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MPEG Program Clock Reference (PCR)
Delivery for Support of Accurate Network Clocks

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

This present application claims priority to copending U.S. provisional application
having ser. no. 60/322,966, which was filed on September 18, 2001 and is entirely
incorporated herein by reference. Also, this present application claims priority to
copending U.S. provisional application having ser. no. 60/338,868, which was filed on
November 13, 2001 and is entirely incorporated herein by reference. In addition, this
present application claims priority to copending U.S. provisional application having ser.
no. 60/342,627, which was filed on December 20, 2001 and is entirely incorporated
herein by reference. Moreover, this present application claims priority to copending U.S.

provisional application having ser. no. 60/397,987, which was filed on July 23, 2002, and

~ is entirely incorporated herein by reference.

Furthermore, the present application is one of 6 related patent applications that are

being filed on the same day. The 6 patents listed by applicant docket number and title are

the following:

7901 - "Allocation of Bit Streams for Communication over Multi-Carrier
Frequency-Division Multiplexing (FDM)"

7902 - "MPEG Program Clock Reference (PCR) Delivery for Support of
Accurate Network Clocks"

7903 - "Multi-Carrier Frequency-Division Multiplexing (FDM) Architecture
for High Speed Digital Service"

7904 - "Multi-Carrier Frequency-Division Multiplexing (FDM) Architecture
for High Speed Digital Service in Local Networks"

7905 - '"Ethernet over Multi-Carrier Frequency-Division Multiplexing
(FDM)"

7977 - "Mapping of Bit Streams into MPEG Frames"

Also, the patent application with applicant docket number 7905, entitled "Ethernet
over Multi-Carrier Frequency-Division Multiplexing (FDM)", and filed the same day is
incorporated by reference in its entirety herein.
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FIELD OF THE INVENTION
The present invention relates generally to the field of communication networks
and systems for using frequency-division multiplexing to carry data across broadband

networks with the potential to support a plurality of subscribers at high data rates.

BACKGROUND OF THE INVENTION

Many solutions have been tried for delivering digital data services to customers
over cable networks. Historically, cable networks were designed for community antenna
television (CATV) delivery supporting 6 MHz analog channels that were frequency-
division multiplexed into a radio-frequency (RF) medium that was primarily coaxial cable
or coax. To support higher throughput and advanced digital services, many of these cable
TV networks migrated to a hybrid fiber-coax (HFC) architecture. With the development
of HFC networks to support advanced services, such as digital television channels, the
capability to provide bi-directional data services also evolved.

At present bi-directional data services are often available to customers using
systems based upon the DOCSIS (Data-Over-Cable Service Interface Specifications)
industry standards promulgated by Cable Television Laboratories or CableLabs. The
DOCSIS standards comprise many documents that specify mechanisms and protocols for
carrying digital data between a cable modem (CM), generally located at a customer
premises, and a cable modem termination system (CMTS), commonly located within the
headend of the service provider. Within distribution networks in the cable industry, data
flowing from a service provider to a customer premises is commonly referred to as
downstream traffic, while data flowing from a customer premises to a service provider is
generally known as upstream traffic. Although DOCSIS is a bridged architecture that is
capable of carrying other network protocols besides and/or in addition to the Internet
Protocol (IP), it is primarily designed and used for Internet access using IP.

Furthermore, for many cable system operators (also known as multiple system
operators\ or MSOs) the primary market for selling services such as cable TV, Internet
access, and/or local phone services has been residential customers. Although DOCSIS
cable modems could be used by business customers, DOCSIS was primarily designed to
meet the Internet access needs of residential users. To make the deployment of DOCSIS
systems economically feasible, the DOCSIS standards were designed to support a large

“2.



10

15

20

25

30

WO 03/026177 PCT/US02/29585

number of price-sensitive residential, Internet-access users on a single DOCSIS system.
Though home users may desire extremely high speed Internet access, generally they are
unwilling to pay significantly higher monthly fees. To handle this situation DOCSIS was
designed to share the bandwidth among a large number of users. In general, DOCSIS
systems are deployed on HFC networks supporting many CATV channels. In addition,
the data bandwidth used for DOCSIS generally is shared among multiple users using a
time-division multiple-access (TDMA) process.

In the downstream direction the DOCSIS CMTS transmits to a plurality of cable
modems that may share at least one downstream frequency. In effect the CMTS
dynamically or statistically time-division multiplexes downstream data for a plurality of
cable modems. In general, based on destination addresses the cable modems receive this
traffic and forward the proper information to user PCs or hosts. In the upstream direction
the plurality of cable modems generally contend for access to transmit at a certain time on
an upstream frequency. This contention for upstream slots of time has the potential of
causing collisions between the upstream transmissions of multiple cable modems. To
resolve these and many other problems resulting from multiple users sharing an upstream
frequency channel to minimize costs for residential users, DOCSIS implements a media
access control (MAC) algorithm. The DOCSIS layer 2 MAC protocol is defined in the
DOCSIS radio frequency interface (RFI) specifications, versions 1.0, 1.1, and/or 2.0.
DOCSIS RFI 2.0 actually introduces a code division multiple access (CDMA) physical
layer that may be used instead of or in addition to the TDMA functionality described in
DOCSIS RFI 1.0 and/or 1.1.

However, the design of DOCSIS to provide a large enough revenue stream by
deploying systems shared by a large number of residential customers has some
drawbacks. First, the DOCSIS MAC is generally asymmetric with respect to bandwidth,
with cable modems contending for upstream transmission and with the CMTS making
downstream forwarding decisions. Also, though DOCSIS supports multiple frequency
channels, it does not have mechanisms to quickly and efficiently allocate additional
frequency channels to users in a dynamic frequency-division multiple access (FDMA)
manner. Furthermore, while the data rates of DOCSIS are a vast improvement over
analog dial-up V.90 modems and Basic Rate Interface (BRI) ISDN (integrated services
digital network) lines, the speeds of DOCSIS cable modems are not significantly better
than other services which are targeted at business users.

Because businesses generally place high value on the daily use of networking
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technologies, these commercial customers often are willing to pay higher fees in
exchange for faster data services than are available through DOCSIS. The data service
needs of businesses might be met by using all-fiber optic networks with their large
bandwidth potential. However, in many cases fiber optic lines are not readily available
between business locations. Often new installations of fiber optic lines, though
technically feasible, are cost prohibitive based on factors such as having to dig up the
street to place the lines. Also, in many cases the devices used in optical transmission
(including, but not limited to, fiber optic lines) are relatively newer than the devices used
in electrical transmission (including, but not limited to coax cable transmission lines).
(Both electrical and optical transmission systems may use constrained media such as, but
not limited to, electrical conductors, waveguides, and/or fiber as well as unconstrained
media in wireless and/or free-space transmission.) As a result, generally more
development time has been invested in simplifying and reducing the costs of devices used
in electrical communication systems, such as but not limited to coax CATV systems, than
the development time that has been invested in devices used in optical communication
systems. Thus, although fiber optics certainly has the capability of offering high data
rates, these issues tend to drive up the costs of fiber optic communication systems.
Furthermore, in deploying networks to support primarily residential access, the
transmission lines of the MSOs generally run past many businesses. Thus, a technical
solution that functions over existing HFC networks of the MSOs, that provides higher
data rates than DOCSIS, and that has the capability of working in the future over all fiber
networks is a distinct improvement over the prior art and has the capability of meeting the

needs of a previously untapped market segment.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be better understood with reference to the following drawings.
The components in the drawings are not necessarily to scale, emphasis instead being
placed upon clearly illustrating the principles of the present invention. Moreover, in the
drawings, like reference numerals designate corresponding parts throughout the several
views. The reference numbers in the drawings have at least three digits with the two
rightmost digits being reference numbers within a figure. The digits to the left of those

two digits are the number of the figure in which the item identified by the reference
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number first appears. For example, an item with reference number 211 first appears in

FIG. 2.

FIG. 1 shows a block diagram of central and remote transceivers connected to a
cable transmission network.

FIG. 2a shows a block diagram of a transport modem termination system
connected to a cable transmission network.

FIG. 2b shows a block diagram of a plurality of client transport modems
connected to a cable transmission network.

FIG. 3 shows a block diagram of the connection-oriented relationship between
client transport modems and ports of a transport modem termination system.

FIG. 4 shows a block diagram of the architecture for integrating a transport
modem termination system and a plurality of client transport modems into a system
carrying other services.

FIG. 5a shows a block diagram of a transport modem termination system
connected in a headend.

FIG. 5b shows a block diagram of a client transport modem connected to a cable
transmission network.

FIG. 6 shows a block diagram of some protocols that may be used in the system

control of a transport modem termination system (TMTS) and/or a client transport

modem (cTM).

FIG. 7 shows a block diagram of a TMTS and a ¢TM providing physical layer
repeater service.

FIG. 8 shows an expanded block diagram of the protocol sublayers within the
physical layer of the TMTS and the ¢cTM.

FIG. 9 shows how a cable transmission physical layer fits in the OSI model.

FIG. 10 shows a cable transmission physical layer that is part of a network
interface card.

FIG. 11 shows an expansion of the cable transmission physical layer expanded
into four sublayers in a network interface card.

FIG. 12 shows a reference diagram of the downstream and upstream functions of
the four sublayers.

FIG. 13 shows the relationship among 802.3/ethernet media, the frame

management sublayer, and the inverse multiplex sublayer.
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FIG. 14 shows the IEEE 802.3/ethernet frame format.

FIG. 15 shows the control frame format.

FIG. 16 shows the frame management sublayer (FMS) frame format.

FIG. 17 shows the relationship among the frame management sublayer (FMS), the
inverse multiplex sublayer (IMS), and the physical coding sublayer (PCS).

FIG. 18 shows the MPEG frame format.

FIG. 19 shows the MPEG adaptation field format.

FIG. 20 shows clock distribution from a TMTS to a cTM.

FIG. 21 shows a clock timing diagram for the TMTS and the ¢cTM.

DETAILED DESCRIPTION

In general, the seven-layer Open Systems Interconnect (OSI) model is a useful
abstraction in analyzing and describing communication protocols and/or systems. The
seven layers of the OSI model from lowest to highest are: 1) the physical layer, 2) the
data link layer, 3) the network layer, 4) the transport layer, 5) the session layer, 6) the
presentation layer, and 7) the application layer. This OSI model is well-known to those
of ordinary skill in the art. Furthermore, the OSI model layers have often been broken
down into sub-layers in various contexts. For example, the level two, data link layer may
be divided into a medium access control (MAC) sublayer and a logical link control (LLC)
sublayer in the documentation of the IEEE (Institute for Electrical and Electronic
Engineers) standard 802. Furthermore, some of the IEEE standards (such as for 100
Mbps fast ethernet and 1 Gbps gigabit ethernet) break level one (i.e., the physical layer)
down into sublayers such as, but not limited to, the physical coding sublayer (PCS), the
physical medium attachment layer (PMA), and the physical media dependent (PMD)
sublayer. These sublayers are described more fully in the IEEE 802 specifications and
more specifically in the IEEE 802.3/ethernet specifications. The specifications of IEEE
802 (including, but not limited to, IEEE 802.3) are incorporated by reference in their
entirety herein.

In general, the preferred embodiments of the present invention comprise physical
layer protocols that may be implemented in physical layer transceivers. The physical
layer interfaces and/or protocols of the preferred embodiments of the present invention
may be incorporated into other networking methods, devices, and/or systems to provide

various types of additional functionality. Often the behavior and capabilities of
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networking devices are categorized based on the level of the OSI model at which the
networking device operates.

Repeater, bridge, switch, router, and gateway are some commonly used terms for
interconnection devices in networks. Though these terms are commonly used in
networking their definition does vary from context to context, especially with respect to
the term switch. However, a brief description of some of the terms generally associated
with various types of networking devices may be useful. Repeaters generally operate at
the physical layer of the OSI model. In general, digital repeaters interpret incoming
digital signals and generate outgoing digital signals based on the interpreted incoming
signals. Basically, repeaters act to repeat the signals and generally do not make many
decisions as to which signals to forward. As a non-limiting example, most ethernet hubs
are repeater devices. Hubs in some contexts are called layer one switches. In contrast to
repeaters, bridges and/or layer-two switches generally operate at layer two of the OSI
model and evaluate the data link layer or MAC layer (or sublayer) addresses in incoming
frames. Bridges and/or layer two switches generally only forward frames that have
destination addresses that are across the bridge. Basically, bridges or layer two switches
generally are connected between two shared contention media using media access control
(MAC) algorithms. In general, a bridge or layer two switch performs an instance of a
MAC algorithm for each of its interfaces. In this way, bridges and/or layer two switches
generally may be used to break shared or contention media into smaller collision
domains.

Routers (and layer three switches) generally make forwarding decisions based at
least upon the layer three network addresses of packets. Often routers modify the frames
transversing the router by changing the source and/or destination data link, MAC, or
hardware addresses when a packet is forwarded. Finally, the more modern usage of the
term gateway refers to networking devices that generally make forwarding decisions
based upon information above layer three, the network layer. (Some older Internet usage
of the term gateway basically referred to devices performing a layer three routing
function as gateways. This usage of the term gateway is now less common.)

One skilled in the art will be aware of these basic categories of networking
devices. Furthermore, often actual networking devices incorporate functions that are
hybrids of these basic categories. Generally, because the preferred embodiments of the
present invention comprise a physical layer, the preferred embodiments of the present
invention may be utilized in repeaters, bridges, switches, routers, gateways, hybrid
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devices and/or any other type of networking device that utilizes a physical layer interface.
“Routing and Switching: Time of Convergence”, which was published in 2002, by Rita
Puzmanova and “Interconnections, Second Edition: Bridges, Router, Switches, and
Internetworking Protocols”, which was published in 2000, by Radia Pérlman are two
books describing some of the types of networking devices that might potentially utilize
the preferred embodiments of the present invention. These two books are incorporated in

their entirety by reference herein.
Overview

In general, the preferred embodiments of the present invention(s) involve many
concepts. Because of the large number of concepts of the preferred embodiments of the
present invention, to facilitate easy reading and comprehension of these concepts, the
document is divided into sections with appropriate headings. None of these headings are
intended to imply any limitations on the scope of the present invention(s). In general, the
"Network Model" section at least partially covers the forwarding constructs of the
preferred embodiments of the present invention(s). The section entitled "Integration Into
Existing Cable Network Architectures" generally relates to utilization of the preferred
embodiments of the present invention in cable network architectures. The "Protocol
Models" section describes a non-limiting abstract model that might be used to facilitate
understanding of the preferred embodiments of the present invention(s). The "Frame
Management Sublayer (FMS) Data Flows" section describes the formation of FMS data
flows. The section entitled "MPEG Packets' describes the format of MPEG packets as
utilized in the preferred embodiments of the present invention(s). The "Network
Clocking" section generally covers distribution of network clock.

The "Downstream Multiplexing" section generally covers the downstream
multiplexing using MPEG packets in the preferred embodiments of the present
invention(s). The "Upstream Multiplexing" section generally relates to upstream
multiplexing across one or more active tones. The section entitled "Division of Upstream
Data" generally relates to the division of data into blocks for forward error correction
(FEC) processing and to the formation of superframes lasting 2048 symbol clock periods.
The next section is entitled "Upstream Client Transport Modem (cTM) Inverse
Multiplexing Sublayer (IMS)" and generally covers upstream multiplexing in a client
transport modem. The section entitled "Upstream Transport Modem Termination System
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(TMTS) Inverse Multiplexing Sublayer (IMS)" and generally covers upstream
multiplexing in a transport modem termination system.

In addition, the section entitled "Downstream Client Transport Modem (cTM)
Demodulation and Physical Coding Sublayer (PCS)" generally relates to cTM
downstream demodulation. The section entitled "Upstream Client Transport Modem
(cTM) Modulation and Physical Coding Sublayer (PCS)" generally covers cTM upstream
modulation. The next section is entitled "Upstream Transport Modem Termination
System (TMTS) Demodulation and Physical Coding Sublayer (PCS)" and generally
covers TMTS upstream demodulation. Also, the section entitled "Upstream Forward
Error Correction (FEC) and Non-Limiting Example with Four Active Tones at 256 QAM,
64 QAM ,16 QAM, and QPSK Respectively" generally relates to forward error
correction. Finally, the section entitled "Client Transport Modem (cTM) and Transport
Modem Termination System (TMTS) Physical Medium Dependent (PMD) Sublayer"

generally relates to physical medium dependent sublayer interfaces.

Network Model

FIG. 1 generally shows one preferred embodiment of the present invention. In
general, the preferred embodiment of the present invention allows physical layer
connectivity over a cable transmission network 105. One skilled in the art will be aware
of the types of technologies and devices used in a cable transmission (CT) network 105.
Furthermore, many of the devices and technologies are described in “Modern Cable
Television Technology: Video, Voice, and Data Communications”, which was published
in 1999, by Walter Ciciora, James Farmer, and David Large. CT network 105 generally
has evolved from the networks designed to allow service providers to deliver community
antenna television (CATV, also known as cable TV) to customers or subscribers.
However, the networking technologies in CATV may be used by other environments.

Often the terms service provider and subscriber or customer are used to reference
various parts of CATV networks and to provide reference points in describing the
interfaces found in CATV networks. Usually, the CATV network may be divided into
service provider and subscriber or customer portions based on the demarcation of
physical ownership of the equipment and/or transmission facilities. Though some of the
industry terms used herein may refer to service provider and/or subscriber reference

points and/or interfaces, one of ordinary skill in the art will be aware that the preferred
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embodiments of the present invention still apply to networks regardless of the legal
ownership of specific devices and/or transmission facilities in the network. Thus,
although cable transmission (CT) network 105 may be a CATV network tﬁat is primarily
owned by cable service providers or multiple system operators (MSOs) with an interface
at the customer or subscriber premises, one skilled in the art will be aware that the
preferred embodiments of the present invention will work even if ownership of all or
portions of cable transmission (CT) network 105 is different than the ownership
commonly found in the industry. Thus, cable transmission (CT) network 105 may be
privately owned.

As one skilled in the art will be aware, cable transmission (CT) network 105
generally is designed for connecting service providers with subscribers or customers.
However, the terms service provider and subscriber or customer generally are just used to
describe the relative relationship of various interfaces and functions associated with CT
network 105. Often the service-provider-side of CT network 105 is located at a central
site, and there are a plurality of subscriber-side interfaces located at various remote sites.
The terms central and remote also are just used to refer to the relative relationship of the
interfaces to cable transmission (CT) network 105. Normally, a headend and/or
distribution hub is a central location where service provider equipment is concentrated to
support a plurality of remote locations at subscriber or customer premises.

Given this relative relationship among equipment connected to cable transmission
(CT) network 105, the preferred embodiment of the present invention may comprise a
central cable transmission (CT) physical (PHY) layer transceiver 115. The central CT
PHY transceiver (TX/RX) 115 generally may have at least one port on the central-side or
service-provider-side of the transceiver 115. Ports 125, 126, 127, 128, and 129 are
examples of the central-side ports of central CT PHY transceiver 115. In general,
interface 135 may define the behavior of central CT PHY transceiver 115 with respect to
at least one central-side port such as central-side ports 125, 126, 127, 128, and 129.
Interface 135 for the central-side ports 125, 126, 127, 128, and 129 may represent
separate hardware interfaces for each port of central CT PHY transceiver 115. However,
interface 135 may be implemented using various technologies to share physical interfaces
such that central-side ports 125, 126, 127, 128, and 129 may be only logical channels on a
shared physical interface or media. These logical channels may use various multiplexing

and/or media sharing techniques and algorithms. Furthermore, one skilled in the art will
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be aware that th.e central-side ports 125, 126, 127, 128, and 129 of central CT PHY
transceiver 115 may be serial and/or parallel interfaces and/or buses.

Therefore, the preferred embodiments of the present invention are not limited to
specific implementations of interface 135, and one skilled in the art will be aware of
many possibilities. As a non-limiting example, although central CT PHY transceiver 115
generally is for use inside of networking devices, a serial-interface shared medium such
as ethernet/802.3 could be used on each of the central-side ports 125, 126, 127, 128, and
129 inside of a networking device. Often the decision to use different technologies for
interface 135 will vary based on costs and transmission line lengths.

Central CT PHY transceiver 115 further is connected through interface 150 to
cable transmission (CT) network 105. In addition to the central-side or service-provider-
side at interface 150 of cable transmission (CT) network 105, interface 160 generally is
on the subscriber-side, customer-side, or remote-side of cable transmission (CT) network
105. Generally, at least one remote transceiver (such as remote cable transmission (CT)
physical (PHY) transceivers 165, 166, 167, and 168) is connected to interface 160 on the
subscriber-side or remote-side of CT network 105. Each remote CT PHY transceiver
165, 166, and 167 is associated with at least one remote-side port, 175, 176, and 177
respectively. Furthermore, remote CT PHY transceiver 168 also is associated with at
least one remote-side port, with the two remote-side ports 178 and 179 actually being
shown in FIG. 1. Each remote CT PHY transceiver 165, 166, 167, and 168 can be
considered to have an interface 185, 186, 187, and 188, respectively, through which it
receives information for upstream transmission and through which it delivers information
from downstream reception.

In general, digital transceivers (such as central CT PHY transceiver 115 and
remote CT PHY transceivers 165, 166, 167, and 168) comprise a transmitter and a
receiver as are generally needed to support bi-directional applications. Although the
preferred embodiments of the present invention generally are designed for bi-directional
communication, the preferred embodiments of the present invention certainly could be
used for uni-directional communications without one half of the transmitter/receiver pair
in some of the transceivers. In general, digital transmitters basically are concerned with
taking discrete units of information (or digital information) and forming the proper
electromagnetic signals for transmission over networks such as cable transmission (CT)
network 105. Digital receivers generally are concerned with recovering the digital

information from the incoming electromagnetic signals. Thus, central CT PHY
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transceiver 115 and remote CT PHY transceivers 165, 166, 167, and 168 generally are
concerned with communicating information between interface 135 and interfaces 185,
186, 187, and 188, respectively. Based on the theories of Claude Shannon, the minimum
quanta of information is the base-two binary digit or bit. Therefore, the information
communicated by digital transceivers often is represented as bits, though the preferred
embodiments of the present invention are not necessarily limited to implementations
designed to communicate information in base two bits.

The preferred embodiments of the present invention generally have a point-to-
point configuration such that there generally is a one-to-one relationship between the
central-side ports 125, 126, 127, 128, and 129 of the central CT PHY transceiver 115 and
the remote-side ports 175, 176, 177, 178, and 179, respectively. Like interface 135 for a
plurality of central-side ports 125, 126, 127, 128, and 129, interface 188 with a plurality
of remote-side ports 178 and 179 may represent separate hardware interfaces for each
port of remote CT PHY transceiver 168. However, interface 188 may be implemented
using various technologies to share physical interfaces such that remote-side ports 178
and 179 may only be logical channels on a shared physical interface or media. These
logical channels may use various multiplexing and/or media sharing techniques and
algorithms. Furthermore, one skilled in the art will be aware that the remote-side ports
178 and 179 of remote CT PHY transceiver 168 may be serial and/or parallel interfaces
and/or buses.

In general, the preferred embodiments of the present invention comprise a one-to-
one or point-to-point relationship between active central-side ports and active remote-side
ports such that central-side port 125 may be associated with remote-side port 175, central-
side port 126 may be associated with remote-side port 176, central-side port 127 may be
associated with remote-side port 177, central-side port 128 may be associated with
remote-side port 178, and central-side port 129 may be associated with remote-side port
179. Though this relationship between active central-side ports and active remote-side
ports is one-to-one or point-to-point, many technologies such as, but not limited to,
multiplexing and/or switching may be used to carry the point-to-point communications
between active central-side ports and active remote-side ports.

In general, active ports are allocated at least some bandwidth through cable
transmission (CT) network 105. Normally, most dial-up modem phone calls through the
public switched telephone network (PSTN) are considered to be point-to-point

connections even though the phone call may go through various switches and/or
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multiplexers that often use time-division multiplexing (TDM). Establishment of an active
phone call generally allocates bandwidth in the PSTN. to carry the point-to-point
communications through the PSTN. In a similar fashion, the preferred embodiments of
the presente«invention generally provide point-to-point connectivity befween active ports
of the central CT PHY transceiver 115 and the active ports of remote CT PHY
transceivers 165, 166, 167, and 168. However, the preferred embodiments of the present
invention generally work over cable transmission (CT) network 105, which is not like the
generally time-division multiplexed PSTN. (Note: references in this specification to
point-to-point should not be limited to the Point-to-Point Protocol, PPP, which generally
is only one specific protocol that may be used over point-to-point connections.)

Also, the use of five central-side ports 125, 126, 127, 128, and 129 is not intended
to be limiting and is only shown for example purposes. In general, central CT PHY
transceiver 115 may support at least one central-side port. In addition, the use of four
remote CT PHY transceivers 165, 166, 167, and 168 is only for example purposes and is
not intended to be limiting. In general, central CT PHY transceiver 115 might
communicate with at least one remote CT PHY transceiver (such as 165, 166, 167, and
168). Also, each remote CT PHY transceiver 165, 166, 167, and 168 may have at least
one remote side port, and remote CT PHY transceiver 168 is shown with a plurality of
remote-side ports 178 and 179.

FIGs. 2a and 2b show further detail on the use of central CT PHY transceiver 115
and remote CT PHY transceivers 165, 166, 167, and 168 in networking devices. As
shown in FIG. 2a, central CT PHY transceiver 115 generally might be incorporated into a
transport modem termination system (TMTS) 215. In addition to central CT PHY
transceiver 115, TMTS 215 comprises cable transmission (CT) physical layer (PHY)
control 217 and system control 219. In general, CT PHY control 217 is concerned with
handling bandwidth allocations in cable transmission (CT) network 105, and system
control 219 generally is concerned with TMTS management and/or configuration. Each
one of the central-side ports 125, 126, 127, 128, and 129 of central CT PHY transceiver
115 may be connected over interface 135 to central-side network physical layer (PHY)
transceivers (TX/RX) 225, 226, 227, 228, and 229, respectively. As discussed with
respect to FIG. 1, interface 135 may actually be some sort of shared interface among the
various central-side ports (125, 126, 127, 128, and 129) and central-side network physical
(PHY) transceivers (225, 226, 227, 228, and 229).
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Generally, most communication systems have transmitters and/or receivers (or
transceivers) that handle transmitting and/or receiving signals on communication media.
Often these transmitters and/or receivers (or transceivers) are responsible for converting
between the electromagnetic signals used to convey information within a device (such as
in baseband transistor-transistor logic (TTL) or complementary metal-oxide
semiconductor (CMOS) signal levels) to electromagnetic signal levels that are suitable for
transmission through external media that may be wired, wireless, waveguides, electrical,
optical, etc. Although interface 135 is shown as individual connections between the
central-side ports 125, 126, 127, 128, and 129 of central CT PHY transceiver 115 and
central-side network PHY transceivers 225, 226, 227, 228, and 229, one skilled in the art
will be aware that many possible implementations for interface 135 are possible
including, but not limited, to serial interfaces, parallel interfaces, and/or buses that may
use various technologies for multiplexing and or access control to share at least one
physical communications medium at interface 135.

In general, central-side network physical interfaces 225, 226, 227, 228, and 229
are connected to central networks 235, 236, 237, 238, and 239, respectively. Based upon
the policy decisions of the service provider (and/or the owners of the TMTS 215 and of
the associated central-side network PHY transceivers 225, 226, 227, 228, and/or 229),
central networks 235, 236, 237, 238, and 239 may be connected together into a common
network 240. One skilled in the art will be aware that many different configurations for
connecting central networks 235, 236, 237, 238, and 239 are possible based upon
different policy decisions of the owners of the equipment and any customers paying for
connectivity through the equipment.

Central-side network PHY transceivers 225, 226, 227, 228, and 229 generally are
connected over interface 245 to central networks 235, 236, 237, 238, and 239,
respectively. In the preferred embodiment of the present invention central-side network
PHY transceivers 225, 226, 227, 228, and 229 are ethernet/802.3 interfaces, and each
ethernet/802.3 interface may be connected to a separate central network. However, other
connections for interface 245 are possible that allow one or more transmission media to
be shared using various techniques and/or media access control algorithms the may
perform various multiplexing strategies. Although one skilled in the art will be aware
that various methods could be used to share communications media at interface 245, in
general having separate ethernet/802.3 ports and/or separate T1 ports (i.e., N x 56/64
ports) at interface 135 for each central-side network PHY transceiver 225, 226, 227, 228,
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and 229 offers maximum flexibility in allowing service providers or equipment owners to
make policy decisions and also offers low cost based on the ubiquitous availability of
ethernet/802.3 interfaces and equipment.

Furthermore, one skilled in the art will be aware that there are many data speeds
and physical layer specifications for ethernet/802.3. In general, the preferred
embodiments of the present invention will work with any of the ethernet/802.3
specifications. Thus, if central-side network physical (PHY) transceivers (TX/RX) 225,
226, 227, 228, and 228 are ethernet/802.3 interfaces, they may utilize any of the
ethernet/802.3 speeds and/or physical layer interfaces. Also, each central-side PHY
transceiver 225, 226, 227, 228, and 229 might use a different ethernet/802.3 speed and/or
a physical layer specification from any of the other central-side network PHY transceivers
225,226,227,228, and 229.

FIG. 2b generally shows the remote-side, customer-side, or subscriber-side
equipment and connections, whereas FIG. 2a generally shows the central-side or service-
pfovider-side equipment and connections. In FIG. 2b, cable transmission (CT) network
105 is repeated from FIG. 2a. In addition, FIG. 2a shows the four remote CT PHY
transceivers 165, 166, 167, 168, and 169 as they might be used inside client transport
modems (¢TMs) 265, 266, 267, and 268, respectively.

Client transport modem 265 comprises remote CT PHY transceiver 165 that is
connected through connection 175 across interface 185 to at least one remote-side
network physical layer (PHY) transceiver (TX/RX) 275. Also, client transport modem
266 comprises remote CT PHY transceiver 166 that is connected through connection 176
across interface 186 to at least one remote-side network physical layer (PHY) transceiver
(TX/RX) 276. In addition, client transport modem 267 comprises remote CT PHY
transceiver 167 that is connected through connection 177 across interface 187 to at least
one remote-side network physical layer (PHY) transceiver (TX/RX) 277. Finally, client
transport modem 268 comprises remote CT PHY transceiver 168 that is connected
through connection 178 across interface 188 to at least one remote-side network physical
layer (PHY) transceiver (TX/RX) 278 and that is connected through connection 179
across interface 189 to at least one remote-side network physical layer (PHY) transceiver
(TX/RX) 279.

In general, the use of four client transport modems (cTMs) 265, 266, 267, and 268
in FIG. 2b is only for illustrative purposes and is not meant to imply any limitations on
the number of client transport modems (cTMs) that may be supported. Furthermore, one
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skilled in the art will be aware that based upon networking needs the capabilities of
multiple client transport modems (¢TMs) could be integrated into a single unit. Thus, a
single unit connected to the customer-side, subscriber-side, or remote-side of the cable
transmission (CT) network 105 could actually have a plurality of remote CT PHY
transceivers.

In general, the remote-side network physical (PHY) transceivers (TX/RX) 275,
276, 277, 278, and 279 are connected across interfaces 285, 286, 287, 288, and 289 to
remote networks 295, 296, 297, 298, and 299, respectively. In the preferred embodiment
of the present invention interfaces 285, 286, 287, 288, and/or 289 are ethernet/802.3
interfaces. However, one skilled in the art will be aware that other interfaces and
technologies might be used with the concepts disclosed in this specification. As a non-
limiting example, an interface of a client transport modem (cTM) might be used to
support circuit emulation services (CES) to carry N X 56 kbps and/or N X 64 kbps (where
N is a positive integer) digital data streams. One skilled in the art will be aware that
various N X 56 and N X 64 configurations are commonly designated as various digital
speeds such as, but not limited to, DS0, DS1, DS3, etc. Also, one skilled in the art will be
aware that the various N X 56 and/or N X 64 services are often delivered over
plesiochronous digital hierarchy (PDH) interfaces such as, but not limited to, T1, T3, etc.
and/or synchronous digital hierarchy (SDH) interfaces such as, but not limited to,
Synchronous Transport Signal, Level 1 (STS-1), STS-3, etc. Often the STS frames are
carried in a synchronous optical network (SONET) on optical carriers that are generally
referred to as OC-1 (optical carrier 1), OC-3, etc. In addition, to these higher order
multiplexing of multiple DSOs, interfaces such as switched 56/64 and basic rate interface
(BRI) ISDN offer support for smaller numbers of 56/64 kbps DSO0s.

One skilled in the art will be aware of these various N X 56 and N X 64
technologies and how they generally can be used to connect devices to networks such as
the PSTN (public switched telephone network). In addition, one skilled in the art will be
aware that such digital N X 56 and N X 64 kbps connections also may carry digitized
voice generally using pulse code modulation (PCM) and various companding techniques
such as, but not limited to, A-law and mu-law. Therefore, the remote-side network
physical (PHY) transceivers (TX/RX) 275, 276, 277, 278, and 279 do not all have to use
802.3/ethernet. In at least one preferred embodiment of the present invention, a client
transport modem (cTM) 268 with a plurality of remote-side network physical (PHY)
transceivers (TX/RX) 278 and 279 may support different types of interfaces for each
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transceiver at interfaces 288 and 289. Thus, as a non-limiting example, remote-side
network physical (PHY) transceiver 278 may use ethernet/802.3 to connect to an
ethernet/802.3 remote network 298, and remote-side network physical (PHY) transceiver
279 may be a T1 interface to remote network 299. This non-limiting example
configuration is expected to be common for many remote offices that need ethernet/802.3
connectivity to carry data and packetized real-time services such as voice or video and
that also need T1 interfaces to connect to legacy circuit-switched voice for devices such
as PBXs (Private Branch Exchanges).

Furthermore, one skilled in the art will be aware that there are many data speeds
and physical layer specifications for ethernet/802.3. In general, the preferred
embodiments of the present invention will work with any of the ethernet/802.3
specifications. Thus, if remote-side network physical (PHY) transceivers (TX/RX) 275,
276, 277, 278, and 279 are ethernet/802.3 interfaces, they may utilize any of the
ethernet/802.3 speeds and/or physical layer interfaces. Also, each remote-side PHY
transceiver 275, 276, 277, 278, and 279 might use a different ethernet/802.3 speed and/or
physical layer specification from any of the other remote-side network PHY transceivers
275,276,277, 278, and 279.

In general, the preferred embodiments of the present invention might be
considered as providing repeater functionality between the central-side network PHY
transceivers 225, 226, 227, 228, and 229 and remote-side network PHY transceivers 275,
276, 277, 278, and 279, respectively. Generally, the repeater service may involve
corresponding central-side and remote-side interfaces and transceivers having the same
speeds. However, one skilled in the art will be aware that ethernet/802.3 hubs are
repeaters and that some ethernet/802.3 hubs handle speed conversions such as between 10
Mbps ethernet/802.3 and 100 Mbps fast ethernet/802.3. Thus, one skilled in the art will
be aware of using the techniques found in these multi-speed ethernet/802.3 hubs to
support different speeds on the interfaces of corresponding central-side and remote-side
network physical (PHY) transceivers (TX/RX) and generally still provide repeater
functionality. Also, one skilled in the art will be aware that even if a central-side network
physical transceiver (such as, but limited to, central-side network physical transceiver
225) and a corresponding remote-side network physical transceiver (such as, but limited
to, remote-side network physical transceiver 275) operate at the same data rate, the
transceivers may use different types of physical media and portions of the ethernet/802.3

specification such as, but not limited to, 100BaseTX on copper for a central-side network
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physical transceiver and 100BaseFX on fiber for a remote-side network physical
transceiver.

Given the general point-to-point relationship between central-side network
physical (PHY) transceivers (TX/RX) 225, 226, 227, 228, and 229 with the corresponding
remote-side network physical (PHY) transceivers (TX/RX) 275, 276, 277, 278, and 279,
respectively, the client transport modems (cTMs) 265, 266, 267, and 268 can each be
thought of as having a corresponding server transport modem (sTM) 325, 326, 327, and
328, respectively, as shown in FIG. 3. In general, the server transport modems (sTMs)
325, 326, 327, and 328 may not be separate equipment, but may instead be implemented
using shared hardware in TMTS 215 in the preferred embodiment of the present
invention. Although to each client transport modem (¢TM) 265, 266, 267, and 268 it may
seem like there is a connection to a dedicated server transport modem (sTM), (such as
sTMs 325, 326, 327, and 328, respectively), the server transport modems may not be
actual individual hardware in the preferred embodiment of the present invention. Even
though the preferred embodiments of the present invention may not use individual server
transport modems, this does not preclude such implementations.

In the FIG. 3 representation of the preferred embodiments of the present
invention, the server transport modems (sTMs) 325, 326, 327, and 328 as well as the
corresponding connections to the client transport modems (cTMs) 265, 266, 267, and 268,
respectively, are shown as small dashed lines to indicate the virtual nature of the
relationship. The server transport modems (sTMs) 325, 326, 327, and 328 may be virtual
in the preferred embodiments of the present invention because they generally may be
implemented using shared hardware in TMTS 215.

In general, the preferred embodiments of the present invention may act to
transparently repeat digital signals between interfaces 245 and 385. Interfaces 245 and/or
385 may have different types of technologies and/or media for the point-to-point
connections between active ports on interface 245 and active ports on interface 385.
Active ports generally are associated with point-to-point connections between TMTS 215
and a client transport modem 265, 266, 267, or 268, when the point-to-point connection is
allocated bandwidth through cable transmission (CT) network 105. In general, TMTS
215 connects at interface 250 to the central-side or service-provider-side of cable
transmission (CT) network 105, whereas client transport modems (cTMs) 265, 266, 267,
and 268 connect at interface 260 to the remote-side, customer-side, or subscriber-side of

cable transmission (CT) network 105. Furthermore, the client transport modems (cTMs)
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265, 266, 267, and 268 may be connected to remote networks over interface 385 using
various types of media and technologies. The transport modem termination system
(TMTS) 215 connected at interface 245 may further be connected into a common network
240, although the technology of the preferred embodiments of the present invention
allows other central network configurations based upon various policy decisions and
network ownership requirements. Some of these considerations include, but are not

limited to, privacy, security, cost, and/or connectivity.

Integration Into Existing Cable Network Architectures

FIG. 4 shows a more detailed implementation of the preferred embodiment of the
present invention from FIGs. 1 through 3 and its use in a cable network that may carry
additional services over the cable transmission (CT) network 105. FIG. 4 shows TMTS
215 and ¢TMs 265, 266, 267, and 268 that were briefly described with respect to FIGs. 2a
and 2b. As shown in FIG. 4, each ¢cTM 265, 266, 267, and 268 has at least one
ethernet/802.3 physical (PHY) transceiver 475, 476, 477, and 478, respectively. The
ethernet/802.3 PHY transceivers 475, 476, 477, and 478 correspond to one non-limiting
type of transceiver that may be used in the preferred embodiment of the present invention
for remote-side network physical (PHY) transceivers (TX/RX) 275, 276, 277, 278, and
279 at the associated interfaces 285, 286, 287, 288, and 289 of FIG. 2b. Also each ¢cTM
265, 266, 267, 268 may have one or a plurality of physical transceivers at interface 385.
Each one of these transceivers may be an ethernet/802.3 physical interface or any other
type of communications interface.

Furthermore, those skilled in the art will be aware of the relatively minor
differences between IEEE 802.3 and the Digital-Intel-Xerox (DIX) 2.0 (or II)
specification of ethernet and the possibility of carrying multiple frame formats such as,
but not limited to, ethernet II, 802.3 raw, 802.3/802.2 LLC (logical link control), and
802.3/802.2 SNAP (Sub-Network Access Protocol) on networks colloquially known as
ethernet. In addition, the preferred embodiments of the present invention also are
intended to cover other versions and variations of ethernet/802.3 including, but not
limited to, DIX ethernet 1.0. References in this specification to ethernet and/or IEEE
802.3 generally are intended to refer to networks capable of carrying any combination of
the various frame types generally carried on such ethernet/802.3 networks. Because the

preferred embodiments of the present invention generally provide a physical layer
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interface that may be used for repeater service, the preferred embodiments of the present
invention generally are transparent to the various types of ethernet/802.3 frames.

Although FIG. 4 shows four cTMs and four interfaces on TMTS 215, this is only
for illustrative purposes, and the preferred embodiments of the present invention are not
limited to providing connectivity to exactly four client transport modems. Instead the
preferred embodiment of the present invention will work with at least one client transport
modem and at least one corresponding interface on TMTS 215. In general, in FIG. 4 each
one of the 802.3 physical (PHY) layer interfaces or transceivers 475, 476, 477, and 478 of
the client transport modems (cTMs) generally is associated with a corresponding 802.3
physical layer interface and/or transceiver 425, 426, 427, and 428, respectively, in the
TMTS 215. In general, 802.3 physical layer interfaces and/or transceivers 425, 426, 427,
and 428 are one non-limiting example of the types of transceivers that may be used in the
preferred embodiment of the present invention for central-side network physical (PHY)
transceivers (TX/RX) 225, 226, 227, 228, and 229 at the associated interface 245 of FIG.
2a.

As shown in FIG. 4, the 802.3 PHY interfaces and/or transceivers 425, 426, 427,
and 428 of the TMTS 215 are further connected to a headend networking device such as
hub, switch, and/or router 430 with 802.3 PHY interfaces and/or transceivers 435, 436,
437, and 438, respectively. Those skilled in the art will be aware that this is only one of
the many possible ways of connecting the ethernet/802.3 PHY interfaces and/or
transceivers 425, 426, 427, and 428 of TMTS 215 to a service-provider common network
240 that may include a service provider backbone network (not shown in FIG. 4).
Generally, based on service provider policies and equipment costs, various choices may
be made for the specific device(s) to be connected to the 802.3 PHY interfaces and/or
transceivers 225, 226, 227, and 228 of TMTS 215. As a non-limiting example, two of the
802.3 PHY interfaces and/or transceivers 225, 226, 227, and 228 may be associated with
providing connectivity to two different remote offices of a particular company. That
company may just want those two 802.3 PHY interfaces and/or transceivers of TMTS 215
to be directly connected (possibly using an ethernet cross-over cable that is known to one
of skill in the art by crossing pins 1 and 3 as well as pins 2 and 6 of an RJ45 connector).

Therefore, the 802.3 PHY interfaces and/or transceivers 425, 426, 427, and 428 of
TMTS 215 can be connected based on service provider policies and/or subscriber (or
customer) demands. In addition, the present invention is not limited to a specific type of
network device or liﬂk used to connect the 802.3 PHY interfaces port 225, 226, 227, and
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228 of TMTS 215 to a service provider’s network, which may be a common network 240
and may include a backbone network (not shown in FIG. 4). Thus, the at least one
connection to headend hub/switch/router 430 over interface 245 is only one non-limiting
example of how the TMTS 215 can be connected to a service provider backbone network.

Furthermore, as described with respect to FIGs. 1 through 3, the preferred
embodiment of the present invention basically functions as a ethernet/802.3 repeater that
transparently copies the bits from ethernet/802.3 frames between interfaces 245 and 385
of FIGs. 3 and 4. The transparent support of ethernet/802.3 generally allows the system
to transparently carry ethernet/802.3 frames with virtual LAN or label-based multiplexing
information such as, but not limited to, the information defined in IEEE 802.1Q (VLAN
or Virtual LAN) and/or IEEE 802.17 (RPR or Resilient Packet Ring). Because of the
transparency of the preferred embodiment of the present invention to various ethernet
virtual LAN and/or tag/label information, service providers using the preferred
embodiment of the present invention generally have the flexibility to specify policies for
carrying, combining, and/or segregating the traffic of different subscribers based on the
types of devices connected to interfaces 245 and 385. Also, subscribers or customers may
choose to implement various mechanisms such as, but not limited to, 802.1Q VLAN
and/or 802.17 RPR that might be used between two or more subscriber sites that are each
connected to the preferred embodiment of the present invention. The transparency of the
preferred embodiment of the present invention to this additional information in
ethernet/802.3 frames provides versatility to the service provider and the subscriber in
deciding on how to use various VLAN, tag, and/or label mechanisms that are capable of
being carried with ethernet/802.3 frames.

In addition, FIG. 4 further shows how one client transport modem (¢TM) 265 with
at least one 802.3 PHY interface or transceiver 475 is connected over interface 385 to
802.3 PHY interface or transceiver 485. Ethernet/802.3 PHY interface 485 may be
located in a subscriber hub/switch/router 480 that has more 802.3 PHY interfaces or
transceivers 491, 492, and 493 into the customer or subscriber LANS or networks, which
are non-limiting examples of portions of remote networks. The other client transport
modems (cTMs) 266, 267, and 268 also would likely have connections over interface 385
to various devices of other customer or subscriber LANs, though these are not shown in
FIG. 4. Much like headend hub/switch/router 430, the actual type of network device or
connection for subscriber hub/switch/router 480 is not limited by the preferred

embodiment of the present invention. The preferred embodiment of the present invention
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generally provides transparent ethernet repeater capability over a cable transmission
network 105. In FIG. 4, the interfaces 250 and 260 generally correspond to the central-
side or service-provider-side and to the remote-side, customer-side, or subscriber-side,
respectively, of cable transmission (CT) network 105. These reference interfaces 250 and
260 in FIG. 4 were shown in FIGs. 2a, 2b, and 3 as the interfaces of cable transmission
(CT) network 105.

Those skilled in the art will be aware of the devices and technologies that
generally make up cable transmission networks 105. At least some of this cable
transmission technology is described in “Modern Cable Television Technology: Video,
Voice, and Data Communications” by Walter Ciciora, James Farmer, and David Large,
which is incorporated by reference in its entirety herein. In general, the cable
transmission networks 105 may carry other services in addition to those of the preferred
embodiment of the present invention. For instance, as known by one skilled in the art, a
cable transmission network 105 may carry analog video, digital video, DOCSIS data,
and/or cable telephony in addition to the information associated with the preferred
embodiment of the present invention. Each one of these services generally has equipment
located at the service provider, such as analog video equipment 401, digital video
equipment 402, DOCSIS data equipment 403, and cable telephony equipment 404 as well
as equipment located at various customer or subscriber locations such as analog video
equipment 411, digital video equipment 412, DOCSIS data equipment 413, and cable
telephony equipment 414. Even though these other services in FIG. 4 are shown as if
they are bi-directional, often some of the services such as analog video and digital video
have historically been primarily uni-directional services that generally are broadcast from
the headend to the subscribers.

In addition, FIG. 4 further shows some of the transmission equipment that might
be used in a cable transmission network 105 (generally found between interfaces 250 and
260 in FIG. 4). For example, cable transmission networks 105 might include combiner
415 and splitter 416 to combine and split electromagnetic signals, respectively. As cable
transmission network 105 may be a hybrid fiber-coax (HFC) network, it could contain
devices for converting electromagnetic signals between electrical and optical formats.
For example, downstream optical/electrical (O/E) interface device 417 may convert
downstream electrical signals (primarily carried over coaxial cable) to downstream
optical signals (primarily carried over fiber optic lines). Also, upstream optical/electrical

(O/E) interface device 418 may convert upstream optical signals (primarily carried over
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fiber optic lines) to upstream electrical signals (primarily carried over coaxial cable).
Downstream optical/electrical interface 417 and upstream optical/electrical interface 418
generally are connected to a subscriber or customer premises over at least one fiber optic
connection to optical/electrical (O/E) interface 420. The downstream optical
communications between downstream O/E interface 417 and O/E interface 420 might be
carried on different optical fibers from the fibers carrying upstream optical
communications between O/E interface 420 and upstream O/E interface 418. However,
one skilled in the art will be aware that a variation on frequency-division multiplexing
(FDM) known as wavelength division multiplexing (WDM) could be used to allow bi-
directional duplex transmission of both the downstream and upstream optical
communications on a single fiber optic link.

Generally, for an HFC system the interfaces at customer or subscriber premises
are electrical coax connections. Thus, optical/electrical interface 420 may connect into a
splitter/combiner 422 that divides and/or combines electrical signals associated with
analog video device 411, digital video device 412, DOCSIS data device 413, and/or cable
telephone device 413 that generally are located at the customer or subscriber premises.
This description of the splitters, combiners, and optical electrical interfaces of HFC
networks that may be used for cable transmission network 105 is basic and does not cover
all the other types of equipment that may be used in a cable transmission network 105.
Some non-limiting examples of other types of equipment used in a cable transmission
network 105 include, but are not limited to, amplifiers and filters. Those skilled in the art
will be aware of these as well as many other types of devices and equipment used in cable
transmission networks.

Furthermore, one skilled in the art will be aware that the preferred embodiments
of the present invention may be used on all-coax, all-fiber, and/or hybrid fiber-coax
(HFC) such as cable transmission networks (CT) 105. In general, cable transmission
(CT) network 105 generally is a radio frequency (RF) network that generally includes
some frequency-division multiplexed (FDM) channels. Also, one skilled in the art will be
aware that the preferred embodiments of the present invention may be used on a cable
transmission (CT) network 105 that generally is not carrying information for other
applications such as, but not limited to, analog video, digital video, DOCSIS data, and/or
cable telephony. Alternatively, the preferred embodiments of the present invention may
coexist on a cable transmission (CT) network 105 that is carrying information analog

video, digital video, DOCSIS data, and/or cable telephony as well as various
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combinations and permutations thereof. Generally in the preferred embodiments of the
present invention, the cable transmission (CT) network 105 is any type of network
capable of providing frequency-division multiplexed (FDM) transport of communication
signals such as but not limited to electrical and/or optical signals. The FDM transport
includes the variation of FDM in optical networks which is generally called wavelength-
division multiplexing (WDM).

In addition, the preferred embodiments of the present invention may use one or
more MPEG PIDs for downstream transmission of MPEG packets carrying the traffic of
Frame Management Sublayer (FMS) data flows. In addition, MPEG packets carrying the
octets of one or more FMS data flows of the preferred embodiments of the present
invention are capable of being multiplexed into the same frequency channel of a cable
transmission network that also carries other MPEG packets that have different PID values
and that generally are unrelated to the FMS data flows of the preferred embodiments of
the present invention. Thus, not only are both the upstream and the downstream
frequency channel usages of the preferred embodiments of the present invention easily
integrated into the general frequency-division multiplexing (FDM) bandwidth allocation
scheme commonly-found in cable transmission networks, but also the use of the MPEG
frame format for downstream transmission in the preferred embodiments of the present
invention allows easy integration into the PID-based time-division multiplexing (TDM)
of MPEG 2 transport streams that also is commonly-found in cable transmission
networks. Thus, one skilled in the art will be aware that the preferred embodiments of the
present invention can be easily integrated into the frequency-division multiplexing (FDM)
architecture of cable transmission networks.

As one skilled in the art will be aware, in North America cable transmission
networks generally were first developed for carrying analog channels of NTSC (National
Television Systems Committee) video that generally utilize 6 MHz of frequency
bandwidth. Also, one skilled in the art will be aware that other parts of the world outside
North America have developed other video coding standards with other cable
transmission networks. In particular, Europe commonly utilizes the phase alternating line
(PAL) analog video encoding that is generally carried on cable transmission networks in
frequency channels with a little more bandwidth than the generally 6 MHz channels,
which are commonly used in North American cable transmission networks. Because the
frequency channels used in the preferred embodiments of the present invention will fit

into the more narrow frequency bandwidth channels that were originally designed to carry
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analog NTSC video, the frequency channels used in the preferred embodiments of the
present invention also will fit into larger frequency bandwidth channels designed for
carrying analog PAL video.

In addition, although the preferred embodiments of the present invention are
designed to fit within the 6 MHz channels commonly-used for analog NTSC signals and
will also fit into cable transmission networks capable of carrying analog PAL signals, one
skilled in the art will be aware that the multiplexing techniques utilized in the preferred
embodiments of the present invention are general. Thus, the scope of the embodiments of
the present invention is not to be limited to just cable transmission systems, which are
designed for carrying NTSC and/or PAL signals. Instead, one skilled in the art will be
aware that the concepts of the embodiments of the present invention generally apply to
transmission facilities that use frequency division multiplexing (FDM) and have a one-to-
many communication paradigm for one direction of communication as well as a many-to-
one communication paradigm for the other direction of communication.

Furthermore, the preferred embodiments of the present invention generally
communicate using signals with similar transmission characteristics to other signals
commonly found in cable transmission networks. Thus, one skilled in the art will be
aware that the signal transmission characteristics of the preferred embodiments of the
present invention are designed to integrate into existing, already-deployed cable
transmission networks that may be carrying other types of signals for other services such
as, but not limited to, analog and/or digital video, analog and/or digital audio, and/or
digital data. The preferred embodiments of the present invention are designed to be
carried in the same communications medium that also may be carrying the other services
without the preferred embodiments of the present invention introducing undesirable and
unexpected interference on the other services. Furthermore, the preferred embodiments
of the present invention will operate over various types of communication media
including, but not limited to, coaxial (coax) cable, fiber, hybrid fiber-coax, as well as
wireless. Because the preferred embodiments of the present invention generally are
designed to conform to some of the historical legacy standards of cable networks, the
preferred embodiments of the present invention can be used in many existing network
infrastructures that are already carrying other services. Therefore, the preferred
embodiments of the present invention peacefully coexist with existing historical legacy
services. Also, the preferred embodiments of the present invention can be used in other

environments that are not limited by historical legacy services (or services compatible
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with historical legacy standards).

FIGs. 5a and 5b generally show a more detailed system reference diagram for a
communication system that might be using a preferred embodiment of the present
invention. In general, FIG. 5a covers at least some of the equipment and connections
commonly found on the central-side or service-provider-side in a system using the
preferred embodiments of the present invention. In contrast, FIG. 5b generally covers at
least some of the equipment and connections commonly found on the remote-side,
customer-side, or subscriber-side of a system using the preferred embodiments of the
present invention. Generally, the approximate demarcation of cable transmission network
(CT) 105 network is shown across the FIGs. 5a and 5b. One skilled in the art will be
aware that the devices shown in FIGs. 5a and 5b are non-limiting examples of the types
of equipment generally found in RF cable networks. Thus, FIGs. 5a and 5b show only a
preferred embodiment of the present invention and other embodiments are possible.

In general, the equipment for the central-side, service-provider side, and/or
customer-side of the network generally may be located in a distribution hub and/or
headend 510. FIG. 5a shows transport modem termination system (TMTS) 215
comprising at least one cable transmission (CT) physical (PHY) transceiver (TX/RX)
115, at least one cable transmission (CT) physical (PHY) control (CTRL) 217, at least
system control (SYS CTRL) 219, and at least one central-side network physical (PHY)
transceiver (TX/RX) 225. In the preferred embodiments of the present invention, TMTS
215 supports two types of interfaces to common network 240. In FIG. 5a these two types
of interfaces are shown as TMTS 802.3 interface 531 and TMTS circuit emulation service
(CES) interface 532. In general, there may be multiple instances of both TMTS 802.3
interface 531 and TMTS CES interface 532 that might be used to handle traffic for
multiple remote-side network interfaces and/or transceivers on a single client transport
modem (¢TM) or for multiple remote-side network interfaces on a plurality of client
transport modems (cTMs).

In the preferred embodiment of the present invention the at least one TMTS 802.3
interface 531 generally is capable of transparently conveying the information in
ethernet/802.3 frames. Generally, at the most basic level, the preferred embodiments of
the present invention are capable of acting as an ethernet/802.3 physical layer repeater.
However, one skilled in the art will be aware that the generally physical layer concepts of

the preferred embodiments of the present invention may be integrated into more complex
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communication devices and/or systems such as, but not limited to, bridges, switches,
routers, and/or gateways.

Generally, at least one TMTS CES interface 532 provides circuit emulation
capability that may be used to carry generally historical, legacy interfaces that are
commonly associated with circuit-switched networks, such as the public switched
telephone network (PSTN). Those skilled in the art will be aware of analog and/or digital
interfaces to the PSTN that are commonly found in devices interfacing to the PSTN. In
digital form, these interfaces often comprise integer multiples of a DSO at 56 kbps (N X
56) and/or 64 kbps (N X 64). Also, a person skilled in the art will be aware of various
common multiplexing technologies that may be used to aggregate the integer multiples of
DS0s. These multiplexing technologies generally can be divided into the plesiochronous
digital hierarchy (PDH) and the synchronous digital hierarchy (SDH) that are well-known
to one of ordinary skill in the art.

In general, at least one TMTS 802.3 interface 531 may be connected into a
headend hub, switch, or router 535 or any other networking device to implement various
policy decisions for providing connectivity between the transport modem termination
system 215 and the client transport modems (¢TMs) 265. One skilled in the art generally
will be aware of the various policy considerations in choosing different types of
networking devices and/or connections for connecting to TMTS 802.3 interface 531.

Furthermore, at least one TMTS CES interface 532 might be connected to a telco
concentrator that generally might be various switching and/or multiplexing equipment
designed to interface to technologies generally used for carrying circuit-switched
connections in the PSTN. Thus, telco concentrator 536 might connect to TMTS 215
using analog interfaces and/or digital interfaces that generally are integer multiples of
DSO (56 kbps or 64 kbps). Some non-limiting examples of analog interfaces that are
commonly found in the industry are FXS/FXO (foreign exchange station/foreign
exchange office) and E&M (ear & mouth). In addition to carrying the actual information
related to CES emulation service between TMTS 215 and telco concentrator 536, TMTS
CES interface 532 also may to carry various signaling information for establishing and
releasing circuit-switched calls. One skilled in the art will be aware of many different
signaling protocols to handle this function, including but not limited to, channel
associated signaling using bit robbing, Q.931 D-channel signaling of ISDN, standard
POTS signaling as well as many others.
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In general, one or more devices at the headend, such as headend hub, switch,
and/or router 535, generally provide connectivity between TMTS 215 and backbone
network 537, which may provide connectivity to various types of network technology
and/or services. Also, telco concentrator 536 may be further connected to the public
switched telephone network (PSTN). In general, telco concentrator 536 might provide
multiplexing and/or switching functionality for the circuit emulation services (CES)
before connecting these services to the PSTN. Also, telco concentrator 536 could convert
the circuit emulation services (CES) into packet-based services. For eiample, 64 kbps
PCM voice (and associated signaling) carried across TMTS CES interface 532 might be
converted into various forms of packetized voice (and associated signaling) that is carried
on a connection between telco concentrator 536 and headend hub, switch, and/or router
535. In addition, the connection between telco concentrator 536 and headend hub,
switch, and/or router 535 may carry network management, configuration, and/or control
information associated with telco concentrator 536.

In general, TMTS 802.3 interface 531 and TMTS CES interface 532 may be
considered to be at least part of the headend physical (PHY) interface network 540. Also,
at least part of the common network 240 generally may be considered to be the backbone
interface network 541. In addition to the systems and interfaces generally designed for
transparently carrying information between the central-side networks (as represented at
TMTS 802.3 interface 531 and TMTS CES interface 532) of the TMTS 215 and the
remote-side networks of at least one ¢TM 265, the communication system generally has
connections to local server facilities 543 and operations, administration, and maintenance
system 544 that may both be part of common network 240. Network management,
configuration, maintenance, control, and administration are capabilities that, although
optional, are generally expected in many communication systems today. Though the
preferred embodiments of the present invention might be implemented without such
functions and/or capabilities, such an implementation generally would be less flexible and
would probably be significantly more costly to support without some specialized network
functions such as, but not limited to, operations, administration, and maintenance
(OA&M) 544. Also, local server facility 543 may comprise servers running various
protocols for functions such as, but not limited to, dynamic network address assignment
(potentially using the dynamic host configuration protocol - DHCP) and/or software
uploads as well as configuration file uploads and downloads (potentially using the trivial

file transfer protocol — TFTP).
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FIG. 5a further shows how cable transmission (CT) physical (PHY) transceiver
(TX/RX) 115 in TMTS 215 might interface to RF interface network 550 in the preferred
embodiment of the present invention. In an embodiment of the present invention, CT
PHY transceiver 115 connects to a TMTS asynchronous serial interface (ASI) 551 for the
downstream communication from TMTS 215 towards at least one client transport modem
(cTM) 265. In a preferred embodiment of the present invention, the QAM (Quadrature
Amplitude Modulation) modulator 552 is external to the TMTS 215. One skilled in the
art will be aware that other embodiments of the present invention are possible that may
incorporate the at least one QAM modulator 552 into the TMTS 215 for downstream
communication. Furthermore, an ASI (asynchronous serial interface) interface is only
one non-limiting example of a potential interface for the at least one QAM modulator
522. QAM modulators 552 with ASI interfaces are commonly used in cable transmission
networks 105, and reuse of existing technology and/or systems may allow lower cost
implementations of the preferred embodiments of the present invention. However, other
embodiments using various internal and/or external interfaces to various kinds of
modulators might be used in addition to or in place of the TMTS ASI interface 551 to at
least one QAM modulator 552.

Because QAM modulators are used for many types of transmission in CATV
networks, one skilled in the art will be aware of many interfaces (both internal and
external) that might be used for connecting QAM modulator(s) 522 for downstream
transmission. The TMTS ASI interface 551 is only one non-limiting example of an
interface that is often used in the art and is well-known to one of ordinary skill in the art.
As one skilled in the art will be aware, such QAM modulators have been used in CATV
networks to support downstream transmission for commonly-deployed services such as,
but not limited to, DOCSIS cable modems and digital TV using MPEG video. Due to the
common usage of such QAM modulators for digital services and the large variety of
external and internal interfaces used by many vendors’ equipment, one skilled in the art
will be aware that many types of interfaces may be used for transmitting the digital bit
streams of a TMTS to QAM modulators for modulation followed by further downstream
transmission over cable transmission networks. Thus, in addition to TMTS ASI interface
551, one skilled in the art will be aware of other standard and/or proprietary interfaces
that may be internal or external to TMTS 215 and that might be used to communicate

digital information to QAM modulator(s) 522 for downstream transmission. These other
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types of interfaces to QAM modulators are intended to be within the scope of the
embodiments of the present invention.

In general, TMTS 215 controls the downstream modulation formats and
configurations in the preferred embodiments of the present invention. Thus, when
external modulators (such as QAM modulator 552) are used with TMTS 215, some form
of control messaging generally exists between TMTS 215 and QAM modulator 552. This
control messaging is shown in FIG. 5a as QAM control interface 553, which generally
allows communication between at least one QAM modulator 552 and TMTS 215. In the
preferred embodiment of the present invention, this communication between at least one
QAM modulator 552 and TMTS 215 may go through headend hub, switch, and/or router
535 as well as over TMTS 802.3 interface 531.

Furthermore, modulators such as, but not limited to, at least one QAM modulator
552 often are designed to map information onto a set of physical phenomena or
electromagnetic signals that generally are known as a signal space. Generally a signal
space with M signal points is known as a M-ary signal space. In general, a signal space
with M signal points may completely encode the floor of log, M bits or binary digits of
information in each clock period or cycle. The floor of log, M is sometimes written as
floor(log, M) or as |_log2 M. In general, the floor of logs M is the largest integer that is
not greater than log, M. When M is a power of two (i.e., the signal space has 2, 4, 8, 16,
32, 64, etc. signal points), then the floor of log, M generally is equal to log; M, and log,
M generally is known as the modulation index. Because the minimum quanta of
information is the base-two binary digit or bit, the information to be mapped into a signal
space generally is represented as strings of bits. However, one skilled in the art will be
aware that the preferred embodiment of the present invention may work with
representations of information in other number bases instead of or in addition to base two
or binary.

As known to those of ordinary skill in the art, the demodulation process generally
is somewhat the reverse of the modulation process and generally involves making best
guess or maximum likelihood estimations of the originally transmitted information given
that an electromagnetic signal or physical phenomena is received that may have been
corrupted by various factors including, but not limited to, noise. In general, TMTS
downstream radio frequency (RF) interface 554 carries signals that have been modulated

for transmitting information downstream over an RF network. TMTS upstream radio
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frequency (RF) interface 555 generally carries signals that have to be demodulated to
recover upstream information from an RF network. Although the preferred embodiments
of the present invention generally use quadrature amplitude modulation (QAM), one
skilled in the art will be aware of other possible modulation techniques. Furthermo§e,
“Digital Communications, Fourth Edition” by John G. Proakis and “Digital
Communications: Fundamentals and Applications, Second Edition” by Bernard Sklar are
two common books on digital communications that describe at least some of the known
modulation techniques. These two books by John G. Proakis and Bernard Sklar are
incorporated by reference in their entirety herein.

Tables 1, 2, 3 and 4 generally show the transmission parameters used in the
preferred embodiments of the present invention. One skilled in the art will be aware that
other transmission characteristics and parameters could be used for alternative
embodiments of the present invention. Table 1 specifies at least some of the preferred
transmission parameters for downstream output from a TMTS. In addition, Table 2
specifies at least some of the preferred transmission parameters for downstream input into
acTM. Also, Table 3 specifies at least some of the preferred transmission parameters for
upstream output from a ¢TM. Finally, Table 4 specifies at least some of the preferred
transmission parameters for upstream input to a TMTS.

Furthermore, one skilled in the art will be aware that the concepts of the
embodiments of the present invention could be used in different frequency ranges using
optional frequency upconverters and/or downconverters. Therefore, although the
preferred embodiments of the present invention may be designed to preferably work
within the specified frequency ranges, the scope of the concepts of the present invention
is also intended to include all variations of the present invention that generally involve
frequency shifting the operational range of the upstream and/or downstream channels in a
cable distribution network. Frequency shifting signals using upconverters and/or

downconverters is known to one of ordinary skill in the art of cable networks.
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Parameter

Value

Channel Center Frequency (fc)

54 MHz to 857 MHz +30 kHz

Level

Adjustable over the range 50 to 61 dBmV

Modulation Type

64 QAM and 256 QAM

Symbol Rate (nominal)

64 QAM 5.056941 Msym/sec
256 QAM 5.360537 Msym/sec
Nominal Channel Spacing 6 MHz
Frequency Response
64 QAM ~18% Square Root Raised Cosine Shaping
256 QAM ~12% Square Root Raised Cosine Shaping
Output Impedance 75 ohms
Output Return Loss > 14 dB within an output channel up to 750
MHz; > 13 dB in an output channel above
750 MHz
Connector F connector per [IPS-SP-406]

+30 kHz includes an allowance of 25 kHz for the largest FCC frequency offset normally

built into upconverters.

Table 1 - Downstream output from TMTS
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Parameter Value
Center Frequency (fc) 54 MHz to 857 MHz +30 kHz
Level -5 dBmV to +15 dBmV
Modulation Type 64 QAM and 256 QAM

Symbol Rate (nominal)

64 QAM 5.056941 Msym/sec
256 QAM 5.360537 Msym/sec
Bandwidth
64 QAM 6 MHz with ~18% Square Root Raised
Cosine Shaping
256 QAM 6 MHz with ~12% Square Root Raised
Cosine Shaping
Total Input Power (40-900 MHz) <30 dBmV
Input (load) Impedance 75 ohms
Input Return Loss > 6 dB 54-860 MHz
Connector F connector per [IPS-SP-406] (common

with the output

Table 2 - Downstream input to ¢cTM
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Parameter Value

Channel Center Frequency (fc)

Sub-split 5 MHz to 42 MHz

Data-split 54 MHz to 246 MHz
Number of Channels Upto3
Nominal Channel Spacing 6 MHz
Channe] composition Up to 14 independently modulated tones
Tone Modulation Type QPSK, 16 QAM, 64 QAM or 256 QAM
Symbol Rate (nominal) 337500 symbols/s
Tone Level Adjustable in 2 dB steps over a range of —1

dBmV to +49 dBmV per tone (+10.5
dBmV to +60.5 dBmV per fully loaded
channel, i.e. all 14 tones present)

Tone Frequency Response 25% Square Root Raised Cosine Shaping
Occupied Bandwidth per Tone 421.875 kHz

Occupied Bandwidth per Channel 5.90625 MHz

Output Impedance 75 ohms

Output Return Loss > 14 dB

Connector F connector per [IPS-SP-406]

Table 3 - Upstream output from ¢TM
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Parameter Value

Channel Center Frequency (fc)

Subsplit 5 MHz to 42 MHz

Data-split 54 MHz to 246 MHz
Tone nominal level +20 dBmV
Tone Modulation Type QPSK, 16 QAM, 64 QAM or 256 QAM
Symbol Rate (nominal) 337500 symbols/s
Tone Bandwidth 421.875 kHz with 25% Square Root Raised

Cosine Shaping

Total Input Power (5 — 246 MHz) <30 dBmV
Input (load) Impedance 75 ohms
Input Return Loss > 6 dB 5-246 MHz
Connector F connector per [IPS-SP-406]

Table 4 - Upstream input to TMTS

Generally, the downstream signals associated with TMTS 215 may or may not be
combined in downstream RF combiner 556 with other downstream RF signals from
applications such as, but not limited to, analog video, digital video, DOCSIS data, and/or
cablé t;alephony. Upstream RF splitter 557 may split the upstream signals for TMTS 215
from upstream signals for other applications such as, but not limited to, analog video,
digital video, DOCSIS data, and/or cable telephony. Also, the downstream RF combiner
556 and upstream RF splitter 557 might be used to carry the communications for multiple
transport modem termination systems, such as TMTS 215, over a cable transmission (CT)
network 105. The signals used in communication between a TMTS 215 and at least one
client transport modem (cTM) 265 generally might be treated like any other RF signals
for various applications that generally are multiplexed into cable transmission (CT)
network 105 based upon 6 MHz frequency channels.

If cable transmission (CT) network 105 is a hybrid fiber-coax (HFC) network,
then the transport network 560 may include transmitter 561 receiver 562 as
optical/electrical (O/E) interfaces that convert the RF signals between coaxial cable and
fiber optical lines. In addition, transport combiner 563 may handle combining the two
directions of optical signals as well as other potential data streams for communication
over at least one fiber using techniques such as, but not limited to, wavelength-division
multiplexing (WDM). Thus, in a preferred embodiment of the present invention using
HFC as at least part of cable transmission (CT) network 105, transport media 565 may be

fiber optical communication lines.

-35-




10

15

20

25

30

WO 03/026177 PCT/US02/29585

FIG. 5b generally shows the continuation of cable transmission (CT) network 105,
transport network 560, and transport media 565 in providing connectivity between TMTS
215 and at least one client transport modem (cTM) 265. In a preferred embodiment of the
present invention that utilizes fiber optic lines as at least part of transport network 560,
transport splitter 567 may provide wavelength division multiplexing (WDM) and
demultiplexing to separate the signals carried in the upstream and downstream directions
and possibly to multiplex other signals for other applications into the same at least one
fiber. If transport network 560 is a fiber network and cable transmission (CT) network
105 is a hybrid fiber-coax network, then at least one distribution node 568 may comprise
optical/electrical interfaces to convert between a fiber transport network 560 and a coaxial
cable distribution network 570. In general, there may be a distribution media interface
572 and distribution media 574 that provide connectivity between at least one client
transport modem (cTM) 265 and distribution node 568.

A client transport modem (cTM) 265 generally comprises a cable transmission
physical (PHY) transceiver (TX/RX) 165 as well as a remote-side network physical
(PHY) transceiver (TX/RX) 275. In addition, a client transport “modem (cTM) 265
comprises cable transmission (CT) physical (PHY) control (CTRL) 577 and system
control 579. In general, CT PHY control 577 is concerned with handling bandwidth
allocations in cable transmission (CT) network 105, and system control 579 generally is
concerned with cTM management and/or configuration.

In. the preferred embodiment of the present invention a client transport modem
(cTM) 265 generally interfaces with at least one subscriber physical (PHY) interface
network 580. Interfaces such as interface 285 in FIG. 2b may comprise a cable transport
modem (cTM) 802.3 interface 581 and/or a ¢TM circuit emulation service (CES)
interface 582 in FIG. 5b. Thus, a cTM may have multiple interfaces to different remote-
side networks, and the interfaces may use different interface types and/or technologies.
Also, a ¢cTM 265 may have a ¢cTM control interface 583 that is used to allow at least one
provisioning terminal 585 to perform various tasks such as, but not limited to,
configuration, control, operations, administration, and/or maintenance. In the preferred
embodiment of the present invention, the ¢TM control interface 583 may use
ethernet/802.3, though other interface types and technologies could be used. Also, cTM
control interface 583 could use a separate interface from interfaces used to connect to
remote-side networks such as subscriber local area network 595. Based on various policy

decisions and criteria, such as but not limited to security, the ¢cTM control interface 583
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may be carried over the same communications medium that connects to various remote-
side networks or it may be carried over separate communications medium from that used
in connecting to various remote-side networks. In the preferred embodiment of the
present invention, the ¢TM control interface 583 is carried in a separate 802.3/ethernet
medium for security.

Also, FIG. 5b shows client transport modem (cTM) 265 being connected over
¢IM circuit emulation service (CES) interface 582 to another remote-side network, the
subscriber telephony network 596. Many remote or subscriber locations have legacy
equipment and applications that use various interfaces commonly found in connections to
the PSTN. The preferred embodiments of the present invention allow connection of these
types of interfaces to the client transport modem (¢TM) 265. Some non-limiting
examples of these interfaces are analog POTS lines as well as various digital interfaces
generally supporting N X 56 and N X 64 (where N is any positive integer). The digital
interfaces may have a plurality of DSOs multiplexed into a larger stream of data using the
plesiochronous digital hierarchy (PDH) and/or the synchronous digital hierarchy (PDH).
In the preferred embodiments of the present invention, cTM CES interface 582 is a T1

line, which is part of the plesiochronous digital hierarchy (PDH).

Protocol Models

FIG. 6 shows more detail of a preferred embodiment of a transport modem
termination system (TMTS) 215 and/or a client transport modem (cTM) 265. In general,
for various tasks such as, but not limited to, configuration, management, operations,
administration, and/or maintenance, a TMTS 215 and/or a ¢cTM 265 generally may have a
capability of system control 219 and/or 579, respectively. In general, the system control
219 and/or 579 may have at least one cable transmission (CT) physical (PHY) transceiver
(TX/RX) 115 and/or 165 as well as at least one interface for connecting to central-side
and/or remote-side networks with ethernet/802.3 physical (PHY) transceiver 225 and/or
275 being the at least one type of connection to the central-side and/or remote-side
networks in the preferred embodiment of the present invention. At least one cable
transmission (CT) physical (PHY) transceiver (TX/RX) 115 and/or 165 generally is
connected to at least one cable transmission (CT) network 105. Also, in the preferred
embodiment of the present invention at least one ethernet/802.3 physical (PHY)

transceiver 225 and/or 275 is connected to at least one ethernet/802.3 media 605.
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In general, a single instance of a 802.3/ethernet media access control (MAC)
algorithm could be used for both the 802.3 physical (PHY) transceiver (TX/RX) 225
and/or 275 as well as the cable transmission (CT) physical (PHY) transceiver (TX/RX)
115 and/or 165. In other embodiments multiple instances of a medium access control
(MAC) algorithm may be used. In general, ethernet/802.3 uses a carrier sense multiple
access with collision detection (CSMA/CD) MAC algorithm. Each instance of the
algorithm generally is responsible for handling the carrier sensing, collision detection,
and/or back-off behavior of in one MAC collision domain. The details of the 802.3 MAC
are further defined in IEEE standard 802.3-2000, “Part 3: Carrier sense multiple access
with collision detection (CSMA/CD) access method and physical layer”, which was
published in 2000, and is incorporated by reference in its entirety herein.

The preferred embodiment of the present invention generally functions as a
physical layer repeater between at least one 802.3 media 605 and at least one cable
transmission (CT) network 105. Although repeaters may support a particular MAC
algorithm for management and control purposes, generally repeaters do not break up a
network into different collision domains and/or into different layer three sub-networks.
However, one skilled in the art will be aware that other embodiments are possible for
devices such as, but not limited to, bridges, switches, routers, and/or gateways. These
other embodiments may have multiple instances of the same and/or different MAC
algorithms.

Furthermore, the CSMA/CD MAC algorithm as well as the physical layer signals
that generally are considered part of the ethernet/802.3 specification may be used to carry
different frame types. In the preferred embodiment of the present invention, because of
the wide-spread availability of Internet Protocol (IP) technology, the system control 219
for TMTS 215 and/or the system control 579 for ¢cTM 265 generally may use IP for
various tasks such as, but not limited to, configuration, management, operations,
administration, and/or maintenance. On ethernet/802.3 networks, IP datagrams
commonly are carried in Digital-Intel-Xerox (DIX) 2.0 or ethernet _II frames. However,
other frame types may be used to carry IP datagrams including, but not limited to, 802.3
frames with 802.2 logical link control (LLC) and a sub-network access protocol (SNAP).
Thus, 802.2 LLC / DIX 615 handles the correct frame type information for the IP
datagrams communicated to and/or from the system control 219 and/or 579 of TMTS 215
and/or cTM 265, respectively. Often network devices using the internet protocol (IP) are

configurable for 802.2 LLC and/or ethernet_II frame types.
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In general, for communications with IP devices a mapping should exist between
logical network layer addresses (such as IP addresses) and hardware, data link, or MAC
layer addresses (such as ethernet/802.3 addresses). One protocol for dynamically
determining these mappings between IP addresses and ethernet/802.3 addresses on
broadcast media is the address resolution protocol (ARP). ARP is commonly used in IP
devices that are connected to broadcast media such as ethernet/802.3 media. Thus, the
preferred embodiments of the present invention generally support ARP 620 to allow tasks
such as, but not limited to, configuration, management, operations, administration, and/or
maintenance of TMTS 215 and/or ¢TM 265.

In the preferred embodiments of the present invention, TMTS 215 and/or ¢TM
265 generally support management and/or configuration as IP devices. Thus, system
control 219 and/or 579 generally has an IP layer 625 that may also optionally include
support for ICMP. The internet control message protocol (ICMP) is commonly used for

simple diagnostic tasks such as, but not limited to, echo requests and replies used in

packet internet groper (PING) programs. Generally, various transport layer protocols

such as, but not limited to, the user datagram protocol (UDP) 630 are carried within IP
datagrams. UDP is a connectidnless datagram protocol that is used in some basic
functions in the TCP/IP (Transmission Control Protocol/Internet Protocol) suite.
Generally, UDP 630 supports the dynamic host configuration protocol (DHCP) 635,
which is an extension to the bootstrap protocol (BOOTP), the simple network
management protocol (SNMP) 640, the trivial file transfer protocol (TFTP) 645, as well
as many other protocols within the TCP/IP suite.

DHCP 635 is commonly used in IP devices to allow dynamic assignment of IP
addresses to devices such as TMTS 215 and/or cTM 265. SNMP 640 generally supports
“sets” to allow a network management system to assign values on the network devices,
“gets” to allow a network management system to retrieve values from network devices,
and/or “traps” to allow network devices to information a network management system of
alarm conditions and events. TFTP 645 might be used to load a configuration from a file
onto a network device, to save off a configuration of a network device to a file, and/or to
load new code or program software onto a network device. These protocols of DHCP
635, SNMP 640, and TFTP 645 may be used in the preferred embodiment for control
processes 650 in system control 219 and/or 579 of TMTS 219 and/or ¢TM 265,

respectively.
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Furthermore, one skilled in the art will be aware that many other interfaces are
possible for tasks such as, but not limited to, configuration, management, operations,
administration, and/or maintenance of TMTS 215 and/or ¢TM 265. For example, the
system control 219 or 579 in TMTS 215 and/or cTM 265 may support the transmission
control protocol (TCP) instead of or in addition to UDP 630. With TCP, control
processes 650 could use other TCP/IP suite protocols such as, but not limited to, the file
transfer protocol (FTP), the hyper text transfer protocol (HTTP), and the telnet protocol.
One skilled in the art will be aware that other networking devices have used FTP for file
transfer, HTTP for web browser user interfaces, and telnet for terminal user interfaces.
Also, other common use interfaces on network equipment include, but are not limited to,
serial ports, such as RS-232 console interfaces, as well as LCD (Liquid Crystal Display)
and/or LED (Light Emitting Diode) command panels. Although the preferred
embodiments of the present invention may use DHCP 635, SNMP 640, and/or TFTP 645,
other embodiments using these other types of interfaces are possible for tasks such as, but
not limited to, configuration, management, operations, administration, and/or
maintenance of TMTS 215 and/or ¢cTM 265.

In the preferred embodiments of the present invention, the local server facility 543
and/or the OA&M system 544 of FIG. 5a as well as the provisioning terminal 585 of FIG.
5b are at least one host device 660 that communicated with control processes 650 of
TMTS 215 and/or cTM 265. In general, at least one host device 660 may be connected to
802.3 media 605 through 802.3 physical (PHY) transceiver (TX/RX) 670. Host device
660 may have an 802.3/ethernet (ENET) media access control (MAC) layer 675, an 802.2
LLC/DIX layer 680, and higher layer protocols 685. Although FIG. 6 shows host device
660 directly connected to the same 802.3 media 605 as TMTS 215 or cTM 265, in general
there may be any type of connectivity between host device 660 and TMTS 215 and/or
¢TM 265. This connectivity may include networking devices such as, but not limited to,
repeaters, bridges, switches, routers, and/or gateways. Furthermore, host device 660 does
not necessarily have to have the same type of MAC interface as TMTS 215 and/or cTM
265. Instead, host device 660 generally is any type of IP host that has some type of
connectivity to TMTS 215 and/or ¢TM 265 and that supports the proper IP protocols
and/or applications for tasks such as, but not limited to, configuration, management,
operations, administration, and/or maintenance.

FIG. 7 shows a more detailed breakdown of how TMTS 215 and ¢TM 265 might

provide communication over cable transmission network 105.  The preferred
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embodiments of the present invention might be used in a network generally divided at
point 740 into a service-provider-side (or central-side) of the network 742 as well as a
subscriber-side, customer-side, or remote-side of the network 744. In general, TMTS 215
would be more towards the central-side or service-provider-side of the network 742
relative to ¢TM 265, which would be more towards the subscriber-side, customer-side, or
remote-side of the network 744 relative to the TMTS 215. As was shown in FIGs. 5a and
5b, and is shown again in FIG. 7, TMTS 215 may comprise a cable transmission (CD)
physical (PHY) transceiver (TX/RX) 115, an ethernet/802.3 physical (PHY) transceiver
(TX/RX) 225, and a cable transmission (CT) physical (PHY) control 217. Also, cTM 265
may comprise a cable transmission (CT) physical (PHY) transceiver (TX/RX) 165, an
ethernet/802.3 physical (PHY) transceiver (TX/RX) 275, and a cable transmission (CD
physical (PHY) control 577.

In the preferred embodiment of the present inventioﬁ, TMTS 215 and ¢TM 265
generally provide layer one, physical level repeater service between ethernet/802.3
physical (PHY) transceiver (TX/RX) 225 and ethernet/802.3 physical (PHY) transceiver
(TX/RX) 275. Furthermore, cable transmission (CT) physical (PHY) control 217 in
TMTS 215 generally communicates with cable transmission (CT) physical (PHY) control
577 in ¢TM 265 to allocate and/or assign bandwidth. In addition to allocating and/or
assigning bandwidth, cable transmission (CT) physical control 217 and cable
transmission (CT) physical control 577 generally may include mechanisms to request and
release bandwidth as well as to inform the corresponding cable transmission (ChH
physical (PHY) control of the bandwidth allocations. Also, cable transmission (ChH
physical control 217 and cable transmission (CT) physical control 577 generally may
communicate to negotiate ¢TM radio frequency (RF) power levels so that the TMTS
receives an appropriate signal level.

In the preferred embodiments of the present invention, the TMTS 215 and the
¢TM 265 generally are transparent to ethernet/802.3 frames communicated between
ethernet/802.3 physical (PHY) transceiver (TX/RX) 225 and ethernet/802.3 physical
(PHY) transceiver 275. To maintain this transparency, the communication between cable
transmission (CT) physical (PHY) control 217 and cable transmission (CT) physical
(PHY) control 577 generally do not significantly modify and/or disturb the ethernet
frames communicated between 802.3/ethernet physical (PHY) transceiver (TX/RX) 225
and 802.3/ethernet physical (PHY) transceiver (TX/RX) 275. There are many possible
ways of communicating between cable transmission (CT) physical (PHY) control 217 and
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cable transmission (CT) physical (PHY) control 577 of TMTS 215 and ¢cTM 265,
respectively, while still maintaining transparency for the 802.3 physical transceivers 225
and/or 275. In the preferred embodiments of the present invention, the traffic between
cable transmission (CT) physical (PHY) control 217 and 577 of TMTS 215 and ¢cTM 265,
respectively, is multiplexed into the same data stream with 802.3/ethernet traffic between
802.3 physical (PHY) transceivers 225 and 275 of TMTS 215 and ¢TM 265, respectively.
However, the control traffic generally uses a different frame than standard ethernet/802.3
traffic.

Ethernet/802.3 frames generally begin with seven octets of preamble followed by
a start frame delimiter of 10101011 binary or AB hexadecimal. (In reality ethernet DIX
2.0 has an eight octet preamble, and IEEE 802.3 has a seven octet preamble followed by a
start frame delimiter (SFD). In either case, these initial eight octets are generally the
same for both ethernet DIX 2.0 and IEEE 802.3.) To differentiate control frames between
cable transmission (CT) physical (PHY) control 217 and 577 from ethernet frames
between 802.3 physical (PHY) transceivers (TX/RX) 225 and 275, a different value for
the eighth octet (i.e., the start frame delimiter) may be used on the control frames.
Because most devices with ethernet/802.3 interfaces would consider a frame with a start
frame delimiter (SFD) to be in error, these control frames generally are not propagated
through 802.3 physical (PHY) transceivers (TX/RX) 225 and/or 275. This solution offers
the advantage of the control frames that communicate bandwidth allocations being
generally inaccessible to devices on directly connected 802.3 media. This lack of direct
accessibility to the control frames may provide some security for communications about
bandwidth allocations, which may be related to various billing policies. Because cable
transmission (CT) physicai (PHY) control 217 and 577 generally does not generate 802.3
or ethernet frames in the preferred embodiment of the present invention, FIG. 7 shows
cable transmission (CT) physical (PHY) control 217 and 577 generally connected to cable
transmission (CT) physical (PHY) transceivers (TX/RX) 115 and 165, respectively, and
generally not connected to 802.3/ethernet physical (PHY) transceivers (TX/RX) 225 and
275, respectively.

As shown in FIG. 7, ethernet/802.3 physical (PHY) transceiver (TX/RX) 225 in
TMTS 215 generally is connected to 802.3/ethernet media 745, which is further
connected to at least one device with an ethernet interface 750. Device with ethernet
interface 750 may further comprise an 802.3/ethernet physical (PHY) transceiver
(TX/RX) 755, an 802.3/ethernet medium access control layer 756, as well as other higher
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layer protocols 757. Also, ethernet/802.3 physical (PHY) transceiver (TX/RX) 275 in
c¢TM 265 generally is connected to 802.3/ethernet media 785, which is further connected
to at least one device with an ethernet interface 790. Device with ethernet interface 790
may further comprise an 802.3/ethernet physical (PHY) transceiver (TX/RX) 795, an
802.3/ethernet medium access control layer 796, as well as other higher layer protocols
797.

In general, the preferred embodiments of the present invention provide transparent
physical layer repeater capability that may carry information between device with
ethernet interface 750 and device with ethernet interface 790. As a non-limiting example,
device with ethernet interface 750 may have information from a higher layer protocol
such as, but not limited to, an IP datagram. In FIG. 7, this IP datagram is formed in the
higher layer protocols block 757 and is passed down to 802.3/ethernet MAC layer 756,
which adds data link information to form an ethernet frame. Then 802.3 physical (PHY)
transceiver (TX/RX) 755 handles generating the proper electromagnetic signals to
propagate the information over 802.3/ethernet media 745. In the preferred embodiments
of the present invention, TMTS 215 functions as a repeater that copies bits (or other
forms of information) received from 802.3/ethernet media 745 by 802.3/ethernet physical
(PHY) transceiver (TX/RX) 225. The bits are copied over to cable transmission (CT)
physical (PHY) transceiver (TX/RX) 115, which generates the proper signals to
communicate the information over cable transmission network 105. (Note: in some
embodiments some portions of the signal generation may be performed externally to the
TMTS 215 as in at least one external QAM modulator 552.)

After propagating through cable transmission (CT) network 105, the bits (or other
forms of information) are received in cable transmission (CT) physical (PHY) transceiver
(TX/RX) 165 of ¢cTM 265. In the preferred embodiments of the present invention, cTM
265 functions as a repeater that copies bits (or other forms of information) received from
cable transmission network 105 by cable transmission (CT) physical (PHY) transceiver
(TX/RX) 165. The bits are copied over to 802.3/ethernet physical (PHY) transceiver
(TX/RX) 275, which generates the proper signals to communicate the information over
802.3/ethernet media 785.

In device with ethernet interface 790, 802.3/ethernet physical (PHY) transceiver
(TX/RX) 795 receives the electromagnetic signals on 802.3/ethernet media 785 and
recovers the bits (or other forms of information) from the electromagnetic signals. Next,

802.3/ethernet media access control (MAC) 796 generally checks the ethernet/802.3
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framing and verifies the frame check sequence (FCS) or cyclic redundancy code (CRC).
Finally, the IP datagram is passed up to higher layer protocols 797. Generally, a reverse
process is followed for communications in the opposite direction.

Furthermore, it is to be understood that embodiments of the present invention are
capable of providing similar connectivity over cable transmission (CT) network 105 to
devices (such as device with ethernet interface 750 and device with ethernet interface
790), which may be directly connected to 802.3/ethernet media 745 and/or 785 as well as
other devices that are not directly connected to 802.3/ethernet media 745 and/or 785.
Thus, other devices which are indirectly connected to 802.3/ethernet media through other
media, links, and/or networking devices may also utilize the connectivity provided by the
preferred embodiments of the present invention.

In the preferred embodiments of the present invention, TMTS 215 can be thought
of as providing level one, physical layer repeater service between 802.3/ethernet physical
(PHY) transceiver (TX/RX) 225 and cable transmission (CT) physical (PHY) transceiver
(TX/RX) 115. Also in the preferred embodiments of the present invention, cTM 265 can
be thought of as providing level one, physical layer repeater service between
802.3/ethernet physical (PHY) transceiver (TX/RX) 275 and cable transmission (CT)
physical (PHY) transceiver (TX/RX) 165. In addition in the preferred embodiments of
the present invention, TMTS 215 and ¢TM 265 together can be thought of as providing
level one, physical layer repeater service between 802.3/ethernet physical (PHY)
transceiver (TX/RX) 225 and 802.3/ethernet physical (PHY) transceiver (TX/RX) 275.
In providing level one, physical layer repeater service between 802.3/ethernet physical
(PHY) transceiver (TX/RX) 225 and 802.3/ethernet physical (PHY) transceiver (TX/RX)
275, TMTS 215 and ¢TM 265 each may be thought of as half-repeaters of a repeater pair.

In general, networking devices connecting local area networks (or LANs such as,
but not limited to, ethernet/802.3 media 745 and 785) over a wide-area network (or WAN
such as, but not limited to, cable transmission network 105) may be viewed using at least
two abstractions or models. First, the two devices at each end of the WAN may be
viewed as independent networking devices each acting as a repeater, bridge, switch,
router, gateway, or other type of networking device connecting the LAN and the WAN.
Alternatively, a pair of networking devices on each end of a WAN could be viewed based
on each networking device providing one half of the service provided over the WAN.
Thus, each networking device at the end of a WAN could be thought of as a half-repeater,
half-bridge, half-switch, half-router, half-gateway, etc. for a pair of networking devices
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providing connectivity across a WAN. In addition, one skilled in the art will be aware
that the networking devices on each end of a connection may actually perform according
to different forwarding constructs or models (such as, but not limited to, repeater, bridge,
switch, router, and/or gateway). Thus, one skilled in the art will be aware that one of the
networking devices (either the TMTS 215 or a ¢cTM 265) connected to cable transmission
network may provide services such as, but not limited to, repeater, bridge, switch, router,
and/or gateway while the other networking device (either a ¢cTM 265 or the TMTS 215,
respectively) may provide the same or different services such as, but not limited to,
repeater, bridge, switch, router, and/or gateway. Furthermore, each networking device
could provide different services or forwarding constructs for different protocols.

Therefore, even though the preferred embodiments of the present invention have a
repeater service or forwarding construct for both a TMTS 215 and a ¢TM 265 as well as a
TMTS 215 and a ¢TM 265 jointly, one skilled in the art will be aware that other
embodiments of the present invention are possible in which the forwarding construct for a
TMTS 215 and/or a ¢cTM may be independently chosen. Furthermore, the forwarding
construct could be different for each client transport modem 265, 266, 267, and 268
connected to the same TMTS 215. Also, transport modem termination systems 215 may
have different forwarding behavior or forwarding constructs for each port. In addition,
multiple TMTS 215 devices might utilize different forwarding constructs but still be
connected to the same cable transmission network 105. Also, one skilled in the art will be
aware of hybrid forwarding constructs in addition to the general layer one repeater
service, layer two bridge service, and/or layer three routing service. Any hybrid type of
forwarding construct also might be used as alternative embodiments of the present
invention. Therefore, one skilled in the art will be aware that alternative embodiments
exist utilizing other forwarding constructs in addition to the layer one, repeater service of
the preferred embodiment of the present invention.

FIG. 7 further shows an 802.3/ethernet media independent interface (MII) 799 as a
dashed line intersecting connections to various 802.3/ethernet physical layer interfaces or
transceivers (755, 225, 275, and 795). In general, the IEEE 802.3 standards defined a
media independent interface for 100 Mbps ethernet and a Gigabit media independent
interface (GMII) for 1000 Mbps ethernet. References in the figures and description to
MII and/or GMII are meant to include both MII and GMII. Generally, the MII and GMII
interfaces allow 802.3 interfaces to be made that can be interfaced with different physical

cables. As a non-limiting example, 100BaseT4, 100BaseTX, and 1000BaseFX are three
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different types of physical cables/optical lines that can be used in the IEEE 802.3 ethernet
standards covering 100 Mbps or fast ethernet. 100BaseTX is designed for twisted pair
cables, whereas 100BaseFX is designed for fiber optic cables. The media independent
interface (MII) provides a standard interface for communicating with devices designed to
form and interpret the physical electrical and/or optical signals of different types of
media.

FIG 8. shows a more detailed diagram for connecting ethernet devices through a
transport modem termination system (TMTS) 215 and a client transport modem (cTM)
265. FIG. 8 further divides the cable transmission (CT) physical (PHY) transceiver
(TX/RX) 115 and 165. TMTS 215 comprises CT PHY 115, which further comprises
signaling medium dependent (SMD) sublayer 816, physical coding sublayer (PCS) 817,
inverse multiplex sublayer (IMS) 818, and frame management sublayer (FMS) 819. FMS
819 connects to 802.3/ethernet physical transceiver 225 through 802.3/ethernet media
interface (MII) 799. SMD sublayer 816 communicates through cable transmission (CT)
network 105 across 802.3/ethernet media dependent interface (MDI) 835.

Also client transport modem 265 has a cable transmission physical transceiver 165
that comprises signaling medium dependent (SMD) sublayer 866, physical coding
sublayer (PCS) 867, inverse multiplex sublayer (IMS) 868, and frame management
sublayer (FMS) 869. SMD sublayer 866 communicates through cable transmission
network 105 across 802.3 media dependent interface (MDI) 835. FMS 869 provides an
802.3 media independent interface (MII) 799, which may be connected to an 802.3
ethernet physical transceiver 275.

In general, FMS 819 and 869 provide management functions that allow control
traffic to be combined with and separated from data traffic. A frame management
sublayer (such as FMS 819 and/or 869) may support a plurality of 802.X interfaces. Each
active 802.X port of FMS 869 in client transport modem 265 generally has a one-to-one
relationship with an associated active 802.X port in a transport modem termination
system 215. Generally FMS 819 within TMTS 215 has similar behavior to FMS 869 in
¢IM 265. However, as TMTS 215 generally is a concentrator that may support a
plurality of client transport modems, such as ¢TM 265, FMS 819 of TMTS 215 usually
has more 802.X interfaces than FMS 869 of cTM 265.

The inverse multiplex sublayer of IMS 818 and IMS 868 generally is responsible
for multiplexing and inverse multiplexing data streams of FMS 819 and 869 across
multiple frequency-division multiplexed (FDM) carriers. The asymmetrical differences
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in cable transmission networks between one-to-many downstream broadcast and many-
to-one upstream transmission generally lead to different techniques for downstream
multiplexing than the techniques for upstream multiplexing. In the preferred embodiment
of the present invention downstream multiplexing utilizes streams of MPEG (Moving
Picture Experts Group) frames on shared frequencies of relatively larger bandwidth
allocations, while upstream multiplexing utilizes non-shared frequencies of relatively
smaller bandwidth allocations. Even though the upstream and downstream bandwidth
allocation techniques of the inverse multiplexing sublayer (IMS) are different, the
preferred embodiments of the present invention are still capable of providing symmetrical
upstream and downstream data rates (as well as asymmetrical data rates). Furthermore,
the inverse multiplexing sublayer (IMS) splits the incoming sequential octets of FMS data
flows (i.e., flows of data from and/or to FMS ports) for parallel transmission across a
cable transmission network utilizing a plurality of frequency bands in parallel. This
parallel transmission of data flows will tend to have lower latency than serial
transmission.

The physical coding sublayer (such as PCS 817 and 867) generally is responsible
for handling forward error correction (FEC) and quadrature amplitude modulation (QAM)
coding and decoding of the information communicated between IMS sublayer peer
entities (such as IMS 818 and IMS 868). The signaling medium dependent (SMD)
sublayer (such as the SMD peer entities 816 and 866) generally is responsible for
communicating the encoded and modulated information from the physical coding
sublayer onto a cable transmission network 105 at the proper frequency ranges and in the
proper optical and/or electrical carrier waves.

FIG. 9 shows the open systems interconnect (OSI) seven-layer model, which is
known to one of skill in the art, as well as the relationship of the OSI model to the
physical layer specification of the preferred embodiments of the present invention and to
some portions of the IEEE 802.X standards. In OSI terminology corresponding layers
(such as the layer 3 Internet Protocol) of two communicating devices (such as IP hosts)
are known as peer entities. The OSI model comprises the level 1 physical layer 901, the
level 2 data link layer 902, the level 3 network layer 903, the level 4 transport layer 904,
the level 5 session layer 905, the level 6 presentation layer 906, and the level 7
application layer 907. The preferred embodiments of the present invention generally
operate over communication media that function as cable transmission network 915.

Although cable transmission network 915 certainly comprises hybrid fiber-coax (HFC)
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cable plants, CT network 915 more generally also comprises all coax and all fiber
transmission plants. Furthermore, cable transmission network 915 even more generally
comprises any communication medium using frequency-division multiplexing (FDM)
and/or the optical variation of frequency division multiplexing known as wavelength
division multiplexing (WDM).

The cable transmission network 915 communicates information across a media
dependent interface (MDI) 925 with cable transmission physical layer 935. FIG. 9 shows
that cable transmission physical layer 935 is associated with the physical layer 901 of the
OSI model. Similarly to FIG. 8, cable transmission PHY 935 is shown in FIG. 9 with the
four sublayers of the signaling medium dependent sublayer (SMD) 945, physical coding
sublayer (PCS) 955, inverse multiplex sublayer (IMS) 965, and frame management
sublayer (FMS) 975. The SMD 945, PCS 955, IMS 965, and FMS 975 sublayers form a
user plane that generally is concerned with communicating user data. In addition, cable
transmission PHY control 985 provides functions generally associated with management
and/or control of communications through cable transmission physical layer 935 and the
corresponding four sublayers (945, 955, 965, and 975).

FIG. 9 further shows how data link layer 902 is divided into medium access
control sublayer (MAC) 998 and logical link control sublayer (LLC) 999 that are
generally described in the IEEE 802 standards. IEEE 802.3 generally describes the
carrier sense multiple access with collision detection (CSMA/CD) medium access control
(MAC) protocol, while IEEE 802.2 generally describes the logical link control (LLC)
protocol. Cable transmission physical layer 935 generally has a media independent
interface (MII) 995 that provides connectivity between FMS 975 and an IEEE 802.3
MAC. Furthermore, one skilled in the art will be aware that the OSI model as well as
other communication models are only abstractions that are useful in describing the
functionality, behavior, and/or interrelationships among various portions of
communication systems and the corresponding protocols. Thus, portions of hardware
and/or software of actual networkable devices and the associated protocols may not
perfectly match the abstractions of various communication models. Often when multi-
layer abstract models of communication systems are mapped onto actual hardware and/or
software the dividing line between one layer (or sublayer) and an adjacent layer (or
sublayer) becomes somewhat blurred as to which hardware and/or software elements are
part of which abstract layer. Furthermore, it is often efficient to used shared portions of

hardware and/or software to implement interfaces between the abstract layers. However,
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the abstract models are useful in describing the characteristics, behavior, and/or
functionality of communication systems.

Much like peer entities of OSI protocol layers, there can also be peer entities of
protocol sublayers. Thus, corresponding FMS, IMS, PCS, and/or SMD sublayers in
communicating devices could be considered peer entities. Given this peer entity
relationship, one of many alternative embodiments of the present invention is shown in
FIG. 10. TMTS 215 and device with ethernet interface 750 are shown again in FIG. 10
but this time TMTS 215 transfers information with a client transport modem network
interface card (NIC) 1065. CTM NIC 1065 comprises a CT physical layer transceiver
(TX/RX) 1075 that is a peer entity of CT physical layer transceiver 115 of TMTS 215.
Also, ¢cTM NIC 1065 further comprises CT physical layer control 1077 that is a peer
entity of CT physical layer control 217 of TMTS 215. Also, cTM NIC 1065 comprises
802.3 /ethernet MAC 1079 that is a peer entity of 802.3/ethernet MAC 757 in device with
ethernet interface 750.

Client transport modem NIC 1065 is shown within device with ¢TM NIC 1090,
which further contains NIC driver software 1097 and higher layer protocols 1099. If
device with cTM NIC 1090 is a personal computer, then NIC driver software 1097 might
conform to one of the driver specifications, such as but not limited to, NDIS (Network
Driver Interface Specification), ODI (Open Data-Link Interface), and/or the Clarkson
packet drivers. Usually a network interface card plugs into a bus card slot and then uses
driver software to interface with higher layer protocols. One skilled in the art will be
aware that the cable transmission physical layer of the preferred embodiment of the
present invention could be implemented in any type of networkable device in addition to
PCs and workstations. Some non-limiting examples of networkable devices include
computers, gateways, routers, switches, bridges, and repeaters. Sometimes these devices
have expansion card buses that could be used to interface to logic implementing the cable
transmission physical layer 1075 of the preferred embodiments of the present invention.
Alternatively, the preferred embodiments of the present invention could be directly
integrated into the base units of networkable devices. FIG. 11 further expands cable
transmission physical layer 1075 (and the associated physical layer transceiver) into SMD
sublayer 1166, PCS sublayer 1167, IMS sublayer 1168, and frame management sublayer
1169.
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Frame Management Sublaver (FMS) Data Flows

FIG. 12 shows a system diagram using the physical layer of the preferred
embodiment of the present invention for communication between a transport modem
termination system and a client transport. The four sublayers (FMS 1202, IMS 1204,
PCS 1206, and SMD 1208) are shown within dashed boxes. The upper portion of FIG.
12 shows downstream communication from a TMTS to a ¢TM, while the lower portion of
FIG. 12 shows upstream communication from a ¢TM to a TMTS.

In the downstream communication ethernet/802 packets ingress into a cable
transmission physical layer of the preferred embodiments of the present invention at
ethernet/802 ingress 1212, which performs a conversion from ethernet/802 packets to
FMS frames. FMS frames are then communicated to downstream multiplexer 1214
which converts the octets in FMS frames to octets in MPEG frames. MPEG headers and
MPEG forward error correction (FEC) coding, which generally is a Reed-Solomon code,
generally are added for communication to downstream modulator(s) 1216. The output of
downstream modulator(s) 1216 is passed through radio frequency (RF) transmitter (TX)
1218, which generates the electrical and/or optical signals in the proper frequencies.
These signals are communicated over cable transmitter network 1220 into RF receiver
(RX) 1222. The incoming information in the electrical and/or optical signals generally is
recovered into the MPEG frames in downstream demodulator 1224. The downstream
MPEG frames are then passed to downstream inverse multiplexer 1226, which extracts
the proper octets from MPEG frames to recover frame management sublayer (FMS)
frames. The FMS frames then are converted back to ethernet/802 frames and complete
downstream conveyance at ethernet/802 egress 1228.

Upstream communication of ethernet/802 packets ingress into a physical layer of
the preferred embodiments of the present invention at ethernet/802 ingress 1248 which
converts the ethernet/802 frames into frame management sublayer (FMS) frames. The
FMS frames are converted into blocks of data in preparation for forward error correction
coding in upstream multiplexer 1246. These upstream blocks of data may carry the octets
of ethernet/802 frames over multiple carrier frequencies. In the preferred embodiment of
the present invention a turbo product code forward error correction technique is utilized
on the upstream blocks of data. One skilled in the art will be aware of the techniques of
turbo product codes as well as alternative coding techniques for error detection and/or

forward error correction. Upstream modulator 1244 modulates the information of the
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forward error correction blocks and passes the resulting modulating information to RF
transmitter 1242, which generates the electrical and/or optical signals in the proper
frequency ranges for communication over cable transmission network 1220. The
upstream electrical and/or optical signals are received in RF receiver 1238. Upstream
demodulator 1236 then handles recovering the forward error correction blocks of data.
Also, upstream demodulator 1236 converts the forward error correction blocks back to
the original blocks of data that were prepared in upstream multiplexer 1246. The octets
of the data blocks are placed back into the proper FMS frames in upstream inverse
multiplexer 1234. These FMS frames are then further converted back to ethernet/802
frames and leave the physical layer at ethernet/802 egress 1232.

FIG. 13 shows a more detailed diagram of the frame management sublayer (F MS).
In FIG. 13 802.3/ethernet media 1302 is connected across media independent interface
(MII) and/or gigabit media independent interface (GMII) 1304 to frame management
sublayer (FMS) 1306, which is further connected to inverse multiplex sublayer (IMS)
1308. The connections of FMS 1306 to 802.3/ethernet media 1302 are known as uplink
ports 1 through N (1312, 1314, 1316, and 1318). While the connections of FMS 1306
leading to IMS 1308 generally are known as attachment ports 1 through N (1322, 1324,
1326, and 1328). Each attachment port (1322, 1324, 1326, and 1328) is connected to its
own set of at least one frame buffer (1332, 1334, 1336, and 1338, respectively) that
provides at least part of the interface between FMS 1306 and IMS 1308. Frame buffer(s)
(1332, 1334, 1336, and 1338) provide bi-directional communication of FMS data flows
(1342, 1344, 1346, and 1348, respectively) between FMS 1306 and IMS 1308. In
general, each active FMS data flow of a frame management sublayer in one device is
associated one-to-one with an active data flow of a peer entity frame management
sublayer in another device. Generally, each FMS data flow provides bi-directional
connection-oriented communication between frame management sublayer peer entities in
the associated devices. Thus, an FMS data flow generally provides bi-directional point-
to-point connectivity between a pair of FMS peer entities.

FIG. 13 further shows various control functions 1352, which comprise
802.3/ethernet medium access control (MAC) interface 1354, cable transmission physical
layer control 1356, and system control 1358. CT PHY 1356 generally handles control of
the cable transmission physical layer, which includes the sublayers of FMS 1306 and IMS
1308 that are shown in FIG. 13. System control 1358 includes many of the network

management, software download, and/or configuration setting file download and/or
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N

upload capabilities that generally utilize protocols from the TCP/IP suite for
administering network devices.

Basically the frame management layer (FMS) 1306 is responsible for framing
ethernet data into the proper frames for communications using the preferred embodiments
of the present invention. Furthermore, control flows are communicated between cable
transmission physical control 1356 and a corresponding peer entity cable transmission
physical control in another device. These control flows are not part of the user data, and
thus are not communicated through FMS 1306 to the uplink ports (1312, 1314, 1316, and
1318) that carry information to 802.3/ethernet media 1302. The control frames of control
flows may be multiplexed with data frames by utilizing different start frame delimiters to
indicate ethernet data frames and control frames.

FIG. 14 shows a general format for an 802.3/ethernet frame as is known by one of
ordinary skill in the art. In general, an ethernet frame comprises a preamble 1402 that is
used to synchronize the transmitter and receiver in 802.3/ethernet media. After the
preamble, start frame delimiter 1404 is used to indicate the beginning of the
802.3/ethernet frame. In IEEE 802.3 and ethernet, this start frame delimiter is the one
octet value of 0xAB (in hexadecimal). Following the start frame delimiter (SFD) 1402,
802.3/ethernet frames generally have a header 1406 that includes six octets of destination
address, six octets of source address, and other information depending on whether the
frame type is IEEE 802.3 raw, ethernet _II, IEEE 802.3 with an 802.2 LLC, or IEEE 802.3
with an 802.2 LLC and a Sub-Network Access Protocol (SNAP). In addition, one skilled
in the art will be aware of various techniques for tagging or labeling ethernet/802.3
frames, such as but not limited to, Multi-Protocol Label Switching (MPLS), Resilient
Packet Ring (RPR), and/or Virtual LAN (VLAN). After the labeling or tagging
information and the 802.3/ethernet header 1406, data 1408 generally is carried in a
variable length payload. At the end of 802.3/ethernet packets, a frame check sum (FCS)
1410 error detecting code (usually using a cyclic redundancy check (CRC)) is computed.

To allow all the ethernet/802.3 frame types and various labeling and/or tagging
protocols to be transparently communicated using the preferred embodiments of the
present invention, the start frame delimiter is used as a field for multiplexing control
frames with ethernet/802.3 data frames. Normally, ethernet/802.3 frames do not use the
start frame delimiter (SFD) field 1404 for multiplexing because the SFD octet is
responsible for providing proper frame alignment in ethernet/802.3 networks. FIG. 15

shows the frame format for control frames in the preferred embodiment of the present
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invention. In some ways, control frames are similar to ethernet II and 802.3 raw frames
with a preamble 1502, a start frame delimiter (SFD) 1504, a six octet destination address
1505, a six octet source address 1506, a two octet length and/or type field 1507, a variable
length payload 1508 for carrying control information, and a four octet frame check
sequence (FCS) or cyclic redundancy code (CRC) 1510.

However, in comparing the prior art ethernet/802.3 data frame of FIG. 14 with the
control frame of FIG. 15 utilized in communication systems using the preferred
embodiments of the present invention, the start frame delimiter fields 1404 and 1504 are
different. For ethernet/802.3 data frames in FIG. 14, the start frame delimiter has a value
of 0xAB in hexadecimal, while for control frames in FIG. 15 the start frame delimiter has
a value of 0xAE in hexadecimal. This difference in the octet of the start frame delimiter
(SFD) allows data frames and control frames to be multiplexed together without affecting
the transparency of the communication system to all types of ethernet/802.3 frame
variations. Control frames transmitted by cable transmission physical control (such as
1356) are multiplexed with the data of an FMS data flow (such as 1342, 1344, 1346,
and/or 1348) that is destined for the same location as the data of that FMS data flow.

In addition, FIG. 16 shows the FMS frames 1602 communicated between FMS
peer entities in a system utilizing the preferred embodiments of the present invention. In
general, because of the one-to-one or point-to-point, non-shared relationship of
connection-oriented communications between active FMS attachment ports and
associated active peer entity FMS attachment ports, bits may be continuously transmitted
to maintain synchronization. In the absence of any data frames or control frames to
transmit, the system continuously communicates an octet of 0x7E hexadecimal, which
functions similarly to the continuous communication of HDLC (High-level Data-Link
Control) flags in many point-to-point synchronous connections. Furthermore, as shown
in FIG. 16, the delimiter 1604 for an FMS frame 1602 is one octet of 0x00 followed by
six octets of O0x7E hexadecimal 1605. The frame delimiter of an FMS frame 1602 is
followed by a one octet start frame delimiter (SFD) 1606 that contains the value 0xAB
hexadecimal for ethernet/802.3 data frames and that contains the value OxXxAE
hexadecimal for control frames as shown in FIG. 15. FMS frame 1602 generally has a
frame trailer 1608 and a payload 1610. When two FMS frames are transmitted
immediately after each other, only one octet of 0x00 and six octets of 0x7E 1605 are
needed between the two FMS frames. In other words, there is no need to transmit both a

trailer 1608 for a first FMS frame 1602 and a starting delimiter 1604 for a second FMS
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frame 1602 when the second FMS frame is transmitted immediately after the first FMS
frame. Thus, when a second FMS frame is transmitted immediately after a first FMS
frame, either the trailer 1608 of the first FMS frame or the starting delimiter 1604 of the
second FMS frame may be omitted.

In general, the payload 1610 of an FMS frame 1602 generally may carry an
ethernet/802.3 frame or a control frame beginning with the SFD octets of 0xAB and
OxAE, respectively, and continuing through the frame check sequence (F CS) 1410 or
1510. Because one hexadecimal octet (or a consecutive sequence of a plurality of
hexadecimal octets) with the value of 0x7E may appear in ethernet/802.3 and/or control
frames, an octet stuffing technique is used to ensure that the information in an FMS frame
payload 1610 is communicated transparently and that the FMS frame 1602 boundaries
can be detected by a starting FMS delimiter 1604 and an FMS trailer 1608 (i.e., a trailing
FMS delimiter). The FMS sublayer handles this process of framing ethernet and control
frames using the FMS frame delimiters of one octet of 0x00 followed by six octets of
0x7E. In addition, byte or octet stuffing allows a payload containing octet or byte values
that might cause misinterpretations of starting delimiter 1604 or trailing delimiter 1608 to
be communicated transparently. Various techniques for byte, octet, and/or character
stuffing in byte-oriented protocols as well as bit stuffing in bit-oriented protocols are
known by one of ordinary skill in the art, and one technique is described in Andrew S.
Tanenbaum's Second and Third Editions of "Computer Networks", which are both
incorporated by reference in their entirety herein. Furthermore, the HDLC formatted
frames communicated using an asynchronous, byte- or octet-oriented version of the Point-
to-Point Protocol (PPP) generally use another octet-stuffing procedure to maintain
transparency.  This, octet stuffing procedure is described in Internet Request For
Comments (RFC) 1662, which is entitled “PPP in HDLC Framing” and is incorporated in
its entirety by reference herein.

In general, octet stuffing involves adding additional octets to a frame whenever a
pattern in the frame might cause an ambiguity in a receiver trying to determine frame
boundaries. For example, six payload octets of 0x7E at 1612 in FIG. 16 could have an
extra octet of 0x00 added as a stuffed octet 1614. The additional stuffed octets generally
increase the size of the payload. One or more stuffed octets 1614 may be added to a
payload to handle each situation where a receiver might have had some ambiguity in
determining correct frame boundaries based on the patterns in the payload data matching

or overlapping with the bit patterns used to specify frame boundaries.
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FIG. 17 shows the relationships of inverse multiplex sublayer 1308 to frame
management sublayer 1306 and physical coding sublayer 1710. Several of the items from
FIG. 13 have been repeated including control functions 1352, systems control 1358, CT
PHY control 1356 as well as FMS data flows 1 through N (1342, 1344, 1346, and 1348).
The frame buffers between FMS 1306 and IMS 1308 have been omitted for simplicity of
the discussion of FIG. 17. Physical coding sublayer 1710 varies depending on whether
client transport modem modulation 1712 or transport modem termination system
modulation 1722 is being used. Client transport modem modulation comprises a
downstream demodulator 1714 that provides input into IMS 1308 and further comprises
upstream modulator 1716 that receives the output of an inverse multiplex sublayer 1308.
In contrast to the cTM modulation 1712, the TMTS modulation 1722 comprises upstream
demodulator 1724 that provides input to an IMS 1308 and further comprises downstream
modulator 1726 that receives input from IMS 1308. The IMS 1308 performs different
multiplexing/demultiplexing functions depending on - whether the direction of
communication is upstream or downstream. As discussed previously the downstream
modulator 1726 of a transport modem termination system may include integrated QAM
modulators. ~ Alternatively, the downstream MPEG packets and/or frames may be
communicated over an optional asynchronous serial interface (ASI) 1732 to an external
QAM modulator. One skilled in the art is aware of many mechanisms and devices that
are commonly used in communicating MPEG frames over ASI interfaces to QAM
modulators. Furthermore, because the downstream communication of IMS 1308 utilizes
MPEG streams that can carry clock information, IMS 1308 is connected to a T1 stratum
reference clock source 1736 or another clock source commonly used for various N x 64
and/or N x 56 digital telephone company services that may involve plesiochronous digital
hierarchy (PDH) or synchronous digital hierarchy (SDH) multiplexing. On the TMTS-
side, T1 stratum reference clock source 1736 (or another clock source as would be known
by someone of ordinary skill in the art) generally is an input to IMS 1308 in a TMTS. In
contrast on the ¢TM-side, T1 stratum reference clock source 1736 (or another clock
source as would be known by someone of ordinary skill in the art) generally is an output
that is driven by the IMS 1308 in a cTM.

MPEG Packets

FIG. 18 shows the layout of an MPEG frame that is known to one of skill in the
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art and is described in ITU-T H.222.0 entitled "Audiovisual and Multimedia Systems"
and ITU-T J.83 entitled "Transmission of Television, Sound Program and Other
Multimedia Signals", which are both incorporated by reference in their entirety herein.
Synchronization Byte (SB) 1812 contains the eight bit value 0x47 hexadecimal. The
transport error indicator (TEI) 1822 is set in a communication system using the preferred
embodiments of the present invention to indicate frame decoding errors of MPEG packets
to an 802.3 MII interface connected to a frame management sublayer. The cable
transmission physical layer (including the four sublayers of FMS, IMS, PCS, and SMD)
in a communication system utilizing the preferred embodiments of the present invention
generally does not utilize payload start indicator (PSI) 1824, transport priority (TP) bit
1826, and the transport scrambling control (TSC) bits 1842.

The cable transmission physical (CT PHY) layer of a communication system
utilizing the preferred embodiments of the present invention does utilize the thirteen bit
packet identifier (PID) field to specify various streams of MPEG packets. In general, the
PID numbers 0x0000 through 0x000F are not used to carry the cable transmission
physical (CT PHY) layer communications in a system operating with the preferred
embodiments of the present invention. These PIDs of 0x0000 through 0x000F are
utilized for other MPEG functions such as but not, limited to, program association table
(PAT), conditional access table (CAT), and transport stream description table that are
known to one of skill in the art. In addition, the preferred embodiments of the present
invention do not utilize the PIDs of 0x1FFF, which indicates the null packet, and 0x1FFE,
which indicates DOCSIS downstream communications. PIDs in the range of 0x0010
through Ox1FFD are utilized to carry the cable transmission physical layer (CT PHY)
information in a communication system using the preferred embodiments of the present
invention. The PIDs are allocated for carrying the information of FMS data flows by
starting at 0x1FFD and working downward.

The four bits of the continuity counter (CC) 1846 increment sequentially for each
packet that belongs to the same PID. The IMS downstream communication of MPEG
packets are generated contemporaneously in parallel with the same value for the
continuity counter (CC) 1846 across all the parallel packets. The continuity counter 1846
is incremented in unison across all the MPEG stream to help ensure that inverse
multiplexing operations across multiple MPEG streams are performed utilizing the
correctly aligned set of packet payloads.

The two bits of the adaptation field control (AFC) 1844 specifies whether the
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payload contains a packet payload only, an adaptation field only, or a packet payload and
an adaptation field. The 184 octets of an MPEG packet or frame after the four octet
header may contain an adaptation field and/or a packet payload 1852, and is padded to the
fixed size of 184 octets with pad 1854. In general, the preferred embodiments of the
present invention do not generate MPEG packets containing both adaptation fields and
other payload information. However, one skilled in the art will be aware that other
implementations are possible using various combinations of adaptation fields and payload
information in MPEG packets.

FIG. 19 further shows an MPEG adaptation field that has been slightly modified
from the standard MPEG adaptation field known to one of ordinary skill in the art. The
cable transmission physical layer (CT PHY) of a communication system using the
preferred embodiments of the present invention generally does not utilize the MPEG
adaptation field bits of the discontinuity indicator (DI) 1921, the random access indicator
(RAI) 1922, the elementary stream priority indicator (ESPI) 1923, the original program
clock reference flag (OPCRF) 1925, the splice point flag (SPF) 1926, the transport private
data flag (TPDF) 1927, and the adaptation field extension flag (AFEF) 1928.

The adaptation field length 1912 comprises eight bits that specify the number of
octets in an adaptation field after the adaptation field length itself. In the preferred
embodiments of the present invention, if an MPEG packet includes an adaptation field,
the adaptation field length (AFL) 1912 may range from 0 to 182 octets (with the count
starting at the first octet after the AFL octet 1912). The MPEG packets generated by the
preferred embodiments of the present invention that carry an adaptation field generally
have the program clock reference flag (PCRF) set to 1 to indicate that a program clock
reference is carried in the adaptation field. The thirty-three bit program clock reference
(PCR) 1932 and the nine bit program clock reference extension (PCRE) 1982 are
concatenated into a forty-two bit counter with the PCRE being the least significant bits of
the counter. The forty-two bit counter generally is used to indicate the intended time of
arrival of the octet containing the last bit of the program clock reference (PCR) at the
input to an inverse multiplex sublayer (IMS) of a client transport modem (¢cTM). Also,
the reserved bits 1972 are not utilized in the preferred embodiments of the present
invention.

The maintenance channel PID (MC PID) 1992 is used to allow a client transport
modem (cTM) to startup and establish communications with a transport modem

termination system (TMTS) to begin a registration process. Initially, the cTM listens to at
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least one low bandwidth maintenance channel established by the TMTS. The TMTS
continuously broadcasts maintenance-oriented information on at least one low bandwidth
maintenance channel that is specified by at least one MC PID 1992. The maintenance
information includes multiplexing maps as well as other registration information. The
client transport modem determines the maintenance channel PID 1992 by listening to
downstream MPEG packets containing the adaptation field. Based on the value of the
MC PID 1992, the client transport modem will know which downstream MPEG packets
contain maintenance channel information. Furthermore, the maintenance channel map
(MC-MAP) 1994 comprises twenty-three octets or 23 X 8 = 184 bits that specify the
octets in the downstream MPEG packets with a PID equal to MC-PID 1992. Each bit in
the MC-MAP represents one octet in the 184 octet MPEG payload of the MPEG packets
with a PID value equal to MC-PID. This map of bits (MC-MAP) and the PID value (MC-
PID) allow a client transport modem to select and inverse multiplex through the IMS

sublayer the information of the low bandwidth downstream maintenance channel.

Network Clocking

Although most of the description of the preferred embodiments of the present
invention has related to communication of ethernet/802.3 frames between cable
transmission physical (CT PHY) layer peer entities, the preferred embodiments of the
present invention also allow communication of circuit emulation services (CES) that
generally are associated with the N x 56 and N x 64 interfaces of telephone company
service providers. Despite the increasing deployment of packetized voice connectivity,
many communication systems still utilize these various N x 56 and N x 64 services and
will continue to do so for the foreseeable future. Thus, offering a T1 or other type of N x
56/64 interface allows customers to easily connect their existing voice networking
equipment to a client transport modem. This allows the preferred embodiments of the
present invention to support remote offices with packetized service of ethernet for data as
well as circuit emulation service for legacy voice applications.

However, most customer oriented N x 56 and N x 64 equipment such as, but not
limited to, a PBX (private branch exchange) with a T1 interface usually expects the T1
line from the service provider to supply the necessary network clocking. To be able to
replace current T1 services of a customer, the preferred embodiments of the present

inventipn generally should also be able to supply the necessary network clocking to

-58 -



10

15

20

25

30

WO 03/026177 PCT/US02/29585

customer premises equipment (CPE) such as a PBX. Because more accurate clocks such
as atomic clocks are more expensive, the more expensive central office and/or service
provider equipment (such as a central office switch or exchange) generally has a more
accurate clock than the less expensive customer premises equipment (such as a private
branch exchange). Thus, equipment primarily designed for use at a customer premises as
opposed to in a service provider network generally is designed to use the clock derived
from the clock delivered over service provider transmission lines or loops. One skilled in
the art will be aware that these network clocking issues apply to all networking equipment
and not just the limited example of PBXs and central office switches. These clocking
issues for 8 kHz clocks are particularly relevant for equipment designed to utilize N x
56/64 services (i.e., services based on multiples of a DSO0).

FIG. 20 shows a way of delivering the proper clocking to customer premises
equipment using a transport modem termination system and a client transport modem.
Dashed line 2002 generally divides FIG. 20 between TMTS 2004 and ¢cTM 2006. Both
TMTS 2004 and cTM 2006 are connected into cable transmission network 2008.
Furthermore, TMTS 2004 comprises various potential clock inputs including, but not
limited to, downstream T1 input 2012, 8 kHz input clock 2014, as well as 27 MHz MPEG
input clock 2016. These clock inputs are expected to be commonly found in the headend
and/or distribution hub of cable service providers.

Generally, the 8 kHz clock 2014 is related to the N x 56 kbps and N x 64 kbps
services. 8 kHz is the Nyquist sampling rate to be able to properly sample a 0 to 4 kHz
analog POTS (Plain Old Telephone Service) voice frequency channel. With each sample
having eight bits (or one octet), eight bits transmitted at 8 kHz (or 8000 cycles per
second) yields a 8 x 8000 = 64,000 bits per second or 64 kbps. Many higher order PDH
and SDH multiplexing techniques are based on multiples of this DS0 speed of 64 kbps or
56 kbps. Thus, an 8 kHz clock with a 1 / 8 kHz or 125 microsecond period is commonly
available at N x 56/64 interfaces to the public switched telephone network (PSTN).

Downstream T1 input 2012 generally also has a corresponding upstream T1 clock
and data 2018 because T1 services are bi-directional. However, the service provider (or
in this case downstream) clock generally is considered to be the master reference.
Customer equipment clocking generally is derived from reference clocking of service
provider or downstream services. As further shown in FIG. 20, the downsfream T1 input
2012 and upstream T1 clock and data 2018 generally are connected in the TMTS to a T1

physical layer and framer (2022). One skilled in the art will be aware of various issues in
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T1 framing including various framing issues such as extended superframe (ESF) and D4
framing, synchronization based on the 193rd bit, as well as various physical layer
technologies such as, but not limited to, alternate mark inversion (AMI) and 2B1Q of
HDSL (High bit rate Digital Subscriber Line) for carrying the 1.536 Mbps (or 1.544
Mbps) T1 service. In addition, though the preferred embodiments of the present
invention generally are described with respect to North American T1 service, European N
x 56/64 services such as El also could be used. The output of T1 physical (PHY) layer
interface and framer 2022 comprises an 8 kHz clock source.

In addition, because a TMTS using the preferred embodiments of the present
invention generally is expected to be often deployed at cable headends and/or distribution
hubs, a 27 MHz MPEG input clock 2016 is expected to be available based on the
ubiquitous deployment of MPEG in digital cable television (CATV) networks. An 8 kHz
reference clock may be derived from the 27 MHz clock by dividing by 3375 at item 2024.
The 27 MHz MPEG clock, which generally is used for digital movies, turns out to be an
exact multiple of 3375 times the 8 kHz clock, which generally is used for N x 56/64
services associated with the PSTN. The three input clocks from MPEG, T1, and an 8 kHz
reference are converted to 8 kHz clocks. Reference clock selection 2026 may be a switch
that selects among the various 8 kHz reference clocks. As would be known by one of
skill in the art, this clock selection switching could be implemented by mechanisms such
as, but not limited to, software controlled switches, manual physical switches, and/or
jumpers.

The selected 8 kHz clock reference is then input into phase locked loop (PLL)
2030, which further comprises phase detector 2032, loop filter 2034, a 162 MHz voltage
controlled crystal oscillator (VCXO) of TMTS master clock 2036. The 162 MHz output
of TMTS master clock 2036 is divided by 20,250 at item 2038 and fed back into phase
detector 2032. As a result, phase locked loop (PLL) provides a loop that is used for
locking the relative phases of the 8 kHz clock relative to the 162 MHz TMTS master
clock 2036. Phase locked loops are known to one of skill in the art.

The 162 MHz master clock 2036 is divided by 6 at item 2040 to generate a 27
MHz clock before being input into a 42-bit counter and MPEG framer 2046 that performs
the function of inserting the program clock reference into MPEG frames. Interval counter
2042 generates a 0.1 Hz interval clock 2044 that generally determines that rate at which
snapshots of the 42 bit counter are sent downstream as the program clock reference (PCR)

in the adaptation field of MPEG packets. The MPEG frames are communicated
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downstream to client transport modem 2006 using QAM modulator(s) 2048, which may
be integrated into TMTS 2004 or could be external to TMTS 2004.

On the downstream side the client transport modem (cTM) 2006 includes the
hardware and/or software to properly extract the MPEG frames and interpret the fields.
These functions might be performed in ¢cTM downstream front end to extract MPEG 2052
and program clock reference parser 2054. Based on the PCR value extracted from MPEG
adaptation fields, the client transport modem 2006 determines how much the ¢cTM master
clock has drifted relative to the TMTS master clock. Counter and loop control 2062
determines the amount and direction of the relative clock drifts between the ¢TM and the
TMTS and sends control signals to the ¢TM oscillator to correct the relative clock drift.
Thus, the counter and loop control 2062 regulates the cTM clock to ensure the proper
relationship relative the TMTS master clock 2036.

In the preferred embodiment of the present invention, the cTM utilizes a 162 MHz
voltage controlled crystal oscillator (VCXO) 2064 that operates based on a 162 MHz
crystal (XTAL) 2066. The 162 MHz clock is divided by 6 at item 2068 to result in a 27
MHz clock that is the ¢TM master clock 2072. This 27 MHz ¢TM master clock has been
generally locked to the TMTS master clock 2036, which was further locked to the 8 kHz
reference source in phase locked loop (2030) of TMTS 2004. After dividing the 27 MHz
¢TM master clock 2072 by 3375 in item 2074, an 8 kHz clock is recovered that generally
is locked to the 8 kHz reference clocks of TMTS 2004. As a result the 8 kHz clock of
¢TM 2006 generally can be used similarly to a service provider master clock for N x
56/64 services such as, but not limited to, T1. The 8 kHz clock is an input into Tl
physical layer interface and framer 2076 which provide downstream T1 output 2082 that
can be used as a network service provider clock by other CPE (such as but not limited to a
PBX). In addition, the upstream T1 clock and data from CPE such as, but not limited to a
PBX, provides the bi-directional communication generally associated with T1. However,
the clock associated with upstream T1 clock and data 2088 from a PBX or other CPE
generally is not a master clock, but a derived clock based on the downstream T1 output
2082, that is based on the master clock of a service provider.

In general, the downstream delivery of MPEG packets with PCR information is
used as a network clock distribution mechanism to clock transfers of information in the
opposite direction to distribution of the clock. Normally, MPEG PCR information in
downstream MPEG packets is used to clock downstream flows of audio/visual

information. However, in the preferred embodiments of the present invention, the
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downstream delivery of MPEG PCR clock information is used to provide a stratum clock
to lock the upstream transmissions of circuit emulation services (CES) or N x 56 / N x 64
services to the downstream network clock normally provided by service providers. Also,
in the preferred embodiments of the present invention, the downstream distribution of
MPEG packet containing PCR information is used to synchronoize the upstream
transmissions over multiple tones from a plurality of cTMs to a TMTS. Thus, the PCR
information contained in MPEG packets is used to provide network clocking for
communication that is in the opposite direction from the direction that MPEG packets are
propagated.

FIG. 21 shows a timing diagram of delivering an 8 kHz clock from a TMTS to a
¢cTM using MPEG packets carrying program clock references (PCR). The timing
diagram includes an 8 kHz reference clock 2102 that generally is associated with N x
56/64 kbps services. An 8 kHz reference clock 2102 has a 125 microsecond period 2104.
Normally, MPEG has a 27 MHz clock 2112 that has a period 2122 of approximately
37.037 nanoseconds. In general, the 8 kHz reference clock 2102 and the 27 MHz
reference clock 2112 will have an arbitrary relative phase difference 2106. However, the
relative phase difference 2106 between the 8 kHz clock 2102 and the 27 MHz clock 2114
is not significant so long as the clocks can be controlled so that they do not significantly
drift relative to each other. In 6 MHz cable transmission frequency channels, MPEG
packets may be transmitted at 38 Mbps. Given a 188 octet fixed length MPEG packet,
this packet can be transmitted in approximately (188 octets X 8 bits / octet) / 38 Mbps =
39.6 microseconds as illustrated at item 2124. A 27 MHz MPEG clock generally will
complete approximately 1069 clock ticks in the 39.6 microseconds needed to transmit an
MPEG packet of 188 octets at 38 Mbps on a 6 MHz frequency channel ((188 octets X 8
bits / octet) / 38 Mbps ) / (1 / 27 MHz clock rate)). Moreover, two 188 octet MPEG
packets can be transmitted in 2 X 1069 = 2138 clock ticks of a 27 MHz clock; three 188
octet MPEG packets can be transmitted in 3 X 1069 = 3207 clock ticks of a 27 MHz
clock; and four 188 octet MPEG packets can be transmitted in 4 X 1069 = 4276 clock
ticks of a 27 MHz clock. Also, 27 MHz / 8 kHz = 3375 clock ticks of the MPEG 27 MHz
clock 2112 occur in one clock tick of an 8 kHz clock 2102 with a 125 microsecond period
2104. The 8 kHz clock 2102 has a transition in 125 microseconds / 2 = 62.5
microseconds, which is associated with 3375 /2 = 1687 clock ticks of the 27 MHz MPEG
clock 2112. These relevant clock counts are shown in FIG. 21 as 27 MHz TMTS clock

counter values 2114.
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The four MPEG packets (or MPEG transport stream (TS) packets) shown in FIG.
21 are labeled as 2132, 2134, 2136, and 2128. Although all the MPEG packets have
headers (HDR) only some of the MPEG packets (namely MPEG packet 2132 and the
MPEG packet following MPEG packet 2138) contain program clock reference (PCR)
values. The time distance between MPEG packets containing PCR values generally is
arbitrary as shown at item 2142. However, the preferred embodiments of the present
invention generally should send PCR update values (often enough to keep the TMTS and
¢TM clocks aligned to the desired level of accuracy. Item 2144 in FIG. 21 shows the
counter values that are recovered from the MPEG PCR information received at a client
transport modem (¢cTM). Because some of the MPEG packets received by a ¢cTM
generally will not contain PCR values (e.g., MPEG packets 2134, 2136, and 2138), a
¢TM generally will not recover a clock counter value from those MPEG packets.

As shown in FIG. 21, MPEG PCR values 2144 can be used in the client transport
modem (cTM) to compare and adjust the client transport modem clock 2152 using a
voltage controlled crystal oscillator (VCXO) to keep it in sync with the transport modem
termination system (TMTS) clock 2112. Basically, the counter values recovered from the
PCR 2144 are compared with client transport modem (¢cTM) counter values 2154 to allow
adjustment of the cTM clock 2152. The 27 MHz client transport modem (cTM) clock
2152 can then be used to generate a recovered 8 kHz stratum clock 2162 by dividing by
3375. In general, the recovered 8 kHz clock 2162 at a ¢cTM will have the same frequency
as the 8 kHz reference clock 2102 at the TMTS. However, because the TMTS clock
counter 2114 may start at an arbitrary phase difference 2106 from a reference 8 kHz clock
2102 at the TMTS, the 8 kHz clock 2162 recovered at a cTM will have an arbitrary (but
generally fixed) phase difference 2106 from the 8 kHz reference clock 2102 at a TMTS.

Furthermore, because the MPEG packets carrying PCR values are delivered to one
or more ¢TMs and because the propagation delay on the cable distribution network may
be different to each cTM, the 8 kHz clock 2162 recovered at any cTM generally will have
an arbitrary (but basically fixed) phase difference 2106 from the 8 kHz reference clock
2102 of the TMTS and an arbitrary (but basically fixed) phase difference 2106 from each
of the other 8 kHz recovered clocks 2162 at the other cTMs. Although the recovered 8
kHz clock 2162 at a ¢cTM will have an arbitrary phase difference 2106 from the 8 kHz
input reference clock 2102 of the TMTS, this clock phase difference 2106 is not a
problem. Generally, the phase of a reference clock at a telephone company central office

is different from the phase of the clock delivered to customer premises equipment due at
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least to the propagation delays in the transmission lines between the service provider and
the customer premises. However, it generally is important to synchronize the frequency
of the service provider clock and the customer premises clocks so that the clocks do not
significantly drift relative to each other. The recovered 8 kHz clock 2162 at the cTM is
frequency-locked to the 8 kHz reference stratum clock 2102 at the TMTS (i.e., the clocks
do not significantly drift relative to each other).

By frequency-locking each ¢TM clock to the TMTS clock, frequency stability of
the poorly regulated ¢TM clocks is ensured. In addition, the multi-tone upstream
frequency division multiplexing receiver in the TMTS generally performs optimally when
the frequency error of the transmissions of different cTMs is small. Significant frequency
differences in ¢TM clocks as well as the TMTS clock may create problems in selecting
the correct carrier frequency of the upstream multi-tone frequency-division multiplexing.
Thus, the downstream delivery of PCR information allows a plurality of client transport
modems to properly set their respective oscillation clocks that are used in generating the
frequency carrier signals. In this way each ¢cTM can ensure that it is accurately
transmitting in the right upstream frequency range for a tone instead of slightly interfering
with an adjacent tone.

It should be emphasized that the above-described embodiments of the present
invention, particularly, any “preferred” embodiments, are merely possible examples of
implementations, merely set forth for a clear understanding of the principles of the
invention. Many variations and modifications may be made to the above-described
embodiment(s) of the invention without departing substantially from the spirit and
principles of the invention. All such modifications and variations are intended to be
included herein within the scope of this disclosure and the present invention and protected

by the following claims.
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CLAIMS

Now, therefore, at least the following is claimed:
1. A method of using a program clock reference (PCR) field in at least one MPEG
packet as a network clock to support communications between a first device and a second
device, the method comprising the steps performed in the first device of:

transmitting information on an MPEG clock in a first direction from the first
device to the second device, the information on the MPEG clock being carried in MPEG
packets with at least one PCR field; and

receiving information from the second device, the information being
communicated in a second direction from the second device to the first device, and the-
information received in the second direction being synchronized in frequency to the

MPEG clock that is communicated in the first direction.

2. The method of claim 1, further comprising the step of synchronizing a frequency
of an MPEG clock to an external reference clock frequency with the result that the
information received in the second direction is further synchronized in frequency to the

external reference clock.

3. The method of claim 2, wherein the external reference clock is a stratum reference
clock.
4. The method of claim 1, wherein the first direction and the second direction

together support bi-directional communications between the first device and the second
device, the bi-directional communications being capable of carrying other data in addition

to the information on the MPEG clock.

5. The method of claim 1, wherein the network clock is utilized to support circuit

emulation services between the first device and the second device.

6. A method of using a program clock reference (PCR) field in at least one MPEG
packet as a network clock to support communications between a first device and a second

device, the method comprising the steps performed in the second device of:
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receiving information on an MPEG clock in a first direction from the first device
to the second device, the information on the MPEG clock being carried in MPEG packets
with at least one PCR field; and

transmitting information from the second device, the information being
communicated in a second direction from the second device to the first device, and the
information transmitted in the second direction being synchronized in frequency to the

MPEG clock that is communicated in the first direction.

7. The method of claim 6, further comprising the step of providing a clock source to
other equipment connected to the second device, the clock source being synchronized in

frequency to the network clock.

8. The method of claim 6, wherein the network clock is a frequency-locked to a

stratum reference clock.

0. The method of claim 6, wherein the first direction and the second direction
together support bi-directional communications between the first device and the second
device, the bi-directional communications being capable of carrying other data in addition

to the information on the MPEG clock.

10.  The method of claim 6, wherein the network clock is utilized to support circuit

emulation services between the first device and the second device.

11.  The method of claim 6, wherein the network clock is utilized to accurately

transmit in a proper frequency channel.

12. A first device that uses a program clock reference (PCR) field in at least one
MPEG packet as a network clock to support communications between a first device and a
second device, the first device comprising:

logic configured to transmit information on an MPEG clock in a first direction
from the first device to the second device, the information on the MPEG clock being
carried in MPEG packets with at least one PCR field; and

logic configured to receive information from the second device, the information

being communicated in a second direction from the second device to the first device, and
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the information received in the second direction being synchronized in frequency to the

.MPEG clock that is communicated in the first direction.

13. The first device of claim 12, further comprising logic configured to synchronize a
frequency of an MPEG clock to an external reference clock frequency with the result that
the information received in the second direction is further synchronized in frequency to

the external reference clock.

14. The first device of claim 13, wherein the external reference clock is a stratum

reference clock.

15. The first device of claim 12, wherein the first direction and the second direction
together support bi-directional communications between the first device and the second
device, the bi-directional communications being capable of carrying other data in addition

to the information on the MPEG clock.

16. The first device of claim 12, wherein the network clock is utilized to support '

circuit emulation services between the first device and the second device.

17. A second device that uses a program clock reference (PCR) field in at least one
MPEG packet as a network clock to support communications between a first device and a
second device, the second device comprising:

logic configured to receive information on an MPEG clock in a first direction
from the first device to the second device, the information on the MPEG clock being
carried in MPEG packets with at least one PCR field; and

logic configured to transmit information from the second device, the information
being communicated in a second direction from the second device to the first device, and
the information transmitted in the second direction being synchronized in frequency to the

MPEG clock that is communicated in the first direction.
18.  The second device of claim 17, further comprising logic configured to provide a

clock source to other equipment connected to the second device, the clock source being

synchronized in frequency to the network clock.
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19.  The second device of claim 17, wherein the network clock is a frequency-locked

to a stratum reference clock.

20. The second device of claim 17, wherein the first direction and the second direction
together support bi-directional communications between the first device and the second
device, the bi-directional communications being capable of carrying other data in addition

to the information on the MPEG clock.

21.  The second device of claim 17, wherein the network clock is utilized to support

circuit emulation services between the first device and the second device.

22. The second device of claim 17, wherein the network clock is utilized to accurately

transmit in a proper frequency channel.

- 68 -



PCT/US02/29585

WO 03/026177

1/22

M~
M~
~

o~

thﬁr 891
NETNER
881 JOVAHILNI
“ -SNYML
| 82L | AH4 1D
_ 31OWTY
91
NEINED) d
-SNVYL |e— ¢
AHd 1D _
J10NTY _
_
/81 ADV4YTLNI _
981 ADVAUILNI “
5T |
SEVNE)
-SNVYL |e—] L
AHd 10 N
J10N3Y
_ gor
_ NEINER)
| -SNVYL
meNr AHd LD
g8l JOVAHILNI ) 31LONTY

—

GO MHOMLAN (1.9)

NOISSINSNVYY1 379v0

<1~ 091 FOV443LNI
N

0S1 JOV4Y3ILNI

GEl JOVAHILNI

St
d3AIF0
“SNVdL
AHd 1D

TVH1N3IO

N

6Cl

8cl

LCl

|
_
|
_
ozL |
|
|
[

Gcl

1 "Old



PCT/US02/29585

WO 03/026177

2122

ec Old

0G¢ JOV4H31NI

GO MHOMLAN (1D)
NOISSINSNVYYHL 319VvD

G¥¢ 30V4daLNI

Blc B2C XH/X1
THLD SAS —»|  AHd 13N
3QIS-TVYLINTD
ZTZ 1410
AHd 1D 822 Xd/IXL
¢« | |  AHd 13N
_ JAIS-TYHLINID
GLL 6Cl | —
IO %o T 72T XH/XL
-SNVH.L < T™| _ AHd 3N
AHd L0 [ | 3AIS-TIVHINGD
TVHINIO | Jeb .
Gzl —
) \\, 922 X/XL
| L] AHd 13N
Gel JOV4HAINI 3QIS-TYHLNTD
[*1%4
(SLNL) INTLSAS S77 XX L
NOILYNIWY3L
NEAON —  AHd 13N
JAIS-TVHINTD

1HOdSNYHL

6€C 1aN
1VH1IN3O

8¢¢ 13N
1VH1INED

9¢¢ 13N
IVHLINIO

COMMON
NETWORK 240




PCT/US02/29585

3/22

WO 03/026177

68¢ m_o<n_m_w._.2_/

~ L BZZxuxL .
762 13N 66e 13N n AHd 13N _ 39T Q N w =
J10N3Y ) 611
JLON3Y 8627 13N dIS-3.LOINTY _ NETNE)
s e P
__r 872 Xu/XL
JOVAHTLNI 2 FORNEN || Jlonay
« _ — L Jais-aLonay |84t
_ Ji]) Q — 4
772 XH/XL _ H3IAIED I 89¢ (INL9) WAAOW 881 IOV4YTLNI
AHd 13N i -SNVHL mm 1HO4SNVYEL LNAITO
3ais-3Lonay |44 AHd 1D || 5
— Jlonay [~
92 (N.12) W3AON _/ B 1
1HOdSNVYAL INJITO /81 30V4H3LNI L
_ SOT MYOMLAN (19)
I T\ NOISSINSNVYYL 319VD
597 (W10) WIdOW 98} IOVAYILNI _
1HOdSNYYL sz:o"\ o 092 JovauaLn| —
912 XH/XL RENES _
AHd 13N 7] SNwal L
Jais-aLonay |94 || AHd 10 N
» T S92 (\L0) WSO S8L IOVAYTINI
| | LHOdSNWNL Fzm_._o“\ T
I N -/ —
2DV4YAINI [~ 562 L3N 9LC Xel/X1 || HEAE0
4 . L ONaY AHd L3N = SNVYL
96¢ 1IN 3dIS-ILONIY AHd 19D
3LONTY _ | | 310M3y
68Z FOVANTLNI _




PCT/US02/29585

WO 03/026177

422

G8€ ADV4UALNI

89¢ (INL2) W3aon
LHOdSNYHL INTITD

7

<

792 (N19) W3aon
L1HOdSNVHL INTITD

[ J10N3H OL

S13N [

AN
09Z ADV4YILN| N

<l

992 (NL°) NIAOW
LHOdSNVYHL INJITD

-1
_

G9¢Z (N.L9) Waaow
1HOdSNVHL INJITO

JOV4H3LINI

.............................. ﬂ 1HOdSNVYYL 43AYAS

22¢ (NLS) N3AaoW
LHOdSNVYL YINYIS

Gle (s1ny)
INILSAS NOILVYNINYIL
INIAON LHOdSNYYHL

92¢ (INLS) N3aon

Gz¢g (INLs) W3aon

m\\\EVNm_o,qn_m_m_._.z_

0¥Z YHOML3AN
NOWNOD

- €914



G8€ AOV4H3LNI Gv¢ 40V4H41NI

PCT/US02/29585

5122

_ _ .
[:i2 7% 992 Y47 ‘ _M_ [ 7
AHd €208 | | xnd ez0g | wio [ AHd €208 | | | AHd €208
- _ R —
67 - 1ty _ ISV
AHd £zog | 087 ¥3LNOY | | — _ AHd €208 [€T] AHd €208
— JHOLIMS/aNH | | LLv L9C | @ | — _ —
L6y ¥y3giyosans| | | AHd €208 | INLD @Nﬂ.N wmw
AHd €208 _ AHd €208 | __ ™ AHd £'208
| Yk 997 Gy ) (157
| | And ezos o AHd €208 [ | AHd €208
_
— _ — —_
[*1°}4 s Gly Goc¢ 087 ¥3LNOoY
A|
AHd €208 [ |~ | AHd €208 | N1D | /HOLIMS/anH
Gle SLNL \ aN3avaH
A% A £ 06z 30VANIINI
1% ANOHd - —— e < %07 ANOHd
ZT% 30v4
3731 3avo | M “MALNI < »| -373L 379VD
092 JOV4HALNI —
_ 3/0 GIv [
— WNY3HLS < _.A| p—
X7 - — - cov
v.1vd S1S00d Y47 NMOd A._ »| V1Vd SISO0a
— 30V
— > cev SEIL —
CIPO3AIN | ™ 3/0 1% IOV > | [~ 720v 03aiA
vLI91d / AN > »  VLI9Id
/0 oIy H—
TT% 03dIA v w_ q _>_<.w__m5 > <{ T07 03QIA
DOTVYNY . » DOIVNV

WO 03/026177



PCT/US02/29585

WO 03/026177

-

0rZ X¥HOMLIN NOWNOD

_A [34°

NHOMLAN FOVIHTLNI

ANOGMOVvE

8eq
AHOMLAN
ANOHd3TdL
d3HOLIMS

olnand

Z€G MHOMLIAN
ANOGMOVE

G0l MMOMLAN (1D) NOISSINSNYYL 319v0 0¥S
- MHOMLAN
09S MHOMLAN 0SS MHOMLAN 3OV4Y3LNI
1HMOdSNYYL JOV4YILNI 4 AHd
e __@aNddvaHZz _
_ 6GS IOVIYILNI 26S IOVYILNI SID SLINL
| A Py sdn S22 X/XL "W 565
| g9g viaamw | AHd .| Holvul
| L4OdSNVHL L /_ 13N 3ais | o | -NIONOD
_ 7G5 i > | -IVYLINID [®*| oomaL
_ — >
| — | Iz L0 || |
95 Xd 1SS FOVAYILNI SAS _
— ISV S1AL —
| 19G X1 // 712 141D
| | e | LAHd 19 " o
_ ace —— -——
| 955 | w_o.ﬂ@woo_\,_ 1 [err e s 931 NON
_ _ I {| AHdLO | 8| /HOLIMS
_ _ _ /anH
_ GG IOVAHILNI \_ | L_SIeSLnL < AN3AV3H
_ 44 NYIILSNMOd _ L€S FOVANAINI 7 |
_ SLAL _ €208 SLNL
_
_ _ L
_ €66 JOVAHILNI - eve
_ JOHLINOD NVYD 77G WALSAS ALMIOVA
[ YO daNG3S
—— VOO0

0lS AN3IAV3H HO/ANV dNH NOILLNgld1s1d

eg "Old




PCT/US02/29585

WO 03/026177

7122

GOl MYOMLAN (1LO) NOISSINSNVYL I79vD

o
_A 085 MHOMLIN FOVAHILNI V_ 0.5 xmoimzv_A 095 MHOMLIN
AHd ¥3greos4ans NOLLNGI1SIa 1HOdSNVYL
286 JOVAHIAINI [ T—
966 MHOMLIN S3D NLD G.¢ Xd/X1
ANOHdTTAL AHd bis VAN
-31ON3Y .
_ » [&/c
66 1410 _ _
<> NOLNg |[&—> 755
_ 776 TH1D -y1sIda
_ > | AHd 1D /
G6% _ —

MHOMLIAN _ G991 Xd/X1 .S | 95
VY Vo0 _ AHd 1O | Bov4y3INI VIGaw VIQIN LHOdSNYHL
yIgIN0sans _ — NOLLNGIY1SIa

| (WL12) W3aon
_ 1HOdSNYHL
" INTITO

|

J

G8G TVNINYIL
ONINOISINOHd

/Bm Joyqugyy 88 FOVAALNI n_m w_n_
oy n | TTOMINOD WLD



PCT/US02/29585

WO 03/026177

8/22

G0l MYOMLAN

(19) NOISSINSNYYL T1aV9D 509 VIQ3IN ©'¢08
A A A
Y Y Y
TOT HO/ANY GTT Xo/XL AHd 19 S7Z HO/ANY S22 XH/XL AHd €208 075 Xa/XL
\ \ AHd €208
A L\ »
0TS OVIN LaNYIH1T /€208
» 579 OVIN
13N3 /€208
ST XId/ 0112208 »
— , /07112208
529 dINDI ‘dI 0
__ G89
0e9 ddn S700.L04d
0 « « HIAV]
YIHOIH
o 079 Teo —
L L dldL dINNS dOHQ 099
1S HO/ANY 612 30IA3A 1SOH
TO4INOD « 0 « S92 HO/ANY ST2
W3LSAS W1D — 1D HO




PCT/US02/29585

WO 03/026177

9/22

— — — 6. (IIN) IDV4YIINI — — —

"\_\._.Zm_DZm_n_m_n_Z_ VIddnN m.Now/_/_

S87 VIa3N €208 0o zw_ummv_*_mwo_,\_,ow_wzﬂ as || SFZ VIA3NW €208
| [
I T S T— I
1 | A | A v
SB6Z Xu/XL sz xurxy | xw | xﬁ N | | 52z xurxyL SSZ Xu/XL
AHd €208 AHd €208 .__. AL 15 A 15 ____ AHd €208 AHd €208
_ »r llllllllll | 0 « I «l _
96/ DV _— _— 967 OVIN
L3NG | 9208 775 TOMLINOD AHd 1D 1Z JOMLINOD AHd 10 L3NG 1 8208
0 S92 LD ST SLNL 0
161 16
S7100.L04d S709.L04d
HIAVT | HIAVT
H3HOM ¥, YHOMLAN L YHOMLAN =0 HIHOH
40 3dIS 3IS ¥3AINOYd
yIGOSANS > J0IAYIS o
067 057
JOVHYILNI JOVAYIALNI
13N HLIM 13NT HLIM
30IA3a 30I1A3d

L Old




PCT/US02/29585

WO 03/026177

10/22

G8Z VIAAIN €208 S0T MYOMLAN (1D) NOISSINSNVHL 319vD S¥Z VIQ3AIN €208
68 (IaN) IOVAHILINI
— — —T"-"IN3IAN3IdIAVIAIN €208 " — — —
v y Gol — y — y gLl v Y
AHd 998 ¥IAVYIENS 918 ¥3IAVY19NS AHd
10 (QNS) LNIaN3adada (QNS) INIaN3ad3ad 19
| Wniaaw oNrvNoIs WNIQ3W ONITYNDIS ||+
= 0 0 =
4 prd
T W o
Qo — - Qo
Z~ || 798 (80d) ¥3aAv1dNns 718 (S0d) ¥3AvV1aNsS Z 1~
ST 77 | & s ONIAOD TVIISAHd ONIAOD TVIISAHd o S| = o7
XaXL || || xerxL| S w 0 0 S W[ xaxe | || xaxe
AHd AHd [ 2 & ‘ <2 | AHd AHd
. . << — <Z | 2 .
€c08 || |1 08| B || 598 (s w3AVIENS 978 (SN ¥3AvTans || e €08 || || e208
= F || X31diLINN ISHIANI XI1dILINWN ISH3ANI || = £
on Z o 2
o ‘ o~
(] o
! e ki
698 (SN4) ¥3AVY1dNS 618 (SNK) ¥3aAv1ans

| INIWIDYNYIN ANV INIWIOVYNYIN TNV |

| —__ — [

0 G9Z INLD GIZ SINL 0
T67 b/ MHOMLAN 2k, MHOMLAN 40 757
SYIN jodais ,3dIS ¥3AINONd I
13N3 ¥3gryosans _ IDIAYIS TENE

: NN . AN

/€208 062 IOV4HALNI w m.v_ n_ 0GSZ IOV4HILNI / €208
13NT HLIM 32IA3a LANT HLIM 321A3d




PCT/US02/29585

WO 03/026177

11722

gz6 (law)

3OV4YILNI G16 YHOMLAN
INIAN3d3a (10) NOISSINSNYY.L 3719v0
vIgan /_./} ||||||| H L
G¥6 (QNS) ¥3AVY19NS
m _ IN3IAN3I43a ANIQIN ONITYNOIS
29 | 2 2 5§56 (SOd) ¥IAVIENS
20 |1 =2 ONITOD TVOISAHd
=E | 2>
2z | 32
5 8| Fe GO6 (SN ¥IAVIENS
F> | WS X3 1dILTNA ISYIANI
w I m
1 0 <
1] 3
% GZ6 (SNY) Y¥3AVIaNS
INIWIADVYNVIN INVHH
e =
/ _
/ 866 ¥IAV1ENS
’ (OVIN) TOY.LNOD SS3DDV WNIAIN
G66 (I1IN)
JOVAHILINI 566 MIAVIENS
INIAN34IANI

via3an

(O77) TOYLNOD MNIT TVIIDO0T

106 YIAV] TVOISAHd -

06 HIAVIMNIT VLVA -

€06 YIAVINHOMLIIAN -

706 YAV LHOdSNYHL -

G06 ¥IAVINOISSIS -

90

H3AV] NOILVLINISIdd -

206 YAV NOILYOINddY -

6 Old




PCT/US02/29585

WO 03/026177

12/22

r—--"—-—--—-—-= Aﬂ = 664 (IIN) OVAHAINI — —

LINIANIJIANI VIA3N €208~

GOT MYOMLAN (LD) NOISSINSNYYL 319v0

Sv/ VIA3IN €208

_
| |
| | ,
| [
_ A A _ A A
| Y | A Y
_ SZ0T Xu/XL sTexarxL || sz xarxe TG Xu/XL
" AHd 1D AHd 1D .__. AHd €208 AHd £'208
e S g =
820% OV LL0L _ | 757 OV
1oNg / e-208 1OYLINOD 71Z TOMLINOD AHd 10 15NG T o208
AHd 1D
G901 (DIN) @yvo L «
JOV4HILNI YHOMLAN NLD GlCS1INL —
Y S710210Y4d
NETCA
7607 JHVMLI0S HIAINA JIN d4HOIH
0607 DIN
NLO HLIM 0 55T
30IA3A JOV4HILNI
L LANT HLIM
5601 ST0DL0Yd YAV YIHOIH 251A3A

0l "OId




PCT/US02/29585

WO 03/026177

13722

S0l MHYOMLIN (LO) NOISSINSNVYL I79v0 S¥Z VIAAN £'208
} g8 (an) 30VAELN
—— — 77" 1N3IaANId3IA VIAIN €208 " T — — —
S.0L  — — y 61 —Y L
AHd 99LT Y3IAVIENS 918 ¥3IAY14NS AHd
19 (aws) IN3aN3ad3a (QNS) INJAN3d3a 19
| NNIa3N ONITYNDIS NNIGIN ONITYNDIS ||~/
= 0 0 =
P4 pa
TR W o
06 || —— S 0 &
Z ™~ || Z911 (S0d) ¥3Av19NnsS 18 (S0d) ¥3AvIans || Z ~
ﬁ| o s ONIAOD TVIISAHd ONIAOD TVIISAHd o s | o= A
Sw S [ xarxL || || xaxe
AT —~ —~ 2| AHd AHd
7607 < < << | A \
AL || ssr = oL | ¢z08 €208
JHVMLAOS m X (| 89l (S ¥3IAV1ENS 818 (SN ¥3AVIans || m X
d3AIEA OIN w E || X31dIINN 3SHIANI XITdILTNN ASYIANI m E
o : o
o o
PR ek
5601 _ BOTT (SWH) ¥AAYIENS 618 (SN) ¥3AVIENs
$700.104d _ ININIADYNYIN FNVHS INIWIDYNVYIN TNV |
HIAVY _I. A _
yaHoH (|| T T T T T T ﬂl - GIZ SLNL 0
»| 5207 OVIN LINT /€208 181
0607 OIN m_q_,__\w
_\,_ww_\ﬁ_o; T90T (DIN) QUVO LL ‘Ol o5z 3ovavain - Y|/ ezos
13ANT HLIM 301A3d

FOVAHILINI YHOMLIN LD




PCT/US02/29585

14122

WO 03/026177

_
_
| “ s e e [ Heiczat
| amvad |||y o] ! |80md | T T T T T T T T T T T e | T FghgT || zosoL
| smd || Gy | 1] OL>8 vivaol || F37c 1| anvas
|| orzoe | | “us” | 1] viva " NICRER _ lva | 1] swd
| : |
(| swr || o _ wer || oz ||| e ||| e
| |ssauoNi + xow || aom [L| e qoW=a | L XNWANI | | ss3u03
| zos VLS ] VLS [T XL 4 Wv3uLs ]| wvauls [7] 208

j1aNa ||| -dn -dn | | 2 -dn || -dn / 13N3
_ _ _ _ N ‘ | _
_ _ v |

_ _ 4
U zosoL ||| anwvas [V} o0 | S . " o3dn ||| anvud
Ul awvaa || swdon [T, o350 1 = coman | (] oL |1 snd
Il swa ||| 93an || _ i | [ved s _ OL 208
_ _ ‘
|| sz || s || wer || o orzr || wier || zw
| | ssuoa | 1| xnwani 3| aowaa || zeer QoW A_T XN |4 | SSTuONI
| zos [T wvadss [T wvaues [T x4y wvdLs [T] wvadis [T zos
(| 71ana [ 1] -Nmoa ||| -Nmoa | | || -Nmoa ||| -Nmoa ||| /L3N3
_ _ _ _

| | | | 9027 QNS | | |
“ _ I e 9021 SOd | |
_ | e = FOCT SWI |
_ tL-t——_—,—-—-—-—-_--- - - - = ———— = — == 202} SN

il B

_A (NLD) WIAOW LYOdSNYHL INTITO V_ _dw._._\,_._.v INILSAS NOILVYNINYTL WIAON LHOdSNVYHL



PCT/US02/29585

15722

WO 03/026177

80ST (SN Y3IAVY1ENS X3 1dILTNIN ISHIANI

i

20T VI3 LINYIHLT / €208
H |H w H ¥0€L IIND
HO/ANY IIN
EQ 8IEL orer FIEh 4513
& n‘ N1HOd | o e e | €1M¥Od Z 1dod I 1d0d
= | dNIdn MNITdN MNITdN MNI1dN $SEL OVIN
O 13N3 /€208
€ 3 ; ; {
47— — — —
= w gzel 9zel el 44) el
= N L¥0d ¢ 140d Z L1dod l 1dOd
B | INGN | e e o | INIW INEN N3 — b 108INOD
L ® | -HOVLLY -HOVLLY -HOVLLY “HOVLLY
8¥el orel vrel Zvel BeET
N MO VL1vd e MOT4VIVA | Z2MmOTdvivd | L MOTH VLvd 10MLNOD
SINA SINA SINA SN NLSAS
8EEL oeel VEET TEET
(S)yaddnd| e e e |(S)y344ng (S)¥3d4ng (S)¥3d4ng FaTAR
ANV ANV ANVHS ENVASE SNOLLONNA
» » « « TOYLNOD

l "Old




PCT/US02/29585

WO 03/026177

16 /22

GlL Old

S 7051 | 905t | SoST $0ST —
ommov%nm_o 80ST AVOTAYd TOHLNOD adAL | waav | waav | awxo Hmm_mwwm |
/HIONT| 2ous | 1s3a | HLIM ads
“S13100 ¥ | (S13.100 005+ OL 9%) HIONITI1avIdvA | SL3L | S131 | S13L | 191004 | S13L00L
-00Z 009 209
- S131900 6151 OL 69 >
- | |
13V HO0ldd - 71 9Ol4
S N TOvT N
0IvL OHD S R EE Z0v T
4O S04 80vl V1vd LANYIHIIXZ08 | |, h_m%x m 4o | FENVE

Y

'S13100 ¢

A

(S13190 #1661 OL 09) HLONIT I1gaVvIUVvA

13100 L

A
»

© sl13100 L

dl
)

S13100

6151 OL G9




PCT/US02/29585

WO 03/026177

91 Old

¢09] JNvdd SINS

A

S13100 0251 0L 99 = 13100 d344N1LS | + S13100 6161 OL 69

Y

17122

y191 avoO1AYd 9

13100
a3d4dnis

0091 a4s
13100 1

. 809L ¥ITVHEL | 0191 AVOTAVd JNVdd4 SN | Y091 ¥3LINM3A
wjwjwjwjwiwjio Ww|o | w L)L AlWiw|wiwiliul|lo
NI N = N NN N Lisisisisis|s|e
XI XXX x| X| X XX XX X| X X XX X1 XXX X
ojlojo|o|o|o|o oOjo|jojo|o|jO|O nlis|s|&s|o|a1a|o
) zlol i 609l g

/X0 40 S13100 3/X0 40 S13100 9




PCT/US02/29585

WO 03/026177

181722

A E

90¢1 (SINF) HAAYTIENS INFNAOVYNYIN FNVHAL

Ly 8vel orel rrel Zrel
> %_ NMOI4dVIvVd ¢ e e ¢ OTHVLVA Z MO14 YLva L MOT4 V.Lvd
= SIN4 S SN SI4
r_.m w
Wl L 9get
=3 [+ 80¢1 (SIND HAAYTENS X3A1dILTNIN ISHIANI JOHLNOD
S50 AHd 12
=
29| ___1_
og | 1/ L
= / )
9zZT (Na) veZt (Nnan) SLZT (NN) vz (naa) .__\mw_ww_mo
/ HOLVYINAOW | YOlv1Naow3d HOLVINAOW | ¥OoLlvinaow3ad
/ NVIYLSNMOQA NV3HLSdN WVY3Y1Sdn NYIHLSNMOA

TELT (ISV) —— —— T5el

JOV4YILNI Z2Zl NOILYINAOW SLNL ZVZT NOILY1NAOW W12 SNOILONNA
BVSER , TOYLNOD
SNON

-OYHONASY 0121 (S9d) ¥3AV1ANS SNIA0D TVIISAHd

TYNOILLO




} 119 ¢ 19 ¢ 119 v 119 G 19

8L "'Old

»l »la )

A

A
A 4
A

o »
) »

A
A
A
A
Y

A 4

A
Y

PCT/US02/29585

€S8l AVOIAVd L3IMOVd HO/ANY d13Id NOILYLdYAVY

I

S13100 ¥8l

|

9¥81 00 — > < 8l D4V > <

!

¥ 13100

|

19722

8281 (IVLOL NI SLIg €1 - AINNILNOD) ald

!

€ 13100

I

!

¢ 134100

|

¢18l 31A9 NOLLYZINOHHONAS

H

L 13100

!

WO 03/026177



PCT/US02/29585

WO 03/026177

20/22

61 "Old
A

_owa | wyua | zua | euna | vuag | sua | owug | sug .
9667 4ISN LON S131900 6¥1
X
7661 dYIN TINNYHO IONVNILNIVIA S13100 €2
¥
Z66T did TINNYHO JONVNILNIVIA S13100 ¥
L .II_NwQ Aom:z_wzoov mmon__ | » 8119 8 Eﬁoo
ENGER ~ 3d0d v
I I I i A
slg | - 1 e
L ZZ6T A3AY3STY RSy £13100
_ i i _ A
zllg | _ _6llg
u4od € 2¢61 (3INNILNOD) ¥Od > yod oEﬂoo
oL Lig _ _|Nm2 am_:z_;zoe moa_ | T g Eﬁoo
¥od " ¥0d ¥
I I _ I I A
8L 11g _ gz 119
) e ZE6T (QINNILNOD) ¥Od > imﬂoo
oz 11g | ! ! INmQ_mo ] ! ! I ce1ig ) Eﬁoo
¥0d - " ¥Od v
AT A
9261 434V | 7267 4adL | 9267 4ds mm_w@n_ro 26T 440d | €267 1ds3 | ZzeT vy | Tzeria | z 13100
, A
< 2167 HLONT1 Q1314 NOLLY LdVaY » | 13100

\ 4




PCT/US02/29585

WO 03/026177

21122

2502 2,02 8807 .
O3dIN LOVHLX3 ¥50¢ 290¢ ZHIN /2 V1vad ANy ON mv _ n_
OL AN3T INOY4 ™ d3Sdvd 1 1041NOD MD01D MO0 LL
NYIYLSNMOQJ d0d dOO1 ANV YILSYIN L2 s&me%e
19 dd4.LNNOD
T eTe 4 —s — 280¢
= 8002 V702 9702 e
o = 0 Ad GleS Ag > MINVYEA e
= z 3aIAId 3aInIg 1 ANV AHd L1 MO
- @] z Z
507 9 S HIN 22 HM 8
MHOMLAN 10 /> — —— 9902
N ¥90¢ OXON | — qy1x » 900Z W2 2002
A N AN = e oo T T T poozsinL] —
N - 9202 H
8702 N _- NOILOI T3S
(S)40OLVY1NAON MD0T1D 9102
) ERNENEREL, 7202 M¥00T1D
I G/ee  |e— 1ndNI
0202 (T1d) dOO1 aa001IASVYHJ Ag JaINg 93dIN
_ 4
9702 (NOILYISNI - HIN Ze
- - - V4
mmm_v ke 0v0Z | | zo,| 8602 2802 A 8 A
MILNNOD Lig-zy | | g 0520z 3 H0L0313d i < Inani
JAINC Ad IAIAID JISVHd HX 8 e
70T Y ¢c0e
MO0TD VA —— HINYYA 2102
-H31INI ZH L0 9€0z (100710 7502 yaLTI4 ANV AHd LL [ LNdNI LL
=== YILSYIN SLINL) e NVYIHLS
Z70Z Y31NNOD OX9A ZHIN 291 dOOT 8102 V.1Vd “NVOd
IVAHILNI aNvy Mo010

L INVIH1SdN



PCT/US02/29585

WO 03/026177

<& V_
« ‘_

2912 SLAL 1V 00710 JONIHIATY

9012 3 uv

vale ZHM 8 OL INO0T-AONINOI SVHd AUVMLIENY
g/e€ A9 3AING

SANTVA S1 LVHL MD019 ZHM 8 a3H3IA0D3Y

SO ofe UUUL eee UL soo UL oee :ﬁﬁw

mob\.:_ow/wﬁmv g/ee 20¢ce 8¢12 1891 6901 MOLYTIIOSO

1SNrav anvy d40d ON 3SNvO3d d0d ON 3SNvo3d d0d ON 3ISNVYOdd 1SNrav dNV.

¢sie
9.2y
J4VdINOD \W v ANIVA w__._.zo ON JdNTVYA 41ND ON ANIVA m_._.zo ON m_w_<n_§O\w\\ 19

v¥l¢ 4Od INOHA ¢¥1ld 40d HL1IM P12 4Od INONAH Q/_/._.o Ol SLN1 NOY4d| wio

d3YIA00TY | SIMd DI NIIMLIS INIAODIY NOISSINSNVY.L
SANTYAUIND | "1SIQ AUVHLIGEVN SINTYA HALNNOD NVYIHLSNMOQ

N
‘_

.
<

_M (A% _M 72 _m ZeT2 _m_m
| _

ol DidsLoadn DidSLO3dN |1 l iydasiogan | m _ m
_ H H 194
_ SIO0T0 FONTUT4Td ZH5 8 NV OL G331007 35vHd ST VAL

i A

“—35350uoNoee = > 30019 ZHN 22 V 4O SANODISONYN Z£0°2E 40 AOI3d 2NN

S/aN 8¢ 1V S13100 881 40 HLONIT IMd ¥Zle . ‘ Av&
_ _

_ _ _ | AN |

oLz GLEE L0ze 8eLT 891 6901 0
pLLT wm_m\w _ | | L _ | 2hie
“IVAYHLIND — : 1D

901z 3SVHd —
A S LIy ¥11Z SLWL NI STNTVA ¥3INNOD MO010 OAdIN ZHIN /2 9012 3SVHd  SLAL

¢0LlZ¢ S1NL 1V XO0710 SLEE AL 4/ Adveligey

dONIH343H ZHM 8 : A1dILINN
n 901 ¢ IASVHd AYVHLIgYV

FN w — m ¥0L¢ SINL 1V MOOTO FONFHI4TH ZHM 8 NV 40 AOldad ANOIISOHIIN STl

8¢cl¢
1Md S1 O3dIN

oo

—
1o d

ooo_ _D
|9 H

22122

A

\ 4




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US02/29585

A. CLASSIFICATION OF SUBJECT MATTER
IPC(7) HO4J 3/06; HOAL 7/00
USs CL 370/509; 375/358; 725/105

B.  FIELDS SEARCHED

According to International Patent Classification (IPC) or to both national classification and IPC

U.S. : 370/509; 375/358; 725/105

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Please See Continuation Sheet

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category *

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 5,963,557 A (ENG) 05 October 1999 (05.10.1999), Figures 7 and 11. 1-22
X,E US 6,501,743 Bi (KIM et al) 31December 2002 (31.12.2002), abstract and Figure 1. 1-22
AE US 6,493,832 B1 (ITAKURA et al) 10 Decmeber 2002 (10.12.2002), Figure 5. 1-22
AE US 6,477,204 B1 (FUKUSHIMA et al) 05 November 2002 (05.11.2002), Figure 7. 1-22

D Further documents are listed in the continuation of Box C.

See patent family annex.

L]

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to be
of particular relevance

“B”  earlier application or patent published on or after the international fiting date

“L”  document which may throw doubts on priority claim(s) or which is cited to
establish the publication daje of another citation or other special reason (as
specified)

“Q"  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the
priority date claimed

“T” tater document published after the international filing date or priority
date and not in conflict with the apphcaum but cited to unders(aud the
principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“yn document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

10 February 2003 (10.02.2003)

Date of mailing of the international search report

06 M- 2003

Name and mailing address of the ISA/US
Commissioner of Patents and Trademarks
Box PCT
Washington, D.C. 20231

Facsimile No. (703)305-3230

Authorized officer / _ ;
Kevin C. Harper

Telephone No. 703-305-4700,

Form PCT/ISA/210 (second sheet) (July 1998)




PCT/US02/29585

INTERNATIONAL SEARCH REPORT

Continuation of B. FIELDS SEARCHED Item 3:
EAST
search terms: MPEG, synchronization, clock

Form PCT/ISA/210 (second sheet) (July 1998)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

