i5 = ~rwrstrr~n: . us- I:~ttr=5r, The Identification (I)
parameter field is composed of several octets of NPar(1 )s, 5 SPar(1 )s,
and NPar(2). In the octets, each parameter is assigned a unique bit
position (or field}. a binary ONE in the assigned bit position indicates
that the parameter is valid. The validity of multiple parameters is
conveyed by transmitting a binary ONE in each bit position corresponding to
a valid parameter. A field is encoded as described in it's table. to 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.
3'able ~?0. hi~ntifc~tiQn field - {NP~r~l)} codiQ~ S~ar[I;sS~~5333 1~axrvcd
;ot l'nl-Txx!.~t~as IAcs. a $xxxrrxI x,kec ~ ~hiizt%xxfx
z,tdd:unnalinr:Ym5fi4na~ml-161exxxxI~x xTrarsmu Jtt:`C~(1)RxzIRsfa x'
R-serwsl r4t ITU-TxzI~xxx x. Mon aLBnda'd fmldxI~Kxxx xi lu QansnlCrarz i~
th:.a u;Itla4~~4004 15.1f7 . T: - .Rtt y' S nr~ Rec. ~: ; vix a W InC d irv
tin ne ~dtntifierJto allow es'cnpe inGa va_trinnJ rn~lu
18u,,np-ar'r.'.ur~5-.   53 ~~'able 31. ld~o~ifivrtion tielci ~~apabiliti4~
lntnrmatioo)- {SPur{1)~ cndinb - ~ctec ~ SPSr;I)s5?r.s~13G~rtenll;
~L~~iILSi:Dbdc;uT.ni.cx1xt%d I~~acm:mSmtuS~ble
Frqr.crc?.txtxt.tIjJ~numrn~%rr'nUr~'rsquen:y-.spsl'c7~'I,iv~x~Lz aSxcsn:m
rnrurrriulst fr'rquency - dovnsrttant~~Yx~nz z;SpIICrer :nfcrcra1r61t -
a1'1 r Rtv%txsz x> Krstrvcd for CTU-T 1x~1:xcz xnnr: scarsJ,u~1
CBp~hi_itie~ infC-nratio~xtxx~.t.t 8Nn n~rarncctr: in rh~s oct~% ~"r.0~IJ0
0NUTt - Table Z~. Identification Field {~er~ic~ ItequYxta)- {~Par(1)}
coding - octet ~ se~rr ysas?~~a 1Data flirt Aa~acnt
170k'PSft'c~x.Xxx~AX~llri f~EG ATIJI:IIS U~IrYarllSKxAKx~ 7i~~ri f.7tC Ty~.
:y11W11311ei1rn%x~rAY~x xC)a!a raft I YP! L~p6t~rtlxxnt1AA %Aeytre5l
;tansrnrtai t~'fltlixxx1s1,~ x~esc:ved ;nr ITU-Czk.xa%% xnor5 sWd zcrvjCe
rcqualAlxxxxx s',Ce ; arnrrerer 5 in this aUe1y0rJ00CD i) Transmitted
carriers and families are indicated above.   



S4 't'ubf~ 33. Id~nt3~cntioo Fisld-~'C-1~' ~nrrentig transmitted carriers
~hlPar~~)~ eadiug  ~~tet 1 ab5a3 I=untu:ly-rorsrn.lOr.p ~ )125 k3lz
fx.-r~lY le)xZrxxt rtuntr;:'r~ysnrRhg~~Ibfun:lYILSzxxxx~ I x;;
~rrecoy'r:mirfnrting=trricrA..,"axKaxI Y t:,'rarerLy Ic~fls:rirlng earrlCr
~5,~xxx~x.rl Z ~f.urrent,r Irar,strur:ng :arlltf ;",.xxzx.xa x x('ur:~e~lh
ho~tmir;ag taflltr -i", xxtLYa.c x xn v0 ~31JIA~li1'C:rl .LIY 44;E1_x;~1n~V
Ir - ~r 1 T;~bl~'-i. Identification ~i~ld -~[CI~ ~~rr~:nt~y tr~u5ntitted c;
~rri~r9 ~1I'ar(?~] co~iin~ - (')etet ~? Nalt_;sR74~~~~ ~ l1 Ce:sCl~~.~
Ir~nsrn:lllr~Carr~~'.~,~,r ~I x ~ , x t x1 CerrcrttY h~nsrr.~ttme a8.n~~l
A",x~'x;ix^~ i~trrthr~y riis-.riL'Inu a2WEl R="Yx1%rI x .tf:urrmlly
r'.:~s:niCl~u .,.;nCf A~ ,Y~3xIx x4:urrenll~ I~i~>:nirmg 3i:lEf ~" x%~aItx
x xyrrenlh' S:~115IniHmg :anl~r Li,r xKx :!x%x x a~n parurnlr;'s n ;his ~W
t.xxly410 0 D 5 The usable spectrum frequencies of Tables 25 - 27 are
useful to indicate the TXIRX capabilities of the xTU-x (such as, for
example, an xTU-C that only transmits through tone 68) and can indicate FDM
vs. overlapped spectrum operation availability. to   55 5 Ts~le 25.
rdentiti~~thn fi~~d - ~~I) ~p~ctr~lm first us~bl~e fr~quenc~ ~'~~ar~'~)}
coding hl'or(?)sN '6 i 4 3 ~ ll;esr.-veci tur fl ll-Tx x ~I I I L
:'.:nsFee~'.od 4y~rr:m1z x a4 4 il ~1 0 4S~ct~t~ n'r. F ,1 usablt
i'l~ysr'rrry!5ns 6-I .t 14 7CHt1t x.z ~ x x .i x `~-~bl~ 2~.
Ici~nt9~ication feed- (CIA Sp~ttrurn rrr~ximurrt trs~uency - uystrrarr~ ~
~fI'ar~~}} cl~di~rb N?9r(~;x b i 6 ~ 4 3 2 I J2r:~trva1 F~r ITL-I' ~ K z 1
I I I I I ~:r;~=:ifie~EyCtfmiril K 1 ~5 :9 0 t: f1 0 1 -~= vn-t,~cITS~t'1
ae:iwn4?r -d,~~:~ ~.~r(,bits 5~1 z L i~HZJ ~ x i I z i x z 1 se.:e~rW
=lYiT.Jf'I !rc;:mvsy-L,^.S~ILTIb~I~s~-I .s :v K~iJ!i s a . C t Y x .t x
56 T~hle ~7. Identiflelstidn field - SCI) Spectrum rnaYimurn frrqlaeos;Y -
d4wnstte;~rrl }~f far(?)} cadins; ~mxerved fDr IT.,-- x x I I I I 1 I
L'n3peei:led L'y ;irrsnJl x t Q ~ ~ 0 D L 34~ec:n:m rnuxl9l,lrn f.~equenCp
-dOwnake:.r~(h:m i-I x 1 y a I x x a x x S.IF'.~ j s
spnlivhT~SnnuWf^~ueney-~JOwrIGCJr;l~boSS-LxlO a x ~ Q .t x % % i . Kil1'
?ahle 2~. Ideotii'srtstiass ~ieCd - (~:1) Spfitter Informntian ~NFar(Z)}
codin ~ octet 1 NParl2;sS7df,t32 1LPF ~5 vqictx%xx:~xx 1LPFis IJS.1ISDNAxx;
MxI x:.Ph' ~s C~rooc~i: fSD~itxxxxlx %Kexrved IOi ITCI-TxxKz1a~ xPcxerval
for IT;..Txxx1a;x xtm-yl8r,dud LF~x%Ix%:x xHu Pnxlar:m ~h~sOWe!xx4QDQC 0
1'~bte ?9. T~ientifiratioa Field - (~i) Sylitter In#'orsnutibil tl~~ar(2)}
eodiup - t7ctet 2 NTar(='~58G 5 A 3 7 IN?F is 35 ltH~ t rmu; .x%x~cxxxI1~?
~6 ,41~HT U5.1 I$01xxaxxxLxHPF is 15C kHz.~~USL wni LuroFedn
IS11N)xxAzr-x%ilFh ii )"Okllc:yC'3l.).vxi%IAxW yt-ver: :or
!7U-TtxxIx,xyfan-smnJ.u~ hfPFx~Ixxxxxwe ~.uarncctt~ it rvs uca~'cxA0liCfC
'Z'ahlc 3(t. Identiflcutiol>I field - ~~R} t)at:~ Rats ~munnt(,~verobe)
{~TPy(2~} coding -!Defer 1 



ir.,ri,s 8 7 r 9 a ; 1 I ' hrs:ve~ ru 111J-T x x ~ _ : .  L ~'nx~ec lied bY
~ern'isa~ x x ~ 0 U n 0 4 U Arc ,fir b~udw',a;h. IE a 3-~ x i' J kbFs~ c x
~ 1 ~ K A i S ~~n.-eyc l'.~ndwiuh IInS i.l x ]3,i.bp~s - , ;s - ~ Y t S K A
57 T~lhie 31. Ydentitication lie9d - ISk~) ~l~ kite ~mour~t ~i~'I;~xirn~m)
~~lP~r(y)) codins . octet ? !~'PaN?ls 3 T h -' = 1 Reser~e(liot IT(,'-T t x
. I I : l I ~:~s~ec-titd D~'r~rmir~l X x ~ ~1 7 0 4 C , 1_axin-.,rm
SarWndrh(bns5 . x i:? sbps) v ~ I x x s s z .YIYIff:JT E.iaLmdth ~ bns i-I
x s? ~cEas~ - t c 7 x x a t z T:~k~l~e.3?. )dentifcstiots field -- (SR)
D~Itu Rflt~ :mount (l~linimum) {NPar(2)~ cadiog - t~ctx# 3 NParf=~R : ' C 3
~ 7 ' 1Rcscrvtd frr t7U Ta x ~I i 1 l I IUns~sttlfi~ by lerrn:n9i2 x9 0 ~7
0 Q 9:Imwutn h~mdlh (b~3 S-'. x 5'; ibfls)x x. .a ~ .~ x xSIimM~~rn
hanimdth 63n5 i- i Y 3? khps)t x0 n a v ~ a T~bla ~3. Identification
held.-~5R) Dnto rats type ~~Par(~)~ ~uding '~Py3)s85343~ Y~aw
IoItrSGS.~rxzzaa 1wn5l;~t Iztentyaxxxr,xI XH~tSSyrxzcxIx YK~x~tIrx zxz~
kirxx xz~t.sxxx zfio mISrK'i .n Ihis vc'.elxxt17Ds7D U 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. 10   58 ~'I~bi~ 3~. Identification FiKld - {~i~) Iteq~est
~'r~~~smission afCarrirrrs fZ'lfar;2)i coding-Uctet 1 ~J'arf'!5Sd i~ 3 I~u;
urir rtanxmit urng ~I S I '.j k W farm'y ( ~.;YK ~x nZ 1 x IRey4t9:
rr_rtxmt n-ng a<HZ f~rnrly: D)YYS S~L x I xReymst u~psrm: an carver ~6 ~txx
ts f .1 x IReq~r~l tion5r~ln ~n carver .im x.txt At x x ~tReq~e5;
tr8r151Tlrnn cartrer.i.",z.txY Ix x A xReq~esl tr9nilT-~ ~n ramcr .i,,r
1txI tx x x xNo pardritDC'3 .n Ih,s excel~x7 J0 4 4 0 'table 35-
ldetsti(ication Fi id - (~R) l~~quest '~r~nsmissiQn of harriers E'_~~ar~2)~
cC~dtng,-Octet 2 Npan25s2':iSd 32 IRequ:s( Irunsmlc on carer, lla,~rtxttR
xx tRtqmu IiIfISIhi: on cur~rl A""'lx1tx x1 xR.eyue5: tt~n~rroi an ca ~ i4r
A~; ,,vxxxi Ix xflaJuix-rransrnrl unl-iTtr Aax~c.1xxI ax ~I RWuesl
Aan5r5r,~ 9fr es: ier Bhr..e~~ixId xx KRSquesl'.r9r'.3rnN or tamer 3,.
xxxLax xx rcNupaf8l;lErrrs it Ih,Yb.iClxt '~~~C 00 D 5 The Standard
Information field is composed of several octets of NPar{1}'s, SPar(1)'s,
and possibly NPar(2), SPar{2), and SPar(3). NPar(1} and SPar(1} octets are
specified herein and are always transmitted. NPar(1) octet encoding is 1o
described in Table 36, while SPar(1) octets encoding is described in Tables
37 and 38. The contents of NPar(2), SPar(2), and SPar(3) octets are
transmitted only if the corresponding bit in SPar(1) is a "1". In general,
the contents regard modulation 15 and protocol details specific to
respective ITU-T Recommendations. Some illustrative specifications of
modulation encoding are given in Tables 39-45.   59 5 Fable 36. Statld3rd
Infnr~n3tion fiefd - ~~;P;Ir(1)~ ~~dind 



S?~r(I~s -_-T S~)-3'- I'vnicabdrxJ (IiW ~ 8 or ~' 9bis:% ~, xxxxz Iv err: 1
~sclem tL`~?;.~sn~tl eying present iave~tians ~:t xYxxI zft~fenic fm
4Z~-1'tf atxfx zkt3arveo iort ITLr-lct .aIxx xfCtS~ed!orCfL-'-1xx ;Ixax
xkr.~a:ved'or 1TU-'Itx Ixxxx xRese~red'ur C7 U-TxI txxxA x14n naramclriy a
~~s ntet - -_ -~C __ ~J-C -000 0 '1 able 37, Standard Information fielr,~ -
~~sl'ar~l~~ coding - Oetet '1 SP~r! I)s8~.5d3' I;i 4~2 ~ ~ Annex Axa~Kxxz
I^. 9rY? I - rlnAC~ 3xsxYxxL aG 99z f - Artnac C;cxxxxLt a. G.ln!sxxAatLx~
xfj y9~ :xxxIazt x~r 79I = - fm TL:hi !$Q~' em ironrnen~7t3Ix~tx
.aNar.sc~nd9r9 CaC'rb~:iries (morLuLRiun9)x1xzxA% KVila =aruutlC-'S n rhis
ectel~bfi07il~ 0 '~'u4~he 39. S iandxl rd t h!'ormation #'mld - ~,5~ar( ~
]) codi n g - t~ctet ~. SPu~ I)s8' ~3.~;? 1A~5! fIDS~~ t G hdd2xX xxxxa f'
.~~SL t'DSi. ~ : T vdr..4anrt 9tx xsAxL xANSI;'0$LR : ~.vdrlA.hneaHtx
aa.'f1x zA:~'Sf Ty ~I ?i Issue 2~x skIxx zRcst-vtr f^r I :l:-itx t,xxx
x.:LtStrvec. fc- IW=:zx axzx .s3asxwed iu- L:L-Tt: xxxa.v t\' -ararnetr3 d
Ihls ~t.n~~7 tlJ0QrJ 11   60 '~'ablw ;:~, i'riorlul:~hun - I:';."99. t
Aun~.~ ~ ~ ~' f'a~-(2)~ ~urtii~sg - Octet 1 w~~~ itsiti5- 3~ I~Fcc;c1
(,'.7l1"IIlZlA Vr fwofl'.ei fctr~..59'_1 Annc~c a:.irxa xXz~ ~Xxx t1
xSTyI-;:, AThi=Ixx .xxa L% t~ITRxzax' sx x~ r,: ~xxt..t .tA Xxz1~s xA %1C
pararnsttfS P nis o~tt'.xxU~~J a~ 1~ -Table 4~_ 1'!'odulati>~n -~.39~.1
Aoo~x a {~h~r(~~~ ~4dinD - 4cret ~  MP:u(2ji~;G:L32 IA,y I r A-741 :
C9wnsnfeamxxxx~xa 1W 2 downssT~.'~axxAXi1 zQ153 duwnscrcaan>`xxAxIs xt51
Juwns~eamxxxx1a.x xLS2~9wnsaeam\x~IxaXL51 ~ r4Tnf I vpsUtsmtr.IxznX ;No
[7s1'=T~ettM ir. this ottr:~'I0044D fl Tablr ~1. ~i~w'~ulstion -. IG_99~.1
Anae~c ~ ~;~Par~(?~} coding- ~lct~t 3 N P3.~('~1i~~6 34ii 1L5'_ uhs.?e~m
Xaa xxsR 1K~n xxAL %XxX xA1x x i xi ~ V x ~ Y x xaxx 1Xx.S Xxx1 xxx~ riwu
vBWm='.er; in Lh~9 e~:e~ : xx'J ~DL'0 ~I 5   61 Fable 42, '.~~~~L13t1~137 -
~;.~39Z.1 .-~nne~ B ~~ Par()} c4t~ln~ - I )ctec ~ hlP~r[?;s~ ?; air31 ?~7~
TumS 91N':= ;-': I - Tanes below 3~ ailu~~rs1 - ~'i7 i E.. xxxx~.s 1r
xxxxx', xxxxxfs zr.cv xxxIxs x~x!xxs xXtxxxr x. Nn ~r~mrar5 r:r ;h15 otmt
., xfYD0P0 C~CTE - wlyr, rhr mnsmge a sen: by tht A7:.-~.. rt rAdrC~r~ n
.zkrilrty to raeewe tor,rs r9-St7C TuntS 8hu~e JZ f  rt,~ ~ r.:rrs rwe :
mv.,~nf n mn acr , oy :nc y s u-~., w mmsw~a .~c m:nr; is ,r~r3rnn ccncs ;u
-vn5y I .t r ura I o-904! 12 : i ~ f~ pe~E5 ~? m d3 nx~atary, Ft~C bones L
14 32 ePrW n11 'I-abIe 43. L~Iodulat~oa - .993.i ~noex ~ ~NPar[2)~ c~dioe -
octet 1 NPu~25s8T33d; ~ ISpe:if;- pef~rt~rrs flr paoi les lar Ci."J9~ I
i.0lirt 4'z%xxxz x LsxKxzx 1 x~rxaxzI a xttcxxzxLx % xMxxLxx c xxxIYHx c
x~e Fueure~bf! Ir, rh_s aeDe!.ttD0DD fl 0 'fable ~4. l~~odalatinn - ~.hdsl
{~lPur(2)} todigb MParlzls8'd543d I::SC G hdzl W nnex Bxxxhkxx -~xa%xxsI
xxz%xx:xac_xtxz-xx %.s~x1xzt xsxIxz~x x~'c ~~nneiaa'n IhrS o:~~rtxh0~I1D C~



62 f able -~5. ~fadufatiuh - C.99*.? {~i~ar(*)i cadm~ - octet 1 '
~~~~~~h'1:5~5i.ISPcCifY r~~l=:i ~r P~'~C.rs for G.99=?,xx;xxxt.i;
~<xIaxtxxx'xtxXxa1~xxx%xI~YxxsxIaxYxx~~ ~8ri~se'eri u5 ~5i~ oc!rlAx0hh~0D-
.._ r.~ i .. r n. - __ -_ . -_._-- .11, . .....,~,.. ~ .~rw nfonrya rr~m;
nTm:ltir  5 The MS, CL, and CLR messages may optionally contain a
non-standard information field to convey information beyond that defined
herein. When non-standard information is to be sent, the "Non-standard
field parameter is set to binary ONE in the identification field of the
transmitted message. The non-standard information 1o 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 CUCLR messages, and the same bit
is used to indicate   63 selection in MS messages. Following the
termination of the present invention negotiation protocol with the ACK
message, the carrier could remain ON to provide a clear EOC channel 5 In
the past, the configuration of an ATU-R Handshake by a Terminal was
performed using either AT commands, or other proprietary means. According
to the instant invention, an AOM management protocol is used between a
Terminal and the ATU-R, and a similar communication path between the ATU-C
and the network management systems. In the preferred embodiments, the
Terminal uses the SNMP 10 protocol (IETF RFC 1157 published May 1990) to
configure and monitor the present invention's handshake procedure in an
ATU-R. Since the present invention's handshake procedure data rate is under
10Q byteslsec, a reasonable time needs to be provided for the Terminal to
actively participate in the handshake session. 15 f n 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
ACKINAK 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 fram the spirit andlor
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.   64 WHAT IS CLAIMED IS: 



1. A communication apparatus selectively connectable to a communication
device, comprising: 5 a transmitter that transmits a first predetermined
signal to designate a specific mode to said communication device; and a
receiver that receives a second predetermined signal from the communication
device in response to said first predetermined signal, wherein said first
predetermined signal includes an identification field that stores
modulation io independent information and a standard information field that
stores modulation dependent information, data in each field being
hierarchically stored. 2. The communication apparatus of claim 1, wherein
said first predetermined signal comprises a MS signal. 15 3. The
communication apparatus of claim 1, wherein said second predetermined
signal comprises one of an ACK signal and a NACK signal. 4. The
communication apparatus of claim 2, wherein said second 2o predetermined
signal comprises one of an ACK signal and a NACK signal. 5. The
communication apparatus of claim 4, wherein said MS signal has a plurality
of octets, a highest bit of each of said plurality of octets delimiting
data within said plurality of octets. 25 6. The communication apparatus of
claim 4, wherein said transmitter transmits a CLR signal that requests the
communication device to transmit a communication device function list, and
wherein said receiver receives a CL signal that includes a communication
device function list from the communication device. 30   65 7. The
communication apparatus of claim 6, wherein the CLR signal includes an
identification field and a standard information field, data in each field
being hierarchically stored. 5 8. The communication apparatus of claim 7,
wherein one of the CLR signal and the CL signal includes a plurality of
octets, a highest bit of each of said plurality of octets delimiting data
within said plurality of octets. 9. The communication apparatus of claim 4,
wherein said identification field 1o within the MS signal includes country
information. 10. The communication apparatus of claim 4, wherein said
identification field within the MS signal includes revised information. 15
11. The communication apparatus of claim 4, wherein said standard
information field within the MS signal includes information designating one
of G.992.1 and G.992.2. 12. A communication apparatus selectively
connectable to a communication 2o terminal, comprising: a transmitter that
transmits a first predetermined signal to designate a specific mode to the
communication terminal; and a receiver that receives a second predetermined
signal from the communication terminal in response to the first
predetermined signal, wherein, said 25 first predetermined signal includes
an identification field that stores modulation independent information and
a standard information field that stores modulation dependent information,
data in each field being hierarchically stored. 13. The communication
apparatus of claim 12, wherein said first predetermined 3o signal comprises
a M5 signal.  



66 14. he communication apparatus of claim 13, wherein said second predeter
fined signal comprises one of an ACK signal and a NACK signal. 15, The
communication apparatus of claim 14, wherein said second 5 predetermined
signal comprises one of an ACK signal and a NACK signal. 16. A method for
establishing a communication between a plurality of communication devices,
comprising: transmitting a first predetermined signal from a first
communication device to 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 15
predetermined signal includes an identification field that stores
modulation independent information and a standard information field that
stores modulation dependent information. 17. The method of claim 16,
wherein the first predetermined signal comprises a 2o MS signal and the
second predetermined signal comprises one of an ACK signal and a NACK
signal. 18. The communication apparatus of claim 6, wherein said MS signal
transmitted by said transmitter includes a communication apparatus function
list. 25 .Ay.AyN .A .A .A.A.A%.AL.AS_.A .A  .A .A.A%.A.A .A.A.A
.A.A`.A.Ay.Al.Al .A.A.A .A .A.A .A.ASH .A&u.A .A.A.A&_.A.A .A.A.As.A.A
.A@.A,y.A@e.Ay.AH  .AF .AS.AR.ASf.Af.Al .A.
.AS.AS.A.A]yj.A.A.Ay.A@R.A,[:Ofh,Cru_4(yr s v 
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