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(57) ABSTRACT

Upon detection ofa trigger, such as the exceeding ofan error
threshold or the direction of a user, a diagnostic link system
enters a diagnostic information transmission mode. This
diagnostic information transmission mode allows for two
modems to exchange diagnostic a11d/or test information that
may 11ot otherwise be exchangeable during normal co111n1u—
nication. The diagnostic information transmission 111ode is
initiated by transmitting an initiate diagnostic link mode ines-
sage to a receiving modem accompanied by a cyclic redun-
dancy check (CRC). The receiving modem determines, based
011 the CRC, if a robust commtmications charmel is present. If
a robust communications channel is present, the two modems
can initiate exchange of the diagnostic and/or test informa-
tion. Otherwise, the transmission power of the transmitting
modem is increased and the initiate diagnostic link mode
message re—transmitted to the receiving modem until the CRC
is determined to be correct.
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ML LTICARRIER MODULATION
MESSAGING FOR POVVER LEVEL PER

SL BCHANNEL INFORMATION

RELATED APPLICATION DATA

This application is a continuation of U.S. application Ser.
No. 12/477,742, filed Jun. 3, 2009, wl1icl1 is a continuation of
U .S. application Ser. No. 10/619,691, filed Jul. 16, 2003, now
U.S. Pat. No. 7,570,686, which is a divisional of U.S. appli-
cation Ser. No. 09/755,173, filed Jan. 8, 2001, now U.S. Pat.
No. 6,658,052, which claims the benefit ofand priority under
35 U.S.C. §119(e) to U.S. Provisional Application No.
60/224,308, filed Aug. 10, 2000 entitled “Characterization of
transmission lines using broadband signals in a multi—carrier
DSL system,” and U.S. Provisional Application No. 60/174,
865, filed Iar1. 7, 2000 entitled “Multicarrier Modulation Sys-
tem with Remote Diagnostic Transmission Mode”, each of
which are incorporated herein by reference in their entirety.

FIELD OF THE IN VEN'l'l()N

This invention relates to test and diagnostic information. In
particular, this invention relates to a robust system and
method for cor11n1u11icatir1g diagnostic information.

BACKGROUND OF THE INVENTION

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

important part of a telecommunications, such as an ADSL,
deployment. In cases wl1ere 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, wl1ich is time consuming and
expensive.

In DSL technology, communications over a local sub-
scriber loop between a central ofiice and a subscriber pre-
mises is accomplished by modulating the data to be transmit-
ted onto a multiplicity of discrete frequency carriers which
are summed together and then transmitted over the subscriber
loop. Individually, the carriers fomi discrete, non—overlap—
ping communication subcharmels 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.

DSL systems experience disturbances from other data ser-
vices or1 adjacent phone lir1es, such as, for example, ADSL, V
HDSL, ISDN, '11, or the like. 'lhese disturbances may com-
mence after the subj ect ADSL 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 line in the
presence ofvoice communications 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

2

modem is typically located at the central ofiice 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 “ATU—C” (“ADSL transceiver unit, cen-
tral office” i.e., located at the central office). Each 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. Typically, the
upstream or ATU—C modem transmits data to the downstream
or ATU-R r11oden1 over a first set of subcharmels, which are
usually the higher-frequency subchannels, and receives data
from the downstream or ATU-R modem over a second, usu-
ally smaller, set of subchamiels, commonly the lower—fre—
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 informa-
tion in a simple and robust manner.

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 in 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
technician to determine the cause of a failure without the

technician having to physically visit, i.e., a truckroll to, the
remote site to collect data.

The diagnostic and test information can include, for
example, but is not limited to, signal to noise ratio informa-
tion, equalizer information, programmable gain setting infor-
mation, bit allocation information, transmitted and received
power information. margin information, status and rate infor-
mation, telephone lir1e condition information, such as the
length of the line, the number and location of bridged 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 environment. For example, the
exchanged diagnostic and test information can be directed
toward specific limitations of the modems, to information
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 ir1 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 U.S.
patent application Ser. No. 09/755,172, now U.S. Pat. No.
6,865,221, 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 oflice (CO) trans-
ceiver, e.g., ATU—C. Transmission of infonnation from the
remote terminal to the central office is important since a
typical ADSL service provider is located in the central ollice
and would therefore benefit from the ability to determine
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