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A Power Line Communication System and Method of Operating the Same

Cross Reference to Related Applications

[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S.
Provisional Patent Application Serial No. 60/484,856 filed July 3, 2003. (Attorney Docket
No. CRNT-0177), which is incorporated herein by reference in its entirety.

Field of the Invention

[0002] The present invention generally relates to data communications over a
power distribution system and more particularly, to a system and method for

communicating data, which may include video, audio, voice, and/or other data types.

Background of the Invention

[0003] Well-established power distribution systems exist throughout most of
the United States, and other countries, which provide power to customers via power
lines. With some modification, the infrastructure of the existing power distribution
systems can be used to provide data communication in addition to power delivery,

thereby forming a power line communication system (PLCS). In other words, existing
1
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power lines, that already have been run to many homes and offices, can be used to
carry data signals to and from the homes and offices. These data signals are
communicated on and off the power lines at various points in the power line
communication system, such as, for example, near homes, offices, Internet service
providers, and the like.

[0004] While the concept may sound simple, there are many challenges to
overcome in order to use power lines for data communication. Power lines are not
designed to provide high speed data communications and are very susceptible to
interference. Additionally, federal regulations limit the amount of radiated energy of a
power line communication system, which therefore limits the strength of the data signal
that can be injected onto power lines (especially overhead power lines).

[0005] Power distribution systems include numerous sections, which transmit
power at different voltages. The transition from one section to another typically is
accomplished with a transformer. The sections of the power distribution system that are
connected to the customers premises typically are low voltage (LV) sections having a
voltage between 100 volts(V) and 240V, depending on the system. In the United
States, the LV section typically is about 120V. The sections of the power distribution
system that provide the power to the LV sections are referred to as the medium voltage
(MV) sections. The voltage of the MV section is in the range of 1,000V to 100,000V.
The transition from the MV section to the LV section of the power distribution system
typically is accomplished with a distribution transformer, which converts the higher
voltage of the MV section to the lower voltage of the LV section.

[0006] Power system transformers are another obstacle to using power
distribution lines for data communication. Transformers act as a low-pass filter, passing

the low frequency signals (e.g., the 50 or 60 Hz) power signals and impeding the high
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frequency signals (e.g., frequencies typically used for data communication). As such,
some power line communications systems face the challenge of communicating the
data signals around, or through, the distribution transformers.

[0007] In contrast, conventional communication media, such as coaxial cables,
Ethernet cables, fiber optic cables, and twisted pair, typically provide significantly better
characteristics for communicating data than power lines. However, the cost of installing
the conventional cpmmunications medium (i.e., non-power line communications
medium) may be very significant and in some instances, prohibitive from a business
perspective. In particular, a major cost of installing such media is the segment that
extends from the common communication link, which typically is along the street, to
each customer premises. This segment typically requires a dedicated cable for each
customer premises.

[0008] In a power line distribution system, up to ten (and sometimes more)
customer premises typically will receive power from one distribution transformer via their
respective LV power lines. These LV power lines constitute infrastructure that is
already in place. Thus, it would be advantageous for a communications system to
make use of this existing infrastructure in order to save time and reduce costs of the
installation.

[0009] Typically, the LV power lines extend from each customer premises to a
distribution transformer and are all electrically connected to each other remote from the
premises such as near the transformer. Thus, the LV power lines that electrically
connect one customer premises to a distribution transformer are also electrically
connected to the LV power lines connected to all the other customer premises receiving
power from that distribution transformer. Consequently, a communications system

employing the LV power lines must be able to tolerate the interference produced by
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many users. In addition, the communications system should provide bus arbitration and
router functions for numerous customers who share a LV subnet (i.e., the LV power
lines that are all electrically connected to the LV side of the transformer).

[0010] These and other advantages are provided by various embodiments of

the present invention.

Summary of the Invention

[0011] The present invention provides a power line communications system
that may employ power lines and non-power communications mediums. In one
embodiment, the system is comprised of a plurality of interface devices with each being
in communication with one or more user devices via one or more low voltage power
lines. Each interface device also may be in communication with an upstream
communications device via a non-power line communications medium. The upstream
communications device may communicate with a backhaul point via a backhaul link to
provide access to a network such as the Internet. In one embodiment, each interface
device provides an interface between one or more low voltage power lines and the non-
power line communications medium, which may be a coaxial cable. The upstream
communications device may provide routing for data communicated with the interface
devices.

Brief Description of the Drawings

[0012] The invention is further described in the detailed description that follows,
by reference to the noted drawings by way of non-limiting illustrative embodiments of
the invention, in which like reference numerals represent similar parts throughout the
drawings. As should be understood, however, the invention is not limited to the precise

arrangements and instrumentalities shown. In the drawings:
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[0013] Figure 1 is a diagram of an exemplary power distribution system with
which the present invention may be employed;

[0014] Figure 2 is a diagram of a power line communications system, in
accordance with an example embodiment of the present invention;

[0015] Figure 3 is a schematic of a power line communications system in
accordance with the example embodiment of the present invention of Figure 2;

[0016] Figure 4a is a schematic of a power line communications system in
accordance with another example embodiment of the present invention;

[0017] Figure 4b is a diagram of a portion of the power line communications
system of Figure 4a, in accordance with an example implementation thereof:

[0018] Figure 5 is a diagram of a power line communications system, in
accordance with another example embodiment of the present invention;

[0019] Figure 6 is a diagram of a power line communications system, in
accordance with another example embodiment of the present invention;

[0020] Figures 7 is a functional block diagram of an example embodiment of a
interface device, in accordance with an embodiment of the present invention; and

[0021] Figure 8 is a functional block diagram of an example embodiment of a
communications device, in accordance with an embodiment of the present invention.

Detailed Description of lllustrative Embodiments

[0022] In the following description, for purposes of explanation and not
limitation, specific details are set forth, such as particular networks, communication
systems, computers, terminals, devices, components, techniques, data and network
protocols, software products and systems, operating systems, development interfaces,

hardware, efc. in order to provide a thorough understanding of the present invention.
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[0023] However, it will be apparent to one skilled in the art that the present
invention may be practiced in other embodiments that depart from these specific details.
Detailed descriptions of well-known networks, communication systems, computers,
terminals, devices, components, techniques, data and network protocols, software
products and systems, operating systems, development interfaces, and hardware are

omitted so as not to obscure the description.

System Architecture and General Designh Concepts

[0024] As shown in Figure 1, power distribution systems typically include
components for power generation, power transmission, and power delivery. A
transmission substation typically is used to increase the voltage from the power
generation source to high voltage (HV) levels for long distance transmission on HV
transmission lines to a substation. Typical voltages found on HV transmission lines
range from 69 kilovolts (kV) to in excess of 800 kV.

[0025] In addition to HV transmission lines, power distribution systems include
MV power lines and LV power lines. As discussed, MV typically ranges from about
1000 V to about 100 kV and LV typically ranges from about 100 V to about 240 V.
Transformers are used to convert between the respective voltage portions, e.g.,
between the HV section and the MV section and between the MV section and the LV
section. Transformers have a primary side for connection to a first voltage (e.g., the MV
section) and a secondary side for outputting another (usually lower) voltage (e.g., the
LV section). Such transformers are often referred to as distribution transformers or
step down transformers, because they “step down” the voltage to some lower voltage.
Transformers, therefore, provide voltage conversion for the power distribution system.

Thus, power is carried from substation transformer to a distribution transformer over one
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or more MV power lines. Power is carried from the distribution transformer to the
customer premises via one or more LV power lines.

[0026] In addition, a distribution transformer may function to distribute one, two,
three, or more phase currents to the customer premises, depending upon the demands
of the user. In the United States, for example, these local distribution transformers
typically feed anywhere from one to ten homes, depending upon the concentration of
the customer premises in a particular area. Distribution transformers may be pole-top
transformers located on a utility pole, pad-mounted transformers located on the ground,

or transformers located under ground level.

Overview of Example Embodiments

[0027] The present invention employs the LV power lines, including the internal
and external LV power lines associated with customer premises, and a conventional
telecommunications medium (CTM) (i.e., a non-power line communications medium).
Some embodiments also may employ the MV power lines. In addition, the invention
may be used with overhead or underground power distribution systems.

[0028] Specifically, a power line modem, such as a HomePlug™ compliant
modem (e.g., HomePlug 1.0 or HomePlug AV standard), interfaces the user device
(such as computer, telephone, fax, etc.) to the internal LV wiring of the customer
premises. The power line modem may be a stand alone device or integrated into the
user device.

[0029] The power line modem couples the data from the user device to the
internal LV power lines. The data propagates from the internal to the external LV power
lines until reaching an interface device such as power line-coaxial interface device

(PLCID) that communicatively couples the external LV power line to a conventional
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telecommunications medium, such as a coaxial cable or other non-power line
communications medium.

[0030] Thus, the interface device receives signals from the LV power line, such
as Orthogonal Frequency Divisional Multiplexing (OFDM) signals, and communicates
them through (or couples them to) the coaxial cable or other CTM. Likewise, the
interface device (ID) receives signals from the CTM (e.g., coaxial cable) and transmits
them through (or couples them to) the LV power lines. While the ID couples data
signals (which may comprises voice data, video data, internet data, or the like), it
prevents the power signal of the LV power lines from being conducted to the CTM.

[0031] In the upstream direction (away from the user device), the ID is in
communication with a communication device that interfaces with the CTM. This
upstream device may be a conventional telecommunications medium device (CTMD).
The CTMD may interface only with conventional telecommunications medium or may
additionally interface with a low and/or medium voltage power line (i.e., it may be a
power line communications device). Specifically, the interface devices (IDs) receive
data from their respective user devices (e.g., via one or more power line modems) and
may transmit or couple (collectively referred herein as “communicate”) the data
upstream to the CTMD via the CTM. The CTMD receives data from one or more |IDs
and, after certain processing which may take place, may transmit the data upstream
toward the data’s destination via a backhaul link, which may be the same, or a different,
CTM or another communication link. Thus, the CTMD may aggregate data from
numerous IDs. The first upstream device to receive the data from the CTMD may be a
backhaul point, a distribution point, an aggregation point, or a point of presence — all of

which may aggregate data from other CTMDs and/or other network elements.
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[0032] Additionally, the CTMD may itself provide an interface between a LV
subnet and the CTM. Therefore, for those customer premises connected to the CTMD’s
LV subnet, the CTMD may communicate data with the user devices of those customer
premises directly (as opposed to communicating the data via an ID and CTM).

[0033] Thus, a CTMD may act as the gateway between the CTM, its IDs and
the user devices (i.e., the devices that are communicatively coupled to the LV power
lihes and IDs) and a backhaul link. The CTMD may provide communications services
for the users, which may include security management, routing of Internet protocol (IP)
packets, filtering data, access control, service level monitoring, signal processing and
modulation/demodulation of signals.

[0034] In some embodiments, the PLCS also includés a backhaul point. The
backhaul point is an interface and gateway between the PLCS network and a traditional
non-power line telecommunication network. One or more backhaul points are
communicatively coupled to an aggregation point (AP) that in many embodiments may
be the point of presence to the Internet. The backhaul point may be connected to the
AP using any available mechanism, including fiber optic conductors, T-carrier,
Synchronous Optical Network (SONET), or wireless techniques well known to those
skilled in the art. Thus, the backhaul point may include a first transceiver suited for
communicating via the upstream conventional communications medium and a second
transceiver suited for communicating via the backhaul link.

[0035] The AP may include a conventional Internet Protocol (IP) data packet
router and may be directly connected to an Internet backbone thereby providing access
to the Internet. Alternatively, the AP may be connected to a core router (not shown),
which provides access to the Internet, or other communication network. Depending on

the configuration of the network, a plurality of APs may be connected to a single core

9



WO 2005/008903 PCT/US2004/021448

router which provides Internet access. The core router (or AP as the case may be) may
route voice traffic to and from a voice service provider and route Internet traffic to and
from an Internet service provider. The routing of packets to the appropriate provider
may be determined by any suitable means such as by including information in the data
packets to determine whether a packet is voice. If the packet is voice, the packet may
be routed to the voice service provider and, if not, the packet may be routed to the
Internet service provider. Similarly, the packet may include information (which may be a
portion of the address) to determine whether a packet is Internet data. If the packet is
Internet data, the packet may be routed to the Internet service provider and, if not, the
packet may be routed to the voice service provider.

[0036] In some embodiments, there may a distribution point (not shown)
between the backhaul point and the AP. The distribution point, which may be a router,
may be coupled to a plurality of backhaul points and provides routing functions between
its backhaul points and its AP. In one example embodiment, a plurality of backhaul
points are connected to each distribution point and each distribution point (of which
there is a plurality) is coupled to the AP, which provides access to the Internet.

[0037] The PLCS also may include a power line server (PLS) that is a
computer system with memory for storing a database of information about the PLCS
and includes a network element manager (NEM) that monitors and controls the PLCS.
The PLS allows network operations personnel to provision users and network
equipment, manage customer data, and monitor system status, performance and
usage. The PLS may reside at a remote operations center to oversee a group of
communications devices via the Internet. The PLS may provide an Internet identity to
the network devices by assigning the devices (e.g., user devices, CTMDs, IDs (if

necessary), repeaters, backhaul points, and AP) an IP address and storing the IP
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address and other device identifying information (e.g., the device’s location, address,
serial number, etc.) in its memory. In addition, the PLS may approve or deny user
devices authorization requests, command status reports and measurements from the
CTMDs, repeaters, IDs (potentially), and backhaul points, and provide application
software upgrades to the communication devices (e.g., CTMDs, IDs (potentially),
backhaul points, repeaters, and other devices). The PLS, by collecting electric power
distribution information and interfacing with utilities’ back-end computer systems may
provide enhanced distribution services such as automated meter reading, outage
detection, restoration detection, load balancing, distribution automation, Volt/Volt-Amp
Reactance (Volt/VAr) management, and other similar functions. The PLS also may be
connected to one or more APs and/or core routers directly or through the Internet and
therefore can communicate with any of the CTMDs, repeaters, I1Ds, user devices, and
backhaul points through the respective AP and/or core router.

[0038] The user device connected to the power line modem (PLM) may be any
device cable of supplying data for transmission (or for receiving such data) including,
but not limited to a computer, a telephone, a telephone answering machine, a fax, a
digital cable box (e.g., for processing digital audio and video, which may then be
supplied to a conventional television and for transmitting requests for video
programming), a video game, a stereo, a videophone, a television (which may be a
digital television), a video recording device, a home network device, a utility meter, or
other device. The PLM transmits the data received form the user device through the
customer LV power line to an ID and provides data received from the LV power line to
the user device. The PLM may also be integrated with the user device, which may be a

computer. In addition, the functions of the PLM may be integrated into a smart utility
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meter such as a gas meter, electric meter, water meter, or other utility meter to thereby
provide automated meter reading (AMR).

[0039] The CTMD typically transmits the data to the backhaul point, which, in
turn, transmits the data to the AP. The AP then transmits the data to the appropriate
destination (perhaps via a core router), which may be a network destination (such as an
Internet address) in which case the packets are transmitted to, and pass through,
numerous routers (herein routers are meant to include both network routers and
switches) in order to arrive at the desired destination.

[0040] In a first embodiment of the present invention, one or more IDs are
communicatively coupled to a CTMD via a CTM. As illustrated in Figure 2, the IDs 7a
and 7b, which in this embodiment are Power Line Coaxial Interface Devices (PLCIDs),
interface the LV power lines 61 to the coaxial cable 50 (i.e., the CTM). Typically, a
single LV power line 61 (e.g., comprised of two energized conductors and one neutral
conductor) extends from the distribution transformer 60 and, after traversing some
distance, splits into numerous LV power lines with each LV power line extending to a
different customer premises CP. In this description, all of the LV power lines extending
from a distribution transformer to all of the customer premises are referred to collectively
as the LV subnet. Thus, a LV subnet may service a plurality of customer premises.

[0041] As is illustrated by Figure 2, the ID 7 may be coupled to the LV power
line near the distribution transformer 60 and, more particularly, communicatively
coupled to the LV power line prior to the place at which the LV power line splits into
multiple LV power lines. Such an installation allows the ID 7 to be mounted to the utility
pole (in overhead power line systems), provides convenient and rapid installation, and
may permit a more even power distribution (i.e., propagation) of the data signals

through the LV subnet.
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[0042] In this embodiment, the IDs 7 include a power signal filter (e.g., a high
pass filter that may comprise one or more capacitors) to prevent the sixty hertz power
signal carried by the LV power line 61 from reaching the coaxial cable 50. In addition,
the IDs 7 may include impedance translation circuitry, for example, to provide
impedance matching between the CTM (coaxial cable 50) and the LV power line 61.
The impedance translation circuitry may be comprised of a balun transformer. Thus, in
this embodiment the ID 7 may be a passive device (i.e., not requiring power) comprised
of the discussed filter and impedance translation circuitry.

[0043] In other embodiments, the ID 7 may also amplify the signal, for
example, via an analog amplifier circuit. For example, if each direction of
communication (upstream and downstream) employs a different frequency band, the ID
may have an amplifier and band pass filter for each direction of communications.
Alternately, the ID 7 may regenerate the data signal which may comprise repeating the
signal by receivingand processing the data (e.g., demodulating the signal, performing
error correction, channel coding, etc.) and then retransmitting the signal (e.g., by
modulating the signal, channel coding, etc.). All data may repeated or only select data
may be repeated. In still other embodiments, in addition to the repeater functionality,
the ID 7 may perform routing functions, Media Access Control (MAC), Internet Protocol
(IP) address processing, and/or the other functions described below in relation to the
CTMD 100.

[0044] As shown in Figure 2, the IDs 7 are in communication with the CTMD
100 via the coaxial cable 50. In this embodiment, the CTMD 100 also provides
communications to the customer premises CP that are coupled to the nearby
distribution transformer 60b. Thus, this CTMD 100 includes a first port for

communicating with the LV subnet, and a second port for communicating with the
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coaxial cable 50 to communicate data with the IDs 7. Additionally, in this embodiment,
the CTMD 100 communicates with an upstream device (e.g., a backhaul point) via the
same coaxial cable 50.

[0045] There are numerous methods of providing multiple communication
channels via a single CTM that could be used. In this embodiment, the CTMD 100 and
the upstream device (not shown) may communicate in a first frequency band (referred
to herein as the “backhaul link”) and the CTMD 100 and IDs 7 may communicate in a
second frequency band. In other embodiments, all the devices may use time division
multiplexing or some combination of frequency division and time division multiplexing.

[0046] The CTMD 100 alternately may have a third port (and transceiver) that
is communicatively coupled to the CTM for communications with the upstream device.
Alternately, the second port may be used for all communications of the CTMD 100 on
the CTM (e.g., communicating at both frequency bands through the same
port/connection).

[0047] Referring to Figure 3, this example embodiment of the system may
comprise one or more CTMs 50 that communicatively couple one or more respective
CTMDs 100 to a backhaul point 10. In the example shown in Figure 3, CTMD 100a is
communicatively coupled to the backhaul point 10 via coaxial cable 50a. CTMD 100b
and CTMD 100c also are communicatively coupled to the backhaul point 10 via coaxial
cable 50b.

[0048] CTMD 100a also is communicatively coupled to ID 7a and ID 7b via
coaxial cable 50a. In this embodiment ID 7a and ID 7z (and the other IDs of the figure)
are Power Line Coaxial Interface Devices. Each ID 7 in the figure interfaces a coaxial
cable 50 to a LV subnet. For example, ID 7a interfaces the LV subnet A to coaxial

cable 50a to communicatively couple the user devices in customer premises CP1, CP2,
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and/or CP3 with the CTMD 100a. Likewise, ID 7z interfaces the LV subnet Z to coaxial
cable 50a to permit communications between CTMD 100a with the user devices in the
customer premises of LV subnet Z.

[0049] For ease of discussion, CTMD 100a, ID 7a and its LV subnet A, and ID
7z and its LV subnet Z are referred herein to as “CTM subnet A.” Likewise, CTM subnet
B and CTM subnet C may have the same components (but perhaps more or less IDs
and LV subnets) and are indicated by the dotted rectangles in Figure 3. Thus, in the
embodiment, each CTM subnet is comprised of a CTMD 100, and one or more IDs 7,
with each ID 7 providing an interface between its LV subnet and the CTM.

[0050] As shown in Figure 3, the CTMDs 100 of CTM subnet B and CTM
subnet C are communicatively coupled to BP 10 via coaxial cable 50b. The BP 10 may
be coupled to one or more coaxial cables, with one or more CTMDs 100 coupled to
each coaxial cable. Thus, each CTMD aggregates the data from one or more IDs.
Similarly, the BP 10 in this embodiment aggregates the data from the CTMDs 100 and
the AP 20 aggregates the data from one or more BPs 10.

[0051] In this embodiment, data is communicated between each ID 7 and its
CTMD 100 in a first frequency band. Additionally, comrhunications between the
network elements of the CTM subnet (the IDs 7 and CTMD 100) may be time division
multiplexed in the first frequency band. Alternately, the CTMD 100 may transmit, and
the IDs 7 receive, in a first portion of the first frequency band and the IDs 7 may
transmit, and the CTMD 100 receive, in a second portion of the first frequency band.
Such IDs may therefore employ frequency translation circuitry, which is well known in
the art. This alternative also may employ time division multiplexing among the IDs 7

and may permit full duplex communications.
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[0052] In this example embodiment, data is communicated between each
CTMD 100 and the backhaul point 10 in a second frequency band. In one embodiment,
the backhaul point 10 and CTMDs 100 coupled to the coaxial cable 50 communicate in
the second frequency band via time division multiplexing (i.e., only one device coupled
to the same coaxial cable is transmitting at a time).

[0053] In another embodiment, each CTMD 100 may be allocated a different
portion of the second frequency band to transmit and receive data from the upstream
device (e.g., the backhaul point 10). In this embodiment, the backhaul point 10 shares
the allocated portion of the second frequency band and communication in that band is
achieved via time division multiplexing with each CTMD 100 (i.e., the backhaul point
transmits to each CTMD 100 when that CTMD 100 is not transmitting and vice versa).

[0054] In an alternative embodiment, each CTMD 100 is allocated a different
portion of the second frequency band (referred to herein as a CTMD band). However,
each CTMD band is further divided into a first and second sub-band. The CTMD
transmits data (and the backhaul point receives data) using carriers in a first frequency
band of the CTMD band. Likewise, the backhaul point 10 transmits data (and the
CTMD receives data) using carriers in a second frequency band of the CTMD band.
Thus, this embodiment employs frequency division multiplexing and may permit full
duplex communications between the CTMDs 100 and the backhaul point 10 or other
upstream device.

[0055] In addition, the IDs 7 of each CTM subnet may use different frequency
bands so that the IDs of one CTM subnet do not interfere with those of another CTM
subnet. Likewise, such a frequency allocation prevents the IDs 7 of one CTM subnet
from communicating with the CTMD 100 of another CTM subnet and the CTMD 100 of

a first CTM subnet from communicating with the IDs of another CTM subnet.
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[0056] Employment of the first embodiment may require installation of a CTM
such as coaxial cable. The marginal increase in cost of simultaneously installing a
second CTM may be relatively small. Thus, in the second embodiment of the present
invention, a second CTM, such as a second coaxial cable, is installed as shown in
Figures 4a and 4b. (Figure 4a is a schematic representation of the embodiment that
does not depict the MV power line.) In this embodivment, coaxial cable 50a1 provides a
communication link between the IDs 7 in CTM subnet B and their CTMD 100b.
Likewise, coaxial cable 50a2 provides a communication link between the IDs 7 in CTM
subnet C and their CTMD 100c. Coaxial cable 50b, provides a communication link
between the CTMDs 100 and the backhaul point 10 or other upstream device (e.g.,
distribution point, or aggregation point).

[0057] As shown in Figures 4a, coaxial cable 50b provides a backhaul link and
couples a number of CTM subnets to the backhaul point 10 (or other upstream device).
However, coaxial cable 50a, referred to herein as a subnet link, communicatively
couples together only those network elements of a single CTM subnet. For example,
coaxial cable 50a2 communicatively couples the CTMD 100c¢ and the three IDs 7 of
CTM Subnet C together. In practice, it is likely that the two CTMs (50a and 50b) will be
installed in parallel and the CTM forming the subnet link (coaxial cable 50a) bisected at
various points to separate the subnet links.

[0058] In this embodiment, upstream data signals will flow from the user
devices (e.g., via a power line modem) through the LV power lines, through the ID 7,
through the subnet link (e.g., coaxial cable 50a1 or 50a2), through the corresponding
CTMD 100, through the backhaul link (e.g., coaxial cable 50b), to the upstream device
(e.g., backhaul point 10). Downstream traffic flows from the backhaul point 10, through

the backhaul link (50b), through the addressed CTMD 100, through the corresponding
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subnet link, through the ID(s) 7, through the LV power line(s), to the addressed user
device (e.g., via the power line modem).

[0059] Separating the subnet links provides a number of benefits. For
example, the IDs 7 of different CTM subnets may use the same frequencies because
the subnet links are effectively isolated. In other words, the IDs 7 of different CTM
subnets are not communicatively coupled via a CTM (as in the first embodiment) and,
therefore, the IDs 7 of different CTM subnets cannot interfere with each other when
using the same frequency and cannot communicate with the CTMD 100 of a different
CTM subnet.

[0060] Another benefit is that there is about twice as much bandwidth available
for communications. Thus, the subnet link may use the entire bandwidth of the CTM for
communications between the IDs 7 and the CTMD 100. Similarly, the backhaul point 10
and the CTMDs 100 may use the entire bandwidth of the backhaul link for
communications. Thus, each CTMD 100 isolates and (and couples) communications
between its CTM subnets, and its subnet link, from (to) the backhaul link and backhaul
point 10.

[0061] In a third embodiment of the present invention, a CTM communicatively
couples one or more LV subnets to the CTMD via one or more IDs. The CTMD
communicates with the upstream device via the existing MV power line, which provides
the backhaul link. In some prior art systems, a transformer bypass device is installed at
each distribution transformer to pass data between the LV subnet and the MV power
line. However, each bypass device may be expensive. Additionally, coupling to the MV
power line typically requires personnel trained to work with dangerous medium voltages
which may make installation costly. Consequently, a system that couples to the MV

power line at fewer locations, also may be less expensive to manufacture and install.
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[0062] As shown in Figure 5, this embodiment includes two IDs 7a and 7b that
communicatively couple each of their respective LV subnets to the coaxial cable 50.
Additionally, a CTMD 100 is coupled to the coaxial cable 50 via a first port. A second
port of the CTMD 100 is coupled to the MV power line.

[0063] Data from a user device traverses the LV power line and is coupled onto
the coaxial cable 50 via the ID 7. The data traverses the coaxial cable and is received
by the CTMD 100, which may perform processing of the data signal. The CTMD 100
may then transmit the data over the MV power line. The data traverses the MV power
line until reaching an upstream device such as a backhaul point. After receiving and
processing the data, the backhaul point may transmit the data upstream via its
upstream communication link, which may comprise a fiber optic cable, a wireless link, a
twisted pair, a DSL link, a coaxial cable, an Ethernet cable, or another link.

[0064] Similarly, the power line CTMD 100 receives data from the backhaul
point addressed to a user device and may transmit the data downstream to the user
device (e.g., by using the frequency band and/or address (if any) of the ID 7 or that
corresponds to the user device). The addressed user device may then receive and
utilize the data.

[0065] In some embodiments, such as those communicating through overhead
MV conductors, data signals may couple across the MV conductors. In other words,
data signals transmitted on one MV phase conductor may be present on all of the MV
phase conductors due to the déta coupling between the conductors. As a result, the
backhaul point 10 may not need to be physically connected to all three phase
conductors of the MV cable and transmission from the backhaul point 10 when coupled
to one MV phase conductor will be received by the CTMDs 100 connected to the other

MV phase conductors and vice versa. In some embodiments, however, which may
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include underground MV cables, itr may be desirable to couple the backhaul point 10 to
all of the available phase conductors.

[0066] As will be evident to one skilled in the art from this description, the use
of the MV power line as part of the backhaul link may be used in conjunction with any of
the other embodiments described herein such as, for example, the embodiment shown
and described in relation to Figures 4a-b.

[0067] The CTM (e.g., coaxial cable) may used to couple together one or more
LV subnets and a CTMD 100 — all of which receive power from the same MV phase
conductor. Alternately, the CTM may be coupled to a one or more IDs 7 (a first ID
group) that are coupled to LV subnets receiving power from a first MV phase conductor
and a second group of IDs 7 that are coupled to LV subnets that receive power from
one or more different MV phase conductors.

[0068] As shown in Figure 6, often a first MV power line 2a (e.g., comprised of
one to three MV phase conductors) runs parallel to (and along side) a street on a first
side of the street and a second MV power line 2b may run along the other side of the
street. Instead of installing CTMDs 100 on both sides of the street, a CTM 50 may be
used to couple the CTMD 100 on one side of the street to one or more IDs 7 (and their
respective LV subnets) on the other side of the street. Figure 6 illustrates two |Ds 7a
and 7b that provide communications for LV subnets that receive power from MV power
line 2b. However, these IDs 7a and 7b are communicatively coupled to CTMD 100 (via
CTM 50), which is also communicatively coupled to IDs 7c and 7d (via CTM 50) that
have LV subnets that receive power from a different MV power line, namely MV power
line 2a. In addition, CTMD 100 may provide communications to and receive power from
LV subnet A, which also receives power from MV power line 2a (which is different from

MV power line 2b).
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[0069] In another alternate embodiment, the CTMD may communicate with the
backhaul point, for example, wirelessly, via a fiber optic cable, a twisted pair, a DSL
connection, Ethernet connection, the medium voltage power line (e.g., using surface
waves), or other communications medium.

[0070] As will be evident to those skilled in the art, the CTMD 100 may be in
communication with numerous IDs such as three, five, ten, or more PLCIDs thereby
servicing six, twelve, twenty-four, or more customer premises. In the network, there
may be numerous CTMDs each providing communications for numerous [Ds that each
provide communications for numerous user devices in numerous customer premises.
The plurality of CTMD may be coupled to one or more backhaul points via the same
and/or different communication medium (e.g., coaxial cable or fiber optic cable).

[0071] Each CTMD (and IDs if an active device) may be coupled to the LV
power line to receive power therefrom and to provide communications to the user
devices of the customer premises coupled to those LV power lines. Thus, the CTMD
and IDs may be communicatively coupled to one or more of the energized power line
conductors of the LV power line as discussed in the incorporated application.

[0072] The LV power line is comprised of two energized conductors and
neutral conductor. After the two LV energized conductors enter the customer premises,
typically only one LV energized conductor will be present at each wall socket where a
power line modem might be installed (e.g., plugged in). Given this fact regarding the
internal customer premises wiring, there is no way to know to which LV energized
conductor the PLID (and user device) will be connected. In addition, the subscriber may
move the PLID and user device to another socket to access the PLCS and the new
socket may be coupled to the second (different) LV energized conductor. Given these

facts, the network designer must supply communications on both LV energized
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conductors and, therefore, would be motivated to simultaneously transmit the PLC RF
data signal on each LV energized conductor referenced to the neutral conductor.
However, in comparison to transmitting the RF data signals on both energized
conductors referenced to the neutral, the following method of providing communications
on the LV energized has been found to provide improved performance.

[0073] One example of an ID 7 is shown in Figure 7. In this embodiment, the
IDs 7 is a passive device while other embodiments may be active devices (e.g., drawing
power from the LV power line. This ID 7 is comprised of an impedance translation
circuit and a filter. The circuit of this embodiment is comprised of a transformer having
a first winding coupled to a conductor pair 436, which traverse through a common mode
choke. The common mode choke provides a very low impedance to differential currents
in the two conductors 436a,b, but provides a significant or high impedance to common
mode currents (i.e., currents traveling in the same direction such as in or out). The two
conductors 436a,b may also be coupled to ground by an impedance Z3, which may be
a resistive impedance. In addition, each conductor 436a,b includes a series impedance
Z1, which may be a capacitive impedance, or other high pass filter component(s), for
impeding the 60 Hz power signal and permitting the RF data signal to pass substantially
unimpeded. Such impedances may be on either side of the common mode choke, but
are preferably on the LV power line side of the choke.

[0074] Additionally, each conductor 436 may include a surge protection circuit,
which in Figure 7 are shown as 81 and S2. Finally, the cable 436 may be comprised of
a twisted pair of conductors between the ID enclosure and LV power line. As will be
evident to those skilled in the art, the twisted pair cable 436 may have an impedance

(determined by the geometry of the cable) as represented by Z2. This impedance Z2
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may be modeled by a resistive component and an inductive component. The inductive
component also may cause coupling between the two twisted wired conductors.

[0075] While not shown in the figures, the circuit of either also may include a
fuse in series with each conductor and a voltage limiting device, such as a pair of
oppositely disposed zener diodes, coupled between the pair of conductors and may be
located between the common mode choke and the transformer. In an alternate
embodiment, one of the conductors of the ID cable(s) 436 a or b may used to supply
power to the power supply of the ID 7 to power the ID 7 if a power supply were present
(e.g., to power an amplifier, modem, processor, and/or other circuitry).

[0076] The transformer of Figure 7, which is a balun and provides impedance
matching, also has a second winding that is coupled to the coaxial cable through
impedances Z4 and conductors 13a and 13b. In an alternate embodiment the balun
may be designed so that it does not communicate or transfer the power signal but does
communicate the data signals and thereby provides high pass filtering.

[0077] Both impedances Z4 in this example embodiment are of the same value
and are resistive. In other embodiments, each Z4 may be of a different value and
include a reactive component (e.g., capacitive or inductive) in order to filter the LV
power signal and/or to provide the appropriate impedance matching, or other desirable
circuit characteristic. Conductor 13a of the ID 10 is coupled to the center conductor of
the coaxial cable 50 and conductor 13b of the ID 10 is coupled to the concentric shield
conductor of the coaxial cable 50.

[0078] As a result of the above described low voltage interface circuit, the data
signal is applied to the first and second LV energized conductors differentially. In other
words, with reference to the neutral conductor, the voltage signal (representing the

data) on the second LV energized conductor is equal in magnitude and opposite in
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polarity of the voltage on the first LV energized conductor. Similarly, the current flow
representing the data on the second LV energized conductor will be the opposite of the
current flow on the first LV energized conductor in magnitude and direction. It has been
found that differentially driving the LV energized conductors as described provides
significant performance improvements over methods, which may result from reduced
reflections, improved signal propagation, and impedance matching among other things.
It is worth noting the transmit circuit of this and the following embodiments may transmit
data signals with multiple carriers (e.g., eighty or more) such as with using an
Orthogonal Frequency Division Multiplex (OFDM) modulation scheme.

[0079] It is worth noting that these embodiments of the present invention drive
the first and second LV energized conductors differentially to transmit the data signal
(e.g., using OFDM). However, the PLM transmits data signals from the customer
premises to the ID 7 by applying the data signal to one conductor (e.g., one energized
conductor) referenced to the other conductor such as a ground and/or neutral.

[0080] While in this embodiment the two energized conductors are opposite in
magnitude, other embodiments may phase shift the data signal on one conductor
(relative to the data signal on the other conductor) by forty-five degrees, ninety degrees,
one hundred twenty degrees, one hundred eighty degrees, or some other value, in
addition to or instead of differentially driving the two conductors.

[0081] Other embodiments of the ID 7 may include an amplifier that draws
power from the low voltage powér line. More specifically, the power signal from the LV
power line supplies power to a power supply (e.g., that includes a rectifier and filter
circuit) that powers one (for unidirectional) or two (for bi-directional) amplifiers for

amplifying of the signal.
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[0082] In still another embodiment, the ID 7 may further include a regeneration
module that comprises a power line modem chip set circuit that communicates data via
the LV power line. In addition, the regeneration module comprises a CTM transceiver.
The CTM transceiver receives a data input (e.g., an input from the power line modem or
a router) and transmits the data via the CTM (e.g., coaxial cable). As will be evident to
those skilled in the art, transmission may comprise filtering, modulation, error coding,
channel coding, MAC processing, etc.

[0083] Thus, the ID 7 may filter, demodulate, decrypt, convert, re-modulate,
and encrypt the data received from each medium for transmission onto the other
medium. The ID 7 may convert data signals from the power line that are in a first
frequency band, and in a first modulation scheme to a different frequency band and
different modulation scheme for transmission through the coaxial cable (and vice versa).
Thus, the ID 7 may also provide frequency shifting.

[0084] In some embodiments the interface device 7 may perform the same
functions as those described for the CTMD below. For convenience, some of those
functions include Media Access Control (MAC) processing, data filtering, routing, packet
prioritizing (e.g., especially for IP telephony voice data), access control, and others.
Thus, an ID may comprise a processor, memory, and software programming stored
therein for performing those functions.

[0085] In another embodiment, in addition to or instead of a balun, the ID may
comprise a capacitor (and perhaps a resistor) that permits communication of the data
signal but prevents communication of the power signal (e.g., forming a high pass filter).

[0086] The example CTMD described herein, provides bi-directional
communications and may comprise a CTM interface, a transceiver, a controller, and a

power supply. The power cable may simply be connected to a low voltage power line
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(e.g., an energized and neutral conductor), which supplies power to the power supply
that converts the AC signal to a DC signal for powering the components of the CTMD.

[0087] The CTM interface 283 of this example embodiment (shown in Figure 8)
interfaces the CTM to the CTM to provide communication to both the IDs and the
upstream device, which in this embodiment is a coaxial cable. As discussed above, this
may be accomplished by using a different frequency band for the upstream
communications (to the backhaul point) and downstream communications (to the 1Ds).
As shown in Figure 8, this embodiment may use two modems 281 and 282 (or two
modem chip sets) with one providing downstream communications and the other
providing upstream communications. Both modems may be identical with the
appropriate frequency translation circuitry and filter to provide communications in the
appropriate frequency bands. Alternately, a single modem may be used, for example,
for a system that employed a single frequency band and time division multiplexed
(TDM) communications. The controller 310 may comprise routing functions and
software executable to control the operation of the CTMD as will be discussed in more
detail below.

[0088] The CTM interface may be the same CTM interface as described for the
ID 7 and as shown by the dashed rectangle in Figure 7 and comprising a balun
(transformer providing impedance matching), impedances Z4 (e.g. resistors), and
conductors 13a, 13b connected to the winding of the balun. Other embodiments may
employ a conventional resistor, capacitor, and/or inductor circuit to provide filtering and
impedance matching.

[0089] In another embodiment, the CTMD 100 may comprise a second CTM
interface for communicating via a second CTM. In still another example embodiment,

the CTMD may comprise a CTM interface, a controller, and a MV power line interface.

26



WO 2005/008903 PCT/US2004/021448
The MV power line interface communicates over the MV power line via an MV power
line coupler. The coupling device may be inductive, capacitive, conductive, a
combination thereof, or any suitable device for communicating data signals to and/or
from the MV power line.

[0090] In still another embodiment of a coupler, the coupler includes an
inductive coupling device having a toroid with windings that form part of a coupling
transformer. In addition, the coupler includes a power coupling device (e.g., a toroid
transformer) that supplies electrical energy to a power supply to power the electronics
on the MV side of the CTMD.

[0091] Another example of such a suitable MV coupler is described in U.S.
Application No. 10/348,164, Attorney Docket No. CRNT-0143, entitled “A Power Line
Coupling Device and Method of Using the Same, “ filed January 21, 2003, which is
hereby incorporated by reference. This coupler itself provides isolation by using the
isolation provided by a standard underground residential distribution MV cable (although
it may be used in an underground or overhead application). Thus, this coupler provides
electrical isolation from the MV voltages while communicating signals to and from the
MV power line.

[0092] Depending on the communication scheme, the CTMD 100 may include
the same or different frequency filtering as its associated IDs. For example, if the IDs
and CTMD 100 receive data signals in the same frequency band then the filtering may
be substantially the same (i.e., TDM). If the IDs and CTMD 100 receive data signals in
different frequency bands, then the filtering may be different. In addition, the CTMD 100
may include multiple filters in order to receive data from multiple IDs and the upstream
device (e.g., a backhaul point 10). These filters may be communicatively coupled to the

same input port and transceiver or may be coupled to a different input port and
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transceiver. In yet another embodiment, the CTMD 100 may comprise a separate CTM
transceiver (and filter) for backhaul point and for each ID (e.g., in an embodiment
employing frequency division multiplexing). However, instead of employing multiple
transceivers, it may be desirable to use one transceiver and frequer]cy shift the output
to the designated frequency band of the targeted destination device.

[0093] Likewise, the CTM transceiver receives data from the CTM and may
convert the data to a different format by demodulating, error decoding, channel
decoding, etc. the data. The CTM transceiver(s) may be any transceiver(s) suitable for
communicating according to the desired communication scheme and through the CTM
such as, for example, a power line modem, an Ethernet modem, a DSL modem, a cable
modem, a satellite modem, an 802.11 transceiver,

[0094] As discussed, the controller includes the hardware and software for
managing communications and control of the CTMD 100. In this embodiment, the
controller 310 includes an IDT 32334 RISC microprocessor for running the embedded
application software and also includes flash memory for storing the boot code, device
data and configuration information (serial number, MAC addresses, subnet mask, and
other information), the application software, routing table, and the statistical and
measured data. This memory includes the program code stored therein for operating
the processor to perform various applications including, for example, routing functions
described herein.

[0095] This embodiment of the controller also includes random access memory
(RAM) for running the application software and temporary storage of data and data
packets. This embodiment of the controller also includes an Analog-to-Digital Converter
(ADC) for taking various measurements, which may include measuring the temperature

inside the CTMD 100 (through a temperature sensor such as a varistor or thermistor),
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for taking power quality measurements of the LV power line, detecting power outages,
detecting power restoration, measuring the outputs of feedback devices, and others.
The embodiment also includes a “watchdog” timer for resetting the device should a
hardware glitch or software problem prevent proper operation to continue.

[0096] As discussed, the controller may comprise a router. The router
performs prioritization, filtering, packet routing, access control, and encryption. The
router of this example embodiment of the present invention uses a table (e.g., a routing
table) and programmed routing rules stored in memory to determine the next destination
of a data packet. The table is a collection of information and may include information
relating to which interface leads to particular groups of addresses (such as the
addresses of the user devices connected to the customer LV power lines), priorities for
connections to be used, and rules for handling both routine and special cases of traffic
(such as voice packets and/or control packets).

[0097] The router will detect routing information, such as the destination
address (e.g., the destination IP address) and/or other packet information (such as
information identifying the packet as voice data), and match that routing information with
rules (e.g., address rules) in the table. The rules may indicate that packets in a
particular group of addresses should be transmitted in a specific direction such as
through the upstream interface, the downstream interface, or be ignored (e.g., if the
address does not correspond to a user device connected to the LV power line or to the
CTMD 100 itself).

[0098] As an example, the table may include information such as the IP
addresses (and potentially the MAC addresses) of the user devices on the CTMD’s LV
subnets, the MAC addresses of the PLMs on the CTMD’s LV subnets, the upstream

subnet mask (which may include the MAC address and/or IP address of the CTMD’s
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backhaul point 10), and the IP address of the CTMD’s upstream transceiver and
downstream transceiver. Based on the destination IP address of the packet (e.g., an IP
address), the router may pass the packet to the interface for transmission. Alternately,
if the IP destination address of the packet matches an IP address of the CTMD 100, the
CTMD 100 may process the packet as a command.

[0099] In other instances, such as if the user device is not provisioned and
registered, the router may prevent packets from being transmitted from the user to any
destination other than a DNS server or registration server. In addition, if the user device
is not registered, the router may replace any request for a web page received from that
user device with a request for a web page on the registration server (the address of
which is stored in the memory of the router).

[0100] The router may also prioritize transmission of packets. For example,
data packets determined to be voice packets may be given higher priority for
transmission through the CTMD 100 than data packets so as to reduce delays and
improve the voice connection experienced by the user. Routing and/or prioritization
may be based on IP addresses, MAC addresses, subscription level, or a combination
thereof (e.g., the MAC address of the PLM or IP address of the user device).

[0101] In addition to storing a real-time operating system and routing code, the
memory of controller of the CTMD 100 also includes various program code sections
such as a software upgrade handler, software upgrade processing software, the PLS
command processing software (which receives commands from the PLS, and
processes the commands, and may return a status back to the PLS), the ADC control
software, the power quality monitoring software, the error detection and alarm
processing software, the data filtering software, the traffic monitoring software, the

network element provisioning software, and a dynamic host configuration protocol
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(DHCP) Server for auto-provisioning user devices (e.g., user computers) and
associated PLIDs.

[0102] A detailed description of such commands and communications with the
PLS, auto-provisioning of network components, provisioning of new users and other
features implemented in a network element (e.g., a bypass device), backhaul points,
and other components and features employed by the present invention are described in
U.S. Patent Application No. 10/641,689 filed August 14, 2003, Atforney Docket No.
CRNT-0178, entitled “Power Line Communication System and Method of Operating the
Same,” which is hereby incorporated by reference in its entirety.

[0103] As discussed, the CTMD and ID of the above embodiments
communicate data to user devices via the LV power line. Rather than communicating
data to the PLM and/or user devices via the LV power line, the CTMD and/or ID may
use other communications mediums. For example, the CTMD and/or the ID may
convert the data signals to a format for communication via a telephone line, fiber optic
cable, or coaxial cable. Such communications may be implemented in a similar fashion
to the communication via the LV power line as would be well known to those skilled in
the art. In this instance, the ID would likely be a powered device and draw power from
the LV power line through a power supply to power the transceiver for the
communications medium.

[0104] In addition, the CTMD and/or ID may convert the data signals to radio
signals for communication over a wireless communication link to the user device. In this
case, the user devices may be coupled to, or incorporate in, a radio transceiver for
communicating through the wireless communications link. The wireless
communications link may be a wireless local area network implementing a network

protocol in accordance with an IEEE 802.11 (e.g., a, b, or g) standard. Again, in this
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embodiment, the ID may be a powered device and draw power from the LV power line
through a power supply to power the transceivers. Alternately, the ID may simply feed a
functionally separate wireless radio transceiver the data signals with the wireless
transceiver drawing power from the LV power line through a power supply. Alternately,
the coaxial cable (or other CTM) may communicate 802.11 signals and the ID may be
comprised of a coaxial cable (or other CTM) interface, and a directional antenna. The
ID may also include a power supply, an impedance matching circuit, and an amplifier for
amplifying transmitted and/or received data signals (e.g., a first and second amplifier for
amplifying data signals in each frequency band that correspond to the upstream and
downstream data flow).

[0105] Alternately, the CTMD (or ID) may communicate with the user devices
via a fiber optic link. In this alternative embodiment, the CTMD (or ID) may convert the
data signals to light signals for communication over the fiber optic link. In this
embodiment, the customer premises may have a fiber optic cable for carrying data
signals, rather than using the internal wiring of customer premise.

[0106] Finally, the type of data signal coupled by the coupling device may be
any suitable type of data signal. The type of signal modulation used can be any suitable
signal modulation used in communications (Code Division Multiple Access (CDMA),
Time Division Multiple Access (TDMA), Frequency Division Multiplex (FDM), Orthogonal
Frequency Division Multiplex (OFDM), and the like). OFDM may be used any or all of
the LV power lines, backhaul link, and CTM. A modulation scheme producing a
wideband signal such as CDMA that is relatively flat in the spectral domain may be used
to reduce radiated interference to other systems while still delivering high data

communication rates.
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[0107] It is to be understood that the foregoing illustrative embodiments have
been provided merely for the purpose of explanation and are in no way to be construed
as limiting of the invention. Words used herein are words of description and illustration,
rather than words of limitation. In addition, the advantages and objectives described
herein may not be realized by each and every embodiment practicing the present
invention. Further, although the invention has been described herein with reference to
particular structure, materials and/or embodiments, the invention is not intended to be
limited to the particulars disclosed herein. Rather, the invention extends to all
functionally equivalent structures, methods and uses, such as are within the scope of
the appended claims. Those skilled in the art, having the benefit of the teachings of this
specification, may affect numerous modifications thereto and changes may be made

without departing from the scope and spirit of the invention.
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What is claimed is:

1. A power line communications system for providing communications for
one or more user devices via one or more low voltage power line subnets, the system
comprising:

a first communications device comprising a first non-power line communications
medium interface, and a backhaul link interface in communication with said first non-
power line communications medium interface;

a second communications device comprising a second non-power line
communications medium interface and a first low voltage (LV) power line interface in
communications with said second non-power line communications medium interface;

wherein said second communications device is in communication with said first
communications device via a non-power line communications medium communicatively
coupled to said second non-power line communications medium interface of said
second communications device and to said first non-power line communications
medium interface of said first communications device; and

wherein said second communications device is in communication with one or
more of the user devices via a first low voltage power line subnet communicatively
coupled to said first LV power line interface.

2. The system of claim 1, comprising:

a third communications device comprising a third non-power line
communications medium interface, and a second low voltage power line interface in
communications with said third non-power line communications medium interface;

wherein said third communications device is in communication with said first
communications device via a non-power line communications medium communicatively

coupled to said third non-power line communications medium interface of said third

34



WO 2005/008903 PCT/US2004/021448

communications device and to said first non-power line communications medium
interface of said first communications device; and

wherein said third communications device is in communication with one or more
of the user devices via a second low voltage power line subnet communicatively
coupled to said secondlLV power line interface.

3. The system of claim 1, further comprising a backhaul point comprising a
downstream interface and wherein said first communications device is in
communication with said backhaul point via a backhaul link communicatively coupled to
said backhaul link interface and said downstream interface.

4, The system of claim 3, wherein said backhaul link comprises a wireless

communication link.

5. The system of claim 3, wherein said backhaul link comprises a fiber optic
link.

6. The system of claim 3, wherein said backhaul link comprises a coaxial
cable.

7. The system of claim 3, wherein the non-power line communications

medium comprises a coaxial cable.

8. The system of claim 7, wherein said coaxial cable comprising said
backhaul link also comprises the non-power line communications medium.

9. The system of claim 7, wherein the coaxial cable comprising said
backhaul link is coupled to said coaxial cable comprising said the non-power line
communications medium via said first communications device.

10.  The system of claim 3, wherein said backhaul link comprises a medium

voltage power line.
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11.  The system of claim 3, wherein the communications medium comprising
said backhaul link also comprises the non-power line communications medium.

12.  The system of claim 3, wherein the communications medium comprising
said backhaul link is coupled to the non-power line communications medium via said
first communications device.

13.  The system of claim 1, wherein said first communications device further
comprises a first transceiver in communication with said non-power line
communications medium interface.

14.  The system of claim 13, wherein said first communications device further
comprises a second transceiver in communication with said backhaul interface.

15.  The system of claim 14, wherein said first communications device further
comprises a router in communication with said first transceiver and said second
transceiver.

16. The system of claim 1, wherein the second communications device
comprises a first high pass filter communicatively coupled to said low voltage interface.

17. The system of claim 1, wherein the non-power line communications
medium comprises a coaxial cable.

18. A method of providing communications, comprising:

at a first low voltage interface device:

receiving first data transmitted via a low voltage power line from a first
user device;
transmitting said the data over a non-power line communications medium;
at a second device:
receiving the first data transmitted via the non-power line communications

medium from the first low voltage interface device;
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transmitting the first data over a backhaul link; and
at a backhaul point:
receiving the first data transmitted via the backhaul link from the second
device.
19.  The method of claim 18, further comprising:
at a second low voltage interface device:
receiving second data transmitted via a low voltage power line from a
second user device;
transmitting the second data over a non-power line communications
medium; and
at the second device:
receiving the second data ftransmitted via the non-power line
communications medium from the second low voltage interface device; and
transmitting the second data over the backhaul link.
20.  The method of claim 18, further comprising:
at the second device:
receiving second data from a second user device;
prioritizing the first data and the second data;
transmitting the second data over the backhaul link; and
wherein said transmitting the first data and transmitting the second data are
based on said prioritizing of the first data and the second data.
21.  The method of claim 20, wherein the first data comprises voice data.
22.  The method of claim 21, wherein the second data comprises Internet data.

23.  The method of claim 20, wherein the first data comprises video data.
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24. The method of claim 20, wherein the first data and the second data
comprise voice data.

25.  The method of claim 20, wherein the second data is received via the non-
power line communications medium and transmitted via a low voltage interface device.

26. The method of claim 18, wherein the backhaul link comprises a wireless
communication link.

27. The method of claim 18, wherein the backhaul link comprises a fiber optic
link.

28. The method of claim 18, wherein the backhaul link comprises a coaxial
cable.

29. The method of claim 18, wherein the non-power line communications
medium comprises a coaxial cable.

30. The method of claim 18, wherein the non-power line communications
medium comprises a fiber optic link.

31. The method of claim 18, wherein the backhaul link comprises a medium
voltage power line.

32. The method of claim 18, wherein the backhaul link is coupled to the non-
power line communications medium via the first communications device.

33. The method of claim 18, wherein the backhaul link comprises the non-
power line communications medium.

34. A power line communications system for providing communications for
one or more user devices via one or more low voltage power line subnets, the system

comprising:
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a plurality of first communications devices, each comprising a first non-power line
communications medium interface, and a backhaul link interface in communication with
said first non-power line communications medium interface;

a plurality of groups of second communications devices, each second
communications device comprising a second non-power line communications medium
interface and a first low voltage (LV) power line interface in communication with said
second non-power line communications medium interface;

wherein each said second communications device is in communication with one
of said plurality of said first communications device via a non-power line
communications medium communicatively coupled to said second non-power line
communications medium interface of said second communications device and to said
first non-power line communications medium interface of said first communications
device;

wherein said second communications device is in communication with one or
more of the user devices via a first low voltage power line subnet communicatively
coupled to said first LV power line interface; and

wherein each said second communications device of each group is
communicatively coupled at least one other second communications device in said
same group via the non-power line communications medium.

35.  The system of claim 34, wherein each said second communications
device in each group is communicatively isolated from other second communications

device in other groups.

39



PCT/US2004/021448

WO 2005/008903

aul Jamod
abejjon Mo

09 JawWliojsuel

uopnquisic

1/9

}IOMISN

sosjwald
obe}jon-moT

aur

KOG XXX

Jomod ebeyo/ Wnipay

uonesgns

Jewiojsuel |
uoneysqng

O sesiulald Jewolsny

L 2inbi4

S19MO | UOISSILUsU.l |

abeyoN-ubiH

Seul uoissiwsuel | |ﬂ(

abe)joN-ubiH 82JN0S UONEIBUSL) JaMOd



PCT/US2004/021448

2/9

WO 2005/008903

Z 2inbi4

dO

el9

n dO
: 0¢G elged
| jeixeo)

Qs
EL

\
209 /M»

-
Juiod

ineysoeg

209 5 aur Jeamod

0 wiojsuel '
Jawiiojsuel | q09 h: _L:u,_bw_ L By wnip
uonngLysia Jeuuojsuel onngiysiq SLEHOA Wnipsiy

uonnguysi



PCT/US2004/021448

WO 2005/008903

lllllll —— 1
| N
" 1dD "
! I A
i |
" “
1
“ 17
ov _ €d0 _
_ “
: "
el “
VY sudng Al “ ¢dd mr .TD
b T N |
e/ dl
(7]
&
T T 1 N1
|
_ f
\ _
| ZRUINSAT |
I
i | 1a
b e e e e e e e ] \ S
Z, dl —
B0G a|qeD xmoO\‘

B0G 8]qe) Xe0nH

€00} ANLD

¢ ainbi4

09

Z aur Jemod AN

A
| g HH Loweudans AT
— al [ zougns A1
200} ANLD
— dl [ €01uUgns A1 /
O PuUgng LD
— q00l AnLD -
g 1eugns LD
ssqi pue
1 g sleugns Al ol
02
d0g SIqeD XeoD _ |
\ dg dv

L aur Jamod AW




PCT/US2004/021448

4/9

WO 2005/008903

¢e0g 9|qe) xeo)

T

|
|
~
_
£dl I“ 29 JBUANS AT m _
_
|
|
_

|
|
[ —
q0g ejqeD Xeon “ i
/ “ LQI[T €D1RUINS AT | 7/

llllllll _ 2 38Ugns 1D
|
LB0S 8|qeD Xeo) ~_ 9001 ANLD _A/.
Sha| e . g j1eugng W19
| | SSQlpue | |
gsjleuans A1) |
‘ _r lllllllll i 0t
| 0z
T |
e ainbi4
40§ 2lqeD Xeon dd a




PCT/US2004/021448

WO 2005/008903

5/9

-
1ul0d

newpjoeyg

d ©inbi4

do d9

do -
—7 B0G 9|qe)
a9 [eixeo)

\ q05 e|qeD

do

N _m_xmoo
l\oo_\ A\.\\\n\.\\\
D\ T

209 q09 €09 aur Jemod
Jswiojsuel | JOULIOJSUBI | Jswiojsuel | SBENOA WNIPSJ
uopnquasiqg uonnquisiq uonnqisig



PCT/US2004/021448

WO 2005/008903

6/9

G 2inbi

dO
dO
EeL9
: d0
0G ol9ed
e , [eIxeoD
- \
JuIod
[neujoeg %
€09 }Mf
Jsuiuojsuel | Jsuuojsues | sury Jemod
uonnqusiy 09 uonnguisiq afejjon wnipspy
JauwlosueRl |
uonnqusiq



PCT/US2004/021448

WO 2005/008903

779

9 2.nbi
SdD 0L
VISUANS AT sd oL 05 LD Scv oL

oL dl

N

ez aury jamod AN 00L dNLOD

}o2llS ﬁ lllllllllllllllllllllllllllllllllllll

o 0
gg sul Jemod AN » : e/l €09 14
qz dl
S4d0 0L 0S NLD SdD OL
g _sugng Al V 12ugng Al



PCT/US2004/021448

WO 2005/008903

8/9

Joonpuon
[eineN AT

\ lopnpuo)
pazibleu3

\ A pu0deg

lojonpuo)
pazibisug

\ AT 1S4

[#4

lled pajsim]

J 2inbi4

(4

L
—
w

AMOoYH
SPOJ UoWWoD
qget _
974
4 | _
g\
€z
|4
1

QS 8jqe) [eIxeo)

vZ

vZ

i

Tm:tou,wcé 1 eg)!
)




PCT/US2004/021448

WO 2005/008903

9/9

Wopo
wealsdn

———¢8¢

Jojjonuon

ol¢

| eoeue|
ALLD €8¢
WBPON 18¢
weassumoq
0]
Addng Jemoq | eurebejop
moT o

q a.nbi4



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

