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TO A COMMUNICATION DEVICE Field Of The Invention 5 The present invention is
directed to a communications apparatus connectable to a communication
device, such as, for example) a modem connectable to a communication
device, and a method for enabling data communication, and in particular, to
an apparatus and method that detects various communication modes to 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 through 4
kHz bandwidth) of the PSTN. Early modems transmitted data over the 2o PSTN
at a speed of approximately 300 bit/second, or less Over time, and with the
increased popularity of the Internet, faster communication schemes (e.g.,
modems) were demanded and developed. Currently, the fastest analog modem
available (referred to as an ITU-T V.34 modem, as defined by the
International Telecommunication Union Telecommunication Standardization
Sector (ITU-T)), 2s 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. 3o 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   2 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 fine (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). 10 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. CATS 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.   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 1o 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 condition/configuration inside
of the customer premise (e.g. home, office, etc.) and the range of devices
already attached to nodes in the wiring are varied and unspecifiable. For a
service provider to dispatch a technician and/or craftsman to analyze the
premise wiring and/or 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 to 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: 1s 1) Recommendation V.8 (09I94} -
"Procedures for Starting Sessions of Data Transmission over the General
Switched Telephone Network"; and 2) Recommendation V.Bbis (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 splitter, etc.) is useful at the
time that plural xDSL 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. Definitions 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 16 MHZ of
communications. Used for voice and datalLAN traffic to 10 megabits per
second; CAT5 - cabling and cabling componenets designed and tested to
transmit cleanly to 100 MHZ of communications; to 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; Golf - an octet having the value 81,6 ; i.e., the ones complement of
an HDLC flag; t5 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
local loop - communication channel 5, the metallic wires that form the
local loop to the customer premise; responding signal - signal sent in
response to an initiating signal; responding station - station that
responds to initiation of a communication 25 transaction from the remote
station; session - active communications connection, measured from
beginning to end, between computers or applications over a network; signal
- information conveyed via tone based transmission; 



signaling family - group of carrier sets which are integral 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 to 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;   9 FSK - Frequency Shift Keying; GSTN -
General Switched Telephone Network (same as PSTN); HDSL - High level Data
Link Control; HSTU - Handshake Transceiver Unit; 5 lETF - Internet
Engineering Task Force; ISO - International Organization for
Standardization; ITU-T - International Telecommunication Union -
Telecommunication Standardization Sector; . LSB - Least Significant Bit; io
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.   10
SUMMARY OF THE INVENTION There is provided a communication apparatus
selectively connectable to a communication device, comprising: a
communicator that executes a first s communication mode that transmits, to
the communication device, a first predetermined signal that designates a
specific mode, the communication device responding by issuing a second
predetermined signal; the communicator executing a second communication
mode to transmit a third predetermined signal that requests a transmission
of the first predetermined signal from the communication 1o device, and
receives the first predetermined signal from the communication device, the
second communication mode thereafter transmitting the second predetermined
signal to the communication device; and a controller that executes one of
the first communication mode and the second communication mode upon
initializing a communication with the communication device. 15 Preferably,
the first predetermined signal comprises a MS signal and the third
predetermined signal comprises a MR signal. The second predetermined signal
preferably comprises one of an ACK signal and a NACK signal. 2o It is
preferable that the communicator executes a third communication mode that
transmits a CLR signal to the communication device that informs the
communication device of a function list of the communication apparatus and
requests a function fist of the communication device, the communication
device transmitting a CL signal that includes the function list of the
communication device 25 to the communication apparatus in response to the
CLR signal, after which the third communication mode is executed to
transmit one of the ACK signal and the NACK signal to the communication
device Preferably, the third communication mode is either executed prior to
an execution of 3o the first communication mode or prior to an execution of
the second communication mode.   Advantageously, the communicator transmits
the NACK signal when the communication device requests a non-executable
mode and returns the communication apparatus to an initialization state
upon an occurrence of a predetermined event. Preferably, the predetermined
event comprises a 5 transmission of the NACK signal. It is preferable that
the communicator executes a third communication mode that transmits a CLR
signal to the communication device that informs the communication device of
a function list of the communication apparatus and to requests a function
list of the communication device, wherein the communication device
transmits a partial function list of the communication device to the
communication apparatus in response to the CLR signal, after which the
third communication mode is executed to transmit one of the ACK signal and
the NACK signal to the communication device. 15 It is preferred that the
third communication mode is executed when the partial function list of the
center is received by the communicator a predetermined number of times. 2o
In another embodiment, there is provided a communication apparatus
selectively connectable to a communication terminal, comprising: a
communicator that executes a first communication mode, associated with the
communication apparatus, that transmits a first predetermined signal to the
communication terminal that designates a specific mode, and that receives a
second predetermined signal 2s from the communication terminal; the
communicator executing a second communication mode, associated with the
communication apparatus, that transmits a third predetermined signal to the
communication terminal requesting a transmission of the first predetermined
signal by the communication terminal, the communicator receiving the first
predetermined signal from the communication 3o terminal, the communicator
executing the second communication mode thereafter to transmit the second
predetermined signal to the communication terminal; and a controller that
controls the communicator to execute one of the first communication   12
mode and the second communication mode upon initializing a communication
with the remote communication terminal Preferably, the first predetermined
signal comprises a MS signal, the second s predetermined signal comprises
one of an ACK signal and a NACK signal and the third predetermined signal
comprises a MR signal. Advantageously, the communicator executes a third
communication mode that transmits a CLR signal to the communication
terminal that informs the 1o communication terminal of a function list of
the communication apparatus and requests a function list of the
communication terminal, the communication terminal transmitting a CL signal
that includes the function list of the communication terminal to the
communication apparatus, after which the third communication mode is
executed to transmit one of the ACK signal and the NACK signal to the 15
communication terminal. There is also provided a method for performing a
data communication between a communication apparatus and a communication
device, comprising: communicating in a first communication mode of the
communication apparatus to transmit an MS 



2o signal designating a specific mode to the communication device, the
communication device receiving the MS signal and transmitting one of an ACK
signal and a NACK signal to the first communication mode of the
communication apparatus; communicating in a second communication mode of
the communication apparatus to transmit an MR signal to the communication
device requesting that the 25 communication device transmit the MS signal,
the communicating deuice receiving the MR signal and transmitting the MS
signal to the second communication mode of the communication apparatus, and
thereafter the second communication mode of the communication apparatus is
executed to transmit one of the ACK signal and the NACK signal to the
communication device; and executing one of the first 3o communication mode
and the second communisation mode prior to a communication.   13 It is
preferable that the method further comprises a third communication mode of
the communication apparatus that is executed to transmit a CLR signal to
the communication device that informs the communication device of a
function list of the communication apparatus and requests a function list
of the communication s device, the communication device responding by
transmitting a CL signal that includes the function list of the
communication device to the communication apparatus, the execution of the
third communication mode transmitting one of the ACK signal and the NACK
signal to the communication device prior to executing one of the first
communication mode and the second communication mode. 10 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, 1998; 60I093,669 filed on July 22, 1998; and 601094,479, filed on
July 29, 1998, the disclosures of which are expressly incorporated herein
by reference in their entirety. i5 The present disclosure also refers to
the following Recommendations, the subject matter of which is expressly
incorporated herein by reference in their entirety: Recommendation V.8bis
(09I94) - "Procedures for Starting Sessions of Data 2o Transmission over
the General Switched Telephone Network", published by Telecommunication
Standardization Sector of the ITU; Recommendation V.8 (08I96) - uProcedures
for the Identification and Selection of Common Modes of Operation Between
Data Circuit-terminating Equipments 25 (DCEs) and Between Data Terminal
Equipments (DTEs) over the General Switched Telephone NetworK', published
by Telecommunication Standardization Sector of the ITU; Recommendation T.35
- "Procedures for the Allocation of CCITT Defined Codes 3o for Non-standard
Facilities", published by Telecommunication Standardization Sector of the
ITU; and   14 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 Leased Point-to-point 2-wire Telephone-type
Circuits", published by Telecommunication Standardization Sector of the
ITU. 5 BRIEF DESCRIPTION OF THE DRAWINGS The foregoing and other objects,
features and advantages of the invention will be apparent from the
following more particular description of preferred embodiments, 1o 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: Fig. 1 is a schematic block
diagram of a general environment for usage of the present invention; 15
Fig. 2 is a schematic block diagram of the present invention under an
exemplary 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
invention used in connection with two exemplary high speed (xDSL) modems 2o
adapted to transmit signals to each other over a communication channel;
Fig. 4 is a state transition diagram for a transaction message sequence of
an xTU-R unit; 



Fig. 5 is a state transition diagram for a transaction message sequence of
an xTU-C unit; 2s Fig. 6 is a labeling and order format convention for
octets in a message; Fig. 7 is a field mapping convention for data that
does not reside in a single octet; Fig. 8 is a bit order for two octets of
a Frame Check Sequence (FCS); Fig. 9 is the structure of octets in a Frame;
Fig. 10 shows three types of fields of information; 3o Fig. 11 is a tree
structure that links various parameters (NPars and SPars) in an
Identification (l) field and a Standard Information (S) field; Fig. 12
shows a transmission order of NPars and SPars in a message;   15 Fig. 13
shows the structure of octets in the Identification (I) field; 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. 5 DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS 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 to interfaced together via a communication channel 5,
as shown in Fig. 1. 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)
'I operates to connect, for example, telephone 15 lines (e.g.,
communication channel 5) coming from the outside, on one side, and internal
lines (e.g., internal central office lines) on the other side. The remote
system 4 includes a network interface device (NID} 3 that functions to
interface the remote system 4 to the communication channel 5. The network
2o interface 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 devices
without departing from the spirit andlor scope of the invention. Further,
25 while the present invention is described with reference to a telephone
communication system employing twisted pair wires, it is understood that
the invention is applicable to other transmission environments, such as,
but not limited to, cable communication systems (e.g., cable modems),
optical communication systems, wireless systems) infrared communication
systems, etc., without departing 3o from the spirit andlor scope of the
invention.   16 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, in which both the central office system
2 and the remote system 4 implement the instant invention. 5 As shown in
dig. 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 68, a high speed data transmitting section 10, and a
computer 82. Computer 82 is understood to be a generic interface to network
equipment located at the central 1o 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. 



The low pass filter 34 and high pass filter 38 function to filter
communication signals 15 transferred over the communication channel 5. The
test negotiation block 46 tests and negotiates conditions, capacities, etc.
of the central office system 2, the remote system 4, and the communication
channel 5. The procedures of the test negotiation block 46 are completed
prior to, and initiate the selection of the high speed modem receiving and
transmitting sections (e.g.) modems) 68 and 70. The 2o high speed receiving
section 68 functions to receive high speed data transmitted from the remote
system 4, while the high speed data transmitting section 70 transmits high
speed data to the remote system 4. The high speed sections 68 and 70 may
comprise, but not be limited to, for example, ADSL, HDSL) SHDSL, VDSL, CDSL
modems. High speed sections 68 and 70 can be a plurality of high speed 25
transmission devices which "share" the common block 46 during the initial
negotiation procedure. The negotiation data receiving section 52 and the
high speed data receiving section 68 transmit signals to computer 82. The
negotiation data transmitting section 54 and the high speed data
transmitting section 70 receive signals issued from the computer 82. 30 In
the disclosed embodiment, test negotiation block 46 comprises a negotiation
data receiving section 52 and a negotiation data transmitting section 54.
The negotiation   1? data receiving section 52 receives negotiation data,
while the negotiation data transmitting section 54 transmits negotiation
data. The operation of the various sections of the central office system 2
will be described, in detail, below. 5 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 generic interface to network
equipment located at the remote system. Test negotiation block 48 performs
all of the negotiation and examination procedures to that take place prior
to the actual high speed data communication. The low pass filter 36 and
high pass filter 40 operate to filter communication signals transferred
over the communication channel 5. The test negotiation block 48 tests and
negotiates conditions, capacities, etc. of the central office system 2, the
remote 15 system 4, and the communication channel 5. The high speed
receiving section 72 functions to receive high speed data transmitted from
the central office system 2, while the high speed data transmitting section
66 transmits high speed data to the central office system 2. The
negotiation data receiving section 56 and the high speed data receiving
section 72 transmit signals to the computer 84. The 2o 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 25
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 3o 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   18
transmits the downstream negotiating data to the negotiation data receiving
section 56 of the remote system 4. The central office system 2 includes a
plurality of channels 6, 10, 14, 16 and 18 that 5 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 &
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 Hz to approximately 4 kHz), which has been filtered by low pass filters
34 and 36. to Further, a remote voice channel 33 is provided in the remote
system 4 that is not under the control of the central office system 2.
Remote voice channel 33 is connected in parallel with the communication
channel 5 (but prior to the low pass filter 36), and thus, provides the
same service as the remote voice channel 32. However, since this channel is
connected prior to the low pass filter 36, the remote 15 voice channel 33
contains both the high speed data signal and a voice signal. 



It is noted that the filters may be arranged to have different frequency
characteristics, so that a communication may take place using other, low
band communication methods, such as, for example, iSDN, between voice
channels 6 2o and 32. The high pass filters 38 and 40 are selected to
ensure a frequency spectrum above 4 kHz. Bit streams 10, 14, 16 and 18 (in
the central office system 2) and bit streams 22, 2fi, 28 and 30 (in the
remote system 4) comprise digital bit streams that are used to 25
communicate between the central computer 82 and the remote computer 84,
respectively. 1t 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, 30 bit streams 10, 14, 16
and 18 may be configured as (but are not limited to) an interface
conforming to a RS-232, parallel, FireWire (IEEE-1394), Universal Serial
Bus (USB), wireless, or infrared (IrDA) standard. Likewise, it is
understood that bit   19 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. 5
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 2, and the negotiation
data receiving section 56 and negotiation data transmitting 1o section 50
of the remote system 4. The essential features of the hardware portion of
the invention is the functionality contained in the test negotiation blocks
46 and 48, which test and negotiate the conditions, capabilities, etc. of
the central office system 2, the remote system 4, and is the communication
channel 5. In practice, the configuration of the central office system 2
and the remote system 4 is subject to wide variations. For example, the
configuration of the external voice channel 33 is not under the control of
the same entities that control the central office system 2. Likewise, the
capabilities and configuration of the communication channel 5 are also
subject to wide variation. In 2o the disclosed embodiment, test negotiation
blocks 46 and 48 are embedded within modems 42 and 44. However, the
functionality of test negotiation blocks 46 and 48 may, alternatively, be
implemented separate and distinct from the modems 42 and 44. Signals
transmitted and received between the test negotiation blocks 46 and 48 are
used for testing the environment itself as well as communicating the
results of 25 the tests between the central office system 2 and the remote
system 4. The purpose of each signal path in Fig. 3 will be explained
followed by an explanation of the devices used to create the signals.
Examples of specific values for the various frequencies will be discussed
in detail, below. 30 In the disclosed embodiment) frequency division
multiplexing (FDM) is utilized for various communication paths to exchange
information between the central office   20 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. 5 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 frequency above 4 kHz may be used. In this regard, it is noted
that tone bursts at a 1 o 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. 



The communication paths are defined in pairs, one path for an upstream 15
communication from the remote system 4 to the central office system 2, and
another path for a downstream communication from the central office system
2 to the remote system 4. The negotiation upstream bits are transmitted by
the negotiation data transmitting section 50 of the remote system 4, and
received by the negotiation data receiving section 52 of the central office
system 2. The negotiation 2o downstream bits are transmitted by the
negotiation data transmitting section 54 of 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
25 and 68 to perform a duplex communication. All messages in the present
invention are sent with one or more carriers using, for example, a
Differential (Binary) Phase Shift Keying (DPSK) modulation. The transmit
point is rotated 180 degrees from the previous point if the transmit bit is
a 30 1, and the transmit point is rotated 0 degrees from the previous point
if the transmit bit is a 0. Each message is preceded by a point at an
arbitrary carrier phase. The   21 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 5 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 to 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 15 stops transmitting the negotiation
upstream data. After a short delay, the negotiated communication method
begins it's initialization procedures. In the exemplary system of Fig. 2,
the voice channel 6 is often connected to a PSTN switch 300, and the
functionality of the xTU-C 302 is embodied in modem 42. 2o Central office
splitter 304 comprises a low pass filter 34 and high pass filter 38. In the
remote system 4, multiple telephones 306 are connected to voice channel 32
or 33, and the xTU-R 308 is implemented in modem 44. The present invention
goes to great lengths, both before the handshake procedure 25 is performed
and during the handshake procedure, to be spectrally polite or as
nonobtrusive as possible. In this regard, the instant invention uses a
unique method (criteria) for selecting the transmission and reception
carriers (frequency bands), as embodied in a PSD. The 3o spectrum and
carrier allocation for the preferred embodiment of the present invention
will now be described. The description begins with a review of the upstream
and downstream PSD requirements of several different xDSL services   22
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 5 of the
central office system 2, and upstream carriers are transmitted by the
negotiation data transmitting section 50 of the remote system 4. The
present invention is used to initiate or activate many types of existing
and future xDSL services. The requirements of the various xDSL services
have been 1o taken into consideration in the design of present invention.
This description addresses two inter-related considerations: spectrum and
activation methods. I n 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 15 activation signals of
existing xDSL services. Examples of various spectra of typical xDSL and
existing services that might be negotiated by the present invention are
shown in Table 1. For purposes of definition, "upstream" and "downstream"
directions using the nomenclature from 



2o the various xDSL services are indicated in Table 2. Table 3 lists the
initiating activating sequences of several xDSL. Together these tables
outline the typical environment in which the present invention must be
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24 With respect to the bands used by ADSL modems, the present invention
uses the following detailed criteria to select appropriate carriers for the
upstream negotiation channel and the downstream negotiation channel: 5 1.
Consider all of the services/famiiies known today (e.g., 6.992.11G.992.2
Annex a, Annex B, Annex C, HDSL2); 2. Upstream and downstream negotiations
will not use the same frequencies (i.e.; the preferred embodiment does not
use echo canceling); 3. FDM filter implementations (with a few
non-essential additions) - e.g., avoid to upstreamldownstream interleaving;
4. Avoid existing T1.413 activation tones (e.g., tone numbers 8, 44, 48,
52, fi0}; 5. G.992.1 Annex a and G.992.2 Annex a use the same upstream and
downstream carriers. G.992.1 Annex C and G.992.2 Annex C use the same
upstream and downstream carriers; 15 6. At least one carrier associated
with G.992.1 Annex a is the same as the carrier used with G.992.1 Annex C.
At least one carrier of G.992.2 Annex a is the same as the carrier used
with G.992.2 Annex C. (For both upstream and downstream); 7. The ADSL Annex
a downstream band is reduced to tones 37 through E8, 2o based on G.992.2;
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
25 directly on top of each other. Since the tones for Annex C have special
requirements, they often cannot be aligned on the same grid as the Annex a
and Annex B tones; 10. Higher frequency tones should be spaced farther
apart to reduce leakage in the filters; 



30 11. In general, there are 3 tones per Annex (however, Annex C has 2
primary tones each way, and a third borderline tone);   25 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,
5 avoid 282 kHz (~#65) and 306 kHz (~#71 ). Based on the above discussion,
a preferred Embodiment #1 uses the following carriers: F.irn~h~~
Uurcnn~-una lu~t~~ort~'rr-stk lJpsQr~in7, I 1, 13,11. 33, 7 ;, ~!f.~untx z
~u2 d Wrs-i usrt Ih~t gr i :,~'+I)I ~.o I; rW vrrs~rcmad. ?. (?~). S0. i R.
5u,  4. 90, : l ai ~ln~sz ~ a~G Fi lanes ux Ihc :~d $~t2: I.=k
_ornh'R~Stivc lbn*~t~'r?-: A preferred Embodiment #2 uses the following
carriers: F~~uly~ ~'ircc;i~nTane IndexU~.r_rrn~;~ K l:ns'rearnf, I I, :5.
33, 35, 39(~nrtx a iced R Inner urx 16e gnd .l~-13I ~.3 k Uu~nsmcarcd. '. f
obi. 70, ! $, Q56, ~ a,'J4. I 1 ai.~ nnet a zed d Ionss usr I!-.r: crd
,'shl-'_',a x f.'lf~ilx~3eserve Tome mes ~-5 10 A preferred Embodiment #3
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An, Ei ' ; .3 ' ; ' ~3 Anz (' 6 w.. to ' i n n ..-. i Ik'DSL'. a I ,qrX .7
' ; Rnx H ~ ' ~ di anx ~ ' h -:` 13 - I  5 Comments on the selected
carriers: 1. The upstream and downstream carriers are completely separated;
2 The upstream and downstream bands of the existing T1.413 activation tones
are preserved; 3. Annex B allows the optional use of tones below number 33)
in which the 1o ATU-x may be able to use some but not all of the carriers
originally designated for Annex a;   27 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; 6. * Tone 26 may optionally be used for
downstream transmission, so that a s 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; 7. Tone 74 falls in the null of TCM-ISDN spectrum, so
there is some positive SNR there and it is in common with Annex B; 10 8.
Tone 74 was selected as the frequency for Annex B's C-ACT2m; and 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 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
1s values are shown in Table 5. TA1~LE ~, L`'PSTFtJ;~l41 CAR81ER PRF
FERfLED ~' wi~ODIbJEiVT #~ L3pwn ~ UD'x~~~ DawnsQe8111 i~rmd5 illQ.~~ Ld
19_ I N.'15L=' '~0.nx. A' I L 13 ~ 'pnx B- 3i 34'p, ~x ('~ 9 I 1 'II aiex .
r~ '' $ 9 f 1 L 5 15 30 33 25 31 35 19' d.; t8 3U i?. -R NJ d3 dfi 63 ~4 90
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a's. ^~ '~ . '684nr 8ii~~~ !~  Y...~n~c Ctbq. ~ W.L~ ii ~ i   29 Although
Tables 4 - 7 describe preferred embodiments, it is understood that other
sets of frequencies can be used for other environments, while still
conforming to the selection criteria described in this invention. 5 The
frequencies of the carriers are derived by multiplying a base family
frequency (e.g., 4.3125 kHz, or 4.000 kHz) by the carrier index. To achieve
robustness, multiple carrier symbols are used for each data bit. The 4.0
kHz family, designated as family B, achieves a bit rate of 800 bitsls by
dividing the 4000 symbolslsec rate by 5. The 4.3125 kHz family, designated
as family a, achieves a bit rate of 10 539.0625 bitsls by dividing the
4312.5 symbolslsec rate by 8. In the above carrier selection embodiments
for the ADSL bands, several xDSL requirements were simultaneously examined.
It is also prudent to be aware of the spectrum used by VDSL modems.
However, as of the time of this invention, VDSL 15 transmission techniques
have not been finalized. Thus, it is advisable to consider the following
criteria and considerations when selecting carriers for use with VDSL
devices (modems): 1. Some VDSL splitter designs begin the HPF roll-off at
approximately 600 kHz. As a result, some carriers should be above 60b kHz
(e.g., ADSL tone 20 #140). Other splitter designs roll-off at approximately
300 kHz (e.g., ADSL tone #70). Thus, carriers above those frequencies would
be needed; 2. Although there is discussion of an ADSL-compatible mode of
VDSL which ensures no interference to ADSL lines, by significantly reducing
power in the carriers below 1.1 MHZ, a VDSL device can transmit carriers in
compliance 2s 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 3o the 43.125 kHz mode, so carriers with a grid of
43.125 kHz is preferred; 4. Carriers should be below 3 MHZ (equivalent to
ADSL tone #695), so that they can be detected on the longest of VDSL
capable lines;   30 5. Carriers should avoid known HAM radio bands, such
as, for example, 1.8 2.0 MHZ (which is equivalent ADSL tones #417 - #464)
in North America, or 1.81 - 2.0 MHZ in Europe; 6. Carriers should be
selected so as to avoid interference from AM radio 5 stations; 



7. VDSL may employ Time Division Duplex (TDD) techniques. Accordingly,
upstream and downstream separations need not be so strict; 8. Signals above
1.1 MHZ in the VDSL band should be transmitted in synchronism with the
ONU's chosen superframe structure, in order to avoid 1o Near End Crosstalk
(NEXT) into the other TDD VDSL lines in the binder; and 9. At least one set
of carriers should be inside the VDSL spectrum plan. Based on the above,
preferred carriers for VDSL, according to the present invention) are as
follows: 15 Downstream Grid = (ADSL downstream grid) x {VDSL grid) _ (8N+2)
x (10) --> 100, 180, 2fi0, 340, etc. Upstream Grid = (ADSL upstream grid) x
(VDSL grid) _ (4N-1) x (10) 350, 390, 470, 510, 550, etc. 2o 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. Channel probing is
performed implicitly by observing all of the initializing carriers 25 sent
during the activation sequence, and to verify which carriers were sent, by
reading the corresponding bits indicated in Tables 23 and 24. During the
reception of unmodulated carriers, the xTU-C, using the negotiation data
receiving section 52, and the xTU-R, using the negotiation data receiving
section 56, monitor the communication channel (line) to perform a spectrum
analysis of the signal to 3o 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   31 based on the
contents of a CUCLR message exchange and the SNR from the implicit channel
probe. Another problem addressed by the current invention relates to the
use of too many 5 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 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. to According to a first
example of the instant invention for reducing the number of carriers,
referred to as a Pair Phase Reversal example, upstream and downstream tones
are paired. When an xTU-x receives a tone from a particular pair, it
transmits phase reversals on it's corresponding mate (pair) before
beginning a modulated carrier. 15 However, this example exhibits the
following limitations: 1. One tone of the pair mate might not be usable
because of bridge taps or interference; thus, the other pair mate would be
idle; and 2. The carriers cannot always be uniquely paired. 20 A second
example of is referred to as a Modulate Carrier Before Messages example.
After sending an unmodulated carrier and before sending a modulated
carrier, messages begin with flags, the xTU-X modulates all of it's
carriers to indicate which carriers it is receiving. Codes can be created
by transmitting 2s concatenated 50% duty cycle patterns of 1's and 0's,
with different lengths indicating different carriers. The fixed duty cycle
allows reception without octet synchronization. However, this example
exhibits the following limitations: 30 1. The scheme is not bit or time
efficient; 2. It would be preferable to octet-synchronize first and then
send the information in a digital message;   32 3. This scheme increases
the time required for the activation sequence; and 4. This coding scheme
does not include error correction. A third example is referred to as a
Carriers Used and Request Transmit scheme. 5 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 



octets in message transactions. During an initial state, every applicable
carrier transmits CUCLR messages. a list to of transmitted carriers is
indicated in Table 23 and Table 24. Parameters in the CUCLR messages used
to determine {negotiate) which carriers to use for subsequent messages are
shown in Table 34 and Table 35. The number of transmitted carriers may be
reduced in the same transaction, such as, but not limited to, MR) MS, ACK)
NAK messages in the same transaction. The number of 15 transmitted carriers
may also be reduced in subsequent sessions and transactions that initialize
with MS or MR messages. As with MS for MS message contents and states) the
xTU-X uses some memory to save the usable carrier information. If a channel
impediment, such, as but not limited to) an interferer or a bridge tap 2o
arises later, an initialization timeout from the initiating xTU-X allows
all of the possible tones to be used from the initiating xTU-X. In their
initial states, the xTU-R and xTU-C are encouraged to transmit as many
carriers as possible, in order to determine whether any common carriers
exist. a 25 pair of xTU-R and xTU-C negotiate using predetermined
procedures, defined above, to specify the transmission of a reduced number
of carriers for subsequent messages and subsequent initializations. If an
xTU-X has been instructed to reduce the number of carriers in the midst of
3o 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   33 transmits an unmodulated carrier on the redundant
carriers for a period of two octet times before stopping transmission on
the redundant carriers. If an xTU-R and xTU-C have negotiated to use a
reduced set of initialization carriers 5 by the procedures defined above,
the reduced set of carriers shall be used for a subsequent initialization.
If an anticipated response is not received within time T~ , prior
instructions from the other xTU-X to reduce the number of carriers are
ignored and the initialization scheme re-commences. 1o 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 section 54 of the central system 2 transmits the downstream
negotiating data to the 15 negotiation data receiving section 56 of the
remote system 4. After the negotiation modulation channels have been
established, the remote station is always considered the initiating modem
in terms of the transaction messages. Likewise, the central office terminal
is thereafter referred to as the responding station. 2o A discussion of the
initiation by the xTU-R will now be described, followed by a discussion of
the initiation by the xTU-C. The initiating xTU-R transmits unmodulated
carriers selected from either one or both families of the Upstream group,
via negotiation data transmitting section 50. 25 When the negotiation data
receiving section 52 receives the carriers from the xTU-R for a
predetermined period of time (at least 200 ms in the preferred embodiment),
the responding xTU-C transmits unmodulated carriers, via negotiating data
transmitting section 54, selected from only one family of the Downstream
group. After receiving the carriers using negotiation data receiving 3o
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 54, only one of the family of carriers and transmits a
predetermined flag (e.g., 7E,6) as   34 data. If the xTU-R initiated with
carriers selected from both families, the xTU-R 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 5 carriers (using negotiating data transmitting section 54) and
transmits flag (e.g., 7E,6) as data. 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 1o transmitting
carriers from a family it is capable of transmitting. This allows the xTU-R
to detect the presence of the xTU-C, and, if it has the capability to do
so, 



attempt an initiating procedure with a different carrier family. In the
disclosed embodiment, the xTU-C and the xTU-R monitor the line for existing
15 services prior to transmitting carriers, to avoid interfering with
existing services, using the negotiation data receiving sections 52 and 56,
respectively. The xTU-C transmits identical data) with identical timing on
any and all downstream carriers. The xTU-R transmits identical data with
identical timing on any and all 2o upstream carriers. The initiating xTU-C
transmits unmodulated carriers selected from either one or both families of
the Downstream group using the negotiation data transmitting section 54.
After receiving the carriers, using negotiation data receiving section 56,
25 from the xTU-C for (in the preferred embodiment) at least 200 ms, the
responding xTU-R transmits unmodulated carriers using the negotiation data
transmitting section 50, selected from only one family of the Upstream
group. After the carriers are received for at least 200 ms by the
negotiation data receiving section 52 of the xTU-R, the xTU-C begins DPSK
modulating only one of the family of carriers using 3o 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
carriers from   35 the selected family. After receiving ones from the
xTU-C, the xTU-R DPSK modulates only one of the family of carriers and
transmits flags (7E16) 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 (7E,6) as data. 5 In order to facilitate the finding a
common set of carriers (if they exist), if the xTU-R receives carriers of a
family that it cannot transmit, it nevertheless responds by transmitting
carnets from a family it is capable of transmitting. This allows the xTU-C
to detect the presence of the xTU-R and attempt an initiation with a
different 1o carrier family, if it has the capability to do so. According
to the instant invention, the xTU-C and the xTU-R monitor the communication
line (using the negotiation data receiving sections 62 and 56,
respectively), for existing services prior to transmitting carriers, in
order to avoid t 5 interfering with existing services. The xTU-C transmits
identical data with identical timing on any and all downstream carriers.
The xTU-R transmits identical data with identical timing on any and all
upstream carriers. 20 In the present invention, an error recovery mechanism
comprises (but is not limited to) the transmission of an unmodulated
carrier of ones (FF~6), or flags (7E6) that shall not exceed, for example,
a time period of 1 second. An xTU-x may restart the initiation procedure or
may optionally start alternative initiation procedures. 25 If only one
communication device in the communication link implements the present
invention's preferred activation method, a high speed communication may not
be possible. The following describes mechanisms to fallback (or escape) to
legacy communication systems, such as, but no limited to, legacy DSL
systems or 3o voiceband communication systems. Fallback to xDSL systems
will be described first, followed by a description of the voiceband
fallback procedures:   36 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 5 fallback to a legacy xDSL activation method. The present invention is
intended to be a robust mechanism for activating a multiplicity of xDSL
modulations in the presence of unknown equipment with unknown transceiver
PSDs. The activation of regional standards (i.e., legacy devices) can be
handled by two different methods: an implicit method (e.g , activation via
escape), or an explicit method (e.g., to activation via nonstandard
facilities or standard information). Both methods are 



used to cover the multitude of initialization methods. The activation via
escape method facilitates the startup of devices prior to the present
invention beginning the negotiation modulation. This allows the startup of
15 devices which, for example, implement Annex a, B, or C of a
predetermined communication standard (with differing PSDs) and a legacy
xDSL system) such as, but not limited to T1.413. The present invention
monitors several different frequency bands using xTU-C's data receiving
section 52 or xTU-R's data receiving section 56. Thus, a device that also
supports a regional standard (such as, for 2o 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 Table 8.   37 'SABLE 8~. ~$C~~'~ ACT~~'ATIOV 1~11~'H
T1.13 l~?~;VZC`.E5 f7euice.L;apaW lu.rsA~go~thr~A f U-CTt.sL!leans
PafA-A~'f-RFQ,ppre~ presort invenS~anedcw0fiotl signalslnlnalxsTl.~iL3 wf~
reCEIytS R-k~~Q41'UTI d.3 &Warts t4~J(-.4CT'-il~Q ~ I~~t invcrihon I~I~ahng
bondylprefMt Inch-snJnrtr8te9 73 9ppfDpnalenT;:.RTI .iiiTrance R~~~-ltEQ
aryd .ions far~',TO"MB ar C-A~Ignoro any tAA ~IIUEflrl4n a,crivalsun si ali
from ~e A'IT..t-Ci t.-RTL.bf3 ~TiM&IW r3 ~t inmrhao aChSMfll9rv
45raLsgrefenr inmrhunIFnn response Do re~eni-n~Cd719rv achvation ~i n87S.
nansrnis R~AC'T-RE The activation via non-standard facilities or standard
information embodiment allows the interworking of devices after the
initialization of the handshake 5 modulation, by indicating the legacy
communication system in a message. The message may use either a
non-standard information (NS) field or a Standard Information (S) field.
The present invention allows the transmission and reception of a
non-standard 14 message that indicates a different modulation. Regional
standards can be explicitly negotiated through non-standard facilities. The
present invention also provides for the transmission and reception of a
standard information message that indicate a different modulation. Regional
15 standards can be explicitly negotiated through a code point in the
standard information field. It is understood that other DSL communication
systems, such as, but not limited to, for example, RADSL, can be negotiated
using the same explicit and implicit 2o methods discussed above for T1.413,
without departing from the spirit andlor scope of this invention. 2.
Fallback Methods To Voiceband Modulations   38 Fallback methods for
voiceband modulations are similar to the fallback methods described above
for xDSL modulations, that is, both explicit and implicit methods exist. 5
The initial signals for a voiceband modulation are specified in ITU-T
Recommendation V.8 and ITU-T Recommendation V.Bbis. In the explicit method,
after the V.8 or V.Bbis code points are selected in an MS message,
acknowledged with an ACK(1) message) and the present invention has executed
(been l0 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. In the implicit method , if an xTU-X initiates a
handshake session by transmitting negotiating tones but does not receive a
response from a possible xTU-X at the 15 other end of the communication
channel 5, the initiating xTU-X may assume that the other xTU-X does not
support a high speed communication, and may then switch to initiating a
communication using voiceband procedures such as V.8 and V.Bbis. 2o 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. 1n general, the xTU-C is
usually always ON, or will have been turned ON before the 25 xTU-R is
turned ON. The xTU-R can always remain ON) but it is more likely that there
will be periods in which the xTU-R is turned OFF or placed into a "sleep"
mode (a mode in which the xTU-R is placed in a standby mode to minimize
electrical power consumption). If the xTU-R is in the sleep mode, the
central side needs to "wake up" the xTU-R before a data transmission can
occur. Four basic 3o transactions for accomplishing this are described in
Table 9.   



39 Table 9 F~~r ~;~si~'Fr~nsaet9~n deeds ~'ortc[lesx~Ftran;
`sar~enslmR::rNto F,-a- ':pry f rsr urrx initiahsiana!a. A; ;;-R ir.iriarrs
r~ccfu'.anacWmrdCCiramdcjrcu,t fuliGapihi:mescxch~rlgc typical it iriol
itatior: h}~ a rnoalleur~rtRs:nca rt:lrsbl-sls o fxenoush neulohakdATU-R
.nil.a;es moSul:~ronI~c~S;d~hGHOP~~m~ n'-Ode~ rBCnrFlrrt.7hon ut pCCyr4H~Y
nYJl:.eIh rsuc n rtunurAl tkchhllRtt-er.lr~`_ Push 7hc nct~o~t skit w"h~
Eie RTtI-R to. A'f U-C Ir irixtrs r~odulal:ar.i: :rst l'u ut Ja, L Sort d:
8r fcr fir .hr ~ehvard to ~ ~u,j ,:.apa6iaties each angcdcil s"t~. a '
pt_sh" saraoor. 1~;~rrsl?,ah4 Push,tpFi,calmn dcius~ L0 rttSt6l:ilSh
.4TLi-L ihit18rt6 rn9rit51ahmhti>vbnhlrsh typrt:a:lY OGG'stss.Fer a
previous lullcESfehsIiflEi~mh~nge. rnrnir~al ncchan Since the xTU-R will
always send the first message of a transaction, and the first 5 message
should be as meaningful as possible when the xTU-R initializes the
modulation, the present invention uses a preferred initialization protocol
scheme shown in Table 10. Alternatively) an initialization protocol scheme
illustrated in Table 11 may be used. However, it is understood that
variations to these transactions may be made without departing from the
spirit andlor scope of the to instant invention. ~-a~rle la.
?'caJasaeli0ins Preferred Schi~~e #1 Pr~nsaction seruemcr xN.unctl U-ft
?('.1~-r -aTU-t  xTI:~C -~l U-k~ 3.h'irbrTiTSfY.RwL.;.IS
AGIG':AKR:estah'ishhSSA~KlN4K'rt:CcntWl Push Fua T-rrtRCCLR(:I.'v1S hCIGTJ
1KL'enzal Pu3h keesvhhsh IRC ~t~i$ IAtF;.~~K ~I  51''nere LL Tr:.7sm,t 1
C~f~h~l~t~es List 1 h S 1x5u$e c~r.vc;-s a_.BI J1 doss h:r nndrs of
aPcr,u,on of the hrsnsmslhr,g ;r~inn CL ~ Transmit a C atAhi~itiex f sst
and Re:hscst !hc ulna Grl i -n cl:.o tran.ii`1i I i c~ah~lit,es i~sl 'llns
me,53~r. cnnres a hsl of m~asL.f r"i0CC50`nfx^-Lion 4: hf rx~s:rmrinu
stunhe aAC else ='eqs:asu 'hc Iro. :gin' sx~rr, r f ~ ::~uL il ui~5 4 st C
~ the :xrnole stihun ' .v,C SI,N:r Select ~ ~pndY IhC mt~Axd mode ll'i5
ness~ue ruui'~t~ Ih~ ,nmaricn of a parttr,,l_ iFl:dC rf ip'r~l'u~ ,n
Iht,t,Jl4~a u~l_rr   p.t;; I ,lrknuwlctge-haselx-rJ Tnir _~CK(I). Tnis
rncss,sxt OtA:A.IC3~=5 rrcei,,t ~: ;rr >t5 message end rcrtnnules a
;sZ,sactim I' _nav ass tc uxd io ~GkrsOxlrcge rc..npl C~ ~3;~ 4! a C:rfla
Ir,tii~[rr I wrnbmahan. m~ aqursl tr_~smWne1 of ~r renamdrr u1 Ihr
nt59ogi,roiAbwDI~Gn  A~iK1?~: This rn~srs atknuwlccly~t9 ItSt bt of a ~L.
CLR ur v15 rYlesi.7gt iCrd r6tlucsls the rnsnsrnssim of,~clWunal
mfurr8tiDl1 bf' the renlY,e yIxSWa. i7iGVlCIf,Q Shi:MIQ)t 5:5hDn has mr;
icsxd Ihse addiLUS.s: mtdrrliatson iS ,~Yai table. 21C Noc.4ckr:uwlcugt'
II:e SC~t4:Cd rnnu Tha T,c~s3y)e ,nUrcues rb~ the rxt:ving slalron r:
unoblt to ~rerpral i rsreiYaJ mr~l~r Cr Id rn~~*e the rnuJe _cyutsred ~ay
t:9e tr_-tsnu'tmg sL~tlen. Fuur ~A9C Irlesiu3es sre dcfluEt7  NhsC;l} (a.k
a b1.4lG-EF11:1di.01es pat the rece-vrug it'Jllon i8 vluhlr to inhrprtet he
reres~ ed nxssage beceust ~t ss !n ErtCrxd Frame;  N AKi 3} Sa.W a. :I
~iC-NR) mdsCStts sF,r the secemrsg 5lsuolr a cmTerarily arable bo invdu !
the :rbJe mtvtutd by dre rrvn8mi~ng slauun, ~hICt3}~8.k ~ HA1C-~~S)
~rdmtrslhat the rectrvl~s Qahun etlber doe4nu! support ar h,9>! sh9lGlOd
the mere requered Syth: tansMrmng ~tzsion, and  IAfC(a) ;a k.a. 7;AK-VL7
.ndmaste Ih~; the recemng iteIIOII ;i unrble !a mtrrpret a rxra-vcd masrgc.
R~: ;.~ k a RLQj R~rvtrt torllrol of rht Tanbytiom to IhcATU-C ':he rness~
t rclls Ih~ ~T~J-r to lake comtral siR ~'~~9 rnrxsage reuvcsls Ih4
n9riMIiilOrl ~fl nxdx select rntSaA s by she 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 to confusion. In this situation, it is recommended (but
not mandated) that the xTU-C use transaction X instead of W. MS always
includes the desired mode. 1 s if a xTU-R NAKs in a transaction X but
wishes to keep trying, it shall send NAK(~ and then transaction Z.   41 On
the other hand, if an xTU-C NAKs, the xTU-R should send RC to start
transaction X or W. 



The following is noted in the situations where the xTU-C has initiated the
5 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; 10 3. Although transaction Y
could be used, it is overly presumptuous on the part of the xTU-R; and 4.
The initiation of modulation by the xTU-C can also be used in conjunction
with a power management system 7`abl~ II.Tr~ns~~tl~rr~ I're~'err~~ ~4l~~me
#~ Tr~nsnclWn 11'arnh~e.rMiC~-RaT'.f~~lcTlJ-R~, ls~r~e as Y ~115
~~~ICW4'-~~1 xsarns ~ Xl~11~ ~1A$-~k~6G`NA~C~ ; mC^~d~ fit~:ian of ~.~~4
~~~~-~L,-i~C?G'1~~4?C 15 All permitted transactions will now be described.
Transactions involving the use of messages CL and CLR permit a transfer or
exchange of capabilities between the two stations. Transactions involving
the use 20 of message MS allow a specific mode to be requested by either
station and permit the other station to accept or decline the transition to
the requested mode. Transaction a or B are used to select an operating mode
without first establishing their common capabilities. Transaction C is used
to exchange information about each station's capabilities. Transaction B is
intended to allow the responding 25 station to take control of the outcome
of the transaction.   42 Figs. 4 and 5 illustrate state transition diagrams
for a second transaction 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 5 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 segments of the
message. When a message is received with the additional information
available" parameter to set to binary ONE in the identification field, the
receiving station may send an ACK(2) message to request that further
information be sent. When the ACK(2) message is received, further
information is sent. The transmission of signals associated with a selected
mode begins immediately after the transmission of ACK(1 ). 15 When a
station receives an MS message requesting a mode that it is unable to
invoke, the station responds by sending a NAK. If an invalid frame is
received in any state, the receiving station sends a NAK(1) and immediately
returns to an Initial State. If an xTU-X has transmitted a message, but is
not receiving flags or valid 2o 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 for a predetermined
period of time, for example, 1 second, before re-transmitting the same
message. If the xTU-X has transmitted the same message a certain number of
times (e.g., 3 times) without receiving a valid message response from the
25 other xTU-x, the transmitting xTU-X transmits a Hangup message and stops
transmitting the carrier. If desired, the xTU-x may restart the initiation
attempt or start alternative initiation procedures. The maximum number of
octets in any Information Field is 64. If the information 3o 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   43 message. This information, however, shall
only be sent if, on receiving the 



message, the remote station sends an ACK(2) message requesting further
information. 5 Where non-standard information is present in the information
field, the standard and 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 in order for the transmitting io station to complete
transmission of the combined CL-MS messages, irrespective of whether the
additional information is to be sent. In this case, an ACK(1) shall be sent
if no further information is required. The current invention also addresses
the desirability of transmitting information in 15 additional to the
equipment capabilities (e.g, channel information, service parameters,
regulatory information, etc.} during the negotiation procedure. In this
regard, the present invention contains several different and additional
types of information, as compared to V.Bbis and V.B. The types of
information emphasize service requirements instead of "application groups".
It is noted that the types of 2o information are merely examples of the
types and methodology of parameter 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 25 structure shown in Table 12. Modulation
independent information is presented in 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 overall composition of
messages according to a first example is shown in Table 13, 3o while Table
14 illustrates a second example.   44 'fable 12. Infarmalion W-gnnitatiou
Structure f . Idercmauor ( ~u~r NareMtlcrs.' Chan~ol Copobdines) Nvar(11
ENO sub-P~netersl Idenl:Clrulon f SarncC pPtamprer~' C;h~r~lel Capabillues)
SPa~I) (Suh-pu:a:etcrs? ~lessayrc~ypt~d,,^eraon i . Ven,Lur
IdeNlficationusmg-35codt! Anul4tit'Sy~eaibaldwr6;l: nul:lbrr of 2a1,
ehoMtls desired k rirtwn sphiltt IAl4c'~.:ion r sFectrurr. US~ble
!rrqurncie9 - Igntrir1781~0t1 Of F~1~1 and overl~pp~ ;pet~um tarrlCf
:arnslies grvug5, arid :M~t p1-0'J?~i teeing trarsnill.n! jrandarJ
LdiOrTTlulan [M9.duhllpnuGK410G01s~ NPar(I) ~:ar~75f~ fnfarrnatlon
ihsoduluinngptolocals: SPs~i) 14'L Ith Npe ul':1)S:, clc. . H.-g anal
bt.519rriors (- a , u~c uC a !~W PIC Al:nex In a Rectxrinmda:lOn)  Protocol
ns~C"n=Loo artuc tOCrt~tIOA,~I~ c~np'essinr: _Ic V~p.stm_,a211A!ormat~n 5
1'nble 13. Yew)) nlessn~.e ~om~osi~ian (Erruodimeat ~1)
i~tllh~i7tID11~lSrAaf~ Jn!vrnDl t-1ij0'I Sl_,J,ud In:orra:loi  ~;ec
ZISS~I-:sage -ype 8. Vr~inr :I CS;cr;Gounly Cade Pro'.iIv Le~g'h.
P'9yi~C~Jc t I-i rL 04'n55 .Se~nC $c Lh~.'Itl F8f5l5tle~s
(.'trtdsr~Icd~lrtluns.ic 



prolocc.s ava.lablC (^. acte.~f  I,t+~,I+(, oc~arsj -R.LYY__L y-.'YYYas
naeesuryI,rWYYas naccss-rf;,~.~YtYYas r~ecesra^r.x~:KY~___~ri.L~~fY.._
~J~CS - ry ~1~-~ 1 IGLIrJC3 :nG rCt3Vn IUr rn~ rvn..n Vy 7CUn$ Lea Vn7 4I
me Vnsaul l~ F;If:L flvm b   45 Tame i~t. Ovet~ll T~f~ssase Composition
~EmboritMent #2) :rlerhFcaB,.nSSSnd~rG:nfannaLarNo~Sta9~6ud Infartnaton
Ylrssn5sllassl,be Ty,~e d,  Ravisim  i I urcls]vc,dbr :6   18 accts)Serv~oe
~ GhBMek  p~lirtltars~I~W 8t,un5 & Pru~uco-ii A.'~,loble~N' ~'~ L.f 7 + ids
..,  9~-___c~~xxxxc.xxxxas ns~~~rtvl5x-xxm nxcrsaona
~.tcx--__snxx-_ar:r~x.-_ 5 The following describes the organizational
details within each category. Parameters specific to a given xDSL
modulation should always appear under the appropriate modulations category.
Of those modulation parameters, some of them might be more general than
others, and can have higher positions in the 1o NParsISPars tree.
Parameters that are negotiated in T1.413 are also negotiated in the present
invention (with the exception of Vendor ID, which uses T.35 codes).
However, there are a few cases when related parameters need to be
negotiated by the 15 present invention:  If the optionality of the
parameters in G.992.1 differ from T1.413;  !f the parameter actually needs
to be negotiated instead of just indicated; or  If a general preference
about a class of parameters needs to be 2o indicated.   46 5 



1o 15 ff 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 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, in much the same way that
redundancy exists with V.8bis. Further, many of the parameters under the
various applications are identical. Three types of parametersloptions
exist; manufacturing, provisioning and negotiated options. 1. Manufacturing
Options 20 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 impossible without commonality between the various
devices. 2. Provisioning Options 25 30 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.   47 3. Negotiated Options
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 5 data transmission rate. In negotiated options,
the transmission rate is made peer to peer. 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 1o provided
as background information. Tables 20-45 are directed to the features of the
instant invention. The basic format convention used for messages is
illustrated in Fig. 6. Bits are grouped into octets. The bits of each octet
are shown horizontally and are 15 numbered from 1 to 8. Octets are
displayed vertically, and are numbered from 1 to N. The octets are
transmitted in ascending numerical order. Within an octet, bit 1 is the
first bit to be transmitted. For fields which are contained within a single
octet, the lowest numbered bit of the 2o field represents the least
significant bit (2). When a field spans multiple octets, the lowest
numbered bit of the field in the highest numbered octet containing the
field represents the least significant bit (2). The order of the bit values
within each octet increases as the bit number increases. The order of the
bit values from octet to octet increases as the octet number decreases.
Fig. 7 illustrates a field which 25 spans two octets. An exception to this
convention is the Frame Check Sequence (FCS) field, which spans two octets.
In this case, the order of the bit values within the octets is reversed.
That is, bit 1 of the first octet is the MSB and bit 8 of the second octet
is 3o the LSB (see Fig. 8).   48 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 in ISOIIEC 3309. The Frame Check
Sequence (FCS) field is defined in ISOIIEC 3309. Transparency using the
Octet stuffing method is defined in ISOIIEC 3309. 5 The message information
field consists of three components; an identification field (I), followed
by a standard information field (S); and an optional non-standard
information field (NS). The general structure of the message information
field is shown in Fig. 10. 



1o In both the identification (I) and the standard information (S) fields,
most of the information to be conveyed consists of parameters relating to
particular modes, features or capabilities associated with the two
stations. In order to encode these parameters in accordance with a
consistent set of rules; and allow future extension 15 of the parameter
list in a way that permits present and future implementations of the
present invention to correctly parse the information field, the parameters
are linked together in an extensible tree structure. The order in which the
parameters in the tree are transmitted and the use of delimiting bits which
enable the tree to be reconstructed at the receiver will be described in
the rules set out below. 20 Parameters (Pars) are classified as (1) NPars -
meaning, parameters which have no subparameters associated with them) and
(2} SPars - meaning parameters which have subparameters associated with
them. The general structure of this tree is as shown in Fig. 11. At level
1, which is the highest level of the tree, each SPar 25 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 NPars at level 3 in the tree. Parameters are binary encoded, and
transmitted serially. Parameters of the same 3o type (i.e., level,
classification and association) are transmitted sequentially, as a block of
data consisting of an integral number of octets. The transmission order of
NPars and SPars is specified in Fig. 12. {Par(2)~} indicates a set of level
2   49 parameters associated with the n'th level 1 Sear, and consists of
Near{2)" parameters and possibly SPar(2)~ parameters. {NPar(3)~, m}
indicates a set of level 3 Nears associated with the m'th level 2 Sear,
which in tum is associated with the n'th level 1 Sear. The transmission of
parameters begins with the first octet of 5 Near{1) and ends with the last
octet of Par(2)N. 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 10 least one
additional octet in the block. A binary ONE in this bit position indicates
the last octet in the block. Bit 8 is used to delimit the {NPar(1)} block,
the {SPar(1)} block, and each of the Par(2) blocks. There are "N" Par(2}
blocks, one for each of the capabilities in the t5 {SPar(1)} block that is
enabled (e.g., set to binary ONE). Bit 7 is used to delimit each {Near{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 2o
binary ONE). "M" may be different for each of the Par{2) blocks. A Par(2)
block may either contain both Near{2) and Sear{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 Near{2) octet. Bits 1 through
7 at level 25 1 of the tree and bits 1 through 6 at level 2 of the tree may
be used to encode parameters. To allow for compatibility with future
revisions (developments), receivers shall parse all information blocks and
ignore information that is not understood. 3o 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
Table 17), followed by a bit-encoded parameter field.   sa In a second
embodiment, the identification field consists of three components; an
eight-bit message type field (see Table 16), followed by an eight-bit
revision number field (Table 18), followed by a bit-encoded parameter
field. This general structure is 5 shown in Fig. 13. 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, 1o but not limited to: (1) non-modulation specific information,
(2) channel capability information, (3) data rate information, (4} data
flow characteristics, and (5) splitter Information. The Identification
field comprises several octets of NPar(1 )s, SPar(1 )s, and NPar(2}. NPar{1
) and SPar(1 ) octets are always transmitted. NPar{2) octets are
transmitted only if the corresponding bit in the SPar(1 } is a "1 ". Octets
are 15 transmitted in the order shown in Table 19. Vendor identification,
including, for example, the country code, provider length, and provider
code fields, follows the format of ITU-T Recommendation T.35 and is the
same as used in the Non-standard field shown in Fig. 15. -f able 1~.
~Zessaue ippfi field forrn;~t ~mb4~~in,~ut #~ ~-lesss3ej 1 1~nD~rilope a 



1 , 1 'wI~C'7h ILD..~ I`CLIIQi~I I.~cxll:t~IACKI2>'aIJi [tc5~e~'e:l
farITU~T0II 0ZtCSCrved for ITU-T0lI I.r~,~c;,l~~aa~nx<ao~oU I1 hx~,3]I0l
0I0i IRCII0 DILanS~aII~l II~~trvtd for:TL~-TIII 4~~erval for 1TU-TLtI   51
Table 16.1'~~es~nge type field ~nrmat Embudim~~t #2 H~.I
rIU,T.OarsMass$Tb54;3 IMS09U0400 013R4040D~4 lCLOII79~)~~I OtL~aa;
raa.I~CKfI)aavIo~n axrlc~yaDnI,IoDvn~c eFDDIn900 5NAiC-NI!DfilUCn0
INAK-NSA0tDb41 CNr1 K-N1;oo.r~G01 IKE~1500..4IC
~?RE%~IRD0I~DI4~6QJC'LK9~JII'SII i T~MI~ 1'7. rte~~isiun'4umb~er fi~ld
T~rnt3t >Jmt>'urlimrsit #1 R- oit e~~;purrsevinunruMber h3Rr~isinn I~~ 4 ~7
- Table 18, l;ievision `ium~er field fvr~nai >;nlhpdinient ~~ H it
nurthei5Re~niun nurnlx~~y 4 ~ d 3 ~~CmE ion I0 ~ n 0 rJ r v I I~   52 Table
19. ld~enti~cation Field - Urder of Octetr r~~ ~;sTy~ ::~nxhlassrgc typt
;IC:orru!Tahl~ I~ ~ Tahle 161,'rrsrU.s Tyre field ITable I' r  T~b~ I
Bvd4nnv carJc 'Pr;rrider ~rnR~PraYntl Ccde {L uCtt'1s)IdenhFcatwd Ilelrl -
~NPar' I11 u1d inSNP~r (1)Table ZDf.'enlrGcetr9n tisl~ tCB urtms
Iniosnnlrvn)- iSPBr(I )~ eDding _ (~~ 1SParf 1)~'eblG3liCS'~tr.'rcattan
(ttlG (Service R6quesl5)- [$Par(I); aodicg ~ Oetct 35P8r(I)7ahle
Z2:centdiC-l9an Field - 1f1 C'.u_zenllv tra.7trrrRrd c5rtrets f NYv(21]
oodma - UCmr I~ P o)TsblE ~3'pe~tia`ca9:on : ~eld (CI) L;u:Yel;dY ~rl~:iaed
camas (NJ~3)I oodin8 - Octet 3A'Paaf?]7alale ?d_dmblsal'rn held-(C,l)
$pxlnrm rust usa6lt . UtlKy i~IPar(=)f codroT:Par(2)TabIE ~5IdEnrifi~l:un
f-tld - (i'.] Spnh um mo% rm~n frequrncy - ~Tstrc~rtr i ~ IPSr{'-; i
co~:ngNPar{2]TabeeIdentrl:tprlrm ~uld - (~i1 Spx~u~trnmnurt fa4utrAy -
drvnshxarn ;NPBfi~; r twc it gNPer(3)Titbli 2~klerl-~tbnotl Freld - (CIl SI
~rter fnforr~rion ;NPar(i!}( W 11 - ~ct~et 1NPst(11T861e 38IJtnr.ficarion
Frc!d - (~] ~ohurr LnforY~el4n INPor(1)i coding - Octtl 3V ~(~)';561e
34LCl:IlrlllBtrQn Fe!d -W R,; Dam ~ hrnourl ( ~s tr9 c) ; NPnrf? 1. cod.ng
- UtrsS ID$ rS Ps~(3)7 SbIC ~0-r'evrirlcaaon Cled-
!~R)L7818-3ttArnoant(,VJazirnurn] ~NY.u(3fi e~iing ,~clet
2E75lyPu~2)TahLe371 7drntr:ivl;meticlJ-;$R:I7aem_~eAmudrYl~`lnO:murn]
jlsPar{_;; cudmg -Octet i tDSNPBrt.~t'faElC~~Iden4f ( nl Dn -ialc - [SR ~
L:ora rye V:cou~t !h>ar.~c1 1 ~ Pil: a l l crdrne - CkStt t
1!JSNPar(I1TBblr l7I:lw-r f cm en r rls - (SR 7 C'ar. rake Aa.uunt 1 Alxv
nwfn? l~ P1'('] I : u~rr,Q - l~-rlUS!~ h`~:r~)'^abl-
3:IJernllL~r~o~frld-ISItlia~araleAmamt(Mmdmu~riNPV?-)I merry -L:cr_t 3E.5 ~
NPar{2) ~Pi~tE3:rt~t;licuUOn Frld-rS:~117d~a nm ~~e ~7dPar;?)J
.aCrrg(N?arf?!'Cal lc 35i~-rrrtictrion Ii~IJ-(SR]1)aldrolel?~ec ;Ni'Silil;
Go~irq 'USNl"Jf('1?Table 3.~J~;nririciwn liCl j-fSR] DalS rOlt I~t
;N2ir(:]; a^cir:g ; r .USNPan3)T.rble 33_ lcenti5ca'rOn Fie:j - i 5R1
Reqnar,- trxnsr-ialan ai crrna5  "~P1ti? :~ ccdi~g - '7.14 I _ --~P,trt:.
j; ~bld 3~ iIJ"nn..-_:ror h'rc~5 - (~ R; R:yuol :f~nsmls,ron a'. cart as
;~Pur(:, ~. oecl ng - !tier ,r.I . 1'P:_~ ?'rTsbls 35   



53 ~; - t=faioili'~s5 irlfcrrnohen i ~'1 = ~=rvme rKyunCi'IEPr j5 --
nrwr.strean; L'$T I:pstr_ars 5 The Identification (I) parameter field is
composed of several octets of N Par(1 )s, 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 to encoded as described in it's table. NPar(1 } and SPar(1 ) octets are
always transmitted. NPar(2) octets are transmitted only if the
corresponding bit in the SPar(1 ) is a "1 ". Octets are transmitted in the
order shown in Table 19. The level 1 NPar is listed in Table 20. The level
1 SPars 15 is described in Table 21 and Table 22 The level 2 NPars are
separately described in Table 23 through Table 35. Table ~0. Ider~tift~ti~n
field - {NPar~lp coding SP~r(IjsS'~~~3~ I~tsrrvcd :01 ffll-Txa~~i~ca~c
IAe~. a BzA%asxI akee W $h~5z%%xxIx z,~~d:nnnal
inrYrn~li4rmw'til.~klez%xaI~x xTrarsmnAL'IC(1]7cxxI~%a xR-_serrrl r4f
ITU-TxzIxxxx xNon~slBrrAl^d fieldaI~xxxa slu pai,vOlC~erx i~ th.~ u;
ItIZ4L~fi00'J i?N(7 ~ f -.Rrt ~ S ~r~ Rtc. ~'.s~n an0 IGb il irv tin ~e
idtntifiesl to ill~W escape inba Ya.ce~nnJ niulU 181W,np:nte~.'.ur~6   54
1'abCe 21. ldeniifi~~lian field ~~ap.lbiliti4~ Inl'nrmatioo)- ~SPar(1)~
t:nd9ng-Qetes 1 SPBr; I)557~~i~)3~~rrentl;W :;~sn~i'6edc,us:ri9.cx~x;g,t
I~;actn:m 5 rot usi6le
Feq~cr.~xsx~.i1~~ecnumrn~xirnurts'.requen:y-ap61tC9fh.1rax~LSpecsn:m
rnuxmxslSl f~'~q~~n:y - do~Yn5rtt8mx~xx;xx
xSphtrcr:nF.s-c,shan-a7i~.Rx~xIx~x x> Rrservec'or C7 U-TzvIxAaa annc s;
ard.snl Cspahi-itieY inih-m8u0~xIx~c1.~.arln ~aramcttfE in this acLe'.x
."f0J~0 Qrvsrrt - Table ~2. ldenrification field {service RequYsto)-
~SPar(1)? coding - Octet 2 SPSd I)s854!2 ID3ti fBrc ATmn!
lMwPfirearnxYxxxxK I4Ari r~DG AT.UI:Hi U~.h"C.7I1~SKxkKx~
xpacarurTydt:Snrvnetrearnxx~Ax1x xData f~dfE I ype lvpetY~rl1%xRcIAx
XReyc51'f~rornit~l'r3.~Ttstsx~xIxax XTcic~cd:nrll'll-Cxx.xxxx ;nd~ Ss~~d
scrwlCe requestJ;LxxXxx i1C ; ~r~rretcis In skis o~ta1~00Q0LSp fl
Transmitted carriers and families are indicated above. to   55 'L-nble Z3.
idCnti~cation Fi~ld- (t-lj 1=urrentiy transmitted c5rriers {hTPar('~)~
cncEing - OcteC 1 vP,u(:;K865a3 I '=~nwrly-,~rsrn.l4np ~ )I?S k3 lx fz~lY
le?x~txx~ r~urrEG:'.p'.r~r~ncrtlnA ~ ~1~. ~~rn.lY Ili)zxxxxr I aurer:,:y
:r.mS~rr ~rtmg carrier A,., >sxxaxt x t:,'.rrrerl:y Ir~r,sVr iri~x ~amCr iW
"xxwx.x ~ a~orrer.l.yfr7rt,ir.it_ny.amttW,.xxxx_x~ x xCur~e~llp h0~smit;:ng
t:nrrh ~") xxtLYx.c x x. vo p'mhrrerx .A :h rs 4w,ar _. __x;lr~1'7U U G I
Table ?a. identification ~i~ld - ~~i) C~rrm,tf~ tr~nsnzitted clarri~r3
~~1'ar('?)] catiin~ - (Jrtet ~ Nall_;s I87d3a~~
Lte:rCl'i.ylransm:ltregcart~~.~,:,Iyxz,x~x~ C~rrerl ly h',srr.,flllnlt i~
`r r4,ra~rx.t1.cxI x~trrenrly' ri~sTiP.lnu i2:'~tr ,A:."Kx~%rIx .t~urrcntly
r.:ns;rniCr~u W'.rtr Jir"YASK1xx ~t:urrenUy r~~~,irl,s~ ; n, ; Itr Bb,
,rxx~I5xx xW rre:,tl- C.7051nihrag :arncr ~ xXx :Ixxxx a~n par~rlClrt'S n
:f'is ~Clr; - _xxh410. 0 Cr 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.   56 Tsbl~ Z5.
r~entitit~tlon field - ~~I) ~pectr~lm first usable frequercp [~p'ar('~)}
coding H?ar(3]sb ?6 3 ~ 3 i lKise'.ved lur 1 I lj-Tx x (I I I
L'.:nsFen:'.td byormmatz x a0 0 il 9 D 4S~tt~un'r' fiW usablE tr~~~aa~yW
ob-I a L97C1Ix)t xt ~ x x t 'E ~bl~ ~~. I~~~tjbcutian field- ~CIj Sp~ctrurn
m~ximunr tr~quKncy - upstrea> ~~fl'~r(2~} ~~dinb N?arli:x b J ~ ~ 4 3 2 I
lki.~tr.ai kr IT:.:-1' ~ r z 1 I I I I I L~r;~e=ifioets'Ctfmiril K ~ ~~ ~9
0 t: D 0 i ~ :~~,-,~,~clTm~:re~mnW-J,~~:r:~.~:fbi>s5~1 x l t'_EIZ] x t I x
~ x x t sve: rare hasv:r.m frc~ m~ y . ~; :-rezTi bU~r 5-I .c '.C 1:17 r ~
s K C s Y x .s x 5 10 15  



57 T~hte ? ~, Zdentifuiion ~eid - (CI) Spectrum rn~Yintrum
freql~en~:y-d4wnstr~:Iru tVl'ar~?)} cadin~ L- Niws I a I 3 * _; , ' I
~er~rved fDr ITS,. ; x x ! 1 1 I I I L'nSDt~i:~ed L~~ ;err~rwl x i 9 a ~ 0
D G yF~,c:n:m rnnm;Ilm G-equenCY -downxloeart(hus 5-I x T Y x I % x v x x
LI r-~; i ~pn:mf~'r.~aunuW froqucncr -~JO~YS4'tOrllbtrs 5_L x IC t x ~ it
.t % % KiIZ'. 'Tnh7e ~~. IdentiFn~tinn Fietd -(r~l) Sptit#er InI'ortnntion
~~TFar(~)} cndin~ ~ octet 1 - NParl2;sa:d;.i52 SLPF t5 vDicex.%x~Yxx 1L PF
rs IJfi.>` ISDNxxa.~xxL x;,y'ttC~roocm:f$D~s,:z~xxL7t %gcpervcd lilr
IT(:f-Txx,KzTx~ xRcservcd fOf IT;,~TzAxI~:m-yl8r~ard LFFxKIx.%:a xhiu
hmelcrsrn:Aisacle!~xDQ6dC 0 f'~bEe:~. TdeatificatioaField-(~I)Sylitter
In#'ormutida {hi~ar(2)~ t:~diue - Ociet 2 Nl'arf-S86 ~ 4 3 Z IK?F is ?5
ICH~ ~ Y~LLCix%aaxxx 1I?? ss :4 iH~ US?t ISOzxxxxx1 xFIPF r5 I ~C~
kNz~~r4U5L wns LuroFeun LSUN)xx~;r-,tilff'ii;'Okllc,'t`st~ttxx%1W
yt-ver::nr!7U-Ttxztxx~ tW n-uund,uvllPFxFfxz;x xS~ furumcftf it is W
crxxbt'G~P .J Tahlc 3II. Iderltiftcutirrn field - ($R) Uai~ Rate :~m~unt
(Aret'~se~ {i~TPar(2)} coding - ~eiet 1 - ~ xr~raa a z r. ; .~ ; z I
fira--~re,! fu' LT11-T x x _ ' - ' - ! - l L'asferlicdby lermina! z x ' 0 U
0 0 rJ U Asc _3r b..ndv.rt;F. It h i-~ x i ? kbFx) c x 1 ~ K A l 1 ',=-_yt
hanriwi~lh ILnS ~-I x ~r ~b~sS , ~ ~ ~J >: ~ i r r   58 Tahie 31.
Identification fie3d - (Sly) i7~~a Rite ~muur~t~('I~'f~xirnum)~iVP~r(')]
coding -octet'? 'Par!?1s 3 T ~5 ~ J '_' I ResenediotITC..i t x . I I '. I I
~.:~s,ecaitd Dy rvnnir.~l x x ~ l : 0 0 ;; , ~axirr~rn a.rn'yundrh ('qiu 5
'. x 5'.? abpsJ ; x I x x s .s x .Sl,.~rirr.~rn tu.~~mdlh ~ b115 i-1 x ?3
;sEos7 t c ~~ x x a s z T:~k~lfi ~?. ldentifcati~n field , (SR) D~t~ I~ut~
Amount (Minimum) ~i~I'ar(2)~ cadiog - ~cte# 3 NParf'_~9 7 ' 6 3 4 7 ~
1Rxxcrs~d Fc: I7U~Tt x~ I ~ I L I IUnslxvlfe~bylerrn:nett x0 0 ~J 0 Q
9`.Im.W :urn har~dmdlh(bi's!-'. x 5:;'KbgxJX x~ .s ~ .s x x~lirnn'nrv
ha~imdth ~ 31:5 7- i x 3? khs)~ x0 x x .s z x Table ~3. Idrntiffcatian
afield .~ ASR) Data rate type ~~Par(~)~ ~uding ~'P~r!3Jsei5i433 Y~aw
IaItrSCy'.sXxxxxx 7~on3l~Ir Izlen~yxxxxxxI xdu~uysxx.sxIx xt;L r : x x 1 x
x xxa~ xirxx xx?t,txax xhiv aihlrrr; :n Ihis x'.etxxf17D00 An xTU-X may
request that the other xTU-X transmit only on a certain number of carriers.
This permits a reduction in the number of carriers for the rest of the
transaction, or for the next initialization, as described above. Note that
an xTU-X 5 should only send a request that it knows the other xTU-X can
fulfill. to   59 ')~;~bl~ ~-~- Identification Fi.Kld - ~~H) lteq~est
')-roe~smi~sion of harriers f Irl I'nr(~J} cvdin~ - Uctet 1 i~l'arf?s5S di
~ ? IW aut5r nanxmi! Lr. rc5 d SI '.j k ~Iz f~rm:y ( ~;~x K ~ xz s i x I
'Rey4<:: rnr~cm' usrrg a<Hz farn~ly~;~)x Y ;.s K a I xRsyuW ~ cronsrnn an
curr,ef ;. ,t x x.s ~ I a %Rsq~csl IrOni(rli: on camp .~Yq x.S X iA L x
xReques; IrBnirpir nn career .~" zs % YI z a A kRsq~esl tr8ni11P:r nn tuner
.i,,,..a x It z z x xNo por~ritD;-~ ~rt Ihis cclcl~ x :I''o D C 0 0 'fable
~~- l~leLStificstion Field - (S~~ bequest 'I'r$usmission of Carriers ~~
~'ar(~.)~ coding- (~rtet 2 ~IPari 2!sE'ri S43Z LReqursl hansmlr en cunr.
A,~,sxt s%xx LRsq~cu Iiinsl`.~: an carrr1 AyArxs ~xx1 xRsquci3 Ir?nirn,i an
ct:,Er A,: ~xx.a %xIz x[~uex-nansrnrlontiTCrn~,xs:sx xIxa xi ({equesl
hariYl,J 9P :3er,er B~,~ "0.ix Ixxx KRSquesl ~r9rirn=tar. camcr ;3,; xxxL
axxx xNu par8lher~s it Ihis tn;tlxc '~5 D~0G o- 



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 described in Table 36, while SPar(1 ) octets encoding is
described in Tables 37 and 38. 10 The contents of NPar(2), SPar(2), and
SPar(3) octets are transmitted only if the corresponding bit in SPar(1 ) is
a "1 ". In general, the contents regard modulation and protocol details
specific to respective lTU-T Recommendations. Some illustrative
specifications of modulation encoding are given in Tables 39-45. 15   60
7":~ble 3~. ~;taLldard luformstivn PLeld - {~par(1)~ ~odiLyd $?~r(I;s -;
S6)-3'_ I'v orceb~rxl s lire ~ 8 or ;' 95s;X ~~ xxxxx 1 I,~ r?9: I ~:le~r
tG`C~~:Inp~ol sling present noe _iian.s ~~ xxxxI xRGS~n ee fm I~i-1'
keServed for CTU-'fS cY S x ,1 aX tI xx x t xR6lerved !or C7L'-lt% tIxxz
zkr5t:-ved'orlTLr-f~x Ixxza z' ReSe~ed !ur C7 U-TkI txxxx nNn narrrnurm ii
rhls rx.et . -~C .- 0C404 0 'I'a~le 3? Standard i:nformntiQn field -
~~1'~r~1}{ coding - OLrtet 1 SPa~? Its8K5~;~ I:i 9r? I . Annex AxxxKxxx
Ia-9~Y?, ) - A17Al.S ~xtxYzz1 xG.9'32 I - A~nac C:rKxxxL~ x~.
G.tiC!I~rxxxLx~ xIJ <Jg~ :xxaI~ic x~r 79i'_ - h~ TGM-tSQ~
emironrnen!)asIxat~ ANne.srawfer~ Ca~r~bi-fines [rr~c~Iatron95xIxz~cx%
%?fin =aruuttt-, n Ws Meetx17fi07it~ Q Tu~~Ip 38. 5tandvrd information
f>,ela - ~Sl~~r(1)~ coding - stet ~ SP.11S' 11s8'S3~t;2 1A~Sf f1175_.2 r
C'r hdsl3x~xxxx~ IA` SL VDS:, a : t vd~: ~~nct 6txxzx~I xAt'SL ~'DSL H ~
G.vJrJ P~IAt:! B~xaacxIx zA~Sf TI 411 Issue 1txx~Ixx zftcSG'vC~ f..^.r
ITL:-T;xx,xxx xtES~.vec is- IZ-;xa.cxxx .caasxrved fu: L ~l~- it:vKxxa t1 ~
.'.anrrnelr3 .rl Ih Is reel~~]0J0prJ O 5   61 5 'Table: 3y. lioduh~ti~n -
C:.~9j.1 Annc.~ ~ ~`~'f'ar(~~~ sur~iLyg - C?ctet 1 vPar(:t~t~s~s I~Fcc;i~
Garirneten urE~DGa1 fOr(~r.59.'..I Anttco(,t:1xx x~%x~ i%x xzI wST1~1-::,
AT~i=Ixx .xx xLx xhITAxxxx .ix xtl:. x x .t . .t .t x xxx7~ s~ex X1g
;.~runcttl5 p ih.is actsxxU~ 'Js70 p -~~able dil. '~iodu~ation -~.99~.1
Ano~x ~ {i~l~~r~~~) ceding - pciet z 1JP:~(2js8'G:43: IA$ ~ l ATrI:
C9wn~reamxxxx~Ka IAS2dowrlllta-~nx!~xx%r1 x.15~ dvans~xxxx%It xt51
Jdans~esmxxx%1xx xl52 ~own~:reamtxxIx;rxLSI : ~4Tht1 vpsltcamzxIxxn%N~
p3r_~r~eekM rr Ihit nctc:~cX00D0D fl Tabl~ ~1. ?~iu~ulation -- G.~~Z.1
Anaex ~ ~~iPar~(2)) codiag- octet 3 NPa,~(?1s8?65d;~ TLS'_ uhSCTC~m
~Ia7sxxsx tK~ txxzAL xxxxxx1x xv x;~x1xx xxxxI%xx xxxIxxxx r`u ~snsm='ers
in Lhi9 ec-ei ; Yx'J~D6'0 A   



62 i'able d2, :l~~dulafion -~:.~J9Z.1 xnneY $ {~Par(~j} c~clin~ -()etef: <
Near ?;sa iI i V 5t7- Ttnei ObJ:= :-: t ~ Tones below 3p ;uluwnl - Vt; i ~-
xxxxx t Ixxxxx ', tI. xxxx1 t zrct xxxIx t xt ~tx!xx s xv xIxxx x xNo
~nmc:crs i1 ;his xscr , xnoop ~ p1 CTE - w'4t~r rhr rndsagc a sent by tht
rt7 v-(;, it nd~earca o sbdiN to r-rcivc torrf fD ~~( yore 8hu4c'2 l ; .
,". ......_...._._~ ...".._., ..._..._...,.,..._.......,.., ~.".~._.~...___
, ,......~,..~~,.....a.s-~-v , ~ a nvcr~ I dppae II: I - ~ I ores il M 63
rtnrt~atary, f~Y tones L Ia 31 o~r~A~al) Table 43. Dl~duhttan - C.9g2,i
Aaaex C {NPar(~]~ c~dine - ~etet ~ NPu~2ls87$3d ; ~ ISpe:ify pet~rt'~~`rs
or ptofi lef lur Ci Si~~ I lnlit~t Cxxxxx x x LxxKxx x 1 xxxxax I t
xtt~xxzz.L x x xxxx!x x r xxxIXx x a z'.tc Facuruet9 h th_t ac6c!xtD0Q 0 9
4 '1'ableia. l~Irbll~laifnn -~.hdsl tNP~ar(2)} coding NParl2lsS'S59321::3t
G hdxl ~nnez Bxx~~7exx_~xxxxxzI.axxxxx.z~iet.zaxx.axxaax1x~txxIa~xxx~'c
~'~nnne~ :n IhiS 4auatp~~110D f~able~~. l~iodulariuh -C~.~9'~.? {~iJ;
'ar(?]; cvdin~-(3ctet ~ I ~'~~~~s I ~ ; f G 5 a .i 2 I I Specify [xtrurct~;
i or Pcaint5 fOt G ~9~ ? , t x x t 'I x x: i x ~ ~ x t x f x x x x x x ! x
t x x x x I ~ x z x x x I ~ Y x z x I x ~ Y x x \ ~ "gri~rxcr5 ut r5is occ1
.c x 0 Q t~ ~ Q D ..,. a .err r~ ( ._ .._. _..._-,11,...,.."."., ~ ~~n~,
s,fdn,/arr~ inl'nrrnhf.!   b3 The MS, CL, and CLR messages may optionally
contain a non-standard information field to convey information beyond that
defined herein. When non-standard 5 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 field may
optionally be composed of one or more non-standard information blocks {see
Fig. 14). 1o Each non-standard information block (see Fig. 15) comprises:
(1) a length indicator {one octet} that specifies the length of the
remainder of the block; {2) a country code (K octets), as defined in
Recommendation T.35; (3) a length indicator (one octet), that specifies the
length of the provider code(e.g., the value in octets indicating that L
octets follow); (4) a provider code as specii'led by the country identified
in 15 Recommendation T.35; and (5) non-standard information {M octets). The
present invention permits the modulation used by the present invention to
continue to be transmitted after the negotiation procedures are complete.
According to a feature of the present invention, the modulation can be used
as, for 2o 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 selection in MS messages. Following the
termination of the present invention negotiation protocol with the ACK
message, the carrier could remain ON to provide a clear EOC channel 25 In
the past, the configuration of an ATU-R Handshake by a Terminal was
performed using either AT commands, or other proprietary means. According
to the instant invention, an AOM management protocol is used between a
Terminal and the ATU-R, and a similar communication path between the ATU-C
and the network 3o management systems. In the preferred embodiments, the
Terminal uses the SNMP protocol (IETF RFC 1157 published May 1990) to
configure and monitor the present invention's handshake procedure in an
ATU-R. Since the present invention's   64 handshake procedure data rate is
under 100 byteslsec, a reasonable time needs to be provided for the
Terminal to actively participate in the handshake session. In general) the
CL and CLR message parameters can be set before the handshake 5 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 must be acted on by
the Terminal if it desires to influence items, such as, for example, M5 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 various alterations in form
andlor detail may may be made without departing from 15 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 claims. 20 25   65 WHAT IS CLAIMED IS: 1. A
communication apparatus selectively connectable to a communication device,
comprising: 5 a communicator that executes a first communication mode that
transmits, to the communication device, a first predetermined signal that
designates a specific mode, the communication device responding by issuing
a second predetermined signal; said communicator executing a second
communication mode to transmit a to third predetermined signal that
requests a transmission of said first predetermined signal from the
communication device, and receives said first predetermined signal from the
communication device, the second communication mode thereafter transmitting
said second predetermined signal to the communication device; and a
controller that executes one of the first communication mode and the 15
second communication mode upon initializing a communication with the
communication device. 2. The communication apparatus of claim 1, wherein
said first predetermined signal comprises a MS signal. 20 3. The
communication apparatus of claim 1, wherein said third predetermined signal
comprises a MR signal. 4. The communication apparatus of claim 1, wherein
said second 25 predetermined signal comprises one of an ACK signal and a
NACK signal. 5. The communication apparatus of claim 2, wherein said second
predetermined signal comprises one of an ACK signal and a NACK signal. 3o
6. The communication apparatus of claim 5, wherein said communicator
executes a third communication mode that transmits a CLR signal to the
communication device that informs the communication device of a function
list of   66 the communication apparatus and requests a function list of
the communication device, the communication device transmitting a CL signal
that includes the function list of the communication device to the
communication apparatus in response to the CLR signal, after which the
third communication mode is executed to transmit one 5 of the ACK signal
and the NACK signal to the communication device. 7. The communication
apparatus of claim 6, wherein said third communication mode is executed
prior to an execution of said first communication mode. 10 8. The
communication apparatus of claim 7, wherein said third communication mode
is executed prior to an execution of said second communication mode. 9. The
communication apparatus of claim 1, wherein said communicator transmits
said NACK signal when the communication device requests a non 15 executable
mode. 10. The communication apparatus of claim 9, wherein said communicator
returns the communication apparatus to an initialization state upon an
occurrence of a predetermined event. 20 11. The communication apparatus of
claim 10, wherein said predeternfiried event comprises a transmission of
said NACK signal. 12. The communication apparatus of claim 5, wherein said
communicator 25 executes a third communication mode that transmits a CLR
signal to the communication device that informs the communication device of
a function list of the communication apparatus and requests a function list
of the communication device, wherein the communication device transmits a
partial function list of the communication device to the communication
apparatus in response to the CLR 3o signal, after which the third
communication mode is executed to transmit one of the ACK signal and the
NACK signal to the communication device.   



67 13. The communication apparatus of claim 12, wherein said third
communication mode is executed when said partial function list of the
center is received by said communicator a predetermined number of times. 5
14. A communication apparatus selectively connectable to a communication
terminal, comprising: a communicator that executes a first communication
mode, associated with the communication apparatus, that transmits a first
predetermined signal to the communication terminal that designates a
specific mode, and that receives a 1o second predetermined signal from the
communication terminal; said communicator executing a second communication
mode, associated with the communication apparatus, that transmits a third
predetermined signal to the communication terminal requesting a
transmission of said first predetermined signal by the communication
terminal, said communicator receiving said first 15 predetermined signal
from the communication terminal, said communicator executing said second
communication mode thereafter to transmit said second predetermined signal
to said communication terminal; and a controller that controls said
communicator to execute one of said first communication mode and said
second communication mode upon initializing a 2o communication with the
remote communication terminal. 15. The center communication apparatus of
claim 14, wherein said first predetermined signal comprises a MS signal. 25
16. The center communication apparatus of claim 14, wherein said second
predetermined signal comprises one of an ACK signal and a NACK signal. 17.
The center communication apparatus of claim 14, wherein said third
predetermined signal comprises a MR signal. 30 18. The center communication
apparatus of claim 14, wherein said first predetermined signal comprises a
MS signal, said second predetermined signal   68 comprises one of an ACK
signal and a NACK signal, and said third predetermined signal comprises a
MR signal. 19. The center communication apparatus of claim 18, wherein said
5 communicator executes a third communication mode that transmits a CLR
signal to the communication terminal that informs the communication
terminal of a function list of the communication apparatus and requests a
function list of the communication terminal) the communication terminal
transmitting a CL signal that includes the function list of the
communication terminal to the communication to apparatus, after which the
third communication mode is executed to transmit one of the ACK signal and
the NACK signal to the communication terminal. 20. A method for performing
a data communication between a communication apparatus and a communication
device, comprising: 15 communicating in a first communication mode of the
communication apparatus to transmit an MS signal designating a specific
mode to the communication device, the communication device receiving the MS
signal and transmitting one of an ACK signal and a NACK signal to the first
communication mode of the communication apparatus; 2o communicating in a
second communication mode of the communication apparatus to transmit an MR
signal to the communication device requesting that the communication device
transmit the MS signal, the communicating device receiving the MR signal
and transmitting the MS signal to the second communication mode of the
communication apparatus, and thereafter the second communication mode of 25
the communication apparatus is executed to transmit one of the ACK signal
and the NACK signal to the communication device; and executing one of the
first communication mode and the second communisation mode prior to a
communication. 30 21. The communication method of claim 20, further
comprising a third communication mode of the communication apparatus that
is executed to transmit a CLR signal to the communication device that
informs the communication device of a   69 function list of the
communication apparatus and requests a function list of the communication
device, the communication device responding by transmitting a CL signal
that includes the function list of the communication device to the
communication apparatus, the execution of the third communication mode 5
transmitting one of the ACK signal and the NACK signal to the communication
device prior to executing one of the first communication mode and the
second communication mode. .A.y.A.A@.A@y.A,ne.A@[e.Ay.Ae.Ay5.AfH.Ay!
.Ay5.A.Ae.Ay5yy.Ay5e.A!.AyHe.AfHe.Ay5.Ayy.A!yI.AX[y.Ay5.Ay.AH.Af[.Ac5.AfHe.
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