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SYSTEM AND METHOD FOR
CONTROLLING LINE DRIVER POWER IN
DIGITAL SUBSCRIBER LINE MODEMS

This is a continuation of application Ser. No. 09/814,044,
filed Mar. 21, 2001 now U.S. Pat. No. 6,973,123.

FIELD OF THE INVENTION

The present invention relates generally to communication
systems and more particularly to a system and method for
controlling the line driver power requirements of Digital
Subscriber Line (DSL) transmitters and a method for con-
trolling the total power dissipated by the line drivers of a
plurality of DSLL modem transmitters integrated on DSL
server cards.

BACKGROUND OF THE INVENTION

Asymmetrical Digital Subscriber Line (ADSL) modems
currently offer a high speed (up to 8 Mbps, depending on line
conditions) alternative to analog modem technology for
remote access connections. A typical prior art DSL Trans-
mitter is illustrated in FIG. 1. The power dissipated in the
line driver of the prior art DSL Transmitter presents a
limiting factor in achieving higher levels of integration on
Digital Subscriber Line Access Multiplexer (DSLAM)
server line cards.

SUMMARY OF THE INVENTION

The invention contemplates a low power DSL modem
transmitter, suitable for incorporation in integrated DSLAM
server line cards, in which full power physical frames
include a control channel signal component and a data signal
component and low power physical frames include a control
channel signal component and a low power synchronization
signal component.

It is therefore an object of the subject invention to reduce
the power requirements of the line driver of DSL server
modems by limiting the bandwidth of the signal (and thus
also limiting the power in the signal) transmitted to an
associated client modem except when the client is intended
to receive data (not idle) in the current physical frame. Note
that the client modem must receive the control channel
during every frame interval, in order to determine whether
the rest of the data in a particular physical frame is to be
received or discarded. Thus if the data is intended to be
discarded by the client modem, the server modem may alter
the signal sent by significantly attenuating that part of the
signal which represents the data as long as doing so does not
alter the contents of the control channel.

An additional object of the subject invention is that a
subsystem controller or network processor may further
control the line driver power within a group of such DSL
modems by limiting the aggregate flow of data to a group of
DSL server modem transmitters sharing a common physical
package (i.e. chip or card).

Note that the features and advantages of the subject
invention are focused on the downstream, central office
DSLAM toward the remote Customer Premises Equipment
(CPE) data path of the DSL connection, and as such may be
implemented somewhat independently from the upstream
(remote CPE toward DSLLAM) functions. The central office/
DSLAM transmitter contains the unique function required to
implement the subject invention. However, the remote CPE
DSL. modem receiver recognizes physical layer frames
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which contain only control data, and alter processing during
those time intervals accordingly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of the transmitter portion of a
prior art DSL. modem;

FIG. 2 is a block diagram of the transmitter portion of a
DSL modem constructed according to the invention and
suitable for integration in DSL server line cards; and,

FIG. 3 is a schematic diagram of a DSLLAM circuit card
having a group of DSL. modems mounted thereon.

DETAILED DESCRIPTION OF THE
INVENTION

In FIG. 1 the standard DSL, modem transmitter 10 pre-
pares physical frames suitable for transmission to a client
modem via a DSL connection. The transmitter 10 includes
a block 11 which receives signals from a source not shown
via a cable 12. Block 11 provides a multiplexing function if
required by the nature of the signals provided by the source.
In addition it provides CRC generation, scrambling, Reed-
Solomon encoding and interleaving. The output of block 11
is applied to block 13 which provides tone ordering, con-
stellation encoding and gain scaling. An Inverse Fast Fourier
transform (IFFT) circuit 14 provides its output to block 15
which provides a frame of time domain samples, serial to
parallel conversion and cyclic prefix generation. The output
of' block 15 is applied in turn to a transmit filter 16, a digital
to analog converter 17 and a line driver 18 which has its
output connected to the DSL.

Data to be transmitted is partitioned into a series of
blocks, where each data block consists of all data to be
transmitted via a specific physical frame. A physical frame
is defined as that portion of a sequence of time-domain
samples of the signal transmitted over the line that results
from one Inverse FFT operation in a DSL transmitter. The
number of bits assigned to each block is a function of the bit
rate negotiated for the link (e.g. number of tone frequency
bands, complexity of modulation in each frequency band).
Each block is further partitioned into a control field con-
taining control data according to the operation of the subject
invention, one or more fields containing user data, and one
or more fields used for standard overhead and maintenance
functions. The bits from each field are modulated to generate
the corresponding signal components of the physical frame.
This physical frame consists of a control channel signal
component carrying control data from the control field, one
or more data channel signal components carrying user data
from corresponding user data fields, and possibly one or
more overhead channel signal components carrying data to
support various other overhead and maintenance functions.
Note that in actual implementations various overhead and
maintenance fields are transmitted in addition to user data
fields, but within the context of the subject invention they
can be considered equivalent to additional data fields.

Functional aspects of the subject invention may be under-
stood by comparing FIG. 1 (Prior Art) with FIG. 2. Note that
the functional blocks required to generate each data frame
are similar in both FIGS. 1 and 2. However, instead of
driving the client line with the same type of signal during
every frame time, the subject invention creates a second
frame type of time domain samples which contains a subset
of the tones used for a full data frame. This is done by
eliminating all tone frequency samples modulated with
client data, leaving only a small subset of tones (those
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allocated to the control channel, in addition to those tones
required to maintain timing within each remote client
device, e.g. pilot tone) as input to a second Inverse FFT
(IFFT). Note that it is the signal component from these
control tones which is used by the client to determine
whether or not a particular data frame is intended for the
client. The client modern only requires modification to the
extent that it can recognize the control channel and discard
frames which do not contain data.

This is accomplished with the following additional com-
ponents. A control channel generating circuit 20, in response
to signals from block 11 (indicating that there is no data for
transmission to the client), initiates the generation of a
second physical frame which includes as a minimum a
control channel which is identical in format to the control
channel generated in block 11, when it has data to send to the
client. In addition to the control channel it may, in most
circumstance, be desirable to include a low power synchro-
nization signal in the physical frame initiated in control
channel 20. The second physical frame initiated in control
channel 20 is applied to a block 13' which is structurally
identical to block 13. The outputs of blocks 14 and 14' are
selected for transmission by a frame selector 21 which is
controlled by a control signal provided by control channel
20 over a conductor 22. The remainder of the transmitter is
identical to the transmitter illustrated in FIG. 1.

In actual implementation, only one of the two IFFT
computations is required for each physical layer frame
interval, with the determination of which one to compute
being made based on whether or not the modem has any data
to send. In other words, the frame select function would
select which IFFT to compute, rather than selecting which
IFFT output to pass on to the next stage. Regardless of
whether a control frame or a data frame is required for a
particular physical frame interval, the same time-domain
functions are required (e.g. parallel to serial conversion,
cyclic prefix, etc.). Finally, a transmit filter is used to smooth
transitions from one frame to the next. As is common
practice in the industry, the transmit filter could alternatively
be implemented in the analog domain, after the D-to-A
converter.

Another alternate implementation option would be to
define a low-power idle pattern for data tones in the control
frame, instead of just setting the amplitudes of these tones to
zero. Since constellation points are not equally spaced from
the origin in the modulation of each tone, a subset of
constellation points can usually be chosen which will aver-
age substantially less power than if the same tone evenly
distributed its signal across all constellation points. This
option may help the client receivers avoid issues relating to
the dynamic transitions between data frames and control
frames, and may facilitate continued tracking of timing and
gain adjustments. Transmitter control functions may also be
implemented to group multiple data frames to the client
device prior to sending subsequent control frames in order to
minimize the number of transitions each link experiences
between data frames and control frames. Transmitter control
functions may be additionally required to periodically send
one or more data frames to the client device even if there is
no data to send, in order to maintain timing recovery and
gain adjustments in the client device. To accomplish this, the
transmitter would fill one or more data frames with an idle
pattern (e.g. scrambled ones) which offers an adequate
signal to enable the client receiver to track the required
parameters. Regardless of implementation options, the client
receiver would compute signal-to-noise ratio (SNR) based
on the signal power during reception of a data frame.
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Otherwise SNR computations might be misleading, and
would potentially result in undesirable effects within the
receiver. Some type of windowing of the received signal
might also be useful in order to minimize the transient
effects of boundaries between data frames and control
frames.

In FIG. 3 a DSLAM includes a circuit card 30 which has
a plurality of contacts 31 for connection to a computer or
system controller bus (not shown) over which data (for a
plurality of DSLs connected to client modems not shown) is
received. A subsystem controller or network processor 32
manages the flow of the received data to appropriate DSL
modems 33-1 to 33-» which are connected to individual
DSLs via connectors 34-1 to 34-n, respectively.

In order for these techniques to be effective in controlling
worst-case power requirements, the subsystem controller or
network processor 32 may further control the line driver
power within a group of such DSL. modems by limiting the
aggregate flow of data to a group of DSL server modem
transmitters 33 sharing a common physical package (i.e.
chip or card) 30. This would be done in such a way as to
insure the total power required from the power supply to
power this common physical package, or alternately the total
power dissipation in this common physical package is held
below a predefined target power level. This target power
level may be established based on physical limits of the
chassis power supply, the power distribution busses con-
necting boards and chips to the power supply, air flow,
cooling capabilities of the chassis, ambient temperatures
supported, heat dissipation characteristics of the card and
chip physical packages, or combinations of these and other
related characteristics. If during a particular time interval,
too many data packets were available for transmission to one
or more DSL transmitters within a group, excess packets
would be queued up for transmission at a later time. If such
a situation continues to occur over an extended period of
time, buffers and queues might start to fill, requiring various
flow control mechanisms to be activated, which might result
in discarded packets or back-pressure to the source of the
packets.

The foregoing is illustrative of the present invention and
is not to be construed as limiting the invention. While
several embodiments of this invention have been described
in detail, those skilled in this art will readily appreciate that
many modifications are possible without materially depart-
ing from the novel teachings and advantages of this inven-
tion. Accordingly, all such modifications are intended to be
included within the scope of this invention as defined by the
claims. In the claims, means-plus-function clauses are
intended to cover the structures described herein as perform-
ing the recited function and structural and/or functional
equivalents thereof. Therefore, it is to be understood that the
foregoing is illustrative of the present invention and is not to
be construed as limited to the specific embodiments dis-
closed, and that modifications to the disclosed embodiments,
as well as other embodiments, are intended to be included
within the scope of the claims appended hereto.

We claim:

1. A circuit card comprising:

a plurality of DSL (Digital Subscriber Line) modem
transmitters, each of the plurality of DSL modem
transmitters including
first means for generating a full power physical frame

when the DSL. modem transmitter is provided with
data to transmit, the full power physical frame
including a control channel signal component and a
data signal component;
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a control channel generating circuit responsive to the
first means and operable to generate a control signal
when the DSL modem transmitter has no data to
transmit;

second means for generating a low power physical
frame having a control channel signal component
and no data; and

third means responsive to the control signal for select-
ing between the full power physical frame and the
low power physical frame for transmission from the
DSL modem transmitter, wherein selection of the
low power physical frame for transmission from the
DSL modem transmitter is based only on the DSL
modem transmitter having no data to transmit; and

a network processor to limit aggregate flow of data to the

plurality of DS modem transmitters such that a total

power required by the plurality of DSL modem trans-
mitters is held below a predefined target power level.

2. The circuit card of claim 1, wherein the circuit card is
a DSL server line card.

3. The circuit card of claim 1, wherein the network
processor limits aggregate flow of data to the plurality of
DSL modem transmitters by queuing data packets in a buffer
for transmission at a later time.

20
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4. The circuit card of claim 1, wherein the predefined
target power level is based on physical limits of a power
supply that is configured to send power to the circuit card.

5. The circuit card of claim 1, wherein the predefined
target power level is based on air flow surrounding the
circuit card.

6. The circuit card of claim 1, wherein the predefined
target power level is based on heat dissipation characteristics
of the circuit card.

7. The circuit card of claim 1, wherein in response to one
or more of the plurality of DS modem transmitters not
having any data to send, the one or more of the plurality of
DSL modem transmitters is configured to periodically send
one or more full power physical frames to maintain timing
recovery and gain adjustments in a client device.

8. The circuit card of claim 1, wherein all data tones
within each low power physical frame is set to zero.

9. The circuit card of claim 1, wherein data tones within
each low power physical frame comprises a low-power idle
pattern that consists of scrambled ones.

10. The circuit card of claim 1, further comprising a
plurality of contacts for connection to a computer bus.
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