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UNIVERSAL BROADBAND SERVER
SYSTEM AND METHOD

This application is related to the following pending appli-
cations, all of which are hereby incorporated by reference:
U.S. patent application Ser. No. 10/074,832 filed Feb. 13,
2002 which claims the benefit of U.S. provisional applica-
tion Ser. No. 60/328,648 filed Oct. 11, 2001, U.S patent
application Ser. No. 10/159,496 filed May 31, 2002 which is
a continuation-in-part of U.S. patent application Ser. No.
10/074,832 filed Feb. 13, 2002 which claims the benefit of
U.S. Provisional application Ser. No. 60/328,648 filed Oct.
11, 2001, and U.S. patent application Ser. No. 10/194,375
filed Jul. 12, 2002.

BACKGROUND

Typically a digital subscriber line (DSL) network com-
prises a plurality of customer premise equipment (CPE)
devices connected to a digital subscriber line access multi-
plexer (DSLAM) via a bundle of twisted-pair wires for
providing broadband service. FIG. 1 illustrates a prior art
DSL network. The DSLAM is also connected to a network
for sending and receiving data to and from the respective
CPE devices. The DSLAM may further be connected to
other devices, such as routers, for directing and switching
data through the DSL network. A DSLAM comprises a
plurality of DSL. modems which may be implemented in
software residing on one or more digital signals processors
(DSP). The customer premise equipment may include a
variety of devices such as modems and handsets. By way of
example the customer premise equipment of FIG. 1 com-
prise DSL modems capable of communicating with the
DSLAM. The DSLAM may be located, for example, in a
central office (CO).

Each of the N CPE DSL modems of FIG. 1 are connected
directly to a respective DSL, modem in the DSLAM via a
dedicated twisted-pair conductor, or POTS (plain old tele-
phone service) line. The twisted-pair conductors are usually
part of the public switched telephone network (PSTN).
Typically these lines are supplied in bundles of 25 twisted-
pair conductors per bundle. There may be greater or fewer
twisted-pair conductors per bundle. For example, a typical
DSLAM may supply DSL service at VDSL data rates to 25
DSL modems located at the customer end. VDSL data rates
are up to 26 Mbps (megabits per seconds) upstream and
downstream. Other forms of DSL service having different
data rates may also be supplied such as ADSL (up to 1.5
Mbps upstream, 8 Mbps downstream), SHDSL (up to 4
Mbps upstream and downstream), and HDSL (1.5 Mbps
upstream and downstream).

High speed dedicated DSL service as described above has
many disadvantages. For example, with 25 DSL modems at
the customer end, and with each dedicated line capable of
carrying data at a rate of 1.5 Mbps, the DSLAM must be able
to process data at a rate of 37.5 Mbps. Such high data rate
requirements typically require a pool of high speed, and
expensive digital signal processors. In addition to the
expense, the large number of high speed digital signal
processors require large amounts of power, which is fre-
quently in short supply at some of the remote locations that
the DSLLAMs may be located in.

Furthermore, while dedicated DSL service is supplied to
the customer, it is often not needed. Most customer’s DSL
modems sit idle through much of the day and night. For
example, for the most part the customer’s DSL modem is not
being used while the customer is away at work, or asleep.
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This represents the majority of the day, even for heavy home
computer users. Additionally, even when a customer is using
their computer and DSL modem, the DSL. communications
tend to be bursty. That is, a user might need or want a large
amount of bandwidth to download or upload files, but once
the file transfers have completed the DSL line servicing the
customer might carry only a small amount of data for
comparatively long periods of time while the customer uses
their computer to view files, write letter, and the like.

Even if customers desire broadband service, many cus-
tomers may not be able to receive such service as they may
be located too far away from the central office that houses
the DSLAM. Moving the DSLLAM closer to the customers is
often impractical or impossible for many reasons, among
them being that the electricity required to power the
DSLAM may be insufficient in the new location, and run-
ning additional power to the new location may be prohibi-
tively expensive.

In such cases, customers may use other forms of com-
munication, namely analog modems. A bank of analog
modems may be placed at the central office, often alongside
the DSLAM, to provide analog modem service such as
ITU-T V.90 service. These analog modems while providing
lower speed data service than DSL, are able to operate over
longer distances than DSL. Unfortunately, along with occu-
pying a lot of space, which is often in short supply in a
central office, banks of analog modems share many of the
space and power problems as banks of DSL. modems.

SUMMARY

By way of introduction, the preferred embodiments below
provide a universal broadband server system and method.
The universal broadband server is connected between a
plurality of subscriber lines, at least one upstream link, and
a central office. The universal broadband server provides
broadband, and optionally, analog modem service, to a
plurality of customer premise equipment devices connected
to the plurality of subscriber lines. The universal broadband
server comprises a downstream modem pool, a physical
layer router in communication with the downstream modem
pool, and a downstream line interface in communication
with the physical layer router. In one embodiment, the
physical layer router comprises a fast line: acquisition tone
detector. The downstream line interface comprises a plural-
ity of subscriber ports connected to the subscriber lines. The
universal broadband server further comprises an upstream
modem pool, and an upstream isolation interface in com-
munication with the upstream modem pool. The upstream
isolation interface comprises at least one upstream port
connected to the at least one upstream link. Additionally, the
universal broadband server comprises a processor in com-
munication with the upstream modem pool, the downstream
modem pool, and the physical layer router. A memory is in
communication with the processor. Power circuitry is in
communication with a power source and with the processor.
Further, a central office interface is in communication with
the downstream line interface. The central office interface
comprises a plurality of central office ports in communica-
tion with the central office. A dynamic bandwidth allocation
method adjusts the transmit power and bandwidth for each
subscriber port in consideration of the maximum available
bandwidth provided by the at least one upstream link, and
the maximum available power from the power circuitry.

The foregoing paragraph has been provided by way of
general introduction, and it should not be used to narrow the
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scope of the following claims. The preferred embodiments
will now be described with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a prior art DSL network.

FIG. 2 is a universal broadband server.

FIG. 3 shows the relative frequency bands for voice
communications and xDSL communications.

FIG. 4 is a system for oversubscribing a pool of modems.

FIG. 5 is a physical layer router.

FIGS. 6A-C are flowcharts illustrating physical layer
router methods.

FIG. 7 is a flowchart showing a fast line acquisition
method of the physical layer router.

FIG. 8 is a flowchart showing a dynamic bandwidth
allocation method.

FIG. 9 is a graph showing the curves of a minimum
margin algorithm function.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

FIG. 2 shows a universal broadband server. The universal
broadband server is connected between a plurality of sub-
scriber lines, at least one upstream link, and a central office.
At least some of the subscriber lines are connected to
customer premise equipment devices such as DSL modems,
analog modems, and conventional telephones. The universal
broadband server provides data services like broadband
service, which may include xDSL service, to the customer
premise equipment devices. The universal broadband server
may also provide data services such as analog modem V.90
service to the customer premise equipment devices. Further-
more, the universal broadband server may provide simulta-
neous voice and data service to the customer premise
equipment devices. The universal broadband server is able
to provide oversubscribed service, that is, the universal
broadband server is able to provide broadband service to N
customers using less than N xDSL modems local to the
universal broadband server.

The subscriber lines comprise POTS lines or twisted pair
conductors, but may also include coaxial cable. The terms
“POTS lines” and “twisted pair conductors™ are used inter-
changeably. The upstream data links 22 may comprise, for
example, a plain old telephone service (POTS) line, optical
fiber, a twisted pair conductor, the Public Switched Tele-
phone Network (PSTN), a T1 connection, a T3 connection,
an ISDN connection, coaxial cable, an SHDSL link, an
ADSL link, a VDSL link, an HDSL link, other forms of
xDSL links, a V.90 link, an OCn link, and the like. The terms
“DSL” and “xDSL” are used interchangeably herein and are
intended to refer to any DSL standard such as those men-
tioned above. Furthermore, the term “broadband” includes
xDSL service as well as other forms of high speed data
communications.

The universal broadband server comprises a downstream
modem pool 28, a physical layer router 26 in communication
with the downstream modem pool 28, and a downstream line
interface 20 in communication with the physical layer router
26. The downstream line interface 20 comprises a plurality
of subscriber ports. The subscriber ports may be connected
to the subscriber lines for connecting the universal broad-
band server to the customer premise equipment devices.

The downstream line interface 20 provides isolation
between and circuit protection between the universal broad-
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4

band server and the subscriber lines. In one embodiment, the
downstream line interface 20 comprises downstream isola-
tion circuitry 24 in communication with the physical layer
router 26, and subscriber circuit protection 22 in communi-
cation with the downstream isolation circuitry 24. The
subscriber circuit protection 22 is also in communication
with the subscriber ports. The isolation circuitry 24 may
comprise devices such as transformers, opto-isolators, or
other devices operable to provide a 1 kilovolt isolation
barrier. The subscriber circuit protection 22 may include
devices to protect against power surges carried by the
subscriber lines to the universal broadband server. These
devices may include, for example, varistors, fuses, gas
discharge tubes, MOV3s, diodes, and the like.

The universal broadband server further comprises an
upstream modem pool 36 and an upstream line interface 40
in communication with the upstream modem pool 36. The
upstream line interface 40 comprises at least one upstream
port for connecting the universal broadband server to the an
upstream link or links. The upstream line interface 40
provides isolation between and circuit protection between
the universal broadband server and the upstream link or
links. In one embodiment the upstream line interface 40
comprises upstream isolation circuitry 42 in communication
with the upstream modem pool 36, and upstream circuit
protection 46 in communication with the upstream isolation
circuitry 42. The upstream circuit protection 46 is also in
communication with the upstream ports. As with the down-
stream isolation circuitry 24, the upstream isolation circuitry
42 may comprise devices such as transformers, opto-isola-
tors, and other devices operable to provide a suitable isola-
tion barrier. The upstream circuit protection includes devices
to protect against power surges carried by the at least one
upstream link to the universal broadband server. These
devices may include, for example, varistors, fuses, gas
discharge tubes, MOV3s, diodes, and the like.

Further, the universal broadband server comprises a pro-
cessor 30 in communication with the upstream modem pool
36, the downstream modem pool 28, and the physical layer
router 26. The universal broadband server also comprises a
memory 32 in communication with the processor 30, and
power circuitry 34 in communication with the processor 30
and the upstream line interface 40. Additionally, the univer-
sal broadband server comprises a central office interface 48.
The central office interface 48 is in communication with the
downstream line interface 20 and comprises a plurality of
central office ports for connecting the universal broadband
server to the central office.

The central office interface 48 functions, in part, as a
splitter to separate low frequency voice communications
from higher frequency broadband communications, for
allowing simultaneous voice and data communications. FIG.
3 shows the relative frequency bands for voice communi-
cations, labeled “VOICE”, and xDSL communications,
labeled “DSL”. Typically, “VOICE” ranges from around
300 Hz to 3.4 kHz. In one embodiment, the central office
interface 48 comprises a low pass filter 52 in communication
with the downstream line interface 20, and central office
circuit protection 50 in communication with the low pass
filter 52. The central office circuit protection 50 is connected
to the central office ports. The central office circuit protec-
tion 50 comprise devices such as varistors, fuses, gas
discharge tubes, MOV3s, diodes, and the like.

A typical transfer function for the low pass filter 52 is
shown in FIG. 3 by the curve labeled “Low Pass Filter.”
Typically, the low pass filter has a cut-off frequency of
around 4 kHz to 8 kHz thus separating the “VOICE” from















