
1 7 O CT 2U03 ACTIVATION OF xDSL MODEM  WITH POWER CONTROL MEASUREMENT
CROSS-REFERENCE TO RELEATED APPLICATIONS The present application claims the
benefit under 35 U.S.C.  119(e) of U.S.  Provisional Application Nos.
60/132, 702, tiled on May 5, 1999; 60-136,333, filed on May  26, 1999;
60-146,140, filed on July 30, 1999; 60/159,588, filed on October 18, 1999;
60/162,150, filed expressly incorporated by reference herein in their
entirely. BACKGROUND OF THE INVENTION Definitions  The following
definitions are employed throughout the detail discussion:  activating
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
the PSTN (GSTN); carrier set - a set of one or more frequencies associated
with a PSD mask of a  particular xDSL Recommendation; CAT3 -- cabling and
cabling components designed and tested to transmit cleanly to 16  MHz of
communications. Used for voice and data/LAN traffic to 10 megabits per
second;  CATS - cabling and cabling components designed and tested to
transmit cleanly to  100 MHz of communications; communication method - form
of communication sometimes referred to as moderns,  modulations, line
codes, etc; downstream - direction of transmission from the xTU-C to the
xTU-R; Galf - an octet having the value 8116; i.e., the ones complement of
an HDLC flag;  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 P18066.S01 transparency
octets; 7 OCT 2003 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; 5 responding
signal - signal sent in response to an initiating signal; responding
station - station that responds to initiation of a communication
transaction  from the remote station; 



session - active communications connection, measured from beginning to end,
between  computers or applications over a network; ,10 signal _ information
conveyed via tone based transmission; signaling family - group of carrier
sets which are integral multiples of a given 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; 15 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 acknowledgment [ACK(l)], a negative acknowledgment (NAK), or a
time-out;  terminal - station; and 20 upstream: The direction of
transmission from the xTU-R to the xTU-C.  Abbreviations The following
abbreviations are used throughout the detailed discussion:  ACK -
Acknowledge Message; ADSL - Asymmetric Digital Subscriber Line; 25 CCITT -
International Telegraph and Telephone Consultative Committee;  CDSL -
Consumer Digital Subscriber Line; DSL - Digital Subscriber Line;  FSK -
Frequency Shift Keying; P18066-SOI GSTN - General Switched Telephone
Network (same as PSTN);  HDSL - High bit rate Digital Subscriber Line;
HSTU-C - handshaking portion of the xDSL central terminal unit (xTU-C
HSTU-R - handshaking portion of the xDSL remote terminal unit (xTU-R  ISO -
International Organization for Standardization; ITU-T - International
Telecommunication Union -- Telecommunication Standardization Sector; 15
xDSL - any of the various types of Digital Subscriber Lines (DSL); NAK -
Negative Acknowledge Message; NTU - Network Termination Unit (Customer
premise en  PBO - Power Back Off; PME - Power Management Exchange  PMM -
Power Measurement Modulation; PMMS - Power Measurement Modulation Session;
POTS - Plain Old Telephone Service 



PSD - Power Spectral Density; PSTN - Public Switched Telephone Network;
RADSL - Rate Adaptive DSL; VDSL - Very high speed Digital Subscriber Line;
20 xTU-C - central terminal unit of an xDSL;  xTU-R - remote terminal unit
of an xDSL.  1. Field of the Invention 7OCT2002 The present invention is
directed to a high speed communications device, such as, for  example, but
not limited to, a modem, a cable modem, a xDSL modem, a satellite 25
communication system, a point-to-point wired or wireless communication
system, which  includes a handshaking or initializing protocol, and in
particular, to an apparatus and method  that provides means to robustly
select measurement procedures and robustly report the results  of such
measurement procedures. P18066.SO1 Discussion Of Background And Other
Information One of the important functionalities of the various xDSL
schemes is to accurately  control the amount of transmit power used on a
specific xDSL line. Since each local loop used  for xDSL has unique
parameters, such as, for example, attenuation, interference, crosstalk,
etc, 5 it is desirable to accurately measure those parameters before
blindly transmitting large  amounts of power into the loop. Heretofore,
each xDSL scheme has used it's own proprietary  style of power measurement
and control, with varying degrees of measurement and control. Additionally,
the power control measurement procedures of the prior art were typically
used after the xDSL modulation had started, with large amounts of power
already being 10 transmitted. Accordingly, there is a need for an apparatus
and method that provides means to  robustly select measurement procedures
and robustly report the results of such measurement  procedures, so as to
minimize the amount of transmission power used to transmit data. The ITU-T
has published recommended methods for initiating data communication  15
over voice band channels. The following three Recommendations have been
produced, the  subject matter of which is expressly incorporated herein by
reference in their entirety: 1) Recommendation V.8, entitled "Procedures
For Starting Sessions Of Data  Transmission Over The General Switched
Telephone Network", published in  September, 1994; 20 2) Recommendation
V.8bis, entitled "Procedures For The Identification And .Selection Of
Common Modes Of oration Between Data Circuit-Terminating Equipments (DCEs)
And Between Data Terminal Equipments (DTEs) Over  



The General Switched Telephone Network", published in August, 1996; and 3)
Recommendation G.994.1, entitled "Handshake Procedures For Digital  25
Subscriber Line (DSL) Transceivers", published in June 1999. It is noted
that document (3) is the final version of Temporary Document MA-006 that
was  published in March, 1999. SUMMARY OF THE INVENTION Accordingly, an
object of the present invention is to provide a uniform power 30
measurement procedure that can be used for all. xDSL schemes. Another
object of the instant P18066.S01 7 OCT 2003 invention is to perform the
uniform power measurement procedure prior to the selection of the  specific
xDSL scheme. The procedure of the instant invention may be implemented as
an  extension to an xDSL handshaking and selection procedure, such as, but
not limited to, that  shown in commonly assigned U.S. Patent Application
Nos. 09/217,556 filed on December 21, 5 1998 and/or 09/281,813 filed on
March 31, 1999, and/or ITU-T Recommendation 0.994.1,  published in June,
1999. Integrating the power control and measurement procedure with the
xDSL selection procedure allows a more accurate selection of the particular
XDSL modulation  scheme, based on the power measurement results. The
present invention also allows for a  more accurate determination of the
minimum needed frequency dependent transmission power  10 during a data
transmission mode. According to an object of the present invention, an
apparatus is disclosed for  determining transmission parameters while
initializing a communication link. A parameter  indicating device, that is
associated with an initiating communication device, transmits first
transmission parameters that can be used by the responding communication
device to a 15 responding communication device. In response to the
transmitted first transmission  parameters, a measurement receiving
section, that is associated with the initiating  communication device,
receives first signals issued by the responding communication device.
According to an advantage of the invention, the initiating communication
device also  includes a parameter receiving device that receives, from the
responding communication 20 device, second transmission parameters that can
be used by the initiating communication  device, and a measurement
transmission section that transmits second signals to the  responding
communication device, in response to the received second transmission
parameters. According to a feature of the invention, the responding
communication device  25 additionally includes a parameter indicating
device that transmits second transmission  parameters to be used by the
initiating communication device to said initiating communication device- It
is noted that the first transmission parameters are related to at least one
of a power  level, a frequency bandwidth, a duration, and a carrier density
of the communication link.  



According to another feature of the invention, the responding communicating
device 30 also includes a measurement receiving section that receives
transmitted signals, so that the  initiating communication device and the
responding communication device can perform an P1 so66.SOl 1 7 OCT 2003
exchange of information between respective measurement receiving sections.
According to another object of the invention, an apparatus is disclosed for
determining  transmission parameters while initializing a communication
link. A parameter receiving  device that is associated with an initiating
communication device receives transmission  parameters that can be used by
the initiating communication device. A measurement  transmission section
that is associated with the initiating communication device transmits
signals to the responding communication device, in response to the received
transmission  parameters. According to an advantage of the invention, the
responding communication device also  10 includes a parameter indicating
device that transmits, to the initiating communication device, the
transmission parameters that can be used by the initiating communication
device. The  transmission parameters are related to at least one of a power
level, a frequency bandwidth, a  duration, and a carrier density of the
communication link. According to a further advantage of the invention, the
responding communicating 15 device also includes a measurement receiving
section that receives the transmitted signals, the  initiating
communication device and the responding communicating device performing an
exchange of information between respective measurement receiving sections.
Another object of the present invention is the disclosure of an apparatus
for  establishing a communication link using a determined amount of
transmission power. A  20 parameter indicating device that is associated
with an initiating communication device transmits, to a responding
communication device, first transmission parameters that can be  used by
the responding communication device. A measurement receiving section that
is  associated with the initiating communication device, receives first
signals issued by the  responding communication device in response to the
first transmission parameters. Then, a 25 selecting device that is
associated with the initiating communication device transmits, to the
responding communication device, power. level parameters that can be used
by the responding  communication device. An advantage of the invention is
that a parameter receiving device that is associated  with the initiating
communication device receives, from the responding communication 30 device,
second transmission parameters that can be used by the initiating
communication  device. A measurement transmission section that is
associated with the initiating P18066.SO1 1 7 OCT 2003 



communication device transmits second signals to the responding
communication device, and  a selecting device, associated with the
responding communication device, transmits, to the  initiating
communication device, power level parameters that can be used by the
initiating  communication device. 5 Another advantage of the invention is
the inclusion of a configuring device that is  associated with the
initiating communication device. The configuring device sets power level
transmission characteristics to be used by the initiating communication
device in response to  the transmitted power level parameters. A still
further advantage of the invention is that the initiating communication
device  10 and the responding communication device perform a communication
link startup procedure  after the power level parameter is selected.
Another object of the present invention relates to an apparatus for
establishing a  communication link using a determined amount of
transmission power. A parameter receiving  device, associated with an
initiating communication device, receives, from a responding 15
communication device, smission parameters that can be used by the
initiating communication device. A measurement transmission section,
associated with an initiating  communication device, transmits signals to a
measurement receiving section of a responding  communication device, in
response to the transmission parameters. A selecting device,  associated
with the responding communication device, transmits, to the initiating 20
communication device, power level parameters that can be used by the
initiating  communication device. A configuring device that is associated
with the initiating communication device may  additionally be provided to
set power level transmission characteristics to be employed. A feature of
the invention is that the initiating communicating device and the 25
responding communicating device perform a communication link startup
procedure after the  power level parameter is selected. A still further
object of the invention concerns a method for determining an amount of
transmission power to use while establishing a communication link. An
initiating  communication device transmits a power measurement signal to a
responding communication 30 device- The responding communication device
acknowledges reception of the power P18066.SO1 1 7 OCT 2003 measurement
signal, and additionally transmits to the initiating communication device,
received power measurement values. The responding communication device the
indicates  transmission characteristics of the initiating communication
device to the initiating  communication device. The initiating
communication device then utilizes the transmission  characteristics
received from the responding device during a subsequent transmission. 



The responding communication device may additionally transmit a signal to
the  initiating communication device proposing transmission characteristics
of the power  measurement signal to be received by the responding
communication device. A  communication link startup procedure may also be
initiated after the transmission 10 characteristics has been indicated.
According to a feature of the invention, at least one of an initiation, a
parameter, a  result, and an acknowledgment is transmitted by digital
messages. Additionally, at least a  portion of the digital messages may be
transmitted at substantially a same time as the power  measurement signal
15 According to another object of the invention, a method is disclosed for
determining  frequency dependent amounts of transmission power to use while
establishing a  communication link. According to the method, an initiating
communication device transmits a  power measurement signal with
characteristics that are frequency dependent to a responding  communication
device. The responding communication device indicates the frequency 20
dependent transmission characteristics of the initiating communication
device to the initiating  communication device. The initiating
communication device then utilizes the frequency  dependent transmission
characteristics received from the responding communication device  during a
subsequent transmission. According to a feature of the invention, the
responding communication device  25 transmits frequency dependent received
power measurement values to the initiating communication device. According
to another feature of the invention, the responding  communication device
transmits a signal that proposes the frequency dependent transmission
characteristics of the power measurement signal to be received by the
responding  communication device, to the initiating communication device.
30 A further object of the invention pertains to a method for determining
an amount of  transmission power to use while establishing a communication
link. A power measurement P 18066.s0l 1 7 OUT 2003 signal is transmitted
from an initiating communication device to a responding communication
device, in which the power measurement signal is transmitted at a
predetermined power level.  The power measurement signal is re-transmitted
at incrementally higher power levels (such as,  for example, 2 db
increments), which may be at predetermined time intervals such as, for 5
example, 200 ms), until the responding communication device issues a signal
representing that  the power measurement signal was adequately received. A
transmit power level is then set for  establishing a communication link
between the initiating communication link and the  responding communication
device in response to the signal representing that the power  measurement
signal was adequately received. According to a feature of the invention, a
communication link startup procedure may  



be initiated after the transmit power level parameter has been set. It is
noted that the  transmitted power measurement signal may be encoded as
digital messages on a negotiation  and control channel that is exchanged
between the initiating communication device and the  receiving
communication device. 15 An additional object of the invention concerns an
apparatus for measuring frequency  dependent power during handshaking of a
communication link. An indicating device that is  associated with an
initiating communication device transmits frequency band transmission
parameters (that can be used by the responding communication device), to a
responding  communication device. A measurement transmission section that
is associated with an 20 initiating communication device transmits (to a
measurement transmission section of a responding communication device first
signals in such a manner that a power level varies by frequency bands. A
measurement receiving section of the initiating communication device
receives second signals, in which the power level varies by frequency bands
issued by a  measurement transmission section of the responding
communication device, with the second 25 signals being received in response
to the transmitted first signals. According to a feature of the invention,
the first signals may be shaped by a frequency  band transmission device
that functions to shape the first signals by at least one of a flat filter,
a sloped filter, and a b-spline filter. Another feature of the invention is
that the transmitted first signals maybe subjected to  30 parameterized
templates, so as to allow a non-linear gain. Another method is disclosed
for establishing communication transmission parameters P1.8066.S01 1 7 OCT
2003 during a communication link initialization, by transmitting, by an
initiating communication  device (such as, for example, an xTU-R) , a first
digital message having parameters for a  downstream power measurement
sequence; transmitting, by a responding communication  device (such as, for
example, an xTU-C), a second digital message having parameters for an 5
upstream power measurement sequence, and also including substantially the
same said  parameters of said first digital message as parameters of said
second digital message;  transmitting, by the initiating communication
device, a third digital message that  acknowledges the parameters and a
mode selected by the responding communication device;  transmitting, by the
initiating communication device, a power measurement signal that 10 employs
the parameters; transmitting, by the responding communication device, the
power  measurement signal that employs the parameters; transmitting, by the
initiating  communication device, a fourth digital message containing a
result of the power measurement  signal transmitted by the responding
communication device and a desired power reduction  level; transmitting, by
the responding communication device, a fifth digital message 



15 containing a result of the power measurement signal transmitted by the
initiating  communication device and the desired power reduction level;
exchanging a final operating  characteristic between the initiating
communication device and the responding communication  device to select
and/or acknowledge a mode by the initiating communication device and the
responding communication device; and, starting a training session of the
initiating 20 communication device and the responding communication device.
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, as  illustrated in the
accompanying drawings which are presented as a non-limiting example, in 25
which reference characters refer to the same parts throughout the various
views, and wherein:  Fig_ I illustrates a block diagram of a data
communication system using a modem  device according to an embodiment of
the present invention; Fig. 2 illustrates a detailed block diagram of a
data communication system of Fig. 1;  Fig. 3 illustrates a Power Management
Exchange (PME) full duplex transaction using  30 new message types and
transactions according to the present invention; 10 P18066.SO1 17OCT2003
Fig. 4 illustrates a PME half duplex transaction using new message types
and  transactions according to the instant invention; Fig. 5 illustrates a
Power Measurement Modulation Session (PMMS) of the instant  invention using
existing messages and transactions with a predetermined set of parameters
for  5 the measurement signal; Fig_ 6 illustrates the PMMS session using
existing messages and transactions with  explicitly requested parameters
for the measurement signals; Fig. 7 illustrates the PMMS session using
existing messages and transactions in which  the measurement signal is
stepped from a low power to a high power with a predetermined set  10 of
parameters for the measurement signal; Fig. 8 illustrates the PMMS session
using existing messages and transactions in which  the measurement signal
is stepped from a low power to a high power, using explicitly  requested
parameters for the measurement signals; Fig_ 9 illustrates the PMMS session
using a message MR-P that is derived from  15 existing messages and
transactions for Power Back Off (PBO); Fig. 10 illustrates another example
of the PMMS session using a message MR-P that is  derived from existing
messages and transactions, in which signals are transmitted to measure  for
PBO; Fig. 1 I illustrates a state diagram for a handshaking portion of an
xDSL remote  



20 terminal unit (HSTU-R) in which the instant invention is incorporated;
Fig. 12 illustrates a state diagram for a handshaking portion of an xDSL
central  terminal unit (HSTU-C) in which the instant invention is
incorporated; Fig. 13 illustrates a dividing of signals associated with the
PMMS session into a  plurality of frequency bands; 25 Fig. 14 illustrates a
flat template that shapes a transmit spectrum of a frequency band; Fig. 15
illustrates a sloped template that shapes a transmit spectrum of a
frequency  band; and Figs. 16 and 17 illustrate B-Spline templates that
shape a transmit spectrum of a  frequency band. 11 P18066.SOI DETAILED
DESCRIPTION OF PREFERRED EMBODIMENTS 1 T O c r 2003 The particulars shown
herein are by way of example and for purposes of illustrative  discussion
of embodiments of the present invention only and are presented in the cause
of  providing what is believed to be the most useful and readily understood
description of the  principles and conceptual aspects of the present
invention- In this regard, no attempt is made  to show structural details
of the present invention in more detail than is necessary for the
fundamental understanding of the present invention, the description taken
with the drawings  making apparent to those skilled in the art how the
present invention may be embodied in  practice. 10 Preferred embodiments
are described in the context of a new message type, procedures,  and
associated transactions to a startup mechanism (such as, but not limited
to, for example,  the xDSL startup method defined in ITU-T Recommendation
G.994.1). The new message  type or session is correctively referred to as
Power Measurement Modulation Session (PIvIMS)  15 and/or "Power Management
Exchange" (PME). PMMS/PME uses digital messages to initiate and configure
signals for measuring  power for communication devices, to report
measurement results, and/or to set power  transmission parameters for
subsequent transmissions The functionality and methodology of using the
PMMS and/or PINE messages and  20 procedures can also be applied to
handshake procedures other than ITU-T Recommendation G.994.1, such as, but
not limited to, for example, ITU-T Recommendations V_8 and V.8bis. The
details of a handshake procedure that implements the present invention will
be  described below- According to the present invention, a data
communication system comprises  a central office system 2 and a remote
system 4, which are interfaced together via a 25 communication channel 5,
as shown in Fig. 1. 



The central office system 2 includes a main distribution frame (MDF) I 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 lines (e-g., communication channel coming from the
outside, on one side, and internal lines (e.g., internal central office
lines) 30 on the other side. 12 P18066.SOl 7 OCT 2003 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 interface
device (NID) 3 interfaces the customer's equipment to the communications
network  communication channel 5). 5 It is understood that the present
invention may be applied to other communications  devices without departing
from the spirit and/or scope of the invention. Further, while the  present
invention is described with reference to a telephone communication system
employing  twisted pair wires, it is understood that the invention is
applicable to other transmission  environments, such as, but not limited
to, cable communication systems (e.g., cable modems), 10 optical
communication systems, wireless systems, infrared communication systems,
etc.,  without departing from the spirit and/or scope of the invention.
Fig_ 2 illustrates a detailed block diagram of the data communication
system of Fig. 1.  This communication system represents a typical
installation, in which both the central office  system 2 and the remote
system 4 implement the instant invention. 15 As shown in Fig. 2, 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 70, and a computer 82. Computer
82 is understood to be a  generic interface to network equipment located at
the central office. Test negotiation block 46  performs all of the
negotiation and examination procedures which takes place prior to the 20
initiation of an actual high speed data communication. The low pass filter
34 and high pass filter 38 function to filter communication signals
transferred over the communication channel 5_ The test negotiation block 46
tests 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 25 prior to, and
initiate the selection of the high speed modem receiving and transmitting
sections  (e.g., modems) 68 and 70. The 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. 30 High speed sections 68 and 70 can be a plurality of high speed
transmission devices which  



"share" the common block 46 during the initial negotiation procedure. The
negotiation data 13 P18066.SO1 1 7 OCT 2003 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. Test
negotiation block 46 comprises a negotiation data receiving section 52 and
a  negotiation data transmitting section 54. The negotiation data receiving
section 52 receives  negotiation data, while the negotiation data
transmitting section 54 transmits negotiation data.  The operation of the
various sections of the central office system 2 will be described, in
detail,  below. Remote system 4 comprises a low pass filter 36, a high pass
filter 40, a test negotiation  10 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 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  15 transferred over the
communication channel 5. The test negotiation block 48 tests and negotiates
conditions, capacities, etc. of the central office system 2, the remote
system 4, and  the communication channel 5. The high speed receiving
section 72 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 20 receiving section 56 and the high speed data receiving section 72
transmit signals to the  computer84. The negotiation data transmitting
section 50 and the high speed data  transmitting section 66 receive signals
issued from the computer 84. The test negotiation block 48 comprises a
negotiation data receiving section 56 and a  negotiation data transmitting
section 50. The negotiation data receiving section 56 receives 25
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  upstream
negotiation data to the negotiation data receiving section 52 of the
central system 2. 30 The negotiating data transmitting section 54 of the
central system 2 transmits the downstream  negotiating data to the
negotiation data receiving section 56 of the remote system 4. 14 P1 8066-SO
I 1 7 0 CT 2003 



The central office system 2 includes a plurality of channels 6, 10, 14, 16
and 18 that are  used to communicate with a plurality of channels 22, 26,
28, 30 and 32 of the remote system 4.  In this regard, it is noted that in
the disclosed embodiment, channel 6 comprises a central voice  channel that
is used to directly communicate with a corresponding remote voice channel
32 in 5 a conventional voice band (e.g., 0 Hz to approximately 4 kHz),
which has been filtered by low  pass filters 34 and 36. 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 10 channel is connected prior to the
low pass filter 36, the remote voice channel 33 contains both  the high
speed data signal and a voice signal. It is noted that the filters may be
arranged to have different frequency characteristics,  so that a
communication may take place using other, low band communication methods,
such  as, for example, ISDN, between voice channels 6 and 32. The high pass
filters 38 and 40 are 15 selected to ensure a frequency spectrum above 4
kHz. It is noted that some systems do not  require, nor implement, some (or
all) of the filters 34, 36, 38, and 40. Bit streams 10, 14, 16 and 18 (in
the central office system 2) and bit streams 22, 26, 2  and 30 (in the
remote system 4) comprise digital bit streams that are used to communicate
between the central computer 82 and the remote computer 84, respectively.
It is understood 20 that it is within the scope of the present invention
that bit streams 10, 14, 16, and 1.8 could be  implemented as discrete
signals (as shown), or bundled into an interface, or cable, or  multiplexed
into a single stream, without changing the scope and/or function of the
instant  invention- For example, bit streams 10, 14, 16 and 18 may be
configured as (but are not  limited to) an interface conforming to a
RS-232, parallel, FireWire (IEEE-1394), Universal 25 Serial Bus (USB),
wireless, or infrared (IrDA) standard. Likewise, it is understood that bit
streams 22, 26, 28 and 30 can be implemented as discrete signals (as shown
in the drawings),  or bundled into an interface, or cable, or multiplexed
into a single stream, as described above. Negotiation data (e.g., control
information) corresponding to the condition of the  communication line
(e.-=1_, frequency characteristics, noise characteristics, presence or
absence 30 of a splitter, etc.), capabilities of the equipment, and user
and application service requirements  is exchanged between the negotiation
data receiving section 52 and negotiation data 15 P18066.SOl transmitting
section 54 of the central office system 2, and the negotiation data
receiving  section 56 and negotiation data transmitting section 50 of the
remote system 4. The essential features of the hardware portion of the data
communication system of  Fig. 2 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 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, 10 the capabilities and configuration of the
communication channel 5 are also subject to wide  variation. In the
disclosed embodiment, test negotiation blocks 46 and 48 are embedded
within 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 15 environment
itself as well as communicating the results of the tests between the
central office  system 2 and the remote system 4_ The purpose of each
signal path in Fig. 2 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. 20 In the
communication system shown in Fig. 2, frequency division multiplexing (FDM)
is utilized for various communication paths to exchange information between
the central office  system 2 and the remote system 4. However, it is
understood that other techniques (such as,  but not limited to, for
example, CDMA, TDMA, spread spectrum, etc.) may be used without  departing
from the spirit and/or scope of the present invention. 25 The range from
frequency 0 Hz until frequency 4 kHz is typically referred to as the  PSTN
voice band. Some of the newer communication methods typically 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 may be used. In this regard,
it is noted that tone bursts at a frequency of 34.5 kHz 30 are used to
initiate T 1 E 1 T1.413 ADSL modems. As a result, if possible, that
frequency  should be avoided in the spectrum used by precursor negotiation
methods. 16 P18066.S01 1 7 OCT 2003 The communication paths are defined in
pairs, one path for an upstream  communication from the remote system 4 to
the central office system 2, and another path for a  downstream
communication from the central office system 2 to the remote system 4. The
negotiation upstream bits are transmitted by the negotiation data
transmitting section 50 of the 5 remote system 4, and received by the
negotiation data receiving section 52 of the central office  system 2. The
negotiation downstream bits are transmitted by the negotiation data
transmitting section 54 of 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 



10 transmitting sections 66 and 70, and high speed data receiving sections
72 and 68 to perform a  duplex communication Messages are sent with one or
more carriers, using, for example, a Differential (Binary)  Phase Shift
Keying (DPSK) modulation. The transmit point is rotated ISO degrees from
the previous point if the transmit bit is a 1, and the transmit point is
rotated 0 degrees from the  15 previous point if the transmit bit is a 0.
Each message is preceded by a point at an arbitrary carrier phase. The
frequencies of the carriers, and the procedures for starting the modulation
of carriers and messages, will be described below. Great lengths are taken,
both before the handshake procedure is performed and during  the handshake
procedure, to be spectrally polite (e.g., as non-obtrusive as possible).
Carriers 20 are typically selected so as to be different for the upstream
and downstream paths, avoid  existing system activation tones, be
reasonably robust against inter-modulation. products, have  sufficient
spacing, etc. Some suitable sets of carrier tones using 4.3125 kHz and 4.0
kHz base  frequencies, are shown in Table 1, below: Table 25 30 Signal
Upstream Downstream DesignationFrequency Indices (N)Frequency Indices (N)
A439 17 2540 56 64 B4337 45 5372 88 96 C437 912 14 64 A435 B44 28 3466 67
76 After the remote system 4 analyzes the equipment capabilities, the
application desires,  and the channel limitations, a final decision is made
with respect to the communication 17 P 18066.SO 1 method to use. 17 OCT
2003 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 stops transmitting the 5 negotiation
upstream data- After a short delay, the negotiated communication method
begins  it's initialization procedures. When initiating a high speed
communication session, one of the central office or  



remote systems transmits signals that are received by the opposite system
that responds by  transmitting predetermined signals, such as, for example,
signals required in a handshake 10 session. These signals compromise one of
a half duplex or full duplex start-up procedure. An  example of such a
start-up procedure is described in Applicant's Application No. 09/473,683,
filed on December 29, 1999, the disclosure of which is expressly
incorporated by reference  herein in its entirety. The start-up procedure
establishes a bi-directional communication  channel-for use by a handshake
session. Other examples of handshake sessions include, but 15 are not
limited to, ITU-T Recommendations V.8, V.Sbis, and G.994.1 (formerly
referred to as  G.hs). After the handshake session has been initiated, and
before it is terminated, one or more  transactions are used to exchange
data between the xTU-C and the xTU-R. Each transaction  consists of one (or
more) messages that contain data and/or requests, and then concludes with
20 an acknowledgment message (or, alternatively, a negative-acknowledgment
messa The messages include, but are not limited to, mode select,
capabilities exchange,  requests to defer, requests for power management
procedures and the results of those  processes. The unit responding to a
message indicates an acceptance (with an acknowledgment  25 message), a
rejection (with a negative-acknowledgment message), or a desire to initiate
a different type of message with a request message. Depending on the
response, a unit may  initiate another transaction or terminate the
handshake session. An acknowledgment to a  mode selection message will
cause the handshake session to he terminated, and the  communication mode
selected in the mode selection message to be initiated, using known  30
techniques. 18 P18066.SO 1 1 7 O CT 20 03 In the discussion of the
invention to follow, messages use the frame structure set forth  in ITU-T
Recommendation G.994.1, noted above. However, it is understood that
alternative  frame structures can be employed without departing from the
spirit and/or scope of the invention. 5 The information content of the
messages must be encoded in a consistent, scalable, and  extensible manner
so as to promote interoperability among equipment and compatibility with
future equipment and services. The prior art (e_g_, V.8, V.8bis) provides
general examples of means to frame and format handshaking data. Handshaking
for xDSL modems also require  the transmission of new data types, such as
variables and multiple resolution parameters. 10 Examples of encoding
mechanism are given below in Tables 2 through 4. Specific names an
encodings of parameters are dependent on the particular high speed
communication system  being used. 



Table 2 illustrates the format for encoding a small integer variable: 15
Table 2 - Number Of Segments Octet Segments NPar(3)s8 76 5 4 3 2 1
Unspecified by terminalx x0 0 0 0 0 0 Number of segments (bits 6-I)x xx x x
x x x Reservedx x1 1 1 1 1 1 20 Table 3 illustrates the format for encoding
a variable with a range larger than the number of bits: Table 3 - Duration
Octet 25 30 35 Data rate NPar(3)s 8 76 5 4 3 2 1 Duration (bits 6-1 x.5 ms)
x x x x x x x x Reserved x x1 1 1 1 I 1 Table 4 illustrates the format for
encoding a parameter with multi-resolutions. Bit 6 is  used to indicate a
multiplying factor for bits 1 through 5. Additionally, a special code is
used  to indicate a data rate that is not a multiple of 32 kbit/sec (or 64
1-bit/sec). Table 4 - Training Parameters - Octet 2 - NP (3) Coding Data
rate NPar(3)s8 76543 2 1 Unspecified by terminalx x0000 0 0 Data rate (bits
5-1 x 32 kbit/s)x x0xxx x x Data rate (bits 5-1 x 64 kbitls + 1024kbitls)x
xIxxx x x Data rate 1544 kbit/sx x1111 1 0 Reservedx xI111 1 1 19
P18066.SO1 1 7 OCT 2003 Various power measurement transactions are
described below, along with their  associated messages and message
contents. While the description provided below is set forth  with respect
to xDSL communication protocols, it is understood that the present
invention is  equally applicable to communication systems such as, but not
limited to, cable modems, 5 satellite communication systems, point-to-point
wired or wireless communication systems, etc.  First Embodiment A first
embodiment is described in the context of a new transaction to an xDSL
startup  



mechanism (such as, but not limited to, for example, ITU-T Recommendation
G.994. 1, noted  above). The new transaction is referred to as "Power
Management Exchange" (PME). It is 10 noted that the functionality and
methodology of the PME is the same for other handshake  procedures, such
as, but not limited to, for example, ITU-T Recommendations V.8 and V.8bis.
Table 5 illustrates the new transaction presented in conjunction with a
full duplex modulation negotiation communication channel, and assumes that
the first message is always  sent by the HSTU-R. 15 Table 5 - PME Full
Duplex Transaction TransmitterMessage Description Name HSTU-RPRThe message:
is a request for the HSTU-C to send the power measurement signals (PMc),
and  includes the parameters of the desired signal (PMc) to be transmitted.
HSTU-CPIThis message includes:  the parameters of the PMc signal actually
transmitted (in case it cannot comply with the full request of the HSTU-R)
the parameters of the PMR signal it desires the ATU -R to transmit.
Simultaneously, the HSTU-C transmits the power measurement signal (PMc) for
the HSTU-R to receive. If the ATU-C does not wish to receive power
measurement signals, it can also indicate that here. -)o P18066.501 Table
5, continued 1 7 OCT 2003 HSTU-RP2This message:  acknowledges the reception
of the power measurement signal (PMc) during P1;  transmits power level
parameters to be used the HSTU-C,  includes the parameters of the PMR
signal actually transmitted (in case it cannot comply with the full request
of the HSTU-C). 



Simultaneously, the HSTU-R transmits the power management sisal PMR if it
was requested by the HSTU-C. HSTU-CP3This message- a acknowledges the
reception of the power measurement signal (PMR) during P2; and  transmits
power level parameters to be used in the HSTU-R. HSTU-RACK(l)The message
acknowledges the rece tion of P3 The nature of the power measurement
signals PMR and PMc are such that they do not  interfere with the
simultaneous transmission of the digital negotiation and control channels.
Parameters that describe PMR and PMc include bandwidth, duration, power
levels, density of  carriers, etc. 10 Table 6 illustrates the new
transaction in conjunction with a half duplex modulation  negotiation
communication channel. In the following disclosure, it is assumed that the
first  message is always sent by the HSTU-R. The test signals PMc and PMR
do not need to be  sent concurrently with messages. Table 6 - PME Half
Duplex Transaction 15 TransmitterMessage Description Name HSTU-RPRRThe
message:  is a request for the HSTU-C to send the power measurement signals
(PMc), and  includes the parameters of the desired signal (PM.) to be
transmitted. HSTU-CPRH-IThis two part message includes:  the actual
parameters of the PM, signal to be transmitted (in case it cannot comply
with the full request of the HSTU-R) communicated via the control
communication channel and terminates the modulation.  Then, the HSTU-C
transmits the power measurement signal (PMc) for the HSTU-R to receive. 21
P18066.SO1 Table 6, continued 1 7 O CT 2003 



HSTU-RPRHAThis message is transmitted via the control communication
channel:  acknowledges the reception of the power measurement signal (PMc)
during PRH; and  transmits power level parameters to be used in the HSTU-C.
HSTU-CPCRThe message:  is a request for the HSTU-R to send the power
measurement signals (PMO, and  includes the parameters of the desired
signal (PMR) to be transmitted. HSTU-RPCHThis two part message includes:
the actual parameters of the PMR signal to be transmitted (in case it
cannot comply with the full request of the HSTU-C) communicated via the
control communication channel and terminates the modulation.  Then, the
HSTU-R transmits the power measurement signal (PMR) for the HSTU-C to
receive. HSTU-CPCHAThis message:  acknowledges the reception of the power
measurement signal (PMR) during PCH; and  transmits power level parameters
to be used in the HSTU-R for the HSTU-CR_ HSTU-RACK(I)The message
acknowledge the reception of PCHA It is noted that the instant invention
also permits manufacturers to utilize their own  proprietary signals that
are transmitted instead of using standard signals PMR and PMc. The 10 use
of the proprietary signal is indicated in messages PRR and PCR.  Second
Embodiment The instant invention will now be described with respect to an
xDSL startup  mechanism disclosed in, for example, Applicant's Application
Nos. 09/217,556 and  09/281,813. 15 The Power Management Exchange (PME)
comprises two types of elements: (1) digital  negotiation and control
channels; and (2) power measurement signals. Parameters that  describe
power measurement signals are negotiated and indicated as messages in the
negotiation and control channels of the PME. After the power measurement
signals are  received and analyzed, preferred transmit levels are indicated
in messages to the opposite side. 20 A PME transaction initially transmits
the power measurement signals at the lowest 22 



P18066_S01 17OCT2003 possible level. The PME transaction may be repeated at
incrementally higher power levels if  the signals were not adequately
received. Loop attenuation and minimum necessary transmit  power is
calculated by subtracting the measured receive power of the signals from
the transmit  power indicated in the messages of the PME. 5 As noted above,
the functionality and methodology of using the PME procedure can  also be
applied to other handshake procedures such as but not limited to ITU-T
Recommendations V.8 and V.8bis. A. Full Duplex Modulation A PME full duplex
transaction of this embodiment corresponds to the transaction listed  10 in
Table 5, above, and illustrated in Fig. 3. The parameters are encoded in
digital messages on the negotiation and control  channels that are
exchanged between the HSTU-R and HSTU-C_ PMx bandwidth is indicated  by
setting nonzero power levels on the desired carriers in the spectrum of
interest. Although a  prescribed number of carriers are defined, the
density of the carriers can be reduced by setting 15 the transmit power
level of individual carriers to zero. The power level of each carrier is
encoded by bits that include codes for zero and nominal power. The
requested measurement  duration is encoded in a time expressed in
milliseconds. The HSTU-R makes power measurements based on the signals in P
1 and PMc . The  signals in Pi are the carriers of the HSTU-C message
modulation. The minimum number of  20 carriers is based upon the types of
xDSL modems (e.g_, ADSL, SDL, CDSL, HDSL, VDSL, etc.) included in a
particular communication loop.. HSTU-C message modulation carriers are
shown in the last col unn of Tables 7 and 8, below. PMc allows measurement
of the power of  the downstream spectrum in areas outside of the carriers
of P I. P 1 is composed from carriers  in at least one of A43, B43, C43,
and A4. PMc is composed from P4 and V128 carriers, or 25 P43 and V138
carriers. Carrier sets are described in Tables 7 through 10, below. The
HSTU-C makes power measurements based on the signals in P2 and PMR. The
signals in P2 are the carriers of the HSTU-R message modulation. The
minimum number of  carriers is based upon the types of xDSL modems included
in a particular embodiment of the  invention. HSTU-R message modulation
carriers are shown in the middle column of Tables 7  30 and 8, below. PMR
allows measurement of the power of the upstream spectrum in areas outside
of the carriers of P2. P2 is composed from carriers in at least one of A43,
B43, C43, 23 P18066.SO1 and A4. PMR is composed from P4 and V128 carriers
or P43 and V138 carriers. Table 7 - ADSL Band 4.3125 kHz Carrier Indices 1
7 O CT 2003 



Carrier set HSTU-R Upstream HSTU-C Downstream designationcarrier
setscarrier sets Frequency indices Frequency indices (N)x4.3125kHz(N) x
4-3125 kHz A439 17 2540 56 64 B4337 45 5372 88 96 C437 912 14 64 P43-115
138 165 198 238 255 10 Table 8 - ADSL Band 4 kHz Carrier Indices 15 Carrier
setHSTU-R UpstreamHSTU-C Downstream designationcarrier setscarrier sets
Frequency indicesFrequency indices (N)x4kHz(N)x4kHz A435 P410, 12, 14, 17,
20, 24, 29, 34,10, 12, 14, 17, 20, 24, 29, 34, 41, 50, 59, 71, 86, 103,
123,41, 50, 59, 71, 86, 103, 123, 148, 177, 213, 255148, 177, 213, 255
Table 9 - VDSL Band 128 kHz Carrier Indices 20 Carrier set HSTU-R Upstream
HSTU-C Downstream designationcarrier setscarrier sets Frequency
indicesFrequency indices (N) x 128.0 kHz(N) x 128.0 kHz V12810, 12, 14, 17,
20, 24, 29,10, 12, 14, 17, 20, 24, 29, 34, 41, 50, 59, 71, 86, 103,34, 41,
50, 59, 71, 86, 103, 123, 148, 177, 213, 255123, 148, 177, 213, 255 24 P
18066.SO1 Table 10 -VDSL Band 138 kHz Carrier Indices Carrier set 



HSTU-R Upstream HSTU-C Downstream designationcarrier setscarrier sets
Frequency indicesFrequency indices (N) x 138.0 kHz(N) x 138.0 kHz V1388,
10, 12, 14, 17, 20, 24, 29,8, 10, 12, 14, 17, 20, 24, 29, 34,41, 50, 59,
71, 86, 103,34,41, 50, 59, 71, 86, 103, 123, 148, 177, 213123, 148, 177,
213 1 7 OCT 2003 For the band which occupies the spectrum up to
approximately 1.1 MHz (typically  referred to as the ADSL band), a carrier
indexing method is used. For the band from  approximately I.1 MHz through
approximately 30 MHz (typically referred to as the VDSL 10 band), an
indexing method is also used, but the carriers have a spacing of 128.0 kHz
or 138.0  kHz. The VDSL band carrier spacing is 32 times the ADSL band
carrier spacing to roughly  scale the approximately 27 times bandwidth
increase. It is noted that the first eight indices of  the VDSL band
carriers are not used because they overlap the ADSL band carriers. The V128
set of carriers shown in Table 9, above, is for systems that prefer 4.0 kHz
15 spacing. The V138 set of carriers shown in Table 10, above, is for
systems that prefer 4.3125  kHz spacing- The spacing of the carriers is
selected to be approximately 1.2 times the  previous carrier. This allows a
non-linear set of carriers that scales equivalent with frequency. Power
levels are expressed in 3 bits, as shown in Table 11, below. The power
level for  each carrier in the ADSL 4.3125 kHz band is coded in Table 12,
below. The power level for  20 each carrier in the ADSL 4.0 kHz band is
coded in Table 13, below. The power level for each  carrier in the VDSL
band is coded in Table 14_ The definition of the VDSL band power
measurement carriers is effective for all types  of VDSL band modulation
schemes, including, but not limited to, single--carrier modulation
schemes, and multi-carrier modulation schemes. It is noted that other
carrier spacings and 25 widths may be used without departing from the
spirit and/or scope of this invention. 25 P18066.SOI Table I I - Power
Level Encoding Bits 10 CodeDescription 000not transmitted 001-60 dBm (per
carrier) 010-50 dBm (per career) 011-40 dBm (per carrier) 100-30 dBm (per
carrier) 



101-20 dBm (per carrier) 110-10 dBm (per carrier) IIINominal 1 7 O CT 2003
Table 12 - ADSL Band 4.3125 kHz Carrier Transmit Power {NPar(2)} Codi:,,7g
15 20 25 Power8765432 3 Octet #1#009[ #012xxxxxxx x Octet #2#014i
#017xxxxxxx x Octet #3#025403)7-xxxxxxx x Octet #4#040[ #045xxxxxxx x Octet
#5#053#056xxxxxxx x Octet #6#0641 #072xxxx..xxx x Octet #7#088j #096xxxxxxx
x Octet #8#115[ #138xxxxxxx x Octet #9#165[ #198xxxxxxx x Octet #10#238[
#255xxxxxI1 1 Table 13 - ADSL Band 4.0 kHz Carrier Transmit Power {NPar(2)}
Coding 30 35 40 Power8765432 1 Octet #1#003[ #005xxxxxxx x Octet #2#008[
#010xxxxxxx x Octet #3#012[ #014xxxxxxx x Octet #4#017[ #020xxxxxxx x Octet
#5#024I #029xxxxxxx x Octet #6#034#041xxxxxxx x Octet #7#050[ #059xxxxxxx x
Octet #8#071f #086xxxxxxx x Octet #9#103#123xxxxxxx x Octet #10#1481
#177xxxxxxx x Octet #11#213J #255xxxxx11 l 26 P18066.S01 Table 14 - VDSL
Band Carrier Transmit Power {NPar(2)} Coding 



10 Power8765432 1 Octet #1#0081 #010xxxxxxx x Octet #2#012I #014xxxxxxx x
Octet #3#017#020xxxxxxx x Octet #4#024#029xxxxxxx x Octet #5#034#041xxxxxxx
x Octet #6#050#059xxxxxxx x Octet #7#071#086xxxxxxx x Octet
#8#103#123xxxxxxx x Octet #9#148#177xxxxxxx x Octet #10#213~ #255xxxxx11 1
The contents of the Messages are shown in Tables 15 through 18, below.
Table 15 - PR Message Content 20 25 Message type field - PR Revision number
field P1 and PMc signal duration (in ms) PI and PMc ADSL band power
transmission request (using Table 12 or 13) PMc VDSL band power
transmission request (using Table 14) Table 16 - P 1 Message Content
Message type field - P1 Revision number field P2 and PMR signal duration
(in P1 and PMc ADSL band power transmission indication (using Table 12 or
13) 30 P1 and PMc VDSL band power transmission indication (using Table 14)
P2 and PMR ADSL band power transmission request (using Table 12 or 14) P2
and PMR VDSL band power transmission request (using Table 14) 35 Table 17 -
P2 Message Content Message type field - P2 Revision number field P2 and PMR
ADSL band power transmission indication (using Table 12 or 13) 40 P2 and
PMR VDSL band power transmission indication (using Table 14) PISTU-C
transmission power level parameters P18066.SO1 



Table 18 - P3 Message Content Message type field - P3 Revision number field
HSTU-R transmission power level parameters 1?OCT2003 B. Half Duplex
Modulation The invention will now be described in conjunction with a half
duplex modulation  negotiation communication channel. It is noted that test
signals PMca and PM., do not need  10 to be sent concurrently with
messages. The PME half duplex transaction is listed in Table 19, below, and
illustrated in Fig_ 4.  The first message is assumed to always be sent by
the HSTU-R. The following discussion  assumes that the band descriptions
provided above apply. 15 Table 19 - PME Half Duplex Transaction 20
TransmitMessageDescription UnitName HSTU-RPRRThe message- - is a request
for the HSTU-C to send the power measurement signals (PMC,) includes the
parameters of the desired signal (PMCH) to be transmitted. HSTU-CPRHThis
two part message includes:  the actual parameters of the PM,, signal to be
transmitted (in case it cannot comply with the full request of the HSTU-R)
communicated via the control communication channel and terminates the
modulation.  Then, the HSTU-C transmits the power measurement signal (PMCH)
for the HSTU-R to receive. HSTU-RPR-HAThis message is transmitted via the
control communication channel: - acknowledges the reception of the power
measurement signal (PMca) during PRH; and - transmits power level
parameters to be used in the HSTU-C. HSTU-CPCRThe message: - is a request
for the HSTU-R to send the power measurement signals (PMR,) ; and  includes
the parameters of the desired signal (PMRH) to be transmitted.
HSTU-RPCHThis two part message includes:  the actual parameters of the PMR
signal to be transmitted (in case 



it cannot comply with the full request of the HSTU-C) communicated via the
control communication channel and terminates the modulation.  Then, the
HSTU-R transmits the power measurement signal (PMR,) for the HSTU-C to
receive. 28 P18066.501 Table 19, continued 1 7 OCT 2O 3 HSTU-CPCHAThis
message:  acknowledges the reception of the power measurement signal (PMT,)
during PCH; and  transmits power level parameters to be used in the HSTU-R
for the HSTU-CR. HSTU-RACK(1)The message acknowledge the reception of PCHA.
5 The nature of the power measurement signals PM. and PMcH are allowed
complete  freedom, as they need not be concerned with the simultaneous
transmission of the digital  negotiation and control channels. Parameters
that describe PMRH and PMCH include  bandwidth, duration, power levels,
density of carriers, etc. The HSTU-R makes a power measurement based on the
signals in PMCH. The 10 minimum number of carriers is based upon the types
of xDSL modems included in a particular  communication system. PMcH
comprises carriers from at least one of A43, B43, C43, A4, P4  or P43, and
V128 or V138 carriers shown in Tables 7 through 10, above. The HSTU-C makes
the power measurement based on the signals in PMRH. The  minimum number of
carriers is based upon the types of xDSL modems included in a particular
15 communication system. PMT, comprises carriers from at least one of A43,
B43, C43, A4, P4  or P43, and V128 or V138 carriers shown in Tables 7
through 10, above. The contents of the Messages are shown in Tables 20
through 25, below. Table 20 - PRR Message Content 20 25 Message type field
-PRR Revision number field PMT signal duration (in ms) Non Standard (NS)
request = 0 PMc,H ADSL band power transmission request (using Table 12 or
Table 13) PMcH VDSL band power transmission request (using Table 14) Table
21 - PRH Message Content 



30 Message type field - PRH Revision number field PMCH ADSL band power
transmission indication (using Table 12 or Table 13) MMH VDSL band power
transmission indication (using Table 14) 29 P 18066.S01 Table 22 - PRHA
Message Content Message type field - PRHA Revision number field HSTU-C
transmission power level parameters 1 7 0 C T 2003 Table 23 - PCR Message
Content 10 15 Message type field - PCR Revision number field PMRH signal
duration (in ms) Non Standard (NS) request =0 PMRH ADSL band power
transmission request (using Table 12 or Table 13) PMRH VDSL band power
transmission request (using Table 14) Table 24 - PCH Message Content 20
Message type field - PCH Revision number field MRH ADSL band power
transmission indication (using Table 12 or Table 13) PMRH VDSL band power
transmission indication (using Table 14) Table 25 - PCHA Message Content 25
Message type field - PCHA Revision number field HSTU-R transmission power
level parameters C. Proprietary Measurement Signals 30 As noted above, the
present invention allows manufacturers to utilize (generate) their  own
proprietary signals that are transmitted (sent) instead of PMR and PMc (or
PMR, and  PMt,H), while retaining a uniform negotiation and indication
structure as the defined test  signals. The use of the proprietary power
measurement signal is indicated in messages PRR  and PCR by setting the
Non-Standard request to 1, as shown in Tables 26 and 29, below. 



35 Tables 27 and 30, below, illustrate that the parameters of the
transmitted signals are indicated  using a private (e.g., proprietary)
encoding scheme. The parameter and acknowledge  messages shown in Tables 28
and 31, below, are the same as Tables 22 and 25 in the half  duplex
modulation negotiation communication channel, discussed above. It is noted
that the band descriptions as assumed to be the same as previously
discussed 40 above. 30 P18066_SO1 Table 26 - PRR Message Content Message
type field - PRR Revision number field gnal duration 10 Non Standard (NS)
request = Proprietary Parameters (private encoding) Table 27 - PRH Message
Content Message Woe field - PRH Revision number field Proprietary
Parameters (private encoding 15 Table 28 - PRHA Message Content Message
type field - PRHA Revision number field 20 HSTU--C transmission power level
parameters Table 29 - PCR Message Content 25 30 Message type field - PCR
Revision number field MRH signal duration Non Standard (NS) request =1
Proprietary Parameters (private encoding Table 30 - PCH Message Content
Message type field - PCH Revision number field Proprietary Parameters
(private encoding 35 Table 31 - PCHA Message Content Message type field -
PCHA 



40 Revision number field HSTU-R transmission power level parameters 1 7 OCT
2003 Third Embodiment A third embodiment of the invention will now be
described as procedures for a session  comprising existing messages (e.g.
MS, MR.) and transactions for the digital control provided  to request the
transmission of the power measurement modulation session signals- The MS 45
message includes explicit details on the parameters of a desired signal
(e.g., PMca) to be 31 P 18O66.SO I 1 7 OCT 2003 transmitted- It is noted
that the following discussion may be implemented using either full  duplex
or half duplex modulation procedures. As discussed above, the PMMS
initially sends  the power measurement signals at the lowest possible power
level, which may be repeated at  higher power levels if the signals were
not adequately received. However, it is understood that 5 the invention is
not limited to an initial transmission using the lowest possible power
level;  that is, the initial transmission may be initiated using any
desired, predetermined power level.  A. Fixed Measurement Signals with
Standard Measurements The following description of the PMMS is provided
with respect to a fixed set of  prefabricated measurement signals. The
transactions and signal exchange is listed in Table 32,  10 below, and
illustrated in Fig. 5. It is assumed that the first message is always sent
by the  HSTU-R. Table 32 - PMMS (Standard Measurements 15 20 25
TransmitMessage /#Description UnitSignal Name HSTU-RMSIThe message:  is a
request for the HSTU-C and HSTU-R to send the power measurement modulation
session (PMMS) signals (PMc" and PM,,); and  includes the category choice
which represents the parameters of the desired signal (PMca and PM,) to be
transmitted HSTU-CACK2The message Acknowledges selection of PMMS
HSTU-RPMT,3This signal allows the HSTU-C to measure the line conditions 



and power loss IISTU-CPMc,_,4This signal allows the HSTU-R to measure the
line conditions and power loss HSTU-RMR5The message:  is a request to the
HSTU-C to send an MS. HSTU-CMS6The message:  conveys the upstream PBO
request HSTU-RACK7The message Acknowledges the upstream PBO request value
HSTU-CMS8The message:  is a request for a specific xDSL modulation mode,
and contains a parameter request a certain amount of PBO in the downstream
direction HSTU-CACK9The message Acknowledges selection of the xDSL using
the specified downstream PBO -Training-Training begins As indicated above,
the exchanged parameters are encoded in digital messages on the
negotiation and control channels that are exchanged between the HSTU-R and
HSTU-C. The P 18066.S01 1 7 OCT 2003 HSTU-.R makes power measurements based
on the signals in PMcH . The minimum number  of carriers is based upon the
types of xDSL modems (e.g., ADSL, CDSL, HDSL, etc.)  included in a
communication loop. PMCH is composed from carriers in at least one of A43,
B43, C43, A4, P4 or P43, and V 128 or V138 carriers shown in Tables 33
through 36, below. 5 Similarly, PMcu can be composed from a type of
specifiable broadband signal. The HSTU-C makes power measurements based on
the signals in PM.. The  minimum number of carriers is based upon the types
of xDSL modems included in the  communication loop. PM, is composed from
carriers in at least one of A43, B43, C43, A4,  P4 or P43 and V128 or V138
carriers shown in Tables 33 through 36_ Similarly, PMRH can be 10 composed
from a type of specifiable broadband signal. HSTU-R message modulation
carriers can use any, some, or all of the carriers listed in  the middle
column of Tables 33 through 36. Similarly, the HSTU-C message modulation
carriers can use any, some, or all of carriers listed in the right column
of Tables 33 through 36. 15 Table 33 - ADSL Band 4.3125 kHz Carrier Indices
20 HSTU-R Upstream HSTU-C Downstream Carrier set carrier sets Frequency 



carrier sets Frequency designationindices indices (N) x 43125 kHz(N) x
43125 kHz  A439 17 2540 56 64 B4337 45 5372 88 96 C437 912 14 64 P43-115
138 165 198 238 255 25 Table 34 - ADSL Band 4 kHz Carrier Indices 30
Carrier setHSTU-R UpstreamHSTU-C Downstream designationcarrier sets
Frequencycarrier sets Frequency indicesindices (N)x4kHz(N)x4kHz  A435 P410,
12, 14, 17, 20, 24, 29,10, 12, 14, 17, 20, 24, 29, 34, 41, 50, 59, 71, 86,
103,34, 41, 50, 59, 71, 86, 103, 123, 148, 177, 213, 255123, 148, 177, 213,
255 33 P18066.S01 Table 35 - VDSL Band 128 kHz Carrier Indices 1 7 O CT
2003 Carrier setHSTU-R UpstreamHSTU-C Downstream designationcarrier sets
Frequencycarrier sets Frequency indicesindices (N)x128.0kHz(N)x128.0kHz
V12810, 12, 14, 17, 20, 24, 29,10, 12, 14, 17, 20, 24, 29, 34, 41, 50, 59,
71, 86, 103,34, 41, 50, 59, 71, 86, 103, 123,148, 177, 213, 255123, 148,
177, 213, 255 Table 36 - VDSL Band 138 kHz Carrier Indices Carrier
setHSTU-R UpstreamHSTU-C Downstream designationcarrier sets
Frequencycarrier sets Frequency indicesindices (N)x138.0kHz(N)x138.0kHz 



V1388, 10, 12, 14, 17, 20, 24,8, 10, 12, 14, 17, 20, 24, 29, 34, 41, 50,
59, 71, 86,29, 34, 41, 50, 59, 71, 86, 103, 123, 148, 177, 213103, 123,
148, 177, 213 The contents of the MS messages are illustrated using an
example xDSL referred to as  GDSL, but the invention can be applied to any
xDSL. Octet coding of the MS messages are 15 shown in Tables 37 through 42,
below. The procedure with example contents is shown in Table  43, below.
Table 37 - Standard Information Field - SPar(1) Coding 20 25
SPar(1)s8765432 1 G.992.1 - Annex Axxxxxxx l G.992.1 - Annex BxxxxxxI x
G.992.1 - Annex CxxxxxIx x G.992.2 - Annex A/Bxxxx1xx x G.992.2 - Annex
Cxxx1xxx x GDSLxxIxxxx x ReservedxIxxxxx x No parameters in this
octetx000000 0 Table 38 - GDSL SPar(2) Coding 30 35 GDSL NPar(2)s8765432 1
GDSL PNMIS initiate (measure using set #)xxxxxxx 1 GDSL Upstream PBOxxxxxx1
x GDSL Downstream PBOxxxxxI.x x GDSL Initiate trainingxxxx1xx x
ReservedxxXIxxx x Reservedxx1xxxx x No parameters in this octetxx00000 0 34
P18066.S01 Table 39 - GDSL PMMS Initiate - NP 1 7 OCT 2003 GDSL PM.MS
initiate - NPar(3)8765432 1 GDSL PMMS set #1 (all carriers)xxxxxxx 1 GDSL
PMMS set #2 (all V128 carriers)xxxxxxI x 



GDSL PMMS set #3 (all V138 carriers)xxxxx1x x GDSL PMMS set #4 (all A4 and
P4 carriers)xxxx1xx x GDSL PIvIMS set #5 (all P4 carriers)xxx1xxx x
ReservedxxIxxxx x No parameters in this octetxx00000 0 10 15 20 25 30 Table
40 - GDSL Upstream PBO - NP (3) Coding (3) Coding GDSL Upstream PBO -
NPar(3) coding8 76 5 4 3 2 1 Upstream PBO (dB) (bits 6-1 x 1dB) x x x x x x
x x Reservedx x1 I 1 1 I 1 Table 41 - GDSL Downstream PBO - NP (3) Coding
GDSL Upstream PBO - NPar(3) coding8 76 5 4 3 2 1 Downstream PBO (dB) (bits
6-1 x 1dB) x x x x x x x x Reservedx x1 1 1 1 1 1 Table 42 - GDSL Training
Parameters - NP (3) Coding GDSL training parameters - NPar(3)8765432 1 GDSL
parameter #1xxxxxxx 1 GDSL parameter #2xxxxxx1 x GDSL parameter #3xxxxx1x x
GDSL parameter #4xxxxIxx x GDSL parameter #5xxxIxxx x ReservedxxIxxxx x No
parameters in this octetxx00000 0 Table 43 - PMMS (Standard Measurements
Procedure 35 40 



TransmitName#Contents of octets Unit HSTU-RMSITable 37 x010 0000 (Select
GVDSL) Table 38 xxOO 0001 (start PMMS measurements) Table 39 xxOO 0001 (all
carriers) Table 40 N/A Table 41 N/A Table 42 NIA HSTU-CACK2The message
Acknowledges selection of PMMS HST'U-RPM,,3 HSTU-CPMm4 HSTU-RMR5Request MS
35 P18066. SO 1 Table 43 - PMMS (Standard Measurements Procedure 1 7 O C T
?003 HSTU-CNIS6Tabl_e3 7 x010 0000 (Select GVDSL) Table 38 x:00 0010
(upstream PBO) Table 39 N/A Table 40 xx00 0 110 (6 dB) Table 41 N/A Table
42 N/A HSTU-RACK7The message Acknowledges the upstream PBO request value
HSTU-CMS8Table 37 x010 0000 (Select GVDSL) Table 38 xxOO 1100 (downstream
PBO & initiate training) Table 39 N/A Table 40 xx00 0110 (6 dB) (repeat)
Table 41 xxOO 0111 (7 dB) Table 42 xxxx xxxx HSTU-CACK9The message
Acknowledges selection of the GDSL using the specified downstream PBO
-Trainin-GDSL training begins. g B. Fixed Measurement Signals with Explicit
Parameters The following description of the PMIMS is provided with
explicitly requested parameters  10 for the measurement signals. The
transactions and signal exchange is listed in Table 44, below,  and
illustrated in Fig. 6. For purposes of discussion, it is assumed that the
first message is always  sent by the HSTU-R. 



The contents of the MS messages are explained using an example xDSL modem
referred  to as GDSL, but the invention can be applied to any xDSL without
departing from the spirit and/or  15 scope of the invention. The octet
coding of the MS messages is shown in Tables 44 through 49.  A second
procedure with example contents is shown in Table 50. Power levels are
expressed in 3 bits, as shown in Table 45. The power level for each
carrier in the ADSL 4.3125 kHz band is coded in Table 46. The power level
for each carrier in  the ADSL 4.0 kHz band is coded in Table 47. The power
level for each carrier in the VDSL band  20 is coded in Table 48. 36
P18066.S01 1? OCT20013 Table 44 - PMMS (Explicit Parameters 10 15 Transmit
Message / #Description Unit Signal Name HSTU-R MS IThe message:  is a
request for the HSTU-C to send the power measurement modulation session
(PMMS) signals PMCH ; and  includes the explicit details on the parameters
of the desired signal (PMcx) to be transmitted HSTU-C ACK IThe message
Acknowledges selection of PMMS HSTU-C PMc,_, -This signal allows the HSTU-R
to measure the line conditions and power loss HSTU-R MR 2The message:  the
HSTU-R is done receiving PMT, , and is a request to the HSTU-C to send an
MS HSTU-C MS 2The message:  is a request for the HSTU-R to send the power
measurement modulation session (PMMS) signals PM,,,; and  includes the
explicit details on the parameters of the desired signal (PM.) to be
transmitted HSTU-R ACK 2The message Acknowledges selection of PMMS HSTU-R
PMM -This signal allows the HSTU-C to measure the line conditions and power
loss 



HSTU-R MR 3The message:  is a request for the HSTU-C to send an MS HSTU-C
MS 3The message- . conveys the upstream PBO request HSTU-R ACK 3The message
Acknowledges the upstream PBO request value HSTU-C MS 4The message:  is a
request for a specific xDSL modulation mode, and contains a parameter
request for a certain amount of PBO in the downstream direction HSTU-C ACK
4The message Acknowledges selection of the xDSL using the specified
downstream PBO Training -Training begins Table 45 - Power Level Encoding
Bits 20 25 CodeDescription 000not transmitted 001-60 dBm (per carrier)
010-50 dBm (per carrier) 011-40 dBm (per carver) 100-30 dBm (per carrier)
101-20 dBm (per carrier) 110-10 dBm (per carrier) IIINominal 37 P18066.S01
1 7 OCT 2003 Table 46 - ADSL Band 4.3125 kHz Carrier Transmit Power
{NPar(2)} Coding 10 15 20 25 Power8765432 1 Octet #1#009#012xxxxxxx x Octet
#2#014#017xxxxxxx x Octet #3#025#037xxxxxxx x Octet #4#040I #045xxxxxxx x 



Octet #5#053I #056xxxxxxx x Octet #6#064f #072xxxxxxx x Octet #7#0881
#096xxxxxxx x Octet #8#115#138xxxxxxx x Octet #9#165#198xxxxxxx x Octet
#10#238I #255xxxxx11 1 Table 47 - ADSL Band 4.0 kHz Carrier Transmit Power
{NPar(2)} Coding Power8765432 1 Octet #1#003[ #005xxxxxxx x Octet
#2#008#010xxxxxxx x Octet #3#012I #014xxxxxxx x Octet #4#017#020xxxxxxx x
Octet #5#024#029xxxxxxx x Octet #6#034#041xxxxxxx x Octet #7#050I
#059xxxxxxx x Octet #8#071I #086xxxxxxx x Octet #9#103#123xxxxxxx x Octet
#10#148#177xxxxxxx x Octet #I1#213#255xxxxx11 1 Table 48 - VDSL Band
Carrier Transmit Power {NPar(2)} Coding 30 35 40 Power8765432 l Octet
#1#008#010xxxxxxx x Octet #2#012I #014xxxxxxx x Octet #3#017~ #020xxxxxxx x
Octet #4#024#029xxxxxxx x Octet #5#034#041xxxxxxx x Octet #6#050#059xxxxxxx
x Octet #7#071I #086xxxxxxx x Octet #8#103I #123xxxxxxx x Octet
#9#148#177xxxxxxx x Octet #10#213I #255xxxxx11 1 Table 49 - PMx Signal
Duration -NPar(2) Coding 45 PNIx signal duration -NPar(2) codin-8 76 5 4 3
2 1 PMx signal duration (bits 6-1 x 20 msec) 



x x x x x x x x Reservedx x1 1 1 I 1 1 38 P 18066.S0I 1 7 O C T 2003 Table
50 - Second Example Of PMMS - Explicit Measurements Procedure 10 15
TransmitNarne#Contents of octets - Unit HSTU-RMSITable 37 x010 0000 (Select
GV-DSL) Table 38 xxOO 0001 (start PVIIVIS measurements with PMcH,) Table 46
xxOO 1001 (favorite carriers) Table 47 xx00 1001 (favorite carriers) Table
48 xxOO 1001 (favorite carriers) Table 40 N/A Table 41 N/A Table 42 N/A
HSTU-CACK1This message Acknowledges selection of PMIbIS HSTU-CPMC-H-This
signal allows the HSTU-R to measure the line conditions and power loss
HSTU-RMR2This message indicates the HSTU-R is done receiving PMcjr and is a
request the HSTU-C to send an MS HSTU-CMS2Table 37 x010 0000 (Select GVDSL)
Table 38 xxOO 0001 (start PMMS measurements with PMjuj) Table 46 xxOO 1001
(favorite carriers) Table 47 xx00 1001 (favorite carriers) Table 48 xx00
1001 (favorite carriers) Table 40 N/A Table 41 N/A Table 42 N/A
HSTU-CACK2This message Acknowledges selection of PMMS HSTU-RPMj-This signal
allows the HSTU-C to measure the line conditions and power loss
HSTU-RMR3Request MS HSTU-CMS3Table 37 x010 0000 (Select GVDSL) Table 38
xxOO 0010 (upstream PBO) 



Table 39 N/A Table 40 xx00 0110 (6 dB) Table 41 N/A Table 42 N/A
HSTU-RACK3The message Acknowledges the upstream PBO request value
HSTU-CMS4Table 37 x010 0000 (Select GVDSL) Table 38 xxOO I100 (downstream
PBO & initiate training) Table 39 N/A Table 40 xxOO 0110 (6 dB) (repeat)
Table 41 xx00 0111 (7 dB) Table 42 xxxx xxxx HSTU-RACK4This message
Acknowledges the downstream PBO request value Training-GDSL training begins
C. to ed Measurement Signals With Standard Parameters This scheme is
similar to the Fixed Measurement Signals With Standard Parameters,  20
described above, except that the PIVIx signal is stepped from low power to
high power. The 39 P 18066.0 l 1 7 O C T 2003 transmission power is
continuously stepped (increased) until the opposite HSTU-X can receive
sufficient power and sends an "Acknowledgment"_ In the disclosed invention,
the stepping  occurs in 2 dB increments, starting .from approximately -90
dBm/Hz every 200 ms; however,  other stepping rates and timing values may
be used without deviating from the spirit and/or  scope of the invention.
The sequence of the transaction and signals is very similar to Table 32,
above. An "ACK" signal uses the same carriers as the handshake transaction
and is inserted between the  measurement signals as shown in Table 5l,
below, and illustrated in F1,9 10 Table 51 - PMMS (Stepped Standard
Measurements 15 20 TransmitMessage /Description UnitSignal Name
HSTU-RMSThis message is a request for the HSTU-C and HSTU-R to send the
power measurement modulation session (PMIVIS) signals (PMc,., and PM.), and
includes the category choice which represents the parameters of the desired
signal (PMct, and PM~u~ 



to be transmitted. HSTU-CACKThis message Acknowledges selection of P-NfMS
HSTt.T-RPMT,This signal allows the HSTU-C to measure the line conditions
and power loss HSTU-CACKThis message acknowledge reception of PMm and
beginning of transmission of PMc,_, HS IU CPM,,This signal allows the
HSTU-R to measure the line conditions and power loss HSTU-RMRThis message
is a request to the HSTU-C to send an MS. HSTU-CMSThis message conveys the
upstream PBO request HSTU-RACKThis message Acknowledges the upstream PBO
request value HSTU-CMSThis message is a request for a specific xDSL
modulation mode, and contains a parameter request for a certain amount of
PBO in the downstream direction HSTU-CACKThis message Acknowledges
selection of the xDSL using the specified downstream PBO -TrainingTraining
begins 25 D. Stepped Measurement Signals With Explicit Parameters This
scheme is similar to the Fixed Measurement Signals With Explicit
Parameters,  described above, except that the PMx signal is stepped
(incrementally increased) from a low  power to a high power. The power
stepping continues until the opposite HSTU-X can receive  sufficient power
and sends an "Acknowledgment". In the disclosed invention, the stepping 30
occurs in approximate 2 dB increments, starting from approximately -90
dBm!Hz every 200 40 P18066.SO1 1 7 OCT 2003 ms; however, other stepping
rates and timing values may be used without deviating from the  spirit
and/or scope of the invention. The transaction sequence and signals are
illustrated in Fig. S. The transaction sequence  and signals are the same
as shown in Table 44, above, except that the PMx signal power varies  over
time. Fourth Embodiment Another "power measurement modulation," sequence
that is similar to existing messages derived from two existing messages)
and transactions will now be described.  This sequence of signals and
transaction, which is referred to as a power measuremen :0 modulation
session (PIV' S), is comprised of two typos of elements: (1) digital
negotiation  and control channels; and (2) rower in ;asurement signals.
Parameters that describe rower  measurement signals are : egotia~ed. a ts..
indicated as mcs3ages in the negotiation and control 



channels of the PMMS. After the powx.:r measurement signals are received
and analyzed, preferred transmit levels are indicated in messages to the
opposite side. 15 It is noted that the procedures_described herein are
equally applicable to di  negotiation elements using either half duplex or
full duplex procedures. The PMMS initially transmits (sends) power
measurement signals at the lowest  possible level. In this regard, it is
noted that the PMM signals may optionally re-transmit the  power
measurement signals at incrementally higher power levels if the signals
were not 20 adequately received. Loop attenuation and minimum necessary
transmit power is calculated.  by subtracting the measured receive power of
the signals from the transmit power indicated in  the messages of the PMMS.
It is also understood that the power measurement signals may be  initiated
at any desired predetermined level without departing from the spirit and/or
scope of  the invention. 25 Further, the functionality and methodology of
using the PMMS can be applied to any  handshake procedure, such as, but not
limited to, ITU-T Recommendations V.8 and V_8bis.  According to the
disclosed invention, a new message, referred to as MR-P, is derived from
the message MR that has parameters similar to message MS. Message MR-P is
similar  to message PRR, described above. MS also behaves the same as the
PCR message, described  30 above- Message MR-P (PRR) follows the same rules
as message MR; however, message MR P can include parameters. The MR-P (PRR)
parameters can be used to suggest values for  parameters in the returning
MS (PCR) message. 41 P 18066.S01 IT OCT 2003 In order to provide
compatibility with prior art devices, the ,MR-P message is assigned  a
revision number of at least 2. A device that supports MR-P can leave all of
the other  message types at revision level 1. It is noted that Section
9.3.2 of ITU Recommendation G.994.1 provides a procedure for message types
having revision numbers greater than 1  5 new message types). The
following; discussion is provided making reference to the previously
discussed data  initiation communication procedures described in ITU-T
Recommendation 6.994.1. However, it is understood that other procedures can
be used with the present invention without  departing from the spirit
and/or scope thereof. 10 The i1-P message is used to initiate a Transaction
B (described in Section 10.1.2 of  ITU-T Recommendation G.994.1), in order
to negotiate and select the parameters for a Power  Back Off (PBO) mod' of
a xDSL modulation. At the termination of Transaction B, the HSTU-X performs
a cleardown (described in Section 11.3 of ITU-T Recommendation  G.994.1)
and initiates the Power Measurement Modulation (PMM) of the current
invention, in  15 which signals are transmitted from the HSTU-X to measure
for Power Back Off (PBO). After 



the PMM, the HSTU-R restarts the ITU-T Recommendation G.944.1 procedures
and again  initiates a Transaction B with the MR-P message. In this
transaction, the parameters for the  PBO are exchanged, and the final xDSL
mode of operation is selected. Following the ITU-T  Recommendation G.994.1
cleardown, the selected xDSL begins training. The entire sequence  20 is
illustrated in Fig. 9. In the MR-P message, the HSTU-R requests a PMMS mode
by setting a NPar(2) bit.  The parameters (or parameter sets) are requested
through SPar(2) and NPar(3) octets.  Similarly, the HSTU-C responds with
similar parameters set in the octets. After the HSTU-R  sends the ACK
message, the ITU-T Recommendation G.994.1 session performs the cleardown 25
operation, and then, the PMM signals are sent. The procedure assumes that
after the PMMS  measurements, the xTU-X returns control to ITU-T
Recommendation G.994.1. During the PMM, the xTU-C sends the first signals,
and then, the xTU-R responds by  sending signals. This allows the xTU-C to
acknowledge the ITU-T Recommendation G.994.1  ACK message sent from the
HSTU-R. The characteristics and timing of the PMM signals are  30
predetermined in the ITU-T Recommendation G.994.1 transaction B exchange.
After each side has performed their measurements and analysis, they inform
the  opposite side of their specific value request of the PBO and possible
parameters, such as, for 42 P18066.SO1 OCT 2003 example, data rates. This
is a request with parameters, so it requires the HSTU-R to use MR-P  and
the HSTU-C to use MS in the B transaction. An overview of the contents of
each message is given in Table 52, below. Note that  "#" corresponds to the
step number in Fig. 9. Table 52 - PMMS (Standard Measurements) 10 15 20
TransmitMessage /4Description UnitSignal Name HSTU-RCLR0This message
includes information on the capabilities of the types (optional)aof PM?vl
signals that the HSTU-R can transmit HSTU-CCL0This message includes
information on the capabilities of types of (optional)bPMM signals that the
HSTU-C can transmit HSTU-RMR-PIThis message is a request for the PMM mode,
and includes the (PRR)parameters (or category choice which represents a set
of predefined parameters) of the desired signal to be transmitted by 



the HSTU-C HSTU-CMS (PCR)2This message: is a selection for the PMM mode,
and includes the parameters (or category choice which represents a set of
predefined parameters) of the desired signal to be transmitted by the
HSTU-R;  echoes the parameters (or category choice which represents a set
of predefined parameters) of the desired signal to be transmitted by the
HSTU-C HSTU-RACK3This message Acknowledges selection of PMM
HSTU-CPM,,,4This signal allows the HSTU-R to measure the line conditions
and power loss HSTU-RPM1e.,5This signal allows the HSTU-C to measure the
line conditions and power loss. HSTU-RMR-P6This message: (PRHA)
acknowledges reception of PM" ;  is a request for a specific xDSL
modulation mode (with possible data rate preferences); and  contains a
parameter request a certain amount of PBO in the downstream direction
HSTU-CMS7This message: (PCHA) acknowledges reception of PM," ;  is a
selection for a specific xDSL modulation mode (with possible data rate
preferences);  contains a parameter selection a certain amount of PBO in
the downstream direction; and  contains a parameter selection a certain
amount of PBO in the upstream direction HSTU-RACK8This message Acknowledges
the upstream PBO request value and selected mode of operation
Training-Training begins 43 P 18066.S01 1 7 OCT 2003 In "revision 1" of
ITU-T Recommendation G.994.1, a HSTU-X generating it's MS  message contents
does not need to consider an input from the opposite HSTU-X. In order to
preserve backward compatibility with revision I of ITU-T Recommendation
G.994.1, the  current invention sets forth an explicit rule. This rule
states that the contents of an MS  



message can "override" the parameters and mode suggested in MR-P, but it
should do so  cautiously, so as to avoid a NAK from the HSTU-R. Before
suggesting the power level of the PMM signals, the HSTU-X should make a
rough estimate of the line length/attenuation by examining the received
power levels of the  ITU-T Recommendation G.994.1 carriers. In general, for
reasons of spectral politeness, power 10 levels should be selected so as to
erg on the side of using less power. Some scenarios are presented below
with possible solutions and a recommendations.  1. How does a HST U-C
indicate it wants to do a PMM session? SpecificaIly, what  should a HSTU-C
do when the HSTU-R initiates the transaction with a plain MR or MS?  If the
HSTU-C receives a MR-only message, the HSTU-C may: 15 (a) Respond with
REQ-MR-P (that is, create another new message type that is similar  to
REQ-MR; the HSTU-C can request to send MR, but it also has parameters like
MR-P).  However, the HSTU--C would not know that a PMM is being requested,
unless the REQ-MR-P also contained parameters, since requesting MR-P is not
necessarily limited to P (b) Respond with REQ-MS. However, the HSTU-R would
not know that the HSTU-C  20 wants PM-E-, or (c) Respond with MS with PMM
mode selected. This notifies the HSTU-R that the  PMM will begin unless
NAKed. If the HSTU-R decides that it does want to suggest the PMM
parameters, it can then send a NAK-NR (Not ready) to conclude the
transaction and  immediately initiate a new transaction by sending MR-P
with it's suggestions. 25 According to the present invention, the preferred
(but not only) solution is to respond  with PMM mode in MS. If the HSTU-C
receives a MS message, the HSTU-C may: (a) Respond with REQ-MR-P_ However,
this solution exhibits the same problems as noted above; 30 (b) Respond
with NA-K-NR However, the HSTU-R may not necessarily send MR 44 P18066.SOI
or 1 7 OCT 2003 (c) Respond with REQ-MR. The HSTU-R will respond with Na,
and then HSTU-C  will respond with MS with PMM mode selected. According to
the current invention, the preferred (but not sole) solution is to respond
5 with REQ-MR, and then proceed as described above. 2. If PBO measurements
are not successful, how can anotherPMMM session he  initiated? Possible
solutions include: 



(a) If the HSTU-R was unable to determine an appropriate PBO level from the
10 received PMcu, it can re-suggest the PMM-mode in the MR-P message sent
after the PMM  (where the PBO downstream value normally would have been
transmitted); or (b) If the HSTU-C was unable to determine an appropriate
PBO level from the  received PMRm, it can re-suggest the PMM-mode in the MS
message sent after the PMM  (where the PBO value normally would have been
transmitted). 15 Power Back Off measurement methods will now be disclosed
using enumerated sets of  standard parameters or explicit parameters. A.
Standard Set of Parameter Measurements This means of operation assumes that
a standard set of parameters for both upstream  and downstream measurement
signal characteristics is being requested. This can substantially  20
shorten the length of the messages. The HSTU-R selects PMMS using a
"parameter set" mode by setting a specific NPar(2) bit. The parameter set
is requested through a SPar(2) octet and a  NPar(3) octet. The contents of
the MS messages will be illustrated below using G.shdsl as an  example;
however, it is understood that the MS messages can be used for any of the
various  25 xDSL systems. In this regard, reference is made to
ITU-Telecommunication Standardization Sector document entitled "G.shdsl
Draft: Recommendation for G.shdsl" by Steve  BLACKWELL, published in
August, 1999 and assigned Temporary Document NG-R15X, the  subject matter
of which is expressly incorporated herein by reference in its entirety. For
a first (pre-PMM) handshake transaction, the octet coding of the MR-P/MS
30 messages is shown in Tables 53 through 55. For the second (post-PMM)
handshake 45 PI 8066.501 1 7 O CT 200" transaction, the octet coding of the
MR-P/MS messages is shown in Tables 56 through 59_ A  procedure with
example contents is shown in Table 60, and is illustrated in Fig. 9. Table
53 - Standard Information Field (SP 10 (1) Coding SPar(1)s8765432 1 G992.1
- Annex Axxxxxxx I G.992.1 - Annex Bxxxxxx1 x G.992.1 - Annex CxxxxxIx x
G.9922 - Annex A/BxxxxIxx x G.992.2 - Annex Cxxx1xxx x G.SHDSLxxIxxxx x
ReservedxIxxxxx x 



No parameters in this octetx000000 0 5 Table 54 - G.SHDSL Mode (NPar(2)
Coding 20 G.SHDSL NPar(2)s8765432 1 G.SHDSL Initiate trainingxx00000 1
G.SHDSL PMIvIS (measure using parametersxx00001 0 referenced in Table 55)
Reservedxx00010 0 Reservedxx001x0 0 Reservedxx01000 0 Reservedxx10000 0 No
parameters in this octetxx00000 0 25 Note - only one (1) value G.SHDSL
SPar(2)s8 76 5 4 3 2 1 G.SHDSL Initiate training (using downstream
parameterx xx x x x x I values from Tables 56 through 58 G.SHDSL Initiate
training (using upstream parameterx xx X. x x 1 x values from Tables 56
through 58 G.SHDSL downstream PMMS using set # from Table 59x xx x x 1 x x
G.SHDSL upstream PMMS using set # from Table 59x xx x 1 x x x G.SHDSL
downstream PMMS using explicit parameters inx xx 1 x x x x Table 61 and
multiple copies of Tables 62, 64, 65 and 66 G_SHDSL upstream PMMS using
explicit parameters inx x1 x x x x x Table 61 and multiple copies of Table
62, 64, 65, and 66. No parameters in this octetx x0 0 0 0 0 0 Table 55 -
G.SI-IDSL Parameters (SP 130 35 40 Note - More that one (1) value can be
selected. Mode an be selected. (2) Coding 46 P18066.SOI Table 56 - G.SHDSL
General Parameters (Octet 1- NP 1 ? OCT 2003 Coding G.SHDSL training
parameters - NPar(3)8765432 1 



G_SHDSL general parameter #1xxxxxxx 1 G.SHDSL general parameter #2xxxxxx1 x
G.SHDSL general parameter #3xxxxx1x x G.SHDSL general parameter #4xxxxIxx x
G.SHDSL general parameter #5xxx1xxx x ReservedxxIxxxx x No parameters in
this octetxx00000 0 10 Table 57 - G.SHDSL Training Parameters (Octet 2 - NP
(3) Coding 15 20 25 30 35 Data rate NPar(3)s8 765 432 1 Unspecified by
terminalx x00 000 0 Data rate (bits 5-1 x 32 kbit/s)x x0x xxx x Data rate
(bits 5-1 x 64 kbit/s + 1024 kbit/s)x xIx xxx x Data rate 1.5441vfbit/sx
x11 111 0 Reserved for allocation by the ITU-Tx x1I 111 I Table 58 -
G.SHDSL Training Parameters (Octet 3 - NP (3) Coding G.SHDSL PBO level -
NPar(3) coding8 76 5 4 3 2 1 PBO (dB) (bits 6-1 x -1 dB) x x x x x x x x
Reservedx xi 1 1 I 1 I Table 59 - G.SHDSL PMMS Initiate Using Set NP (3)
Coding G.SHDSL PMll7S initiate - NPar(3)8765432 1 G.SHDSL PMMS set #1 (1024
kbit/s; nominalxxxxxxx 1 power; 50 ms; 5 ms) G.SHDSL PMMS set #2 (256
kbit/s; nominalxxxxxx1 x power; 50 ms; 5 ms) G.SHDSL PMMS set #3 (1024
kbit/s; -30 dBxxxxx1x x power; 50 ms; 5 ms) G.SHDSL PMMS set #4 (1024
kbit/s; -60 dBxxxx1xx x 



power; 50 ms; 5 ms) G.SHDSL PMMS set #4 (1024 kbit/s; -60 dBxxx1xxx x
power; 500 ms; 50 ms) Reservedxx1xxxx x No parameters in this octetxx00000
0 47 P 18066.SQ1 1 7 OCT 2003 Table 60 - PMMS - Standard Parameter
Measurements Procedure Example 10 15 TransmitName#Contents of octets Unit
HSTU-RMR-P1Table 53 x010 0000 (Select G.shdsl) Table 54 xxOO 0010 (start
PMMS measurements using set in Table 55) Table 55 xxOO 0100 (downstream
PMMS measurements using set in Table 59) Table 59 xxOO 0001 (set #1)
[downstream] HSTU-CMS2Table 53 xOlO 0000 (Select G.shdsl) Table 54 xxOO
0010 (start PMMS measurements using set in Table 55) Table 55 xxOO 1100
(downstream./downstream PMMS measurements using set in Table 59) Table 59
xxOO 0001 (set #1) [downstream] Table 59 xxOO 0001 (set #1) [upstream]
HSTU-RACK3This message Acknowledges selection of PMMS HSTU-CPM,,4
HSTU-RPM,,5 HSTU-RMR-P6Table 53 xOlO 0000 (Select G.shdsl) Table 54 xxOO
0001 (Initiate training (using parameter values from Table 55) Table 55
xxOO 0001 (Initiate training (using downstream parameter values from Tables
57 and 58) Table 56 xxxx xxxx General parameters TTable 57 xxOO 0010 (128
kbit/s) [downstream] TTable 58 xxOO 0110 (6 dB) [downstream] HSTU-CMS7Table
53 xOlO 0000 (Select G.shdsl) Table 54 xxOO 0001 (Initiate training (using
parameter values from Table 55) 



Table 55 xxOO 0011 (Initiate training (using parameter values from Tables
57 and 58) Table 56 xxxx xxxx General parameters fable 57 xxOO 0010 (128
kbit/s) [downstream] Liable 58 xxOO 0110 (6 dB) [downstream] rTable57 xxOO
0010 (128 kbit/s) [upstream] LTable 58 xxOO 0110 (6 dB) [upstream]
HSTU-RACK8This message Acknowledges selection of the G.SHDSL using the
specified downstream (an upstream) PBO Trainin -G.SHDSL training begins. R
B. Explicit Parameter Measurements This measurement is similar to the
Standard Set of Parameter Measurements described 48 P18066.S01 1 7 0 CT
2003 above, however, more octets are required to transmit the explicit
parameter information.  In the following discussion, PMM signals are used
in the activation of G.shdsl. Specifically, 2-PAM (see Section 62.1 of the
above-mentioned G.shdsl Draft) at a specific  data/symbol rate is used for
G.shdsl training. Example encodings of G.shdsl activation data  5 rates are
proposed below. Although the discussion is described in terms of data rate
parameters, it is noted that  other parameters, including, but not limited
to, symbol rate, PAM level, etc., may be used and  negotiated without
departing from the spirit and/or scope of the current invention Assume a
data rate resolution of 32 kbit/s for data transmissions up to I Mbit/s,
and a  10 data rate resolution of 64 kbit/s for data transmissions above 1
Mbit/s. However, it is noted  that other resolutions can be encoded in a
similar manner. Table 62 illustrates how to encoded  the minimum
requirements of 192 kbitlsec to 2304 kbit/s with a resolution of 64 kbit/s.
It is  noted that G.shdsl is designed such that slightly asymmetric
upstream and downstream rates  may be employed. 15 The PMRH and PMcf1
signals may contain multiple signal segments- For example,  several data
rates for a given power level, or several power levels for a given data,
may be sent  to measure the PBO values. Thus, each segment is described
with a "4-tuple" that comprises:  (a) Data rate; (b) Power level (from
nominal);  20 (c) Duration; and (d) Guard time (e.g., amount of silence
after the signal before the next signal will be 



sent While the discussion herein is made with reference to specific time
resolution bases, it  is understood that such time resolution bases may be
modified without departing from the 25 spirit and/or scope of the
invention. The octet coding of the MR-P and MS messages is shown in Tables
53 through 55, and  Tables 61 through 66_ An example procedure is shown in
Table 67. Table 61 - G.shdsl Number of PMM Segments Octet 30 PMM segments
NPar(3)s8 76 5 4 3 2 1 Unspecified by terminalx x0 0 0 0 0 0 # segments
(bits 6-1)x xx x x x x x Reservedx xI I 1 1 1 1 49 P18066.SOI 1 7 O C T
2003 Table 62 - G.shdsl Data Rate Octet Data rate NPar(3)s8 76 5 4 3 2 1
Unspecified by terminalx x0 0 0 0 0 0 Data rate (bits 5-1 x 32 kbit/s)x x0
x x x x x Data rate (bits 5-1 x 64 kbitis + 1024kbit's)x x1 x x x x x Data
rate 1.544 Mbit/sx xI I 1 1 1 0 Reservedx x1 I 1 1 i 1 Table 63 - Example
Values Data Rate Encoding 10 15 20 25 30 Result Unspecified  6 x 32 = 192
kbit/s 31 x 32 = 992 kbit/s  0x64 1024= 1024kbitls  3 x64+ 1024= 1216kbit/s
29 x 64 -F 1024 = 2880 kbitls  1544 kbitls  Reserved Table 64 - G.shdsl
Power Level Octet 



G.SHDSL PRO level - NPar(3) coding8 76 5 4 3 2 1 PBO (dB) (bits 6-1 x -1
dB) x x x x x x x x Reservedx x1 1 1 1 1 1 Table 65 - G.shdsl PMM Segment
Duration Octet Data rate NPar(3)s8 76 5 4 3 2 1 Duration (bits 5-1 x 20
ms)x x0 x x X X X Duration (bits 5-1 x 100 ms + 700 ms)x x1 x x x x x
Reservedx x1 i 1 1 1 1 Table 66 - G.shdsi PMM Segment Guard Octet 35 Data
rate NTar(3)s8 76 5 4 3 2 1 Duration (bits 6-1 x 5 ms) x x x x x x x x
Reservedx x1 1 1 1 1 1 50 P18066.SO1 .1 7 OCT 2003 Table 67 - PMMS
(Explicit Measurements Procedure For PMIVIS Example) Transmit Name#Contents
of octets Unit HSTU-RMR-P1Table 53 x010 0000 (Select G.shdsl) Table 54 xxOO
0010 (start PMMS measurements using set in Table 55) Table 55 xx01 0000
(downstream PMMS measurements using explicit parameters in Table 61 and
multiple copies of Tables 62, 64, 65, and 66) Table 61 xx00 0011 Number of
segments [downstream] (e_g.: 3) rTable 62 xxlO 0000 Data rate [downstream]
(e.g.: 1024 kbitis) Table 64 xx00 1010 Power level [downstream] (e.g.: -10
dB) Table 65 xxOO 0001 Duration [downstream,] (e.g.: 20 ms) (Table 66 xxOO
0100 Guard [downstream] (e.g.: 20 ms) tTable 62 xx10 0000 Data rate
[downstream] (e.g.: 1024 kbitis) Table 64 xx01 0100 Power level
[downstream] (e.g.: -20 dB) Table 65 xxOO 1010 Duration [downstream,]
(e.g.: 200 ms) tTable 66 xxOO 0100 Guard [downstream] (e.g.: 20 ms) tTable
62 xxOO 1000 Data rate [downstream] (e.g.: 256 kbitls) 



Table 64 xxOO 1010 Power level [downstream] (e.g.: -10 dB) Table 65 xxOO
0001 Duration [downstream,] (e.g.: 20 ms) 1Table 66 xxOO 0001 Guard
[downstream] (e.g.: 20 ms) HSTU-CMS2Table 53 x010 0000 (Select G.shdsl)
Table 54 xxOO 0010 (start PMMS measurements using set in Table 55) Table 55
xxi l 0000 (downstream and upstream PMMS measurements using explicit
parameters in Table 61 and multiple copies of Tables 62, (54, 65, and 66)
Table 61 xxOO 0011 Number of segments [downstream] (e.g.: 3) tTable 62 xxI
O 0000 Data rate [downstream] (e.g_: 1024 kbitls) 'Table 64 xx00 1010 Power
level [downstream] (e.g.: -10 dB) Table 65 xxOO 0001 Duration [downstream,]
(e.g.: 20 ms) tTable 66 xxOO 0100 Guard [downstream] (e.g.: 20 ms) tTable
62 xx1O 0000 Data rate [downstream] (e.g.: 1024 kbit/s) Table 64 xxO1 0100
Power level [downstream] (e.g.: -20 dB) Table 65 xxOO 1010 Duration
[downstream,] (e.g_: 200 ms) LTable 66 xxOO 0100 Guard [downstream] (e.g.:
20 ms) tTable 62 xxOO 1000 Data rate [downstream] (e.g_: 256 kbitls) Table
64 xxOO 1010 Power level [downstream] (e.g.: -10 dB) Table 65 xx00 0001
Duration [downstream,] (e.g.: 20 ms) tTable 66 xxOO 0001 Guard [downstream]
(e.g.: 20 ms) Table 61 xx00 0001 Number of segments [upstream] (e.g.: 1)
TTable 62 xxlO 0000 Data rate [upstream] (e.g.: 1024 kbitis) Table 64 xx00
1010 Power level [upstream] (e.g.: -10 dB) Table 65 xxOO 0001 Duration
[upstream,] (e.g.: 20 ms) LTable 66 xx00 0100 Guard [upstream] (e.g.: 20
ms) 51 P18066.501 Table 67, continued 7 OCT 2003 HSTU-RACK3This message
Acknowledges selection of PMMS HSTU-CPMCH4 HSTU-RPMRH5 HSTU-RMR-P6(same as
example in Table 60, above) HSTU-CMS7(same as example in Table 60, above)
HSTU-RACK8(same as example in Table 60, above) -Training-G.SHDSL training
begins. 10 Fifth Embodiment 



A discussion will now be provided with respect to another embodiment of the
invention. After the PMMS, specific parameters for the power back off (PBO)
are selected by  the terminals and negotiated in a Transaction B. The
parameters are selected by evaluating the  frequency dependent
signal-to-noise ratio and distance estimation from the received power 15
difference from the transmitted signal so as to use the minimal necessary
frequency dependent  transmit power for the terminal to adequate receive
the signal. The session summary for this embodiment is similar to that
described above with  respect to the other embodiments. However, during the
PMM, the xTU-R sends the first  signals and then, the xTU-C sends signals.
This allows the xTU-R to acknowledge the signal 20 sent from the xTU-C with
a second ITU-T Recommendation G.994.I MR-P message sent  from the HSTU-R.
It is noted that the characteristics and timing of the PMM signals are
predetermined in the transaction B exchange. After each side has performed
their measurements and analysis, they inform the  opposite side of their
specific value request of the PBO and possible parameters such as data 25
rates. This is a request with parameters so it would require the HSTU-R to
use MR-P and the  HSTU-C to use MS in a B transaction. 30 An overview of
the contents of each message is given in Table 68 (and illustrated in  Fig.
10). The contents of this Table differs from the contents of Table 52 in
that the  handshaking steps 4 and 5 are reversed. That is, Table 68
illustrates that PMRH is sent prior to  PMcH 52 P18066.SO1 Table 68 - PMMS
(Standard Measurements 10 15 1 7 OCT 2003 TransmitMessage/#Description
UnitSignal Name HSTU RCLR0The message includes information on the
capabilities of types (optional)aof PMM signals that the l-ISTU-R can
transmit HSTU-CCL0The message includes information on the capabilities of
types (optional)bof PMM signals that the HSTU-C can transmit HSTU-RMR-P1The
message is a request for the PMM mode, and includes (PRR)the parameters (or
category choice which represents a set of predefined parameters) of the
desired signal to be transmitted by the HSTU-C 



HSTU-CMS (PCR)2The message:  is a selection for the PMM mode, and includes
the parameters (or category choice which represents a set of predefined
parameters) of the desired signal to be transmitted by the HSTU-R; and
echoes the parameters (or category choice which represents a set of
predefined parameters) of the desired signal to be transmitted by the
HSTU-C HSTU-RACK3The message Acknowledges selection of PMM HSTU-RPMM,4This
signal allows the HSTU-C to measure the line conditions and power loss
HSTU-CPM,,,5This signal allows the HSTU-R to measure the line conditions
and power loss JISTU-RMR-P6The message: (PRHA) acknowledges reception of
PMM, ;  is a request for a specific xDSL modulation mode (with possible
data rate preferences); and  contains a request for a parameterised PBO
template for each band in the downstream direction HSTU-CMS7The message:
(PCHA) acknowledges reception of PMM, ;  is a selection for a specific xDSL
modulation mode (with possible data rate preferences);  contains a
parameterised PBO template for each band in the downstream direction; and
contains a parameterised PBO template for each band in the upstream
direction HSTU-RACK8The message Acknowledges the upstream PBO request
values and selected mode of operation -Training-Training begins Some (but
not all possible) non-typical transaction scenarios will now be discussed.
State diagrams, using ITU-T Recommendation G.994.1 as an example for the
HSTU-R and 20 HSTU-C, are shown in Figs_ 11 and 12, respectively, which
show "legal" state transitions.  New components are shown in bold. Note
that message names shown in Figs. 11 and 12 that 53 P18066_S01 1 7 O C T
2003 are followed by an asterisk (*) indicate that the state transition may
be taken upon reception of  



a complete message, or upon the reception of one or more segments of the
message. For the NRR-P message state bubble in Fig. 11, it also includes
the entrance and exit  arrow of the MR state bubble. 5 If the MR-P message
were to become lengthy, it would need to be segmented.  Segmenting the MR
message was not necessary since it could not contain any parameters and
was always of short length- Thus, the segment acknowledge command "ACK(2)"
must be  allowed. As the new message MR-P carries a higher revision level
that the existing equipment,  10 the message NAK-NS may be a response to an
MR-P to say the message ---type--- is not  supported. However, NAK-NS
cannot mean the requested parameters are not supported, since  they can be
overridden by the MS message. NAK-EF and NAK-CD are allowed for any
message. Likewise REQ-CLR is  appropriate for MR-P as well as MR to
indicate that a capabilities exchange should be  15 performed before the
mode request. The use of REQ-MS would be acceptable to keep parity with MR;
however its use in  practice would not make much sense, since the HSTU-C
could see the parameters that the  HSTU-R would have sent in its MS message
in the contents of the MR-P message. Since no mode is being selected (e.g.,
a mode is only being requested), "ACK(l)" is  20 not an appropriate
response. Since NAK-NR is not sent in response to a CLR, it also should
not be sent in response to an MR-P. Similarly, sending Request MR in
response to a "REQ- MR" message would be a meaningless response to an MR or
MR-P message. Since message MR-P is related to MR, it should have a related
message number. All of  the bits except bit 3 are the same between MR and
MR-P. Bit 3 is set to a " 1" to indicate MR- 25 P instead of Na, as shown
in Table 69, below. Table 69 - Message Type Field Format 30 MessageBit
numbers type8765 432 1 MS0000 000 0 MR0000 000 1 MR-P0000 010 1 CL0000 001
0 54 P18066.SO1 Table 69, continued 10 CLR  ACK(1)  



ACK(2)  N_AK-EF  NAK-NR  NAK-NS  NAK-CD  REQ-MS  REQ-MR  REQ-CLR 1 7 OCT
2003 The transmit band is divided into one or more bands, as shown in Fig.
13. Each band  is delimited by a lower frequency (FJ and a higher frequency
(F3. For each band, a 15 template is chosen to shape the transmit spectrum
within that band- Example transmit  templates are shown in Figs. 14 through
17. Each template has a characteristic shape (identified by it's template
number) and  parameters to indicate how the template will be used in the
band. The gain parameters are G. and G. The frequency parameters are FX,,
FX2, FX3, FX4i and F. The subscripted X  G, 20 indicates a place holder for
which band number is being described. Various combinations of  the
parameters allow the transmit spectrum to be customized according to the
optimum needs  of the power back off (PBO). For flat template #1 (see Fig.
14), parameters GX4, GX3,  be specified. For sloped template #2 (see Fig.
15), parameters G  be specified. X22' FX4, do not need to For B-spline
template #3 (see Fig. 16) and #4 (see Fig. 17), parameters FX,, and FX4
represent the B-spline breakpoints shown by circles in Figs. 16 and 17. The
values for the  various FrX and Flix are predetermined for each xDSL. The
specification and relationship for 30 each parameter is shown in Table 70,
below. The general order of the parameters in the  message is as shown in
Table 60, above. 55 P18066.S01 Table 70 - G.SHDSL PBO Initiate - NP 10 15
(3) Coding 1 7 O CT 2003 



G.SITDSL PBO initiate - NPar(3)8 76 5 4 3 2 1 Octet 01 -Band#x xx x x x x x
Octet 02 - Template #x xx x x x x x Octet 03 - PBO Gx, = bits 6-1 x 1 dBx
xx x x x x x Octet 04 - PBO Gx, = Gx, - bits 5-1 x I dBx xx x x x x x bit
6-1 = I 11111 = not specified by terminal Octet 05 - PBO Gx, = Gx, - bits
5-1 x 1 dBx xx x x x x x bit 6-1 = 111 111 = not specified by terminal
Octet 06 - PBO Fx, = FL + (FH - FL x (bits 6- 1)164)x xx x x x x x Octet 07
- PBO Fx, = FL + (FH -- FL x (bits 6- 1) / 64)x xx x x x x x bit 6-1 = I 1
1111 = not specified by terminal Octet 08 - PBO Fx, = FL  (FH -- FL x (bits
6- 1)164)x xx x x x x x bit 6-1 = I I I I 1 I = not specified by terminal
Octet 09 - PBO Fx4 = FH - (FH - FL x (bits 6- 1)164)x xx x x x x x bit 6-1
= 11 I I 1 I = not specified by terminal Octet 10 - PBO Fxs = FH - (FH - FL
x (bits 6- 1) / 64)x xx x x x x x bit 6-1 = 1 I I I 1 I = not specified by
terminal 20 The foregoing discussion has been provided merely for the
purpose of explanation and  is in no way to be construed as limiting of the
present invention. While the present invention  has been described with
reference to exemplary embodiments, it is understood that the words  which
have been used herein are words of description and illustration, rather
than words of  limitation. Changes may be made, within the purview of the
appended claims, as presently 25 stated and as amended, without departing
from the scope and spirit of the present invention in  its aspects.
Although the present invention has been described herein with reference to
particular means, materials and embodiments, the present invention is not
intended to be  limited to the particulars disclosed herein; rather, the
present invention extends to all  functionally equivalent structures,
methods and uses, such as are within the scope of the 30 appended claims.
For example, while the present invention has been described with respect to
the xDSL procedure defined in ITU-T Recommendation G.994.1, the present
invention is not  limited to being used with this procedure, but is equally
applicable with other procedures, such  as, for example, ITU-T
Recommendations V.8 and V.8bis. The methods described herein  comprise
dedicated hardware implementations including, but not limited to,
application 35 specific integrated circuits, programmable logic arrays and
other hardware devices constructed  to implement the methods described
herein. However, it is understood that the invention may  be implemented in
software (e-g-, a software modem) that is executed by a computer.
Furthermore, alternative software implementations including, but not
limited to, distributed  processing or component/object distributed
processing, parallel processing, or virtual machine 56 



P18066.SO1 1 7 OCT 2003 processing can also be constructed to implement the
methods described herein. In addition,  although the present specification
describes components and functions implemented in the  embodiments with
reference to particular standards and protocols, the invention is not
limited  to such standards and protocols. The standards for Internet and
other packet-switched network 5 transmission (e.g., TCP/IP, UDP/IP, HTML,
SHTML, DHTML, XML, PPP, FTP, SMTP,  MIME); peripheral control (IrDA;
RS232C; USB; ISA; ExCA; PCMCIA); and public  telephone networks (ISDN, ATM,
xDSL) represent examples of the state of the art. Such  standards are
periodically superseded by faster or more efficient equivalents having
essentially  the same functions. Replacement standards and protocols having
the same functions are 10 considered equivalents. 57 1 7 OCT 2003 1. An
apparatus for determining transmission parameters to initialize a high
speed  communication link, comprising: a parameter indicating device,
associated with an initiating communication device,  that transmits, to a
responding communication device, first transmission parameters that can  be
used by said responding communication device and a measurement receiving
section, associated with said initiating communication  device, that
receives first signals issued by said responding communication device, in
response to said transmitted first transmission parameters. 2. The
apparatus of claim 1, wherein said initiating communication device further
comprises: a parameter receiving device, that receives, from said
responding communication  device, second transmission parameters that can
be used by said initiating communication  device; and a measurement
transmission section that transmits second signals to said responding
communication device, in response to said received second transmission
parameters. 3. The apparatus of claim 1, wherein said responding
communication device further  comprises a parameter indicating device that
transmits, to said initiating communication  device, said second
transmission parameters to be used by said initiating communication
device. 4. The apparatus of claim 1, wherein said first transmission
parameters are related to at  least one of a power level, a frequency
bandwidth, a duration, and a carrier density of the  communication link. 5.
The apparatus of claim 1, wherein said responding communicating device
further  comprises a measurement receiving section that receives
transmitted signals, said initiating  



communication device and said responding communication device performing an
exchange  of information between respective measurement receiving sections.
6. The apparatus of claim 2, wherein said responding communication device
further  comprises a parameter indicating device that transmits, to said
initiating communication  device, said second transmission parameters to be
used by said initiating communication  device. 7. The apparatus of claim 2,
wherein said first transmission parameters are related to at  least one of
a power level, a frequency bandwidth, a duration, and a carrier density of
the  communication link. 58 1 7 OCT 2003 The apparatus of claim 2, wherein
said responding communicating device further comprises a measurement
receiving section that receives transmitted signals, said initiating
communication device and said responding communication device performing an
exchange  of information between respective measurement receiving section.
9. An apparatus for determining transmission parameters to initialize a
high speed  communication link, comprising: a parameter receiving device,
associated with an initiating communication device,  that receives, form a
responding communication device, transmission parameters that can be  used
by said initiating communication device; and a measurement transmission
section, associated with said initiating communication  device, that
transmits signals to said responding communication device, in response to
said  received transmission parameters. 10. The apparatus of claim 9,
wherein said responding communication device further  comprises a parameter
indicating device that transmits, to said initiating communication  device,
said transmission parameters that can be used by said initiating
communication  device. 11. The apparatus of claim 9, wherein said
transmission parameters are related to at least  one of a power level, a
frequency bandwidth, a duration, and a carrier density of the
communication link. 12. The apparatus of claim 9, wherein said responding
communicating device further  comprises a measurement receiving section
that receives said transmitted signals, said  initiating communication
device and said responding communicating device performing an  exchange of
information between respective measurement receiving section. 13. An
apparatus for establishing a communication link using a determined amount
of  transmission power, comprising a parameter indicating device,
associated with an initiating communication device,  that transmits, to a
responding communication device, first transmission parameters that can  



be used by said responding communication device; a measurement receiving
section, associated with said initiating communication  device, that
receives first signals issued by said responding communication device in
response to said first transmission parameters; and 59 P18066.SO1 1 7 C C T
2003 a selecting device, associated with said initiating communication
device, that transmits,  to said responding communication device, power
level parameters that can be used by said  responding communication device
in response to said transmitted first signals. 14. The apparatus of claim
13, further comprises: 5 a parameter receiving device, associated with said
initiating communication device,  that receives, from said responding
communication device, second transmission parameters  that can be used by
said initiating communication device; a measurement transmission section,
associated with said initiating communication  device, that transmits
second signals to said responding communication device, in response to  10
said second transmission parameters; and a selecting device, associated
with said responding communication device, that  transmits, to said
initiating communication device, power level parameters that can be used by
said initiating communication device in response to said transmitted second
signals. 15. The apparatus of claim 13, further comprising: 15 a
configuring device, associated with said initiating communication device,
that sets  power level transmission characteristics to be used by said
initiating communication device in  response to said transmitted power
level parameters. 16. The apparatus of claim 13, wherein said power level
parameters are related to at  least one of a frequency bandwidth, a
duration, and a carrier density of the communication  20 link. 17. The
apparatus of claim 13, wherein said initiating communication device and
said  responding communication device perform a communication link startup
procedure after said  power level parameter is selected. 18. An apparatus
for establishing a communication link using a determined amount of  25
transmission power, comprising: a parameter receiving device, associated
with an initiating communication device, that  receives, from a responding
communication device, transmission parameters that can be used  by said
initiating communication device; a measurement transmission section,
associated with an initiating communication  30 device, that transmits
signals to a measurement receiving section of a responding  communication
device, in response to said transmission parameters; and 



a selecting device, associated with said responding communication device,
that 60 P18066,SOI 1 7 OCT 2003 transmits, to said initiating communication
device, power level parameters that can be used by  said initiating
communication device, in response to said transmitted signals. 19. The
apparatus of claim 18, further comprising a configuring device, associated
with said initiating communication device, that sets 5 power level
transmission characteristics to be used by said initiating communication
device in  response to said transmitted power level parameters. 20. The
apparatus of claim 18, wherein said power level parameters are related to
at  least one of a frequency bandwidth, a duration, and a carrier density
of the communication  link. 10 21. The apparatus of claim 18, wherein said
initiating communicating device and said  responding communicating device
perform a communication link startup procedure after said  power level
parameter is selected. 22_ A method for determining an amount of
transmission power to use while  establishing a communication link,
comprising: 15 transmitting, by an initiating communication device, a power
measurement signal to a  responding communication device; acknowledging, by
the responding communication device, reception of the power  measurement
signal, and additionally transmitting, to the initiating communication
device,  received power measurement values; 20 indicating, by the
responding communication device, transmission characteristics of  the
initiating communication device to the initiating communication device; and
utilizing, by the initiating communication device, the transmission
characteristics  received from the responding device during a subsequent
transmission. 23. The method of claim 22, further comprising: 25
transmitting, by the responding communication device, a signal to the
initiating  communication device proposing transmission characteristics of
the power measurement  signal to be received by the responding
communication device. 24. The method of claim 22, further comprising:
initiating a communication link startup procedure after the transmission
characteristics  30 has been indicated. 25. The method of claim 22, wherein
at least one of an initiation, a parameter, a result,  and an
acknowledgment is transmitted by digital messages. 61 P18066.S01 



1 7 OCT 2003 26. The method of claim 25, further comprising: transmitting
at least a portion of the digital messages at substantially a same time as
the  power measurement signal 27. A method for determining frequency
dependent amounts of transmission power to  use while establishing a
communication link, comprising: transmitting, by an initiating
communication device, a power measurement signal with  characteristics that
are frequency dependent to a responding communication device;  indicating,
by the responding communication device, the frequency dependent
transmission characteristics of the initiating communication device to the
initiating 10 communication device; and utilizing, by the initiating
communication device, the frequency dependent  transmission characteristics
received from the responding communication device during a  subsequent
transmission.  28. The method of claim 27, further comprising: 15
transmitting, by the responding communication device, frequency dependent
received  power measurement values to the initiating communication device.
29. The method of claim 27, further comprising: transmitting, by the
responding communication device, a signal that proposes the  frequency
dependent transmission characteristics of the power measurement signal to
be  20 received by the responding communication device, to the initiating
communication device. 30. The method of claim 27, further comprising:
initiating a communication link startup procedure after a frequency
dependent power  level parameter has been selected. 31. The method of claim
27, wherein at least one of an initiation, a parameter, a result,  25 and
an acknowledgment is transmitted by digital messages. 32. The method of
claim 31, further comprising: transmitting at least a portion of the
digital messages at substantially a same time as the  power measurement
signal. 33_ A method for determining an amount of transmission power to use
while  30 establishing a communication link, comprising: transmitting a
power measurement signal from an initiating communication device to a
responding communication device, the power measurement signal being
transmitted at a 62 P18066-SOI 1 7 OCT 2003 predetermined power level;
re-transmitting the power measurement signal at incrementally higher power
levels  



until the responding communication device issues a signal representing that
the power  measurement signal was adequately received; and 5 setting a
transmit power level for establishing a communication link between the
initiating communication link and the responding communication device in
response to the  signal representing that the power measurement signal was
adequately received. 34. The method of claim 33, wherein setting a transmit
power level comprises setting  the transmit power level in both the
initiating communication device and the responding 10 communication device.
35. The method of claim 33, further comprising: initiating a communication
link startup procedure after the transmit power level  parameter has been
set. 36. The method of claim 33, wherein the transmitted power measurement
signal 15 comprises encoding digital messages on a negotiation and control
channel that is exchanged  between the initiating communication device and
the receiving communication device 37. The method of claim 33, wherein
re-transmitting the power measurement signal at  incrementally higher power
levels occurs at predetermined time intervals. 38. The method of claim 37,
wherein the predetermined time interval is approximately  20 200 ms_ 39.
The method of claim 33, wherein re-transmitting the power measurement
signal at  incrementally higher power levels comprises increasing the power
measurement signal level in  predetermined increments. 40. The method of
claim 39, wherein the predetermined increments comprise  25 approximately 2
dB increments. 41. An apparatus for measuring frequency dependent power
during handshaking of a  communication link, comprising: an indicating
device, associated with an initiating communication device, that
transmits, to a responding communication device, frequency band
transmission parameters that  30 can be used by said responding
communication device; a measurement transmission section, associated with
an initiating communication  device, that transmits first signals, in which
a power level varies by frequency bands, to a 63 P18066.S0I 17 OCT 2003
measurement transmission section of a responding communication device; and
a measurement receiving section, associated with said initiating
communication device,  that receives second signals, in which the power
level varies by frequency bands issued by a  measurement transmission
section of said responding communication device, said second 5 signals
being received in response to said transmitted first signals.  



42. The apparatus of claim 41, further comprising: a frequency band
transmission device that shapes said first signals by at least one of a
flat filter, a sloped filter, and a b-spline filter. 43. The apparatus of
claim 41, wherein said transmitted first signals are subjected to  10
parameterized templates. 44. The apparatus of claim 43, wherein said
parameterized templates allow a non- linear gain. 45. The apparatus of
claim 41, wherein each frequency band of said frequency bands  utilize a
filter template. 15 46. A method for establishing communication
transmission parameters during a  communication link initialization,
comprising: transmitting, by an initiating communication device, a first
digital message having  parameters for a downstream power measurement
sequence; transmitting, by a responding communication device, a second
digital message having  20 parameters for an upstream power measurement
sequence, and also including substantially the  same parameters of the
first digital message as parameters of the second digital message;
transmitting, by the initiating communication device, a-third digital
message that  acknowledges the parameters and a mode selected by the
responding communication device;  transmitting, by the initiating
communication device, a power measurement signal that  25 employs the
parameters from said second digital message; transmitting, by the
responding communication device, the power measurement signal  that employs
the parameters from said first digital message; transmitting, by the
initiating communication device, a fourth digital message  containing a
result of the power measurement signal transmitted by the responding  30
communication device and a desired power reduction level; transmitting, by
the responding communication device, a fifth digital message  containing a
result of the power measurement signal transmitted by the initiating 64
P18066.SO1 1 7 O C 2003 communication device and the desired power
reduction level; exchanging a final operating characteristic between the
initiating communication  device and the responding communication device to
at least one of select and acknowledge a  mode by the initiating
communication device and the responding communication device; and 5
starting a training session of the initiating communication device and the
responding  communication device. 47. The method of claim 46, wherein
transmitting by an initiating communication  device comprises transmitting
by an xTU-R communication device, and transmitting by a  



responding communication device comprises transmitting by an xTU-C
communication  10 device 48. The method of claim 46, wherein said
exchanging final operating characteristics  comprises exchanging the final
operating characteristic between the initiating communication  device and
the responding communication device to select and acknowledge the mode by
the  initiating communication device and the responding communication
device. 0  ABSTRACT    An apparatus and method for determining transmission
parameters while initializing a  communication link (5). An initiating
communication device (4) includes a parameter indicating device (50), a
measurement receiving section (72), a parameter receiving device  (56), a
measurement transmission section (66), and a selecting device. The
parameter  indicating device (50) transmits first transmission parameters
that can be used by a responding  communication device (2). In response to
the transmitted first transmission parameters, the  measurement receiving
section (72) receives first signals issued by the responding communication
device (2). The parameter receiving device (56) receives second
transmission  parameters that are issued by the responding communication
device (2). The measurement transmission section (66) functions to transmit
second signals to the responding communication device (2), -in response to
the received second transmission parameters. The  selecting device
transmits power level parameters that can be used by said responding,
communication device (2) 'in response to said received second signals.    


