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MULTICARRIER MODULATION

NIESSAGING FOR FREQUENCY DOMAIN
RECEIVED IDLE CHANNEL NOISE

INFORMATION

FIELD OF THE INVENTION

This invention relates to test and diagnostic information. In
particular, this invention relates to a robust system and
method for communicating diagnostic information.

BACKGROUND OF THE INVENTION

The exchange of diagnostic and test information between
transceivers in a telecommtmications environment is an

important part of a telecommunications, such as an ADSL,
deployment. In cases where the transceiver connection is not
performing as expected, for example, where the data rate is
low, where there are many bit errors, or the like, it is necessary
to collect diagnostic and test information from the remote
transceiver. This is perfonned by dispatching a technician to
the remote site, e.g., a truck roll, which is time consuming and
expensive.

In DSL teclmology, communications over a local sub-
scriber loop between a central office and a subscriber pre-
mises is accomplished by modulating the data to be trans1nit-
ted onto a multiplicity of discrete frequency carriers which
are stmimed together and then transmitted over the subscriber
loop. Individually, the carriers form discrete, non-overlap-
ping communication subchannels oflimited bandwidth. Col-
lectively, the carriers form what is effectively a broadband
communications channel. At the receiver end, the carriers are
demodulated and the data recovered.

DSI, systems experience disturbances from other data ser-
vices on adjacent phone lines, such as, for example, ADSL,
HDSL, ISDN, T1, or the like. 'lhese disturbances may coin-
mence after the subj ectADSL service is already initiated and,
since DSL for internet access is envisioned as an always-on
service. the effect of these disturbances must be ameliorated
by the subject ADSL transceiver.

SUMMARY OF THE INVENTION

The systems and methods of this invention are directed
toward reliably exchanging diagnostic and test information
between transceivers over a digital subscriber li11e in the
presence ofvoice commuincations and/or other disturbances.
For simplicity of reference, the systems and methods of the
inventionwill hereafter refer to the transceivers generically as
modems. One such modem is typically located at a customer ,
premises such as a home or business and is “downstream”
from a central ofiice with which it communicates. The other

modem is typically located at the central oflice and is
“upstream” from the customer premises. Consistent with
industry practice, the modems are often referred to as “ATU— ,
R” (“ADSL transceiver unit, remote,” i.e., located at the cus-
tomer premises) and “AfU —C” (“AD SL transceiver unit, cen-
tral oflice” i.e., located at the central oflice). jach modem
includes a transmitter section for transmitting data and a
receiver section for receiving data, and is of the discrete
multitone type, i.e., the modem transmits data over a multi-
plicity of subchannels of limited bandwidth. "ypically, the
up stream orATU-C modem transmits data to the downstream
or ATU-R modem over a first set of subchannels, which are
usually the higher-frequency subchaimels, and receives data
from the downstream or ATI I—R modem over a second, usu-
ally smaller, set of subchannels, commonly the lower—fre—
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quency subchannels. By establishing a diagnostic link mode
between the two modems, the systems and methods of this
invention are able to exchange diagnostic and test infonna—
tion in a simple and robust marmer.

In the diagnostic link mode, the diagnostic and test infor-
mation is communicated using a signaling mechanism that
has a very high immunity to noise and/or other disturbances
and can therefore operate effectively even in the case where
the modems could not actually establish an acceptable con-
nection iii their normal operational mode.

For example, if the ATU-C and/or ATU-R modem fail to
complete an initialization sequence, and are thus unable to
enter a normal steady state communications mode, where the
diagnostic and test information would normally be
exchanged, the modems according to the systems and meth-
ods of this invention enter a robust diagnostic link mode.
Alternatively, the diagnostic link mode can be entered auto-
matically or manually, for example, at the direction of a user.
In the robust diagnostic link mode, the modems exchange the
diagnostic and test information that is, for example, used by a
teclmician to determine the cause of a failure without the

teclmician having to physically visit, ie, a truckroll to, the
remote site to collect data.

The diagnostic and test infonnation can include, for
example, but is not limited to, signal to noise ratio infonna-
tion, equalizer infomiation, programmable gain setting infor-
mation, bit allocation information, transmitted and received
power information, margin information, status and rate infor-
mation, telephone line condition information, such as the
length of the line, the number and location ofbridged taps, a
wire gauge, or the like, or any other known or later developed
diagnostic or test information that may be appropriate for the
particular communications enviromnent. For example, the
exchanged diagnostic a11d test information can be directed
toward specific limitations of the modems, to infonnation
relating to the modem installation and deployment environ-
ment, or to other diagnostic and test information that can, for
example, be determined as needed which may aid in evaluat-
ing the cause of a specific failure or problem. Alternatively,
the diagnostic and test information can include the loop
length and bridged tap length estimations as discussed in
copending, filed herewith and incorporated herein by refer-
ence in its entirety.

For example, an exemplary embodiment of the invention
illustrates the use of the diagnostic link mode in the commu-
nication of diagnostic information from the remote terminal
(RT) transceiver, e.g., ATU-R, to the central office (CO) trans-
ceiver, e.g., ATU-C. Transmission of information from the
remote terminal to the central office is important since a
typical ADSI, service provider is located in the central otlice
and would therefore benefit from the ability to determine
problems at the remote terminal Without a truckroll. However,
it is to be appreciated, that the systems and the methods ofthis
invention will work equally well in communications from the
central office to the remote terminal.

These and other features and advantages of this invention
are described in or are apparent from the following detailed
description of the embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the invention will be described in

detail, with reference to the following figures wherein:
FIG. 1 is a functional block diagram illustrating an exem-

plary communications system according to this invention;
and
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