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DATA COMMUNICATICON USING A MODIFIABLE
NUMBER OF XDSL MODEMS

TECHNICAL FIELD OF THE INVENTION

The invention relates in general to data
communication, and more particularly to data communication

using a modifiable number of XDSL modems.

BACKGROUND OF THE INVENTION

A communication server provides access to
communication facilities. For example, a communication
server having a bank of modems may provide subscriber
access to the modems for data communication. A
communication server may be associated with its own
dedicated network or with an existing network, such as the
public switched telephone network (PSTN).

As networks provide greater connectivity and access to
information, there 1is an increasing demand for data
communication at higher rates. For example, Internet
sessions may require high data rates to accommodate
multimedia information. One solution to provide increased
data rates replaces existing twisted pair wiring with high
bandwidth media, such as coaxial cable or fiber optic
links. Other solutions adopt improved transmission
techniques using the existing hardware infrastructure. For
example, digital subscriber line (XDSL) technology provides
higher bandwidth data service over existing twisted pair

wiring.
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Data rates supported by a single XDSL line may still
be inadequate for demands. One solution involving
integrated services digital network (ISDN) bundles
multiple lines with the same data rate to increase data
capacity for a session. However, this known technique
lacks the flexibility or intelligence to provide reliable
and economical high bandwidth data communication service

using XDSL technology.

SUMMARY OF THE INVENTION

In accordance with the present invention, Tthe

disadvantages and problems associated with  data
communication have been substantially reduced or
eliminated. The present invention provides a communication
system that modifies the number of XDSL modems for
communicating data in response to loading information and
threshold information.

In accordance with one embodiment of the present
invention, a communication system for communicating data
associated with a session includes a number of twisted pair
lines. A first communication device has a number of first
XDSL modems coupled to the twisted pair lines. The first
communication device communicates data associated with the
session using the twisted pair 1lines. A second
communication device has a number of second XDSL modems
coupled to the twisted pair lines that communicate with the
first XDSL modems. The second communication device
determines the number of second XDSL modems for
communicating data associated with the session based on
loading information and corresponding threshold information
of at least one of the second XDSL modems.

In accordance with another embodiment of the present
invention, a communication device for communicating data

associated with a session using a number of twisted pair



10

15

20

25

30

WO 99/20033 PCT/US98/05587

lines includes a number of XDSL modems coupled to the
twisted pair lines. The communication device also includes
an interface and a router for communicating data between
the interface and the second XDSL modems. A controller
coupled to the XDSL modems and the router receives loading
informationvfrom at least one of the XDSL modems, ccmpares
the loading information to stored threshold information,
and determines the number of XDSL modems for communicating
data associated with the session.

In accordance with another embodiment of the present
invention, a method for communicating data using a number
of XDSL modems coupled to a number of associated twisted
pair lines includes: determining loading information of at
least one XDSL modem; comparing the loading information to
threshold information; and determining the number of XDSL
modems for communicating data associated with a session in
response to the comparison.

Still another embodiment of the present invention
includes a method of segmenting a packet of data for
communication by a number of XDSL modems, the method
comprising: receiving a packet; determining the size of the
packet; and segmenting the packet into subpackets based on
proportionality factors associated with the XDSL modems to
communicate the subpackets.

Important technical advantages of the present
invention include a communication device that modifies the
number of XDSL modems used in a session. The modification
is accomplished by comparing loading information with
corresponding threshold information associated with the
data rate capacity of the XDSL modems. If the data rate
increases to a predetermined percentage (e.g., 80%) of the
capacity of an XDSL modem, the communication device
requests service from another XDSL modem. Similarly, if

the data rate decreases to a predetermined percentage
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(e.g., 30%) of the capacity of the XDSL modem and more than
one XDSL modems are servicing the session, the
communication device requests suspension or termination of
service from a selected XDSL modem. The communication
device may then support é session having a range of data
rate needs while optimizing the use of a number of XDSL
modems.

Another important technical advantage of the present
invention includes the selection of lines based on a
variety of characteristics and factors, such as: different
upstream and/or downstream data rate capacities, varying
times needed to prepare the line for data communication,
cost to operate the lines, minimum billing increments for
line usage, and other operational parameters. The
communication device maintains an activity table to
determine status information on twisted pair lines and XDSL
modems. In one embodiment, the table contains information
on the minimum time each modem should be active for
efficient use, the actual time each modem has been in an
active state, a priority rank for each modem, fixed and/or
adjusted data rate capacity, threshold values to remove or
add a modem, and loading information detailing current data
rates (e.g., packet rate, bit rate, error rate).

Another important technical advantage of the present
invention includes the segmenting of data in proportion to
the data rate capacity of active modems. After receiving
a data packet from a network, one embodiment of the present
invention determines the packet size and then divides the
packet into subpackets based on proportionality factors
derived from the capacity of active modems serving the
session. The communication device addresses the subpackets
using virtual circuits supported by a suitable multipoint
protocol. Proportionality factors may change dynamically

with modifications to the number of modems in active use
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and adjustments in the current data rate capacity of the
modems. Other important technical advantages are readily
apparent to one skilled in the art from the following

figures, descriptions, and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention, and for further features and advantages,
reference is now made to the following description, taken
in conjunction with the accompanying drawings, in which:

FIGURE 1 illustrates a communication system in
accordance with the present invention;

FIGURE 2 illustrates in greater detail a communication
device of the communication system of FIGURE 1;

FIGURE 3 illustrates in greater detail a communication
server of the communication system of FIGURE 1;

FIGURE 4 is a table that includes loading information,
threshold information, and operating parameters of modems
in the communication system of FIGURE 1;

FIGURE 5 is a flowchart of a method for modifying the
number of modems for communicating data in response to
loading information and threshold information;

FIGURE 6 is a flowchart of a method for segmenting a
data packet in the communication system of FIGURE 1; and

FIGURE 7 is a diagram illustrating a particular method
for determining a data rate in the communication system of

FIGURE 1.

DETAILED DESCRIPTION OF THE INVENTION

FIGURE 1 illustrates a communication system 10 that
includes a number of communication devices 12 coupled to a
data network 14 using communication servers 16. In
general, communication system 10 supports communication
sessions between a variety of networks and devices using,
at least in part, XDSL communication techniques.
Specifically, information associated with a session passes
between device 12 and server 16 using a modifiable number

of XDSL modems and associated twisted pair lines 22.
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Throughout this description, device 12 and server 16 may be
referred to generally as communication devices.

A variety of local area networks (LANs) 18 couple to
devices 12. LAN 18 couples terminals 20 together for a
variety of functions including communication among
terminals 20. Terminals 20 include computers,
workstations, printers, scanners, facsimile machines, oY
other computing or communicating devices that operate to
communicate information using LAN 18. LAN 18 may be
located at corporate or consumer premises, and serves a
number of terminals 20. LAN 18 comprises a token ring,
Ethernet, or other network or interconnection of terminals
20, and may also comprise a portion of a wide area network
(WAN) . LAN 18 supports Ethernet (10 Mbps), Fast Ethernet
(100 Mbps), Gigabit Ethernet, switched Ethernet, fiber
distributed data interface (FDDI), asynchronous transfer
mode (ATM), or any other suitable networking protocol or
technology. LAN 18 couples to data network 14 using server
16, device 12, or any suitable combination of server 16 and
device 12.

Device 12 couples to server 16 using a number of
twisted pair lines 22. Lines 22 may comprise wiring that
is commonly installed at subscriber premises and as the
local loop in many public switched telephone networks
(PSTNs) . Lines 22 may be unshielded twisted pair (UTP),
shielded twisted pair (STP), oxr other suitable type or
category of wiring made of copper or suitable conductive
material. In one embodiment, device 12 and server 16
support high pandwidth data service in the local loop using
asymmetric digital subscriber line (ADSL) technology, high
pandwidth digital subscriber line (HDSL) technology, very
high bandwidth digital subscriber line (VDSL) technology,
or other suitable high bandwidth technology.
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U.S. Patent No. 5,668,857 describes in detail the
architecture and operation of one embodiment of server 16,
and is hereby incorporated by reference for all purposes.
server 16 may be located at a central office, remote
terminal, or any other location that terminates twisted
pair lines 22. Server 16 contemplates any number of
couplings to devices 12 using any number of twisted pair
lines 22. For example, server 16 may couple to a first
device 12 using a single twisted pair line 22 and to a
second device 12 using multiple twisted pair lines 22.

One embodiment of server 16 couples to a central
office (CO) 24, which in turn couples to the public
switched telephone network (PSTN) 26 to provide traditional
plain old telephone service (POTS) or other networked
communication services supported by PSTN 26. Server 16 may
include an active or passive splitter or other device to
provide a voice path to PSTN 26 through CO 24 and a data
path to data network 14. Using frequency division
multiplexing oOr other suitable technique, server 16
provides simultaneous voice and data service to device 12.

server 16 couples to data network 14 which, depending
on the embodiment, supports asynchronous transfer mode
(ATM) , frame Trelay, X.25, or other - suitable data
communication protocol or technology. Data network 14
couples one or more Servers 16 for communicating data to
and'from a number of LANs 18. Data links 28 Dbetween
server 16 and data network 14 may be T1, T3, E1, E3, or
other high bandwidth links using wireline or wireless
techniques.

A particular embodiment of server 16, designated
server 17, couples terminals 20 serviced by LAN 18a to data
network 14 without the use of twisted pair lines 22.
Server 17 includes appropriate protocols to support virtual

channels and multiple communication paths between itself
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and devices 12 in communication system 10. For example,
server 17 may support an ATM layer, a multilink point-to-
point protocol layer, and an Internet Protocol (IP) layver
to communicate with devices 12.

In operation, communication system 10 establishes a
session for communicating data Dbetween one Or more
terminals 20 or devices 12 in communication system 10. For
example, communication system 10 may establish a session
between terminal 20a serviced by LAN 18a and terminal 20b
serviced by LAN 18b. Communication for such a session
would pass through one or more twisted pair lines 22
associated with device 12 servicing LAN 18b. Communication
for a session between, for example, terminal 20c serviced
by LAN 18c and device 12a would pass through one or more
twisted pair lines 22 associated with device 12 servicing
LAN 18c and one Or more twisted pair lines 22 associated
with device 12a. Also, communication system 10 .supports
communication between device 12 and/or terminal 20 and
another device integral to or coupled to data network 14,
such as server 17, an Internet server, an Internet service
provider (ISP), a corporate server, an on-line service
provider, or other high bandwidth communication device.
The communication path for each session supported by
communication system 10 includes at least one span of one
or more twisted pair lines 22.

To initiate a session, terminal 20 serviced by LAN 18
sends a signal to device 12. Alternatively, device 12
initiates its own session without signaling from LAN 18 or
terminal 20. Device 12 ijdentifies one or more twisted pair
lines 22 that are available to communicate data with server
16. For each twisted pair line 22 identified for the
session, device 12 communicates a request for service to
server 16. The request for service may comprise a digital

off-hook signal that causes server 16 to select a modem in
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its modem pool. The off-hook detector at server 16 may
monitor direct current voltages, electrical tones, data
1ink frames, or any other protocol or data sequencing to
determine whether device 12 needs data access. The off-
hook detector in server 16 may monitor electrical tones
generated by a modem at device 12 while in the process of
training, notching, equalizing, oOr performing any other
task that puts electrical tones onto twisted pair lines 22.
Server 16 may also detect frames Or packets. These frames
or packets could be Ethernet, ATM, HDLC, oOr any suitable
data communications frame format. The off-hook detector in
server 16 could also examine various protocols such as
Transmission Control Protocol/Internet Protocol (TCP/IP),
a multilink point-to-point protocol (PPP), or any other
suitable network protocol or data stream.

gerver 16 responds to the request for service by
selecting an available modem in its modem pool, retrieving
stored 1line characteristics, training the associated
twisted pair line 22 for communication, and establishing
XDSL communication protocols. Server 16 communicates an
acknowledgment to device 12 during or upon establishment of
XDSL communication. -Server 16 then communicates a connect
request message to data network 14, which 1is then
propagated to the destination device 12 or terminal 20.
Communication system 10 builds the communication path from
originating device to destination device on a segment-by-
segment basis using a series of connect request and
acknowledgment messages.

Once the communication path is set up, the
participating elements of communication system 10 operate
to exchange information associated with a session. In 2
particular embodiment, the originating terminal 20
communicates data to device 12 using LAN 18. Device 12

converts the data into a protocol consistent with
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communication over twisted pair lines 22, and sends the
data to server 16 over one or more active lines 22. Server
16 converts the data into a protocol consistent with
communication in data network 14, and sends the data using
links 28 to data network 14. Data network 14 then
communicates the data using 1links 28 to server 16
associated with the destination device 12, LAN 18, and/or
terminal 20. Alternatively, data network 14 communicates
the data to server 17 for delivery to a selected terminal
20 serviced by LAN 18a.

An important technical advantage of the present
invention is the establishment and maintenance of a
communication session that includes at least one segment of
communication between server 16 and device 12 using a
modifiable number of twisted pair lines 22. In a
particular embodiment, device 12 and/or server 16 monitor
the loading information on active modems associlated with
the session, compare the loading information to threshold
information on the modems, and add or remove lines from
active service as needed. Adding twisted pair line 22 to
active service when data traffic is heavy and removing
twisted pair line 22 from active service when data traffic
is lower allows device 12 and server 16 to operate at
higher bandwidths only when needed. Such operation
optimizes the use of XDSL modems in device 12 and server
16.

FIGURE 2 illustrates in greater detail device 12 of
communication system 10. Device 12 includes modems 50
coupled to twisted pair lines 22. Modems 50 transmit and
receive data using any suitable digital subscriber line
technology, such as ADSL, VDSL, or HDSL, referred to
generally as XDSL. Each modem 50 includes an associated
twisted pair line 22 and data line 54. 1In operation, modem

50 receives inbound or downstream communication from server
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16 on twisted pair line 22, and places the resulting data
in an appropriate protocol on data line 54 for delivery to
router 52. Modem 50 also receives outbound or upstream
communication on data line 54, and prepares the data for
delivery to server 16 using twisted pair line 22.

Router 52 couples data lines 54 from modems 50 to a
series of protocol layers. Protocol layers are arranged in
a first stack 56 associated with XDSL communications and a
second stack 57 associated with LAN communications. Router
52 performs open systems interconnect (CSI) model
processing by passing data through protocol layers
associated with stacks 56 and 57. Generally, router 52
supports any suitable number of protocols to allow
communication between server 16 and LAN 18.

In a particular embodiment, lines 54 couple to a first
physical layer 58, such as an ADSL physical layer, which in
turn couples to an intermediate protocol layer 60, such as
a multilink point-to-point protocol (PPP). A common
protocol layer 62, such as an Internet Protocol (IP) layer,
provides a common protocol between first stack 56 and
second stack 57. Common protocol layer 62 in second stack
57 couples to an intermediate protocol layer 64, such as a
media access controller (MAC) layer. Intermediate protocol
layer 64 couples to a second physical layer 66, such as an
Ethernet physical layer, which in turn couples to an
interface 68 using line 70.

In a specific embodiment, intermediate protocol layer
60 supports multiple switched virtual circuits (SVCs) or
permanent virtual circuits (PVCs). Using virtual circuits,
device 12 can support a communication session that uses
more than one modem 50. This is accomplished by servicing
a session with two or more virtual circuits, where each
virtual circuit is associated with modem 50 and its

corresponding twisted pair line 22.
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Interface 68 couples device 12 to LAN 18. Interface
68 supports any suitable technology or protocol that
provides communication between LAN 18 and router 52. The
selection and design of interface 68 may depend on the type
or functionality of LAN 18, as well as the data service
rate supported by LAN 18 and device 12. Also, 1in a
particular embodiment where device 12 is not associated
with LAN 18, ;nterface 68 supports direct communication
with components internal or external to device 12.

controller 72 accesses modems 50 using control line 71
and router 52 using control line 73. Controller 72 manages
the overall operation of device 12 Dby collecting
information from modems 50 and router 52, making decisions
based on this information and other stored information, and
directing the operation of components of device 12 in
response to these decisions. Controller 72 also accesses
database- 74 to store, retrieve, and maintain loading
information 76, threshold information 78, operating
parameters 80, line information 82, program information 84,
and session information 86. FIGURE 4, discussed below,
describes contents of database 74 in greater detail.
Information shown in database 74 may reside in different
components of device 12 or in components external to device
12. In one embodiment, controller 72 includes a timer 88
to manage the use of modems 50, as described below.
Controller 72 may also couple to LAN 18 or other external
components using line 90.

In operation, device 12 receives inbound or downstream
data associated with a session on one or more modems 50
coupled to twisted pair lines 22, passes the data through
protocol layers of router 52, and communicates the data
through interface 68 to LAN 18. Device 12 also receives
outbound or upstream data associated with the session from

LAN 18 through interface 68, passes the data through
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protocol layers of router 32, and communicates the data
through one or more modems 350 to twisted pair lines 22.
During this process, controller 72 may also maintain
loading information 76 and threshold information 78 in
database 74 and compares loading information 76 to
threshold information 78 to determine which modems 50 to
activate or inactivate.

Controller 72 also maintains operating parameters 80,
line information 82, program information 84, and session
information 86 in database 74. Operating parameters 80
include modem priorities, minimum times to activate modems
50 for optimum use, and proportionality factors to perform
data packet segmentation. Line information 82 may include
amplitude, phase, timing, delays, impedance, and/or other
data characterizing the electrical or physical properties
of twisted pair lines 22. Program information 84 may
include instructions, parameters, data, and other
information used by controller 72. Session information 86
may include virtual circuit addresses and modem assignments
for each session serviced by device 12.

FIGURE 3 illustrates in greater detail communication
server 16 of communication system 10. Server 16 includes
switch 100, which couples twisted pair lines 22 to modem
pool 104 using lines 102. Modems 50 in modem pool 104 are
of similar design and operatioh as modems 50 in device 12
and convert signals in an appropriate XDSL communication
protocol into digital data in an appropriate digital
protocol. Modems 50 pass the converted signals to a
switching fabric 106 using lines 108. Switching fabric 106
may be any type of switch in hardware and/or software that
communicates information between modems 50 and interface
110. As taught in U.S. Patent No. 5,668,857, controller
114 directs switch 100 to couple a selected subset of

twisted pair lines 22 to selected output lines 102 that
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couple to modems 50 in modem pool 104. Controller 114 also
receives loading information 76 and threshold information
78 from modems 50 in modem pool 104.

Switching fabric 106 establishes a session and assigns
an address (e.g., virtual path, virtual channel) to be used
in future communications associated with the session.
Switching fabric 106 and/or controller 114 store session,
address, and mapping information as session information 86
in database 116. For inbound or downstream communication,
switching fabric 106 directs communications from data
network 14 that include the address associated with the
established session to an assigned or designated modem 50.
For outbound or upstream communication, switching fabric
106 directs communications from active modems 50 in modem
pool to data network 14. In one embodiment, switching
fabric 106 is an asynchronous transfer mode (ATM) switching
fabric which communicates data between modem pool 104 and
interface 110 using line 112. Interface 110 includes
hardware and/or software to support communication between
data network 14 and switching fabric 106.

Controller 114 accesses switch 100, modem pool 104,
switching fabric 106, and interface 110 to control the
overall operation of server 16. Controller 114 also
accesses database 116 to store, retrieve, and maintain
loading information 76, threshold information 78, operating
parameters 80, line information 82, program information 84,
and session information 86. Information shown in database
116 may also reside in different components of server 16 or
in components external to server 16. For example,
switching fabric 106 may store locally one or more items
shown in database 116. |

In operation, server 16 receives inbound or downstream
data associated with a session from data network 14 at

interface 110 coupled to line 28, passes the data to one or
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more modems 50 in modem pool 104 servicing the session
using switching fabric 106, and communicates the data from
modems 50 to associated twisted pair lines 22 through
switch 100. Server 16 also receives outbound or upstream

data associated with the session on one or more modems 50

~coupled to switch 100 and twisted pair lines 22, and passes

the data through switching fabric 106 to interface 110 for
transmission to data network 14. During this process,
controller 114 may also maintain loading information 76 and
threshold information 78 in database 116 and compares this
loading information 76 to threshold information 78 to
determine which modems 50 in modem pool 104 to activate or
inactivate.

FIGURE 4 is a table 200 which includes in more detail
particular data contained at device 12 and/or server 16 of
communication system 10. Table 200 may include loading
information 76, threshold information 78, operating
parameters 80, and session information 86 for each modem 50
of device 12 or server 16 to perform both inbound or
downstream communication and outbound or upstream
communication. Table 200 includes columns 202, 204, 206,
208, 210, and 212 that contain information on modems 1, 2,
3, 4, 5, and 6 respectively. Table 200 may include any
number of columns to represent any number of modems 50 in
device 12 or server 16. The following description refers
to the operation of device 12, but applies to a similar
operation performed at server 16.

Each column in table 200 contains two subcolumns:
column A representing outbound or upstream data (i.e., data
from device 12 to data network 14), and column B
representing inbound or downstream data (i.e., data from
data network 14 to device 12). For example, column 202
representing modem 1 comprises column 202A representing

upstream information for modem 1, and column 202B
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representing downstream information for modem 1. Some
information maintained in table 200 (e.g., modenm priority
224, minimum time up 226, total time up 228, and session
identifier 232) do not distinguish between upstream and
downstream operation.

Loading information 76 in table 200 includes a packet
rate 213, bit rate 214, and an error rate 216. Packet rate
213 may be expressed in thousands of messages per second
(Kmps) and indicates the number of messages, packets,
cells, or other grouping of information (referred to
collectively as messages) communicated by modem 50 each
second. Bit rate 214 may be expressed in millions of bits
per second (Mbps) and indicates the number of bits
communicated by modem 50 each second. Error rate 216
represents the number of errors or error bits divided by
total bits communicated by modem 50. For example, error
rate 216 may be expressed as the number of errors in the
data for every 107 bits received. A high error rate 216 may
indicate malfunction or overtasking of modem 50.

Threshold information 78 in table 200 includes a data
rate 218, an add percentage 220, and a remove percentage
2922. Data rate 218 may be expressed in millions of bits
per second (Mbps) and indicates the maximum data rate
capacity upstream and downstream for each modem 50. For
download intensive applications (e.g., Internet browsing,
remote computing), downstream data rates 218 are greater
than upstream data rates 218. Modems 50 may adjust data
rate 218 dynamically based on error rate 216, line quality,
noise levels, or other factors. Add percentage 220
indicates the percentage of data rate 218 at which device
12 activates another modem 50 for the session. For example,
if modem 2 (column 204) operating on a session alone
maintains a downstream data rate 218 above 6.8 Mbps =

calculated from the product of downstream data rate 218
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(column 204B, row 218) of 8 Mbps and add percentage 220
(column 204B, row 220) of eighty-five percent — device 12
activates modem 1 (column 202). In similar fashion, remove
percentage 222 indicates the percentage of data rate 218 at
which device 12 deactivates modem 50.

Operating parameters 80 in table 200 include modem
priority 224, a minimum time up 226, a total time up 228,
and a proportionality factor 230. Modem priority 224
indicates the order in which device 12 activates modems 50
to service a session. Prioritization of modems 50 allows
device 12 to activate modems in an efficient manner
because, due to varying modem and line characteristics, not
all modems 50 and associated lines 22 cost the same to
activate and/or operate. Some modems 50 cost less to
activate than others and are suitable for shorter periods
of activity or for sporadic periods of activity. Other
modems 50 may work better for large, constant data rates
because the cost to activate and operate one high data rate
modem 50 over an extended period of time may be less than
activating and operating several low data rate modems 50.

Minimum time up 226 indicates the minimum time that
modem 50 should stay active for efficient use. Total time
up 228 indicates the total time that each modem 50 has been
in an active state. Proportionality factor 230 indicates
the proportion of data in a session that modem 50
communicates for both upstream and downstream
communications. For example, a current session supported
by device 12 uses three modems 50 (modems 1, 2, and 5
represented in columns 202, 204, and 210, respectively) for
communicating data. Each proportionality factor 230
(upstream and downstream) represents the associated data
rate 218 for each modem 50 divided by the sum of data rates
218 for all modems 50 servicing the same session. For

example, in table 200, modem 2 has a data rate 218 of 1Mbps
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upstream and 8Mbps downstream, which 1s twice the
corresponding data rates of 0.5Mbps upstream and 4Mbps
downstream for modems 1 and 5. The sum of downstream data
rates 218 for the three modems is 16Mbps. Thus, the
downstream proportionality factor 230 for modem 1 1is
downstream data rate 218 for modem 1 (4Mbps) over the sum
of downstream data rates 218 for the three modems (1l6Mbps),
or 0.25. Device 12 or server 16 may calculate upstream
proportionality factor 230 in a similar manner.

Session information 86 in table 200 includes a session
identifier 232 and a routing address 234. Session
identifier 232 indicates the session currently serviced by
modems 50 represented in table 200. For example, modems 1,
2, and 5 service a first session, and modems 3 and 6
service a second session. In this example, modem 4 remains
unassigned to any particular session. Routing address 234
may comprise addresses or identifiers associated with
switched wvirtual «circuits (SVCs), permanent virtual
circuits (PVCs), or other communication protocol that
supports multipoint capabilities. In a particular
embodiment, each modem 50 represented in table 200
maintains routing addresses 234 for both wupstream and
downstream communications.

FIGURE 5 is a flowchart 300 depicting a method for

~modifying the number of modems 50 for communicating data in

a session based on loading information 76 and threshold
information 78. Although the following discussion
describes flowchart 300 with respect to device 12, server
16 may perform a similar method. Communication system 10
contemplates device 12, server 16, or both performing the
load balancing operations described in flowchart 300.
Flowchart 300 begins at step 302 where device 12
selects an active modem 50 associated with a current

communication session supported by device 12. Device 12
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then retrieves loading information 76 from selected modem
50 in step 304. Device 12 may operate on this loading
information 76 immediately, or maintain this loading
information 76 in database 74 for later use. Device 12
computes a downstream add threshold (ADD DOWN), an upstream
add threshold (ADD UP), a downstream remove threshold
(REM_DOWN) , and an upstream remove threshold (REM UP) at
step 305 as follows:

ADD DOWN = downstream add percentage
220 * downstream data rate 218;

ADD UP = upstream add percentage 220 *
upstream data rate 218;

REM DOWN = downstream remove percentage
222 * downstream data rate 218; and

REM UP = upstream remove percentage 222

* upstream data rate 218.

Device 12 performs steps 306-312 to determine whether
there is a need to activate another modem 50 or deactivate
the selected modem 50. Device 12 compares upstream loading
information 76 (UP) to ADD UP at step 306 and downstream
loading information 76 (DOWN) to ADD DOWN at step 308. TUP
may comprise any measure of the upstream loading of the
selected modem 50, such as packet rate 213, bit rate 214,
and error rate 216 in columns 202A, 204A, 206A, etc.
Similarly, DOWN may comprise any measure of the downstream
loading of the selected modem 50, such as packet rate 213,
bit rate 214, and error 216 in columns 202B, 204B, 206B,
etc.

If either threshold is exceeded as determined at steps
306 or 308, device 12 selects an inactive modem 50 at step
314 and accesses corresponding line information 82 stored

in database 74 to train the associated twisted pair line 22
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in preparation for communication at step 316. Before,
during, or after training twisted pair 1line 22, the
selected inactive modem 50 communicates a request for
service to server 16 at step 318, and receives an
acknowledgment at step 320. In a particular embodiment,
server 16 communicates an acknowledgment to device 12 upon
determining loading characteristics of modems 50 in modem
pool 104, selecting an available modem 50, establishing a
connection wusing switch 100 and twisted pair 1line 22
between the available modem 50 at server 16 and the
selected modem 50 at device 12, and successfully training
twisted palr 1line 22 to support communication. Upon
receiving an acknowledgment that server 16 can support
communication on the selected modem 50, device 12 tags the
selected modem 50 as active at step 322 and starts timer 88
at step 324, marking the start of active state. Device 12
updates proportionality factors 230 at step 326 to reflect
the addition of modem 50 to service the session, and
flowchart 300 proceeds to step 302.

If neither threshold is exceeded in steps 306 and 308,
device 12 compares upstream loading information 76 (UP) to
REM UP and downstream loading information 76 (DOWN) to
REM DOWN at step 312. If both threshold floors are met at
step 312, device 12 determines whether it may remove the
selected modem 50 or another modem 50 servicing the session
at step 330. The determination of which modem to remove
may depend on modem priority 224, data rate 218, or other
factors. The determination of the appropriate modem to be
removed or deactivated at step 330 also contemplates the
situation where the selected modem 50 is the only remaining
modem servicing the session, and therefore will not be
removed before session termination. If total time up 228
for modem 50 to be deactivated is greater than or equal to

minimum time up 226 at step 332, modem 50 communicates a
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request to end modem service at step 334. Upon receiving
an acknowledgment from server 16 at step 336, device 12
tags modem 50 as inactive at step 338. Device 12 updates
proportionality factors 230 at step 326 to reflect the
removal of modem 50, and flowchart 300 proceeds to step
302.

FIGURE 6 is a flowchart 400 depicting a method for
segmenting a data packet into subpackets for communication
by modems 50. The data packet may comprise any
organization of information received by device 12 for
upstream communication over two or more twisted pair lines
22. The techniques performed in flowchart 400 may be
implemented in protocol layers supported by router 52,
controller 72, or a combination of operations between
router 52 and controller 72. Although the following
discussion describes flowchart 400 with respect to device
12, server 16 may perform a similar method.

Flowchart 400 begins at step 402 where device 12
receives a data packet. Device 12 then determines the
packet size at step 404 and segments the data packet into
subpackets based on proportionality factors 230 of active
modems 50 at step 406. Referring to the example
illustrated by table 200 of FIGURE 4, device 12 would split
a data packet associated with session one into three
different subpackets for communication by modems 1, 2, and
5. If the packet size is one thousand bytes, then device
12 would split the data packet into a first subpacket of
two hundred and fifty bytes for communication by modenm 1,
a second subpacket of five hundred bytes for communication
by modem 2, and a third subpacket of two hundred and fifty
bytes for communication by modem 5. Device 12 addresses
the subpackets for communication at step 408 by respective
modems 50. During operation of device 12, proportionality

factors 230 may'change due to the addition and/or removal
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of modems 50 and the modification of data rates 218
supported by modems 50, as indicated at step 410. If
proportionality factors 230 change, device 12 updates
proportionality factors 230 at step 412 in preparation for
receiving the next data packet.

FIGURE 7 is a diagram illustrating a particular method
for determining loading information 76 (e.g., packet rate
213, bit rate 214, error rate 216, etc.) for modem 50 in
communication system 10. Device 12 and/or server 16 may
adopt . this method for both upstream and downstream
communications. The following description illustrates the
technique to determine downstream loading information 76
for modem 50 in device 12.

Controller 72 in device 12 retrieves downstream
loading information 76 of modem 50 over a number of
successive intervals 500. Each interval 500 corresponds to
loading information 76 experienced by modem 50 over a
particular interval of time Ay . Loading information 76
gathered by controller 72 for each interval 500 may
comprise packet rate 213, bit rate 214, error rate 216, or
other loading measure that represents the peak, average, or
other measure of activity of modem 50 during interval 500.

Controller 72 then groups intervals 500 into windows
502. Each window 502 represents a suitable combination of
loading information 76 over a predetermined number of
intervals 500. Controller 72 generates successive windows
502 of 1loading information 76 by shifting in time the
grouping of intervals 500 for each successive window 502.
This “sliding window” technique allows controller 72 to add
or remove modems 50 based on trends in loading information
76. For example, controller 72 may determine whether to
add or remove a modem based on whether the average and/or
maximum loading information 76 gathered for each interval

500 in window 502 exceeds or falls below threshold
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information 78. Controller 72 may also require a
succession of windows 502 to indicate the desire to add or
remove modems 50.

Although the present invention has been described in
several embodiments, a myriad of changes, variations,
alterations, transformations and modifications may be
suggested to one skilled in the art, and it is intended
that the present invention encompass such changes,.
variations, alterations, transformations and modifications

as fall within the spirit and scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A communication system for communicating data

associated with a session, comprising:

a plurality of twisted pair lines;

a first communication device having a plurality of
first XDSL modems coupled to the twisted pair lines, the
first communication device operable to communicate data
associated with the session using the twisted pair lines;
and

a second communication device having a plurality of
second XDSL modems coupled to the twisted pair lines and
operable to communicate with the first XDSL modems, wherein
the second communication device determines the number of
second XDSL modems for communicating data associated with
the session based on loading information and corresponding
threshold information of at least one of the second XDSL

modems .

2. The communication system of Claim 1, wherein the
second communication device comprises:

a network interface;

a router for communicating data between the network
interface and the second XDSL modems; and

a controller coupled to the second XDSL modems and the
router, wherein the controller receives the 1loading
information from at least one of the second XDSL modems,
compares the loading information to stored threshold
information, and determines the number of second XDSL

modens for communicating data associated with the session.
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3. The communication system of Claim 1, wherein the
first communication device further comprises a switch
coupled to the twisted pair lines and the first XDSL
modems, the switch operable to couple each twisted pair
line to a selected first XDSL modem in response to a

request received on the twisted pair line.

4, The communication system of Claim 1, wherein:

the first XDSL modems communicate information to the
second XDSL modems at a first rate; and

the second XDSL modems communicate information to the
first XDSL modems at a second rate less than the first

rate.

5. The communication system of Claim 1, wherein
loading information comprises a plurality of data rates
over successive intervals of time, wherein each data rate
is compared to the threshold information to determine the
number of second XDSL modems for communicating data

associated with the session.
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0. The communication system of Claim 1, wherein
loading information and corresponding threshold information
for each second XDSL modem further comprises:

a downstream data rate for data received by the second
XDSL modem;

an upstream data rate for data communicated by the
second XDSL modem;

an upstream add threshold for comparison to the
upstream data rate;

an upstream remove threshold for comparison to the
upstream data rate;

a downstream add threshold for comparison to the
downstream data rate; and

a downstream remove threshold for comparison to the

downstream data rate.

7. The communication system of Claim 1, wherein the
second communication dévice is operable to communicate a
request for service upon determining to add another second
XDSL modem.

- 8. The communication system of Claim 1, wherein the

first communication device is located at a central office.

9. The communication system of Claim 1, wherein the
twisted pair lines each form a local loop between the first

communication device and the second communication device.
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10. A communication device for communicating data
associated with a session using a plurality of twisted pair
lines, the device comprising:

a plurality of XDSL modems coupled to the twisted pair
lines;

an interface;

a router for communicating data between the interface
and the XDSL modems; and

a controller coupled to the XDSL modems and the
router, wherein the controller receives loading information
from at least one of the XDSL modems, compares the loading
information to stored threshold information, and determines
the number of XDSL modems for communicating data associated

with the session.

11. The device of Claim 10, wherein loading
information comprises a plurality of data rates over
successive intervals of time, wherein each data rate is
compared to the threshold information to determine the
number of XDSL modems for communicating data associated

with the session.
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12. The device of Claim 10, wherein loading
information and corresponding threshold information for
each XDSL modem further comprises:

a downstream data rate for data received by the XDSL
modem;

an upstream data rate for data communicated by the
XDSL modem;

an upstream add threshold for comparison to the
upstream data rate;

an upstream remove threshold for comparison to the
upstream data rate;

a downstream add threshold for comparison to the
downstream data rate; and

a downstream remove threshold for comparison to the

downstream data rate.

13. The device of Claim 10, wherein the XDSL modems
receive information at a first rate and transmit

information at a second rate less than the first rate.

14. The device of Claim 10, wherein the device
communicates a request for service upon determining to add
another XDSL modem.

15. The device of Claim 10, wherein the router
performs open systems interconnect (0OSI) model processing
of data communicated between .the interface and the XDSL

modems.
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16. A communication device for communicating data
using a plurality of twisted pair 1lines, the device
comprising:

a plurality of XDSL modems;

a first switch coupled to the plurality of XDSL
modems, the first switch operable to couple selected
twisted pair lines to the XDSL modems;

an interface;

a second switch fof communicating data between the
XDSL modems and the interface; and

a controller coupled to the XDSL modems, wherein the
controller modifies the number of XDSL modems for
communicating data associated with the session based on
loading information and corresponding threshold information

of at least one of the XDSL modems.

17. The device of Claim 16, wherein loading
information comprises a plurality of data rates over
successive intervals of time, wherein each data rate is
compared to the threshold information to determine the
number of XDSL modems for communicating data associated

with the session.
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18. The device of Claim 16, wherein loading
information and corresponding threshold information for
each XDSL modem further comprises:

a downstream data rate for data received by the XDSL
modem;

an upstream data rate for data communicated by the
XDSL modem;

an‘ upstream add threshold for comparison to the
upstream data rate;

an upstream remove threshold for comparison to the
upstream data rate;

a downstream add threshold for comparison to the
downstream data rate; and

a downstream remove threshold for comparison to the

downstream data rate.

19. The device of Claim 16, wherein the XDSL modems
receive information at a first rate and transmit

information at a second rate greater than the first rate.

20. The device of Claim 16, wherein the device
communicates a request for service upon determining to add

another XDSL modem.

21. The device of Claim 16, wherein the first switch

comprises a cross-point matrix switch.
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22. The device of Claim 16, wherein the device 1is

located at a central office.

23. The device of Claim 16, wherein the second switch
comprises a switching fabric coupled to the XDSL modems,
wherein the switching fabric combines data received from
the XDSL modems into a single data stream for communication

by the interface.



WO 99/20033 PCT/US98/05587
33

24. A method for communicating data using a plurality
of XDSL modems coupled to a plurality of associated twisted
pair lines, the method comprising:

determining loading information of at least one XDSL

5 modem;

comparing the loading information to threshold
information; and

determining the number of XDSL modems for
communicating data associated with a session in response to

10  the comparison.

25. The method of Claim 24, wherein determining the
number of XDSL modems for communicating data associated
with a session further comprises:

15 adding an XDSL modem 1f the loading information
exceeds corresponding threshold information; and

removing an XDSL modem if the loading information

falls below corresponding threshold information.
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26. The method of Claim 24, wherein loading
information and corresponding threshold information for
each XDSL modem further comprises:

a downstream data rate for data received by the XDSL
modem;

an upstream data rate for data communicated by the
XDSL modem;

an upstream add threshold for comparison to the
upstream data rate;

an upstream remove threshold for comparison to the
upstream data rate;

a downstream add threshold for comparison to the
downstream data rate; and

a downstream remove threshold for comparison to the

downstream data rate.

27. The method of Claim 24, wherein the loading
information further comprises a packet rate, a bit rate, or

an error rate.

28. The method of Claim 24, wherein determining the
number of XDSL modems for communicating data associated
with the session further comprises:

adding an XDSL modem i1f an upstream data rate exceeds
an upstream add threshold or a downstream data rate exceeds
a downstream add threshold; and

removing an XDSL modem if the upstream data rate falls
below an upstream remove threshold and the downstream data

rate falls below a downstream remove threshold.

29. The method of Claim 24, wherein the plurality of

XDSL modems are located at a central office.
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30. The method of Claim 24, wherein the number of
XDSL modems is less than the number of twisted pair

subscriber lines.
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31. A method for segmenting a packet of data for
communication by a plurality of XDSL modems, the method
comprising:

receiving a packet;

determining the size of the packet; and

segmenting the packet into a plurality of subpackets
based on a plurality of proportionality factors associated
with a plurality of XDSL modems; and

communicating the subpackets using the XDSL modems.

32. The method of Claim 31, further comprising the
step of addressing each subpacket to a different switched

circuit.

33. The method of Claim 31, further comprising the
step of modifying the proportionality factors in response
to a modification in the number of XDSL modems to

communicate the subpackets.

34. The method of Claim 31, further comprising the
step of modifying the proportionality factors in response

to a change in the data rate of an XDSL modem.

35. The method of Claim 31, wherein the
proportionality factors for each XDSL modem further
comprise:

an upstream proportionality factor; and

a downstream proportionality factor.

36. The method of Claim 31, wherein each
proportionality factor comprises a ratio between the data
rate of its associated XDSL modem and the sum of data rates
of the XDSL modems.
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