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HIGH-SPEED DATA EXTENSION INTERFACE FOR A MODEM

Field of the invention

The present invention relates generally to a high-speed data extension
interface for a modem.

Background of the Invention

Typically, installations of cable modems today, as shown in FIG. 1,
involve a cable modem that is connected directly to the cable system coaxial
cable through the use of a splitter or directional coupler. This same coaxial
feed is also used to supply CATV channels and programming to a TV or set-
top box as shown. A 10BaseT Ethernet connection between an Internet
access device, typically a personal computer (PC), and the cable modem is
used to route upstream and downstream data between the computer and
cable modem to ultimately provide an Internet connection.

If a second Internet access device is to be added to the system to take
advantage of the Internet connection through the cable modem, an Ethernet
hub may be used to create a star network topology as shown in FIG 2. In
this case, twisted pair wiring is routed to one or more "extension" computers.
In a typical subscriber premise environment, routing twisted pair wiring for the
purposes of an Ethernet extension is costly and in some cases impractical.

Another method of sharing Internet connections throughout the
subscriber premise is illustrated in FIG 3. This method leverages the use of
an installed local network that operates over existing telephone lines within
the subscriber premise. Telephone use is unaffected by the addition of the
high-speed data signaling even when high-speed data is present. This is
possible by frequency multiplexing the high-speed data signal allowing it to
coexist with the baseband telephone signal. A high-speed Internet access
device, such as the cable modem shown in FIG. 3, provides the Internet

connection for the system. A disadvantage to this method is that it requires a
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host PC to manage the data traffic between the cable modem and the
telephone line interface device. With this configuration, even if Internet
access is only desired at the remote access point (Internet Access Device #2
in FIG. 3), a host computer must be present, turned on and continuously
running appropriate bridging or proxy server software. If the host computer
has a problem, such that it quits running, then the connection to the remote
devices is broken.

A further disadvantage of this method is continuous manipulation of

the Internet protocol (IP) datagrams through the Host PC interface. In order

for the datagrams to be sent between the telephone line interface and the
Internet access device, all data must be passed through the Host PC as
shown in FIG. 3. Each time the data is processed through a physical
medium, addition data processing is required which in turn increases the
risks of introducing data errors and losing data while potentially adding
transmission latencies. In addition, costly hardware and wiring is required to
perform this physical layer and host computer processing.

Thus, there exists a need to provide a reliable, high-speed data
network connection for cable modems without the disadvantages of high
cost, limiting data rates, additional wiring of the premise, or requirement of a
dedicated host computer.

Brief Description of the Drawings
A preferred embodiment of the invention is now described, by way of
example only, with reference to the accompanying drawings in which:
FIG. 1 (prior art) illustrates a diagram of a cable modem installation:
FIG. 2 (prior art) illustrates a diagram of a cable modem using an
Ethernet hub within a subscriber premise to connect more than one Internet

access device to the Internet;

[\
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FIG. 3 (prior art) illustrates a diagram of a cable modem using a host
personal computer to connect more than one Internet access device to the
Internet;

FIG. 4 illustrates an example of the system employing a cable modem
extension in accordance with the preferred embodiment of the present
invention;

FIG. 5 illustrates protocol level diagram of the internal architecture of
the cable modem in accordance with the preferred embodiment of the
present invention;

FIG. 6 illustrates a spectrum allocation chart plotting frequency versus
amplitude for the cable modem Ethernet extension in accordance with the
preferred embodiment of the present invention;

FIG. 7 illustrates an alternative spectrum allocation chart plotting
frequency versus amplitude for the cable modem Ethernet extension in
accordance with the preferred embodiment of the present invention; and

FIG. 8 illustrates a hardware block diagram of the internal architecture
of the cable modem in accordance with the preferred embodiment of the
present invention.

Detailed Description of the Preferred Embodiment

The preferred embodiment of the present invention provides a high-
speed data extension interface for modems with low cost and high data rates
in a unitary device. The present invention allows one or more remote
Internet access devices within a subscriber premise (e.g., the home, the
office, etc.) to access the Internet via a single modem. The Internet access
device is a personal computer, a personal digital assistant, a set-top box, an
Internet appliance or any other device capable of accessing the Internet or
the World Wide Web.

The present invention allows each Internet access device present

within the subscriber premise to be connected directly to the telephone line
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through the use of an adapter. The present invention does not require a host
Internet access device to be coupled directly to the modem or a dedicated
Internet service provider (ISP) network connection (e.g., a cable television
(CATV) coaxial cable) or a dedicated twisted pair wire to be coupled to each
Internet access device.

FIG. 4 illustrates a preferred implementation of a modem in
accordance with the preferred embodiment of the present invention.
Typically, a subscriber premise 10 comprises a subscriber premise telephone
line 12 connected to a public switched telephone network (PSTN) 16 and an
ISP network connection 18 connected to the ISP network 22. The ISP
network can be, but is not limited to, a CATV network, an integrated services
digital network, an asynchronous transfer mode network, etc. The ISP
network connection can be wired, wireless or a combination thereof. For
ease of explanation and understanding, the following description assumes
that the ISP network is a CATV network.

The telephone line 12 connects plain old telephone service (POTS)
equipment 14 (e.g., telephones, facsimiles, etc.) to the PSTN 16 and a CATV
coaxial cable 18 connects a television 20 to the CATV network 22 (possibly
via a set-top box (not shown)). In addition, the preferred embodiment of the
present invention allows a cable modem 24 to provide Internet access to at
least one Internet access device 26 via the existing telephone line 12 and
CATV coaxial cable 18. The cable modem 24 utilizes the telephone wiring
12 to route data packets to and from the Internet access device 26.

The cable modem 24 is connected to the CATV coaxial cable 18
extending from the CATV coaxial cable drop location 28. The internal
architecture of the cable modem 24 is illustrated in FIG. 5. Of particular
importance to the preferred embodiment of the present invention, the cable
modem 24 comprises a hybrid fiber coaxial (HFC) physical (PHY) layer 30, a
HFC media access control (MAC) layer 32, an extension PHY layer 34, and
extension MAC layer 36 and a single Internet protocol (IP) layer 38. The
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HFC PHY and MAC layers 30, 32 are coupleable to the CATV coaxial cable
18. The extension PHY and MAC layers 34, 36 are coupleable to the
telephone line 12. The single IP layer 38 couples the HFC PHY and MAC
layers 30, 32 to the extension PHY and MAC layers 34, 36. Thus, the HFC
PHY and MAC layers 30, 32 and the extension PHY and MAC layers 34, 36
interface between the CATV network 22 and the telephone line 12 via the
single IP layer 38 of the cable modem 24. The single IP layer 38 transfers IP
datagrams between the CATV coaxial cable 18 via the HFC PHY and MAC
layers 30, 32 and the telephone line 12 via the extension PHY and MAC
layers 34, 36 without manipulating the IP datagram (e.g., packing and
unpacking the IP datagram, etc.) over any additional PHY and MAC layers
therebetween.

In particular, the extension PHY layer 34 performs both modulation
and demodulation functions. The downstream data (data originating from the
CATV network 22 and terminating at the Internet access device 26) is
modulated by the extension PHY layer 34 in a predetermined format, such
as, frequency shift keying (FSK), quadrature amplitude modulation (QAM),
quadrature phase shift keying (QPSK), code division multiple access
(CDMA), etc. The downstrearn data is then transmitted by employing
communication system transmission circuits known to those skilled in the art
of digital communication systems design within the modem extension
channel 40 of FIG. 6 and FIG. 7 on the telephone line 12. The downstream
data is transmitted in a non-interfering means avoiding the POTS channel 42
and/or any other channel present in the spectrum allocation (e.g., the xDSL
channel 44) by using frequency multiplexing.

The upstream data (data originating from the Internet access device
26 and terminating at the CATV network 22) is extracted from the frequency
multiplexed composite signal residing on the telephone line 12. By
employing communication systems receiver circuits, upstream data within the
modem extension channel 40 of FIG. 6 and FIG. 7 is recovered as readily
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known by one skilled in the art of digital communication systems receiver
design by the extension PHY layer 34. Again, one of many
modulation/demodulation formats, such as, FSK, QAM, QPSK, CDMA, etc.
may be used to encode the upstream data. It is noted that the
modulation/demodulation format of the upstream data need not be the same
format as the downstream data. In addition, the modulation/demodulation
format of the upstream and downstream data within the modem extension
channel 40 need not be the same as that used withih the CATV network 22.
Also the upstream and downstream data within the modem extension 40
channel avoid interference with each other by frequency multiplexing.

The extension MAC layer 36 provides the necessary interfaces to
manage upstream and downstream data transfers between the extension
PHY layer 34 and the IP layer 38. The extension MAC layer 36
independently provides upstream and downstream functions as well as other
miscellaneous control, such as memory management. Data received by the
extension MAC layer 36 from the extension PHY layer 34 is processed by
performing functions such as, but not limited to, frame and header extraction,
frame and header processing, message filtering, data decryption,
synchronizing messaging, and cyclic redundancy check (CRC) processing.
Data received by the extension MAC layer 36 from the IP layer 38 to be
transmitted by the extension PHY layer 34 is also processed within the
extension MAC layer 36 by performing functions such as, but not limited to,
data encryption, message and data packet forwarding, time slot management
and data queuing.

The cable modem 24 further comprises a bridging mechanism within a
bridging layer 46. The single IP layer 38 couples the bridging layer 46 to the
HFC PHY and MAC layers 30, 32 and to the extension PHY and MAC layers
34, 36. The bridging layer 46 assists in transferring IP datagrams between
the HFC MAC layer 32 and the extension MAC layer 36.
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The cable modem 24 can also comprise a high-speed interface PHY
layer 48 and a high-speed interface MAC layer 50 (e.g., Ethernet PHY and
MAC layers). If the high-speed interface PHY and MAC layers 48, 50 are
present, the high-speed interface PHY and MAC layers 48, 50 are coupleable
to a high-speed interface twisted pair wire 52. The single IP layer 38 further
couples the high-speed interface PHY and MAC layers 48, 50 to the HFC
PHY and MAC layers 30, 32 and to the extension PHY and MAC layers 34,
36.

The preferred embodiment of the present invention provides a means
for distributing Internet connections to Internet access device residing in
locations where POTS connections (access points) 54 are available but
CATV coaxial cable connections 56 are not. All Internet access devices 26
within the subscriber premise 10, even if only one, can access the Internet
via the cable modem 24 by connecting the Internet access device 26 to a
POTS connection 54. The present invention does not require any additional
hosting devices (e.g., a dedicated PC coupled to the cable modem via a
high-speed interface (e.g. Ethernet), external to the cable modem 24, to
provide the Internet connection.

Turning to FIG. 8, the hardware components of the internal
architecture of the cable modem 24 is shown. As shown in FIG. 8, the HFC
PHY layer 30 comprises a HFC PHY layer circuit 58 (e.g., a HFC modem)
having a HFC modulator 60 and demodulator 62. The extension PHY layer
34 comprises an extension PHY layer circuit 64 (e.g., an extension modem)
having an extension modulator 66 and demodulator 68. The high-speed
interface (e.g., Ethernet) PHY layer 48 comprises a high-speed interface
PHY layer circuit 70 (e.g., an Ethernet modem) having a high-speed interface
modulator 72 and demodulator 74. The functions and controls of the MAC
layers 32, 36 and 50, the single IP layer 38 and the higher protocol layers of
the cable modem stack 39 are implemented in a processing element 76 (e.g.,

a microprocessor, an application specific integrated circuit (ASIC) or other
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logic circuit). The processing element 76 is coupled to the HFC PHY layer
circuit 58 for control thereof by the HFC MAC layer functions 78, to the
extension PHY layer circuit 64 for control thereof by the extension MAC layer
functions 80 and to the high-speed interface PHY layer circuit 70 for control
thereof by the high-speed interface MAC layer functions 82. The processing
element 76 further comprises IP buffering functions 84 (i.e., an IP buffer)
common to the MAC layer functions 78, 80 and 82 for buffering IP datagrams
between the PHY layer circuits 58, 64 and 70 in a common buffer 84.

First, let’s discuss when the cable modem 24 transmits downstream
data to the Internet access device 26 from the CATV network 22. At the HFC
PHY layer circuit 58, a first signal is retrieved from the CATV coaxial cable
18. The HFC PHY layer circuit 58 demodulates the first signal in the HFC
demodulator 62 resulting in a first data packet. The HFC demodulator 62
demodulates the first signal by using any of a variety of known techniques,
such as, FSK, QAM, QPSK, CDMA, etc. The HFC demodulator 62 then
transfers the first data packet to the processing element 76.

The processing element 76 implements the HFC MAC layer functions
78 by receiving the first data packet from the HFC demodulator 62 and
decoding the first data packet resulting in an IP datagram. The IP datagram
is then stored in an IP buffer 84.

Implementing the functions of the extension MAC layer 80, the
processing element 76 retrieves the IP datagram from the IP buffer 84 and
encodes the retrieved IP datagram into a second data packet. The second
data packet is then transferred to the extension PHY layer circuit 64.

At the extension modulator 66, the second data packet is received
from the processing element 76 and modulated into a second signal using
known techniques, such as, FSK, QAM, QPSK, CDMA, etc. Once
modulated, the extension modulator 66 transmits the signal onto the modem
extension channel 40 of the telephone line 12.
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Now let's discuss when the cable modem 24 transmits upstream data
from the Internet access device 26 to the CATV network 22. At the
extension PHY layer circuit 64, a first signal is retrieved from the telephone
line 12. The extension PHY layer circuit 64 demodulates the first signal in
the extension demodulator 68 resulting in a first data packet. The extension
demodulator 68 demodulates the first signal by using any of a variety of
known techniques, such as, FSK, QAM, QPSK, CDMA, etc. The extension
demodulator 68 then transfers the first data packet to the processing element
76.

The processing element 76 implements the extension MAC layer
functions 80 by receiving the first data packet from the extension
demodulator 68 and decoding the first data packet resuiting in an IP
datagram. The IP datagram is then stored in an IP buffer 84.

Implementing the functions of the HFC MAC layer 78, the processing
element 76 retrieves the IP datagram from the IP buffer 84 and encodes the
retrieved IP datagram into a second data packet. The second data packet is
then transferred to the HFC PHY layer circuit 58.

At the HFC modulator 60, the second data packet is received from the
processing element 76 and modulated into a second signal using known
techniques, such as, FSK, QAM, QPSK, CDMA, etc. Once modulated, the
HFC modulator 60 transmits the signal onto the CATV coaxial cable 18 of the
CATV network 22.

Referring back to FIG. 4, an Internet access device 26’ can optionally
be connected directly to the cable modem 24 via a high-speed interface and
protocol 90 (e.g., Ethernet, universal serial bus (USB), etc.). However,
directly connecting the Internet access device 26’ to the cable modem 24 via
the high-speed interface 90 is not optimal if the CATV coaxial cable drop
location 28 is in an undesirable location (e.g., located in the middle of a living
room next to the television 20). If an Internet access device 26’ is connected

directly to the cable modem 24, additional Internet access devices 26 can
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also access the Internet by connecting to the telephone line 12 without
acquiring a connection through the Internet access device 26’ connected to
the cable modem 24 via the high-speed interface 90. Thus, the present
invention provides the flexibility of routing ail data packets through the
telephone wiring 12 within the subscriber premise 10 by connecting the
Internet access device 26 to the cable modem 24 via a POTS connection 54
with only an adapter 86 (described below) therebetween. Being able to
connect all Internet access devices 26 to the cable modem 24 via the POTS
connection 54 with only an adapter 86 therebetween avoids the
disadvantages of high costs and inconvenience associated with providing a
host Internet access device and/or instaliing dedicated high-speed wiring,
such as twisted pair Ethernet or additional CATV coaxial cable within the
subscriber premise 10.

The adapter 86, referred to above, is coupled to or installed within
each Internet access device 26 connected to the Internet via POTS
connection 54. The adapter 86 filters out undesired signaling, e.g., POTS
voice signaling 42 (as shown in FIGS. 6 and 7), present on the telephone line
12 from reaching the Internet access device 26. The adapter 86 performs
both modulation and demodulation functions. The downstream data within
the modem extension channel 40 is extracted from the frequency multiplexed
composite signal residing on the telephone line 12. The extracted data is
then converted into high-speed interface packets (e.g., Ethernet packets).
The adapter 86 selectively removes signals not of interest to the Internet
access device 26 on the telephone line 12, such as POTS 42, xDSL 44, and
upstream data, with either analog or digital filtering operations. The
remaining spectrum containing downstream data is further processed by the
adapter 86 to extract the baseband downstream data. For example, with
respect to FIG. 6, the adapter 86 filters out all signaling transmitted below F1
and above F2. With respect to FIG. 7, the adapter 86 filters out all signaling
transmitted below F2 and above F3.

10
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The upstream data originating from the Internet access device 26 is
modulated and transmitted within the modem extension channel 40 on the
telephone line 12 in a modulation format and frequency spectrum allocation
which is pre-determined and expected by the extension PHY layer 34. Using
techniques known to one skilled in the art of digital communication system
design, these transmitter and receiver functions (not shown) are performed
within the adapter 86. Given known transmission upstream and downstream
frequency allocations within the modem extension channel 40 of FIG. 6 and
FIG. 7, known modulation formats and known communication protocols, a
two-way communication link between the adapter 86 and the extension PHY
and MAC layers 34, 36 of the cable modem 24 is established.

Also included within the adapter 86 are PHY and MAC layers
(collectively referred to as an interface 87). The adapter MAC layer (not
shown individually) manages data transmission to and from the Internet
access device 26 and the adapter PHY layer (not shown individually). The
type of high-speed data interface 88 between the adapter 86 and the Internet
access device 26 is not limited to any particular implementation, but may be
one such as Ethernet, USB, RS-232, parallel port, internal data bus, or any
other connection that provides Internet access to an Internet access device
26. For example, an industry standard architecture (ISA) or a peripheral
component interconnect (PCI) bus network interface card (NIC) may be used
to provide the high-speed data interface to the desired Internet access device
26. The NIC includes the telephone line, adapter components, and data port
jack (e.g., RJ11). In the case of Internet appliances, a fully integrated
adapter, and computing device may be desired and possible with the present
invention.

The present invention also allows configurations other than that shown
in FIG. 4. Additional remote Internet access devices can be added to the
system. In this example, the "base" configuration as shown in FIG. 4 does

not change and additional remote Internet access devices are simply added
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anywhere in the subscriber premise 10 having an appropriate POTS
connection 54.

In the preferred embodiment of the present invention, the cable
modem 24 (i.e., the high-speed Internet connection) doubles as a stand-
alone base unit supporting features such as, but not limited to, a dynamic
host configuration protocol (DHCP) client to obtain an IP address and a
DHCP server with network address translation (NAT) to assign IP addresses
to the Internet access devices 26 within the subscriber premise 10. In
addition, the cable modem 24 may also support firewall capability to provide
secure access to the telephone line 12 from the CATV network 22.

Another function that may be included within the cable modem 24 is a
unified messaging server (UMS). The UMS provides storage, retrieval and
creation capability for voice and email messages. The primary function of the
UMS is to provide a central point for the collection of all subscriber premise
10 messages with an ability to browse, reply and forward, including some
intelligent filtering and automation. Email messages are collected from the
Internet service provider (ISP) account(s) by the UMS. The UMS provides a
visual indication of the receipt of email (e.g., flashing LED). Email can be
viewed on a display contained on the cable modem if so desired. Voice mail
playback functionality may also be included in the cable modem 24. In other
words, a computer, or like device, is not necessary to receive or respond to
email or voice mail messages. Alternately, email and voice mail messages
can be retrieved through remote access to the UMS. The messages can be
browsed and replies can be generated. The user can be connected locally
on the telephone line 12 or remotely. Remote users, however, must be
authenticated through the firewall.

All of the above mentioned features are implemented without the use
of a dedicated host Internet access device being present, turned on and

continuously running with appropriate software installed and operational.

12
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Low pass filters (LPFs) 92 are installed at each POTS equipment
connection 54 as well as at the POTS entry point in the subscriber premise
10. The LPFs 92 protect and block the high-speed Internet data signals from
interfering with the POTS signaling 42, telephone lines 12 or any POTS
equipment 14 connected to the telephone line 12 internal and/or external to
the subscriber premise 10. For example, referring back to the frequency
spectrum allocation illustrated in FIGS. 6 and 7, the LPF 92 corner frequency
is predetermined based on the known spectral characteristics of the POTS
signaling 42 and attenuates to an acceptable level all other unwanted
signaling not within the POTS bandwidth (e.g., all signaling present above
F1).

Thus, the LPFs 92 and the adapters 86 allow POTS equipment 14 and
the Internet access devices 26 to be used without any impairments or
restrictions by allowing POTS signals 42 and high-speed data signals 40 to
coexist on a common telephone line 12. Using frequency-multiplexing
techniques over the telephone line 12, simultaneous non-interfering use of
POTS equipment 14 and Internet access devices 26 is possible.

In a first alternative embodiment of the invqntion, the cable modem 24
of FIG. 4 is replaced with another high-speed modem device. This high-
speed modem device has the same basic architecture of the cable modem of
FIG. 5 except an alternate MAC/PHY interface replaces the HFC MAC/PHY
such as one that is used with an integrated services digital network (ISDN) or
an asynchronous transfer mode (ATM) interface modem. Since a common
IP layer is still shared with this architecture, the same benefits and features
that are gained with the cable modem-based implementation apply.

In a second alternative embodiment of the invention, the extension
PHY and MAC layers 34, 36 of the cable modem 24 shown in FIG. 5 are
configured (resulting in a modified extension PHY and MAC layer 34, 36) to
allow the signals residing on the modem extension channel 40 to be

transmitted wirelessly (e.g. via industrial, scientific and medical (ISM) band
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transceivers, infrared data association (IrDA) transceivers, etc.). The
modified extension PHY layer 34 provides the appropriate radio circuits to
modulate and transmit downstream high-speed data as well as radio circuits
to receive and demodulate the upstream high-speed data within the modem
extension channel. The modem extension channel 40 is appropriately
allocated by use of frequency multiplexing, within the wireless frequency
spectrum, in a way which minimizes interference from any other
communication signals. The modified extension PHY and MAC layers 34, 36
support a wireless transmission link between the cable modem 24 and
modified adapters 86. In this second alternative embodiment, the modified
adapters 86 contain a radio transceiver PHY/MAC interface 87’ in place of
the telephone line interface 87. The modified adapter PHY layer (not shown)
incorporates corresponding radio circuits that receive and demodulate high-
speed downstream data and modulate and transmit high-speed upstream
data. This modified adapter 86’ is coupled to the Internet access device 26
to provide the desired Internet connection. In the second embodiment, a
wireless Internet connection is established without the use or need of the
telephone line 12 and/or any other wiring.

In a third alternative embodiment of the invention, the extension PHY
and MAC layers 34, 36 of the cable modem 24 shown in FIG. 5 is configured
(resulting in modified extension PHY and MAC layers 34’, 36’) to allow the
modem extension channel 40 to be transmitted over the subscriber premise
alternating current (AC) power mains. The modified extension PHY layer 34’
provides the appropriate communication circuits to modulate and transmit
downstream high-speed data as well as communication circuits to receive
and demodulate the upstream high-speed data within the modem extension
channel 40. The modem extension channel 40 is appropriately allocated
within the frequency spectrum of the AC power mains in a way that
minimizes interference with any other existing communication or AC power
signals. The modified extension PHY and MAC layers 34, 36 support an AC

14
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power line transmission link between the cable modem 24 and the modified
adapters 86. In the third alternative embodiment, the modified adapters 86
contain a power line transceiver PHY/MAC interface 87’ in place of the
telephone line interface 87. The modified adapter PHY layer (not shown)
incorporates corresponding communication circuits that receive and
demodulate high-speed downstream data and modulate and transmit high-
speed upstream data. This modified adapter 86 is coupled to the Internet
access device 26 to provide the desired Internet connection. In the third
alternative embodiment, access to the Internet is established over the
existing AC power mains without the use or need of the telephone line 12.
In a fourth alternative embodiment of the present invention, the cable
modem 24 contains the elements as shown in the architecture diagram of
FIG. 5 with an added PHY layer 94 and MAC layer 96 (collectively referred to
as “an additional PHY/MAC interface”). This additional PHY/MAC interface
allows for an alternate transmission medium 98 in addition to the telephone
line 12 to transmit the modem extension channel 40. The additional
PHY/MAC interface supports a transmission link between the cable modem
24 and Internet access devices 26, and alternate transmission mediums 98,
other than the telephone line 12, such as, but not limited to, a wireless radio
frequency link, a wireless infrared link, and an AC power main link. Internet
access devices 26 may be connected to the Internet via the telephone line 12

or via the alternate transmission medium 98.
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CLAIMS

We claim:

1. A modem (24) for providing Internet access via an Internet service
provider (ISP) network and a subscriber premise telephone line (12) within a
public switched telephone network (16), comprising, in a unitary device:

an ISP network physical (PHY) layer (30) and an ISP network media
access control (MAC) layer (32) coupleable to an ISP network connection
(18);

an extension PHY layer (34) and an extension MAC layer (36)
coupleable to the subscriber premise telephone line (12); and

a single Internet Protocol (IP) layer (38) coupling the ISP network PHY
and MAC layers (30, 32) to the extension PHY and MAC layers (34, 36),
wherein an IP datagram is transferred between the ISP network connection
(18) via the ISP network PHY and MAC layers (30, 32) and the subscriber
premise telephone line (12) via the extension PHY and MAC layers (34, 36)

without manipulating the IP datagram over any additional PHY and MAC
layers therebetween.

2. The modem (24) in accordance with claim 1 further comprising an
high-speed interface PHY and MAC layers (48, 50), wherein the single IP
layer (38) further couples the high-speed interface PHY and MAC layers (48,

80) to the ISP network PHY and MAC layers (30, 32) and the extension PHY
and MAC layers (34, 36).
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3. The modem (24) in accordance with claim 1 wherein the single IP
layer (38) further couples a bridging layer (46) to the ISP network PHY and
MAC layers (30, 32) and to the extension PHY and MAC layers (34, 36), and
wherein the bridging layer (46) assists in transferring the IP datagrams
between the ISP network MAC layer (32) and the extension MAC layer (36)
across the single IP layer (38).

4, The modem (24) in accordance with claim 1 wherein the subscriber
premise telephone line (12) has at least one access point (54) in which at

least one Internet access device (26) is connected thereto via an adapter

(86).

5. The modem (24) in accordance with claim 1 wherein the ISP network
PHY and MAC layers (30, 32) and the extension PHY and MAC layers (34,
36) comprise communication system transmission circuits for transmitting IP
datagrams to the ISP network connection (18) and to the subscriber premise
telephone line (12), respectively.

6. The modem (24) in accordance with claim 1 further comprising an
additional extension PHY and MAC layers (94, 96) coupleable to an alternate
transmission medium (98), wherein the single IP layer (38) couples the
additional extension PHY and MAC layers (94, 96) to the ISP network PHY
and MAC layers (30, 32) and to the extension PHY and MAC layers (34, 36).
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The modem (24) in accordance with claim 1 wherein:

at the ISP network PHY layer (30):
retrieving a first signal from the ISP network connection (18);
demodaulating the first signal resulting in a first data packet; and
transferring the first data packet to the ISP network MAC layer
(32),

at the ISP network MAC layer(32):
receiving the first data packet from the ISP network PHY layer

decoding the first data packet resulting in the IP datagrarﬁ; and
transferring the IP datagram to an IP buffer (84) residing on the
single IP layer (38),

at the extension MAC layer (36):
retrieving the IP datagram from the IP buffer (84);
encoding the IP datagram into a second data packet; and
transferring the second data packet to the extension PHY
layer(34),

at the extension PHY layer (34):
receiving the second data packet from the extension MAC layer
(36);
modulating the second data packet into a second signal; and
transmitting the second signal onto the subscriber premise

telephone line (12).
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The modem (24) in accordance with claim 1 wherein:

at the extension PHY layer (34):
retrieving a first signal from the subscriber premise telephone
line (12); '
demodaulating the first signal resulting in a first data packet; and
transferring the first data packet to the extension MAC layer
(36),

at the extension MAC layer (36):
receiving the first data packet from the extension PHY layer
(34);
decoding the first data packet resulting in the IP datagram; and
transferring the IP datagram to an IP buffer (84) residing on the
single IP layer (38),

at the ISP network MAC layer (32):
retrieving the IP datagram from the IP buffer (84);
encoding the IP datagram into a second data packet; and
transferring the second data packet to the ISP network PHY
layer (30),

at the ISP network PHY layer (30):
receiving the second data packet from the ISP network MAC
layer (32);
modulating the second data packet into a second signal; and
transmitting the second signal onto the ISP network connection
(18).
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9. A modem (24) for providing internet access comprising, in a unitary
device:

a Internet service provider (ISP) network physical (PHY) layer (30) and
a ISP network media access control (MAC) layer (32) coupleable to an ISP
network via an ISP network connection (18);

an extension PHY layer (34) and an extension MAC layer (36)
coupleable to an adapter (86) via a wireless transmission link; and

a single Internet Protocol (IP) layer (38) coupling the ISP network PHY
(30) and MAC layers (32) to the extension PHY and MAC layers (34, 36),
wherein IP datagrams are transferred between the ISP network connection
(18) via the ISP network PHY and MAC layers (30, 32) and the wireless
transmission link via the extension PHY and MAC layers (34, 36) without
manipulating the |P datagrams over any additional PHY and MAC layers
therebetween.
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10. A modem (24) for providing Internet access via an Internet service
provider (ISP) network connection (18) within an ISP network and a
subscriber premise telephone line (12) within a public switched telephone
network (16), comprising, in a unitary device:

a first physical (PHY) layer (30) circuit coupleable to the subscriber
premise telephone line (12);

a second PHY layer circuit (34) coupleable to the ISP network
connection (18); and

a processing element (76) having first media access control (MAC)
layer functions and second MAC layer functions, the processing element (76)
coupled to the first PHY layer circuit (58) for control thereof by the first MAC
layer functions and to the second PHY layer circuit (64) for control thereof by
the second MAC layer functions, and having Internet protocol layer buffering
functions common to the first and second MAC layer functions, for buffering
IP datagrams between the first PHY layer circuit (58) and the second PHY
layer circuit (64).
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11. A method for providing Internet access via an Internet service provider
(ISP) network connection within an ISP network and a subscriber premise
telephone line within a public switched telephone network, comprising, in a
unitary device:

coupling an ISP network physical (PHY) layer and an ISP network
media access control (MAC) layer to the ISP network connection;

coupling an extension PHY layer and an extension MAC layer to the
subscriber premise telephone line; and

coupling the ISP network PHY and MAC layers to the extension
physical and MAC layers via a single Internet Protocol (IP) layer, wherein IP
datagrams are transferred between the ISP network connection via the ISP
network PHY and MAC layers and the subscriber premise telephone line via
the extension PHY and MAC layers without manipulating the IP datagrams
over any additional PHY and MAC layers therebetween.
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