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The invention relates to a coaxial cable local area network 
(LAN) for digitally communicating client generated data 
between clients of the cable LAN. The cable LAN has 
adapters in communication with both the clients and other 
adapters of the cable LAN. Connected through coaxial 
cable, these adapters generate and communicate data trans­
mitting signals that take advantage of the operating fre­
quency spectrum of the coaxial cable so as to not interfere 
with the operating frequency of the client data within the 
coaxial cable. Other features are disclosed. 

46 

BEDROOM 

CABLE LAN ADAPTER 

PC 

26 
UVJNGROOM 

CABLE LAN ADAPTER 

SET TOP BOX 

TV 

14 

Page 2 of 849



""O
 

~
 .....
 

('D
 =
 

.....
 >
 

"
e 

"
e -

40
 

.... 
4

6
?

 
('

) 

~
 .....
 .... 

BE
DR

OO
M

 
I 

BE
DR

OO
M

 
0 =

 
""O

 
CA

BL
E 

LA
N 

AD
AP

TE
R 

I 
I 

I 
I C

AB
LE

 L
AN

 A
DA

PT
ER

 I
 

I 
..._ 

I 
=

 
' 

,/
 }

4
 ....

_ 
j 

O
" -.... ('
) 

~
 .....
 

SE
T 

TO
P 

BO
X 

I 
I 

\ 
I 

I 
I 

PC
 

k
l
 

I 
.... 0 =

 
rJ

J 
TV

 
I 

I 
I 

J8
 

I 
I 

I 
('D

 

'?
 

N
 

Q
O

 
34

 
I 

~
 

26
 

N
 

0 
OF

FI
CE

 
1.-

-,.1
 

I 
\ 

U
VJ

NG
RO

O
M

 
0 O

'I 

rJ
J 

CA
BL

E 
LA

N 
AD

AP
TE

R 
I 

I 
,(

L
4

1
' 

I 
I C

AB
LE

 L
AN

 A
DA

PT
ER

 
=- ('D ('D

 .....
 .... 

PC
 

I 
I 

\ 
I 

/ 
I 

I 
SE

TT
O

PB
O

X 
~
 

I 
0 .... ~ 

--
I 

,
~

2
 

I 
I I 

I 
CA

BL
E 

M
OD

EM
 

TV
 

I 
..._

 

I 
28

 
c 

10
 

rJ
J 

N
 

2
0

--
L

 
~
 

I 
0 0 O

'I 

-1
6 

r 
14

 
---

1
5

'-
l 
1 

-r--
I 

0 N
 

FI
G.

 1
 

.... 
I 

Q
O

 
U

l 
1

,0
 

~
 >
 .... 

Page 3 of 849



66
 

64
 

PC
 

M
OT

HE
RB

OA
RD

 

PC
 

62
 

60
 58

 

10
 24

 

32
 

66
 

W
IR

EL
ES

S 
HU

B 

I 
'-

1
5

 18
 

32
 

32
 

32
 

66
 

HO
M

E 
CO

NT
RO

L 
&

 
M

ON
IT

OR
IN

G 
HU

B 

FI
G.

 2
 

'1
4

 

66
 

66
 66

 

56
 

so 
TV

 

DI
GI

TA
L 

7V
 

""O
 

~
 .....
 

('D
 =
 

.....
 

~
 

"e
 -.... ('

) 

~
 .....
 .... 0 =
 

""O
 =
 

O
" -.... ('
) 

~
 .....
 .... 0 =
 

rJ
J 

('D
 

'?
 

N
 

~C
IO

 

N
 

0 0 O
'I 

rJ
J =­ ('D ('D
 .....
 

N
 

0 .... ~ c rJ
J 

N
 

0 0 O
'I ---0 N
 .... CI
O 

U
l 

1
,0

 
~
 >
 .... 

Page 4 of 849



◄
 

◄
 

CA
BL

E 
OP

ER
A 

TI
NG

 F
RE

QU
EN

CY
 S

PE
CT

RU
M

 

CE
NT

ER
 F

RE
QU

EN
CY

: 1
30

0 
M

Hz
 

► 
0 

-9
50

 M
Hz

 
. 

. 
! 

10
00

-2
00

0 
M

Hz
 

CU
EN

TD
AT

A 
OP

ER
A 

TI
NG

 F
RE

QU
EN

CY
 

►
 
◄
 

M
Hz

 

BA
ND

W
ID

TH
 

AD
AP

TE
R 

SI
G

NA
L 

OP
ER

A T
IN

G
 F

RE
QU

EN
CY

 

►
 

FI
G.

 3
 

FI
G.

 4
 

M
ED

IU
M

 
IN

TE
RF

AC
E,

 
◄
 

►
1
◄
 

32
 

13
01

 

R
F&

M
IX

ED
 

SI
G

NA
L 

SE
CT

IO
N 

10
2 

I 

~
 

10
0 

I 

M
AC

& 
CL

IE
NT

 
BA

SE
BA

ND
 

IN
TE

RF
AC

E 
SE

CT
IO

N 
, 

SE
CT

IO
N 

72
 

70
 

~I· 
►
 

-
D

 
90

 :
 

80
 

_
_

_
_

 ...
 

~
 

<:
 

~
 ~
~-

,-7
_4

:>£
__

_-.
 
~
 ~

-

_ _
 _ 

---
-~

· l 
I)

,{
 

I 
10

4-
--o

ot
] 
ID

' 10
6 

78
 :

 
L

..
-1

 
L

_
j 
i ~
 1 1

 
1 7

6 
11

6 1
 

I ,}1
 I 

I 
~
 ~
 

~
':

,,
,;

 
;:

tj
 
Q

 
.....

 

◄
 

CA
BL

E 
-L

AN
 H

AR
DW

AR
E 

~
 

C
U

EN
T 

• 

""O
 

~
 

.....
. 

('D
 =
 

.....
. t "e
 -... . ('

) 

~
 

.....
. .... 0 =
 

""O
 =
 

O
" -.... ('
) 

~
 

.....
. .... 0 =
 

rJ
J 

('D
 

'?
 

N
 

~C
IO

 

N
 

0 0 O
'I 

rJ
J =­ ('D ('D
 

.....
. 
~
 

0 .... ~ c rJ
J 

N
 

0 0 O
'I ---0 N
 .... CI
O 

U
l 

1
,0

 
~
 >
 .... 

Page 5 of 849



US 2006/0218593 Al 

DIGITAL COAXIAL CABLE LAN 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates generally to networking and 
more particularly to data distribution through a coaxial cable 
at frequencies that take advantage of the operating frequency 
spectrum of the coaxial cable so as to not interfere with the 
operating frequency of the client data within the coaxial 
cable. 

[0003] 2. Background Information 

[0004] Conventional homes contain many electronic 
devices that generate data or operate on data received 
internally, from other devices, or from sources outside of the 
home. For example, content devices such as televisions, 
video cassette recorders, personal computers, and stereos as 
well as monitor and control devices such as climate-control 
devices, security devices, and home automation devices all 
generate or use data. In-home local area networks (LANs) 
may be used to distribute such data around the home, both 
to and from these devices. 

[0005] As home based LANs become more popular for 
in-home networking, the ability to transmit high-bandwidth 
data including digital video remains difficult to implement. 
Several alternative mediums for in-home networking are 
known. For example, current solutions that do not require 
new wiring include AC power lines, telephone lines, and 
wireless communication. There are also options that require 
installing new wires such as CAT-5 twisted pair, fiber optic, 
and IEEE 1394 (fire-wire). In general, the solutions that do 
not require new wires suffer from low bandwidth or high 
cost. Solutions that require new wires suffer from being 
expensive as well as technology that has not been proven 
over time as compared to coaxial cables. Table I lists some 
of these alternative mediums with their limitations. 

MEDIUM 

AC power-lines 

Telephone lines 

Wireless 

New wires 

TABLE 1 

Alternative Mediums 

LIMITATIONS 

Unregulated 
Low bit-rate (Harsh environment) 
Data security issues 
Perceived usage hazards 
RF interference 
RF emissions regulations 
Limited bandwidth 
Expensive 
Data security issues 
Transmission disruption due to 
movement 
Installation costs 
Maintenance costs 

[0006] Thus, there is a need to transmit data around the 
home and elsewhere in cost-effective, quick, and secure 
fashion. 

SUMMARY OF THE INVENTION 

[0007] The invention relates to a coaxial cable local area 
network (LAN) for digitally communicating client gener­
ated data between clients of the cable LAN. The cable LAN 
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has adapters in communication with both the clients and 
other adapters of the cable LAN. Connected through coaxial 
cable, these adapters generate and communicate data trans­
mitting signals that take advantage of the operating fre­
quency spectrum of the coaxial cable so as to not interfere 
with the operating frequency of the client data within the 
coaxial cable. Other features are disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is an illustration of an in-home coaxial 
cable LAN in accordance with an embodiment of the 
invention. 

[0009] FIG. 2 is a schematic illustration of a coaxial cable 
LAN in accordance with an embodiment of the invention. 

[0010] FIG. 3 illustrates an operating frequency of the 
client data and the adapter signal in accordance with an 
embodiment of the invention. 

[0011] FIG. 4 is a schematic of an architecture of a cable 
LAN adapter in accordance with an embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] The invention discloses a coaxial cable local area 
network (LAN) for communicating data between clients of 
the cable LAN. The benefits of the cable LAN is the ability 
transmit data in cost-effective, secure fashion, without inter­
fering with cable service company operations. 

[0013] For purposes of explanation, specific embodiments 
are set forth to provide a thorough understanding of the 
present invention. However, it will be understood by one 
skilled in the art, from reading this disclosure, that the 
invention may be practiced without these details. Moreover, 
well-known elements, devices, process steps and the like are 
not set forth in detail in order to avoid obscuring the present 
invention. 

[0014] Reference is now made to FIGS. 1 through 4 to 
illustrate the embodiments of the invention. FIG. 1 is an 
illustration of an in-home coaxial cable LAN. As shown, 
drop cable 10 enters home 12 after it is tapped off main trunk 
14 through cable service company splitter 15 within distri­
bution box 16. Near the point at which drop cable 10 enters 
home 12, low pass filter (LPF) 18 is installed by the user, 
upstream of the in-home cable LAN network and down­
stream of any cable service company supplied low pass filter 
20. 

[0015] A cable LAN isolator such as LPF 18 preferably is 
installed by the user downstream of cable service company 
splitter 15, even when a low pass filter is provided by the 
cable service company as shown by low pass filter 20 in 
FIG. 1. The need for such a device can be attributed to 
several operational limitations such as security, performance 
improvement of premise network, and legal compliance. 
Here, LPF 18 maintains security for the cable LAN, works 
to improve the performance of the cable LAN, and prevents 
signals generated within the cable LAN from interfering 
with cable service company operations. 

[0016] By restricting spurious signals or cable LAN sig­
nals to the premise of the user, LPF 18 maintains security by 
preventing such signals from getting back to the public cable 
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network. Although LPF 18 is shown installed within the 
physical premise of home 12, LPF 18 may be secured 
elsewhere to maintain security. For example, installing LPF 
18 within a lock box external to home 12 would maintain 
security. LPF 18 will also reflect cable LAN transmitted 
signals back into the network of the cable LAN. Thus, where 
splitter 22 is located close to LPF 18, the return loss 
characteristics of LPF 18 may be helpful in coupling the 
cable LAN signal power from one arm of splitter 22 to 
another arm of splitter 22. This, in turn, would decrease the 
amount of power needed to transmit cable LAN signals and 
thus improve the performance of the invention. Moreover, 
by preventing signals generated within the cable LAN from 
interfering with cable service company signals within main 
trunk 14, LPF 18 serves legal compliance requirements. 

[0017] Depending on the type of cable system, LPF 18 
will have different cut-off frequencies. For example, one 
cable system only requires that the low pass filter have a cut 
off frequency of less than 1000 MHz whereas older cable 
systems require that the low pass filter have a cut off 
frequency of less than 450 MHz. 

[0018] Coaxial cable splitters permit more than one client 
to receive identical data by dividing the cable into two or 
more cable wires. Thus, from the point at which drop cable 
10 enters home 12, drop cable 10 is split by splitter 22 into 
different cable wires 24, each cable wire 24 being routed to 
different rooms in home 12. Within living room 26 of FIG. 
1 is living room television (TV) 28 having set top box (STB) 
30. Set top box 30 includes boxes that provide interactive 
television through high speed internet data access. Coupled 
between cable wire 24 and set top box 30 is cable LAN 
adapter 32. Cable wire 24 is also routed to office 34. Within 
office 34 is office personal computer (PC) 36 having an 
internet gateway. The internet gateway may be personal 
computer 36 having high speed access to the internet, where 
the high speed access may be achieved through the shown a 
cable modem 30, as well as other connection such as 
asymmetric digital subscriber loop (ADSL) modem, an 
integrated service digital network (ISDN), a Tl line, and a 
multimedia cable network system (MCNS) cable modem. 
Coupled between cable wire 24 and personal computer 36 is 
a second cable LAN adapter 32. 

[0019] Cable wire 24 is also routed to bedroom 40 and to 
bedroom 46. To communicate with cable LAN adapter 32 in 
bedroom 40 and bedroom 46, cable wire 24 is further 
divided from splitter 22 by splitter 38 into two cable wires 
24. Within bedroom 40 is bedroom TV 42 having set top box 
44. Coupled between cable wire 24 and set top box 44 is a 
third cable LAN adapter 32. Within bedroom 46 is bedroom 
PC 48 coupled to a fourth cable LAN adapter 32. To 
complete the cable LAN network, cable wire 24 from splitter 
38 is connected to cable LAN adapter 32 in bedroom 46. The 
number and arrangement of rooms and clients in home 12 is 
not particular to an embodiment of the invention. Home 12 
may have different rooms, in different numbers and arrange­
ments, each having different clients. 

[0020] Typical clients of the cable LAN network are 
shown in FIG. 2. These clients may include digital TV set 
top box 50, digital video cassette recorder (VCR) 52, digital 
TV 54, home control and monitoring hub 56, wireless hub 
58 with bridge 60, personal computer 62, and personal 
computer motherboard 64. Bridge 60 of wireless hub 58 is 
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capable of communicating with different wireless devices. 
For example, one such wireless device may be a remote­
control device that can be used for multiple clients on the 
network such as PC's, set top boxes, and digital TV's. 

[0021] As shown in FIG. 2, client interface 66 couples 
cable LAN adapter 32 to a client. Adapter 32 serves to 
connect these clients to the network of cable wires 24. Client 
interface 66 may be any suitable computer interface, such as 
a Peripheral Component Interconnect (PCI) adapter card, 
Universal Serial Bus (USB), or buses meeting the Institute 
of Electronic and Electrical Engineering standard for a high 
performance serial bus, IEEE 1394. Adapter 32 may also be 
coupled to a client by other techniques. For example, adapter 
32 may be housed in a client of the cable-LAN network such 
as indicated by dashed lines 68 for PC motherboard 64. 

[0022] In the preferred embodiment, there is at least one 
cable wire 24 couple between a pair of adapters 32. In tests 
run on signal attenuation due to cable length, coaxial cable 
wire 24 that totaled less than 1000 feet in length operated 
within acceptable attenuation loss limits. Longer lengths are 
possible and are a function of at least the hardware and 
software of adapter 32. 

[0023] The overall operation can be understood from FIG. 
2. In the overall operation, a first client, such as PC 62, 
communicates digital data to a first cable LAN adapter 32 
through client interface 66. After processing the data for 
transmission, the first cable LAN adapter 32 communicates 
the processed data to a second cable LAN adapter 32 
through coaxial cable wire 24. On receiving the data, the 
second adapter 32 further processes the transmitted data to 
a form usable by a second client, such as digital TV 54, and 
transmits that data to second client digital TV 54 through 
client interface 66. First cable LAN adapter 32 may also 
communicate this same data to other adapters 32, that, in 
turn, may transmit the received data to their associated 
client. 

[0024] FIG. 3 illustrates an operating frequency of the 
client data and the adapter signal. Coaxial cables are cur­
rently being used by data suppliers to communicated data 
such as television and internet data to individual homes. 
These cables themselves are a very clear, clean medium 
capable of handling operating frequencies of up to 2000 
MHz. However, most of this operating frequency spectrum 
goes unused by data suppliers since initially there was little 
need for frequencies higher than 450 MHz and, as need for 
higher operating frequencies slowly increased, costs to 
changing the infrastructure of the data suppliers became the 
prohibiting factor. 

[0025] The lower region identified in FIG. 3 as 0-950 
MHz is where conventional cable TV, digital cable TV, and 
cable modem services are offered. Where this is the case, the 
cable LAN signal operating frequency may be located 
within the higher region identified as 1000-2000 MHz at the 
center frequency of 1300 MHz with a bandwidth of 5 MHz. 
Here, the cable LAN utilizes the operating frequency spec­
trum not used by conventional cable services. The same is 
true for other forms of data such climate-control data, 
security data, home automation data, Moving Picture 
Experts Group 2 (MPEG-2) high resolution digital video 
data, audio data, or internet data. 

[0026] In the preferred embodiment, a signal generated by 
adapter 32 downstream of LPF 18 rapidly transmits data 

Page 7 of 849



US 2006/0218593 Al 

from one adapter to another adapter as a carrier modulated 
digital signal. The carrier modulated digital signal may be 
generated in conjunction with using Quadrature Phase Shift 
Keying (QPSK) modulation typically employed on satellite 
technology. Since QPSK modulation operates at 2 bits per 
hertz, the signal speed would be 10 megabits per second 
(Mbps) for a 5 MHz bandwidth. Modulation is further 
discussed below. 

[0027] A significant advantage of this invention is the 
large bandwidths that may be applied in transmitting data. 
For example, within the 1000-2000 MHz region shown in 
FIG. 3, bandwidths of 5 MHz, 10 MHz, 20 MHz, 50 MHz, 
or higher are possible. By using bandwidths larger than 5 
MHz, the signal speed increases. With coaxial cabling, 
speeds greater than 100 Mbps can be achieved. Preferably, 
the signal speed will be greater than 10 Mbps when neces­
sary to quickly distribute digital video and other types of 
high-bandwidth data within the home. 

[0028] As depicted in FIG. 3, the signal operating fre­
quency could be anywhere above 1000 MHz. However, 
Cable LAN's operating region is not limited to this. For 
example, in older homes that use older type coaxial cable 
and older type splitters, normal cable operations are main­
tained below 450 MHz. In this case, the signal operating 
frequency of the cable LAN would preferably be between 
600 to 800 MHz, but need not be. Since the signal operating 
frequency is subject at the lower end to the client data 
operating frequency, the signal operating frequency could be 
just at the border or fringe of the rated or actual data 
operating frequency being utilized within the coaxial cable. 
Operating at the border or fringe of the data operating 
frequency takes advantage of the operating frequency spec­
trum of the coaxial cable so as to not interfere with the 
operating frequency of the data, thereby permitting the 
signal and data other than that carried by the signal to be 
communicated within the coaxial cable at the same time, 
within the same space. Being adaptable enough to operate at 
this periphery of the data operating frequency makes the 
cable LAN flexible enough to operate on any coaxial cable 
system, despite the different limitations such as older net­
work components, different geographies, different service 
providers, and different regulations. Moreover, since the 
signal operating frequency is subject at the higher end only 
to the operating frequency spectrum of the coaxial cable, the 
signal bandwidth may be much greater than 5 MHz, thereby 
increasing the signal speed. A 100 MHz bandwidth, for 
example, results in a signal speed of 200 Mbps. In this way, 
the large operating bandwidth makes the cable LAN ideal 
for quickly transmitting high-resolution digital video (such 
as MPEG-2) and other high speed data. 

[0029] FIG. 4 is a schematic of an architecture of cable 
LAN adapter 32. As seen in FIG. 4, client software layers 
70 is comprised of cable LAN protocol layers/stacks 72 and 
interface software/driver stack 74. Analog or digital data 
from a first client is processed as necessary through that 
client's software layer into a digital format. This digitized 
data is then communicated to cable LAN adapter 32 asso­
ciated with that first client for processing through the 
hardware sections of the cable LAN adapter. In accordance 
with an embodiment of the cable LAN adapter of the 
invention, cable LAN adapter 32 partitions into four hard­
ware sections: I. MAC & Client Interface Section 80; II. 
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Baseband Section 90; III. RF & Mixed Signal Section 100; 
and IV. Medium Interface Section 130. 

I. MAC & Client Interface Section 

[0030] As part of broadband application specific inte­
grated circuit (ASIC) 78, Media Access Control (MAC) & 
Client Interface section 80 operates both as a burst controller 
and as a protocol device to coordinate events-such as when 
to receive the data from the client and when to transmit data 
to the client-between the client and Baseband section 90 of 
cable LAN adapter 32. 

[0031] Client interface 76 is the front line communication 
link between adapter 32 and the particular client. Preferably, 
the client interface logic communicates with the client, 
communicates with the modulator, processes the particular 
data from the client and the modulator, and keeps track of 
time. Given the variety of clients that may occupy the cable 
LAN, it is important to utilize a universal client interface. 

[0032] As shown in FIG. 4, the hardware of client inter­
face 76 may be a stand alone component coupled by coaxial 
cable between interface (I/F) core 82 of broadband ASIC 78 
and the in/out (I/O) port of the client. Such stand alone 
components include a Universal Serial Bus (USB) attach­
ment or attachments meeting the Institute of Electronic and 
Electrical Engineering (IEEE) standard for a high perfor­
mance serial bus, IEEE 1394. Client interface 76 may also 
be integrated into MAC & Client Interface section 80 of 
cable LAN adapter 32 or housed into the motherboard of a 
client such as a personal computer (PC) or a set top box 
(STB). Moreover, through an expansion card such as a 
Peripheral Component Interconnect (PCI) adapter card, cli­
ent interface 76 may be housed internally to adapter 32 or to 
a client. 

[0033] If data copyright protection is a concern, client 
interface 76 can be coupled to a dongle security system key 
consisting of a serialized erasable programmable read-only 
memory (EPROM) and some drivers in a D-25 connector 
shell connected to the I/O port of either adapter 32 or the 
client. With a dongle security system key installed, users can 
make as many communications or "copies" of the data as 
they want but must respond with the dongle's programmed 
validation code for each copy, thereby accounting for each 
copy made. To allow daisy-chained dongles, the dongles can 
be designed to pass data through the I/O port and to monitor 
for magic codes ( and combinations of status lines) with little 
interference to devices further down the line. 

[0034] Burst controller 84 of MAC & Client Interface 
section 80 is a time division multiple access (TDMA) 
scheme that supports both isochronous and asynchronous 
data through burst control as well as accounts for high 
interrupt latency on the PC. Isochronous service guarantees 
the reserved bandwidth while asynchronous service pro­
vides a conventional LAN type of service that is ideal for 
data sharing applications. 

II. Baseband Section 

[0035] From MAC & Client Interface section 80, the 
digital data is communicated to Baseband section 90 that is 
part of broadband ASIC 78. In Baseband section 90, the data 
is encoded and modulated. 

[0036] To encode the data, Forward Error Correction 
(FEC) encoder 92 is used. Preferably, FEC encoder 92 is a 
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Reed-Solomon Error Correction Code (R-S ECC) encoder. 
The advantage of using a RS ECC encoder is that the RS 
ECC encoder may be reused in the FEC decoder 94, thereby 
dramatically reducing the complexity of syndrome calcula­
tion and thus reducing processing speed burden on the 
syndrome block. On interacting with FEC encoder 92, parity 
bits ( or bytes) are added to the data to permit detection of 
data that becomes corrupted in transit as well as permit 
correction of the same. Other bits that may be added include 
network control data that specifies the routing, content data 
that specifies the what is being transmitted, as well as other 
known parity bits. 

[0037] Once through FEC encoder 92, the data encounters 
modulator 96. Modulator 96 remaps the digital data and 
presents the data in an analog wave form to permit the data 
to be transmitted within the coaxial cable. It is important for 
cable LAN adapter 32 to be screened from noise and hardy 
enough to work in any environment while remaining inex­
pensive. Thus, in order to keep costs low and the system 
robust, the architecture design of adapter 32 uses a digital 
modulation scheme such as Frequency Shift Keying (FSK) 
modulation or Binary Phase Shift Keying (BPSK) modula­
tion. Moreover, although data may be transmitted within the 
coaxial cable continuously, discontinuously, or a combina­
tion thereof, modulation is done preferably in a discontinu­
ous, burst fashion to accommodate network type data with 
minimum receiver setup time. Other acceptable modulation 
schemes include Quadrature Phase Shift Keying (QPSK) 
digital modulation. 

III. RF & Mixed Signal Section 

[0038] From Baseband section 90, the data encounters 
Radio Frequency (RF) and Mixed Signal section 100. The 
RF & Mixed Signal section consists of a complementary 
metal-oxide semiconductor (CMOS) RF chip 102, crystal 
oscillator 104, and crystal oscillator 106. Crystal oscillator 
104 and crystal oscillator 106 generate the clock that runs 
CMOS RF chip 102. As shown in FIG. 4, CMOS RF chip 
102 comprises mixed-signal section having digital to analog 
converter (DAC) 108 and analog to digital converter (ADC) 
110, up converter 112 and down converter 114, power 
amplifier (PA) 116 and a low noise amplifier (LNA) 118, and 
Low (LO) frequency synthesizer (SYN) timing circuit 120 
that couples the converters to their respective amplifiers 
through mixer 122. 

[0039] Within DAC 108, the digital data from modulator 
96 is converted to an analog signal having an intermediate 
frequency (IF) of around 44 MHz. To bring the signal 
operating frequency to the desired transmitting frequency, 
here 1300 MHz as seen in FIG. 3, the analog signal is 
processed by up converter 112. Up converter 112 generates 
a carrier modulated digital signal on which to transmit client 
data through the coaxial cable network. The power is 
amplified in PA 116, wherein the signal is then sent to 
Medium Interface section 130. 

IV. Medium Interface Section 

[0040] In accordance with an embodiment of the inven­
tion, Medium Interface section 130 interfaces with cable 
wire 24 through switch 132 that operates to either transmit 
or receive signals. A single pole double throw (SPDT) 
transmission switch would accomplish this. Through switch 
132, the signal is transmitted into cable wire 24. Although 
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FIG. 4 shows a one signal frequency design channel, more 
than one signal frequency may be used. 

[0041] With the signal transmitted from a first adapter 32, 
at least a designated second adapter 32 will receive the 
signal. On receiving the transmitted data through cable wire 
24, second adapter 32 reverses the process by converting the 
transmitted data into a form usable by a second client and 
transmitting that data to that client. From switch 132 of FIG. 
4, LNA 118 focuses the signal so that down converter 114 
may convert the signal to an intermediate frequency (IF) of 
around 44 MHz. The analog signal is then converted to a 
digital signal in ADC 110. 

[0042] At this point in the process, filtering may be 
necessary. As the signal travels within the coaxial cable 
network, reflection from low pass filter 18 may compensate 
for signal attenuation due to splitters in the coaxial cable 
network, but may also cause a reflection mismatch between 
the signal and the reflected signal. Filters within Baseband 
section 90 filter out such reflected signals. From there, the 
signal is demodulated at demodulator 98 with the data then 
being decoded and corrected at FEC decoder 94. The digital 
data is then sent to the second client through MAC & Client 
Interface section 80. 

[0043] A specific embodiment of the cable LAN according 
to the invention has been described for the purpose of 
illustrating the manner in which the invention may be made 
and used. It should be understood that implementation of 
other variations and modifications of the invention and its 
various aspects will be apparent to those skilled in the art, 
who may develop a variation of structural details without 
departing from the principles of the present invention. For 
example, the components of the cable LAN adapter, either 
individually or in combination, can be housed in an inte­
grated circuit. The cable LAN has been describe in reference 
to use in a private home, but may be used for any enterprise 
that has cabling equal to or superior than that found in a 
typical private home, including a small office/home office 
(SOHO). 

What is claimed is: 
1.-26. ( canceled) 
27. An interface component for communicating between 

a client device and a local area network (LAN), the interface 
component comprising: 

a universal client interface to communicate a signal 
between a cable LAN adapter and the client device; and 

the cable LAN adapter comprising: 

a broadband application specific integrated circuit 
(ASIC) to encode and to modulate the signal 
received from the universal client interface and to 
decode and to demodulate the signal received from a 
radio frequency and mixed signal, section 
(RF&MSS); 

the RF&MSS to convert the encoded and modulated 
signal received from the ASIC to a carrier modulated 
digital signal with a transmission frequency, the 
transmission frequency greater than a signal cut-off 
frequency defined for conventional coaxial cable 
services, and the RF&MSS to convert the carrier 
modulated digital signal received from a transmis-
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sion switch to the encoded and modulated signal 
transmitted to the ASIC; and 

the transmission switch to transmit the carrier modu­
lated digital signal through a coaxial cable to at least 
one other cable LAN adapter and to transmit the 
carrier modulated digital signal to the RF&MSS. 

28. The interface component of claim 27, wherein the 
universal client interface is a Universal Serial Bus (USB) 
attachment or an attachment meeting the IEEE 1394 stan­
dard. 

29. The interface component of claim 27, wherein the 
universal client interface is integrated into the cable LAN 
adapter. 

30. The interface component of claim 27, wherein the 
universal client interface is housed in any of a personal 
computer, a set top box, or the cable LAN adapter. 

31. The interface component of claim 27, wherein the 
universal client interface is coupled to a dongle security 
system. 

32. The interface component of claim 31, wherein the 
dongle security system is a serialized erasable program­
mable read-only memory. 

33. The interface component of claim 27, wherein the 
ASIC comprises: 

an interface core to communicate with the universal client 
interface and with a burst controller; 

the burst controller to communicate with a baseband 
section; and 

the baseband section to encode and to modulate the signal 
and to decode and to demodulate the encoded and 
modulated signal. 

34. The interface component of claim 33, wherein the 
burst controller supports both isochronous and asynchro­
nous data. 

35. The interface component of claim 33, wherein the 
burst controller uses a time division multiple access scheme. 

36. The interface component of claim 33, wherein the 
baseband section comprises: 

an encoder coupled to a modulator, the encoder to receive 
the signal from the burst controller and to encode the 
signal; 

the modulator coupled to the RF&MSS, the modulator to 
modulate the encoded signal and to send the encoded 
and modulated signal to the RF&MSS; 

a demodulator coupled to a decoder, the demodulator to 
receive the encoded and modulated signal from the 
RF&MSS and to demodulate the encoded and modu­
lated signal; and 

the decoder coupled to the burst controller, the decoder to 
decode the encoded signal and to send the signal to the 
burst controller. 

37. The interface component of claim 36, wherein the 
encoder is a Forward Error Correction (FEC) encoder. 

38. The interface component of claim 37, wherein the 
FEC encoder is a Reed-Solomon Error Correction Code 
encoder. 

39. The interface component of claim 36, wherein the 
decoder is a Forward Error Correction (FEC) decoder. 
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40. The interface component of claim 39, wherein the 
FEC decoder is a Reed-Solomon Error Correction Code 
decoder. 

41. The interface component of claim 36, wherein the 
modulator and the demodulator modulate in a discontinuous, 
burst fashion. 

42. The interface component of claim 36, wherein the 
modulator and the demodulator modulate using a Frequency 
Shift Keying digital modulation scheme. 

43. The interface component of claim 36, wherein the 
modulator and the demodulator modulate using a Binary 
Phase Shift Keying digital modulation scheme. 

44. The interface component of claim 36, wherein the 
modulator and the demodulator modulate using a Quadra­
ture Phase Shift Keying digital modulation scheme. 

45. The interface component of claim 27, wherein the 
RF&MSS comprises a complementary metal-oxide semi­
conductor (CMOS) radio frequency (RF) chip. 

46. The interface component of claim 45, wherein the 
CMOS RF chip comprises: 

a digital to analog converter (DAC) to receive the 
encoded and modulated signal from the ASIC and to 
convert the encoded and modulated signal to an analog 
waveform with an intermediate frequency; 

an up converter coupled to the DAC, the up converter to 
convert the analog waveform to the carrier modulated 
digital signal; 

a first mixer coupled to the up converter and to a power 
amplifier, the power amplifier to amplify the carrier 
modulated digital signal received from the up converter 
and to send the carrier modulated digital signal to the 
transmission switch; 

a low noise amplifier (LNA) to receive the carrier modu­
lated digital signal from the transmission switch; 

a second mixer coupled to the LNA; 

a down converter coupled to the second mixer, the down 
converter to convert the carrier modulated digital signal 
to the analog waveform; and 

an analog to digital converter (ADC) coupled to the down 
converter, the ADC to convert the analog waveform to 
the encoded and modulated signal and to send the 
encoded and modulated signal to the ASIC. 

47. The interface component of claim 27, wherein the 
transmission frequency is greater than 450 MHz. 

48. The interface component of claim 47, wherein the 
transmission frequency is greater than 950 MHz. 

49. The interface component of claim 48, wherein the 
transmission frequency is 1300 MHz. 

50. The interface component of claim 27, wherein the 
transmission switch is a single pole double throw transmis­
sion switch. 

51. A method for transmitting information from a client 
device to a local area network (LAN), the method compris­
ing: 

communicating a signal from the client device to a cable 
LAN adapter with a universal client interface; 

encoding the signal in the cable LAN adapter; 

modulating the encoded signal in the cable LAN adapter; 
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converting the encoded and modulated signal to a carrier 
modulated digital signal in the cable LAN adapter, the 
carrier modulated digital signal having a transmission 
frequency, the transmission frequency greater than a 
signal cut-off frequency defined for conventional 
coaxial cable services; and 

transmitting the carrier modulated digital signal through a 
coaxial cable to at least one other cable LAN adapter. 

52. The method of claim 51, wherein the universal client 
interface is a Universal Serial Bus (USB) attachment or an 
attachment meeting the IEEE 1394 standard. 

53. The method of claim 51, wherein the universal client 
interface is integrated into the cable LAN adapter. 

54. The method of claim 51, wherein the universal client 
interface is housed in any of a personal computer, a set top 
box, or the cable LAN adapter. 

55. The method of claim 51, wherein the universal client 
interface is coupled to a dongle security system. 

56. The method of claim 55, wherein the dongle security 
system is a serialized erasable programmable read-only 
memory. 

57. The method of claim 51, wherein the encoded and 
modulated signal supports both isochronous and asynchro­
nous data. 

58. The method of claim 51, wherein the encoded and 
modulated signal uses a time division multiple access 
scheme. 

59. The method of claim 51, wherein the transmission 
frequency is greater than 450 MHz. 

60. The method of claim 59, wherein the transmission 
frequency is greater than 950 MHz. 

61. The method of claim 60, wherein the transmission 
frequency is 1300 MHz. 

62. The method of claim 51, wherein encoding the signal 
uses a Forward Error Correction (FEC) encoder. 

63. The method of claim 62, wherein the FEC encoder is 
a Reed-Solomon Error Correction Code encoder. 

64. The method of claim 51, wherein modulating the 
encoded signal is performed in a discontinuous, burst fash­
ion. 

65. The method of claim 51, wherein modulating the 
encoded signal uses a Frequency Shift Keying digital modu­
lation scheme. 

66. The method of claim 51, wherein modulating the 
encoded signal uses a Binary Phase Shift Keying digital 
modulation scheme. 

67. The method of claim 51, wherein modulating the 
encoded signal uses a Quadrature Phase Shift Keying digital 
modulation scheme. 

68. An apparatus for transmitting information from a 
client device to a local area network (LAN), the apparatus 
comprising: 

a universal client interface communicating a signal from 
the client device to a cable LAN apparatus; and 
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the cable LAN apparatus comprising: 

an encoding means for encoding the signal, the encoding 
means converting the signal to an encoded signal; 

a modulating means for modulating the encoded signal, 
the modulating means converting the signal to an 
encoded and modulated signal; 

a converting means for converting the encoded and modu­
lated signal to a carrier modulated digital signal having 
a transmission frequency, the transmission frequency 
greater than a signal cut-off frequency defined for 
conventional coaxial cable services; and 

a transmitting means for transmitting the carrier modu­
lated digital signal through a coaxial cable to at least 
one other cable LAN apparatus. 

69. The method of claim 68, wherein the universal client 
interface is a Universal Serial Bus (USB) attachment or an 
attachment meeting the IEEE 1394 standard. 

70. The apparatus of claim 68, wherein the universal 
client interface is integrated into the cable LAN adapter. 

71. The apparatus of claim 68, wherein the universal 
client interface is housed in any of a personal computer, a set 
top box, or the cable LAN adapter. 

72. The apparatus of claim 68, wherein the universal 
client interface is coupled to a dongle security system. 

73. The apparatus of claim 72, wherein the dongle secu­
rity system is a serialized erasable programmable read-only 
memory. 

74. The apparatus of claim 68, wherein the encoding 
means supports both isochronous and asynchronous data. 

75. The apparatus of claim 68, wherein the encoding 
means uses a time division multiple access scheme. 

76. The apparatus of claim 68, wherein the transmission 
frequency is greater than 450 MHz. 

77. The apparatus of claim 76, wherein the transmission 
frequency is greater than 950 MHz. 

78. The apparatus of claim 77, wherein the transmission 
frequency is 1300 MHz. 

79. The apparatus of claim 68, wherein the encoding 
means uses a Forward Error Correction (FEC) encoder. 

80. The apparatus of claim 79, wherein the FEC encoder 
is a Reed-Solomon Error Correction Code encoder. 

81. The apparatus of claim 68, wherein the modulating 
means is performed in a discontinuous, burst fashion. 

82. The apparatus of claim 68, wherein the modulating 
means uses a Frequency Shift Keying digital modulation 
scheme. 

83. The apparatus of claim 68, wherein the modulating 
means uses a Binary Phase Shift Keying digital modulation 
scheme. 

84. The apparatus of claim 68, wherein the modulating 
means uses a Quadrature Phase Shift Keying digital modu­
lation scheme. 

* * * * * 
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METHOD AND APPARATUS FOR 
ESTIMATING THE LENGTH OF A 

TRANSMISSION LINE 

BACKGROUND OF THE INVENTION 

The present invention relates to data transmission chan­
nels and, more particularly, to a method and apparatus for 
estimating the length of a transmission line having a low­
pass filter characteristic. 

10 

In a typical Communication system, analog signals are 
transmitted from a transmitter to a receiver through a 
transmission channel. A typical receiver includes an 
amplifier, an analog-to-digital (AID) converter and an auto- 15 
matic gain controller. The amplifier amplifies the received 
AC analog signal, which is then converted by the AID 
converter into a series of digital values that can be pro­
cessed. The automatic gain controller monitors the signal 
power and adjusts the amplifier gain to restore the received 20 
signal to desired power level. 

2 
Improved methods and devices for more accurately and 

efficiently estimating the cable length in a data transmission 
channel having a low-pass filter characteristic are desired. 

SUMMARY OF IBE INVENTION 

One aspect of the present invention relates to a method of 
estimating the length of a communications channel trans­
mission line that extends between a transmitter and a 
receiver and has a low-pass filter characteristic and an 
impulse response. The method includes receiving a data 
signal by the receiver from the transmission line and esti­
mating the length of the transmission line as a function of the 
data signal received by the receiver and the impulse 
response. 

Another aspect of the present invention relates to a 
channel length estimator, which includes a channel input for 
coupling to a transmission line having a length. A decision 
feedback equalizer is coupled to the channel input and 
includes a plurality of steady-state feedback tap coefficients 
and an equalizer output. A power estimator is coupled either 
to the steady-state feedback tap coefficients or to the equal­
izer output and has an estimated power output. A channel 
length mapping circuit is coupled to the estimated power 

Various types of channels have been used, such as 
"twisted pair" wire line channels. Such channels are com­
monly used in digital subscriber loops, home, local and wide 
area networks, and other applications. It is often desired to 
have the transmitter or receiver optimized for the length of 
the channel to mitigate channel effects, such as attenuation 
of the data signals being passed through the channel. 

An existing method of estimating the length of a twisted 
pair wire line channel is to observe and estimate the received 
signal power. With this method, the receiver contains a 
power estimation circuit, which is essentially a power meter, 
that approximates the signal strength at the receiver. Taking 
advantage of the fact that the received signal power, P" is 
effected by attenuation of the signal in the cable, which 
increases with cable length, the received signal power esti­
mate is translated to a channel length estimate Equation 1 
shows that the channel length estimate, L, is a function of the 
received signal power, Pr: 

25 
output and is adapted to map the estimated power output to 
an estimate of the transmission line length. Yet another 
aspect of the present invention relates to a data communi­
cations receiver for coupling to a transmission line that has 
a low-pass filter characteristic and an impulse response. The 

30 
receiver includes a receiver input, which is adapted to 
receive a data signal from the transmission line, a receiver 
output and a detected symbol flow path from the, receiver 
input to the receiver output. The receiver further includes a 
length estimator coupled to the detected symbol flow path 

35 
for estimating the length of the transmission line as a 
function of the data signal received from the transmission 
line and the impulse response. 

40 

Eq. 1 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a data communication system 
according to one embodiment of the present invention. 

FIG. 2 is a graph showing normalized impulse response of 
a typical Cat-5 twisted pair cable for various lengths. 

The existing method takes advantage of the relation 
between received signal power and cable length and it drives 
the cable length estimate from the received signal power, 
assuming that longer cables introduce more attenuation and 
hence lower signal strength at the receiver. 

FIG. 3 is a graph showing the relationship between cable 
45 length and measured post-cursor Inter-Symbol Interference 

(ISi) power. 

The inventors of the present application have found that 
the main disadvantage of the existing method is that it does 
not account for fluctuations and variations in the received 

50 
signal power level due to sources other than cable attenua­
tion. Such sources can include variable gain amplifier 
(VGA) and/or automatic gain control (AGC) power error, 
Pago cable connector loss Pc and cable-termination 
mismatch, Pm· The signal power at the receiver can be 

55 
characterized by: 

Eq. 2 

FIG. 4 is a block diagram of a communications receiver 
according to one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 is a block diagram of a data communication system 
according to one embodiment of the present invention. Data 
communication system 10 includes a transmitter 12, a 
receiver 14 and a channel 16 for passing data from trans-
mitter 12 to receiver 14. Channel 16 can include any type of 
channel having a low-pass filter characteristic. For example, 
channel 16 can include a single-ended transmission line 

60 "wire" or a pair of differential transmission line "wires", 
such as a typical Cat-5 "twisted-pair" cable. Several types of 
transmission lines exhibit low-pass filter characteristics, 
such as those with copper wires, copper composite wires and 
wires with other similar materials. 

where Pr is the total signal power reduction and Pa is the 
reduction in received signal power by attenuation in the 
cable channel due to Inter-Symbol Interference (ISi) or the 
low-pass filter nature of a twisted pair cable. The non-cable­
attenuation sources of power reduction can be significant, 
which results in an inaccurate estimate of the cable length. 
This is especially true for shorter cables where Pa can be 65 

much smaller than the other non-cable-attenuation, length 
independent sources of power reduction. 

Certain functions in receiver 14 require a knowledge of 
the length, L, of channel 16. As discussed above, existing 
methods and algorithms for estimating the channel length L 
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are based on an estimate of the received signal power at 
receiver 14. These methods do not account for inaccuracies 
in the channel length estimate due to sources of signal power 
reduction that are not related to attenuation within channel 
16. 

With the present invention, the length L of channel 16 is 
estimated as a function of the impulse response of channel 
16, rather than an estimate of the total power reduction as 
shown in Equation 2 above. The length L of channel 16 is 
uniquely a function of the cable's attenuation only, as 10 

provided in the following equation: 

Eq. 3 

4 
For a digital implementation, the above equation can be 

rewritten as: 

Eq. 7 

where the summation term represents the CIR power. The 
first sample, i=0, is very large and can be excluded for 
increased transformation sensitivity, if desired. With the i=0 
term excluded, the summation in Equation 7 represents the 
ISi power only. 

FIG. 3 is a graph showing the relationship between the 
cable length, on X-axis 50 and the post-cursor ISi power of When looking at the cable's impulse response, it has been 

found that the cable's attenuation, and thus the cable length, 
is a unique function of the post-cursor (after the initial pulse) 
portion of the impulse response, which is known as the 
Inter-Symbol Interference (ISi) magnitude. 

15 FIG. 2, on Y-axis 52. Curve 54 represents the measured ISi 
power as a function of cable length for a typical twisted pair 
cable, and curve 56 represents an analytical fit of the 
measured data with the second order polynomial, 

FIG. 2 is a graph showing the normalized impulse 
response of a typical Cat-5 twisted pair cable for various 20 

lengths. Y-axis 30 represents the normalized causal impulse 
response (CIR), and X-axis 32 represents time in nanosec­
onds. Lines 40-44 represent the normalized CIR of Cat-5 
twisted pair cables having lengths of 20 meters, 60 meters, 
100 meters, 140 meters and 180 meters, respectively. For 25 

each line 40-44, the entire curve represents a combination of 
the pulse itself, at t=0, and the ISi, after t=0. The impulse 
response's region of support extends from t=0 until the 
respective line 40-44 crosses X-axis 32. Although FIG. 2 
shows the CIR of Cat-5 twisted pair cables, other types of 30 

twisted pair cables can have the same overall impulse 
response, with the CIR's region of support and magnitude 
increasing with decreasing quality and vise versa. 

Ppc-ist=0.005*L 2+0.0141 *L Eq. 8 

It can be seen from FIG. 3 that the actual ISi power and 
the estimated fit are very close. Therefore, the polynomial 
shown in the above equation can be exploited for accurate 
and efficient cable length estimation purposes. If the ISi 
power within the received data signal is known, the above 
polynomial can be used to calculate an estimate of the cable 
length. 

Looking at FIG. 3, for example if the measured post­
cursor ISi power (i.e. the summation term in Equation 7) is 
equal to "8", then the cable length is approximately 110 m. 
This mapping can be solved through the polynomial given in 
Equation 8 or through a representative look-up table. 

It is evident from curves 40-44 that the normalized 
post-cursor ISi magnitude (the CIR after t=0) and duration 
increases with cable length. The cable length is therefore a 
direct function of the CIR amplitude. 

Curves 40---44 show the low-pass nature of channel 16. 
The impulse responses are always positive and monotoni­
cally decreasing and can be crudely approximated with an 
inverse exponential function. It can be shown that for a 
typical twisted pair cable, a unique one-to-one function <I> 
exists that can map the amplitude of the CIR, h(t), at any 
time t0 , to the length of the cable, as represented by the 
following equation: 

An estimate of the cable length can therefore be based 
solely on an estimate of the channel ISi or, equivalently, the 

35 channel CIR. This method of estimating cable length can be 
used in any system where the CIR information is known. 
The CIR information can include previously known infor­
mation about the channel or can be locally estimated within 
receiver 14 (shown in FIG. 1) during operation of the 

40 receiver. In the absence of a previously known CIR, receiver 
14 can include any adaptive system, such as a decision 
feedback equalizer, that can give an estimate of the channel 
CIR or its causal portion. The local estimate of the channel 
CIR can then be used to estimate the channel cable length. 

45 The following discussion describes two examples of 

Eq. 4 
methods for estimating the cable length as a function of the 
ISi power, according to alternate embodiments of the 
present invention. 

1. Estimate of CIR is Available at Receiver 

where T is the duration of the CIR (from t=0 to the time at 
which the CIR crosses X-axis 32). The above relation can be 
generalized to a mapping of any function of the channel's 50 

impulse response to the cable length: If an estimate of the channel impulse response, h(t), is 
available at receiver 14, such as when the receiver has an 
equalizer adapted to the particular channel, the channel 

55 
length estimator in the receiver can simply use the relation: 

L-<'P('c,(h(t))) Eq. 5 

In other words, the actual impulse of the channel is not 
required in order to estimate the cable length L. Rather, any 
equation that is a unique function of the impulse response 
can be used. One example of such a function can be the 
mapping of post-cursor channel ISi power to cable length, as 
shown in the following equation: 

60 

Eq. 6 

where the term within the parenthesis is post-cursor channel 65 

ISi power. The post-cursor ISi power is a unique function of 
the channel impulse response h(t). 

Eq. 9 

Since h(i) is known, all that is needed in the receiver is a 
device that squares each h(i) and adds them together. The 
resulting calculation of Pa can then be mapped to an estimate 
of the cable length through an analytical expression such as 
that provided in Equation 8 or through a look-up table. 

Taking advantage of the fact that most of the ISi energy 
of a twisted pair cable is causal (i.e., after t=0 in FIG. 2), the 
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above expression can be simplified to: 

Pa= Ih2(i) 
Eq. 10 

i=l 

The above equation is an accurate estimate of the total 
post-cursor ISi power representing the received signal 
power attenuation Pa in the cable without effects of timing 
error. 10 

6 

N N 

PDFE = IIb(i)·b(j)·E(x(n-i)·x(n- j)) 
i=l j=l 

Eq. 13 

Assuming the transmitted data sequence, and hence its 
estimate x(i) at receiver 14 is wide-sense stationary, the 
above equation can be re-written as: 

N N 

PDFE =II b(i)-b(j)· rx(i- j) 

Eq. 14 

i=l j=l An easier but less accurate method of estimating the 
signal power attenuation Pa is to use only a limited number 
of samples of the ISi power given in the above expression, 
as shown in Equation 11: 15 

where rx is the auto-correlation of the transmitted data 
sequence. The above equation can be re-written as: 

N 

Pa= Ih
2
(i) 

Eq. 11 

i=l 

20 

where N>l. The calculation shown in Equation 11 can be 
implemented in hardware, software, or a combination of 
both hardware an software. For example, a digital signal 
processor can be used. The calculated estimate of the 
received signal power attenuation Pa due to cable length can 25 

then be easily mapped to an estimate of the cable length. In 
one embodiment, only one or two samples of the ISi power 
is used for each symbol received by receiver 14. 

2. Receiver 14 Locally Estimates the Channel CIR 
or its Causal Portion. 

30 

In the absence of a previously specified CIR, receiver 14 
can include an adaptive system, such as a decision feedback 
equalizer, that can give an estimate of the CIR or ISi, which 35 

is sufficient to estimate the cable length. 
A Using DFE Feedback Tap Coefficients 
If a decision feedback equalizer (DFE) scheme is used in 
receiver 14, with a non-overlapping feed forward equalizer 
(FFE) and DFE taps, the estimate of the causal ISi power is 40 

readily available since the DFE's steady-state feedback tap 
coefficients are equal to the CIR of the channel in a mean 
square sense. The DFE's feedback tap coefficients can be 
squared and then summed together to obtain an estimate of 
the post-cursor ISi power and, thus, the cable attenuation Pa 45 

per equation 11. 
B. Using DFE Output 

A simpler and more efficient method of estimating the 
received signal power attenuation Pa is to estimate the power 
,P DFD at the output of the decision feedback equalizer. It can 50 

be shown that under certain conditions, this power is exactly 
equivalent to that of Equation 11 for an N-tap decision 
feedback equalizer. 

Eq. 15 

The second summation term in Equation 15 represents the 
channel auto-correlation function. The relationship in Equa­
tion 15 shows that the DFE power content PDFE is equal to 
the cross product of the transmitted data sequence auto­
correlation function and the causal portion of the channel's 
auto-correlation function. 

Assuming a proper convergence of the DFE (i.e., b(i)=h 
(i)), Equation 15 can be re-written as: 

N 

PDFE=ro·Pa+ Ir(k)~b(i)-b(i-k) 
HO i-1 

Eq. 16 

In Equation 16, the received signal power attenuation 
variable Pa has been substituted for the ISi power term 

If the transmitted data sequence x(i)is uncorrelated, than the 
second term in Equation 16 will be zero. This will make 
Equation 16 similar to Equation 11 with a known scaling 
factor r0 , which is equal to the transmitted signal power. The 
DFE power content PDFE can therefore be readily mapped to 
a corresponding cable length estimate using the proper 
relationship. 

If the transmitted data sequence is correlated, then the 
second term in Equation 16 will be non-zero. The DFE 
power P DFE will then be the cross product of the data and 
channel auto-correlation functions. Taking advantage of the 
well-behaved nature of the CIR (monotonically decreasing If the signal received at receiver 14 ( or at the input to the 

DFE), is denoted by x(i) and the steady state feedback tap 
coefficients within the DFE are denoted by b(i), then the 
power at the output of the DFE is: 

55 with time and always increasing CIR samples with cable 
length as evident from FIG. 2), a unique one-to-one mapping 
can be found between the cable length and the channel 
auto-correlation function so than the second term in Equa-

Eq. 12 
60 

tion 16 can be subtracted out. Without loss of generality, a 
suitable mapping can be determined for any previously 
specified data auto-correlation function. 

where n is a variable'similar to time in a time-forward sense, 
N is the number of taps in the DFE and E represents the 
expected value of the summation term in Equation 12, 
squared. Expanding Equation 12 produces: 

FIG. 4 is a block diagram of receiver 14 having a cable 
length estimator according to one embodiment of the present 
invention. Receiver 14 includes a data input 62 for receiving 

65 a transmitted analog data signal x(t) from channel 16 (shown 
in FIG. 1). Variable gain amplifier (VGA) 64 receives the 
transmitted analog data signal x(t) and amplifies the signal 
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by a selected gain factor to produce an amplified analog data 
signal that is provided to the input of analog-to-digital (ND) 
converter 66. The gain applied by VGA 64 is selected by an 
automatic gain controller (not shown) as is well-known in 
the art. 

8 
sentation or estimate of the channel's impulse response. 
Only two examples are shown in FIG. 4. The channel length 
estimator can use an estimate of the total ISi energy or an 
estimate of only a portion of the ISi energy. 

The channel length estimator of the present invention 
provides a means of accurately and effectively estimating 
the length of channels having low-pass filter characteristics, 
such as a twisted wire pair channels. The channel length 
estimator can be used in conjunction with any form of 

ND converter 66 converts the amplified analog data 
signal into a series of digital values x(i) on output 68. The 
digital values x(i) are applied to a feed forward equalizer 
(FFE) 70, which is an adaptive equalizer that compensates 
for Inter-Symbol Interference due to the characteristics of 
channel 16 and receiver 14. The output of FFE 70 is coupled 
to a first addend input 72 of a summing element 74. 
Summing element 74 has an output 76, which is coupled to 
the input of a decision device or "slicer" 78. Decision device 
78 generates an estimate Ak of the actual transmitted symbol 
for each received symbol in data signal x(t) based on a 
decision or slicing mechanism, as is known in the art. For 
example, if a received symbol was close to a "1", decision 
device 78 would declare the detected symbol Ak as a "1". If 
the received symbol was close to a "-1", decision device 78 
would declare the detected symbol Ak as a "-1.". 

10 
equalization that is used for such channels in a receiver. The 
method is very flexible and offers a designer many equiva­
lent alternatives for estimating the cable length, depending 
on the specific requirements of the system and its applica­
tion. The simplicity of the channel length estimator allows 
the estimator to be implemented with little computational 

15 complexity and additional hardware. This in turn allows 
significant hardware savings for implementations in appli­
cation specific integrated circuits (ASI Cs) and a reduction in 
instructions and operations in processor-based systems. 

Although the present invention has been described with 

The detected symbols. Ak are then applied to receiver 
output 80 and to the input of decision feedback equalizer 
(DFE) 82. DFE 82 is similar to FFE 70 and includes an 
adaptive equalizer, which compensates the string of detected 
symbols Ak for ISi, as is known in the art. As discussed 
above, DFE 82 has N taps with feedback tap coefficients, 
b(i), which are ideally equal to h(i) of the channel impulse 
response after equalizer convergence. The output of DFE 82 

20 reference to preferred embodiments, workers skilled in the 
art will recognize that changes may be made in form and 
detail without departing from the spirit and scope of the 
invention. For example, For example, the term "coupled" 
used in the specification and the claims can include a variety 

25 of connections, such as a direct connection or a connection 
through one or more intermediate elements. Also, the term 
"circuit" can refer to a hardware-implemented circuit or a 
software-implemented circuit or a combination of both. 

is coupled to a second addend input 84 of summation 30 

element 74 and to the input of power estimator 86. Power 
estimator 86 can include an integrator or a low-pass filter, for 
example. Power estimator 86 essentially integrates the out­
put of DFE 82 to measure the power content P DFE according 
to Equation 12 above. 

As shown in Equation 16, the measured DFE power PDFE 

is directly proportional to the received signal power attenu­
ation Pa within cable 16 and can be easily mapped to a 
corresponding cable length estimate by length mapping 
device 88. 

In one embodiment, length mapping device 88 includes a 
look-up table, which associates each of a plurality of dif­
ferent values of P DFE with a corresponding estimate of the 
length L of transmission channel 16. Length mapping device 

35 

40 

88 then provides the length estimate to output 90, where the 45 

estimate can be used by various functions in receiver 14. In 
an alternative embodiment, length mapping device 88 
implements an analytical expression, such as equation 8, 
which translates PDFE into the corresponding length esti­
mate L. The analytical expression can be implemented in a 50 

hardware circuit or a digital signal processor, for example. 
In an alternative embodiment, receiver 14 takes advantage 

of the fact that the steady-state feedback tap coefficients, 
b(i), of DFE 82, which are equal to the causal portion of the 
channel impulse response, h(i), are readily available within 55 

DFE 82. Each of the N feedback tap coefficients are pro­
vided to the input of sum square device 92 (shown in 
phantom), which squares each coefficient and sums the 
squares together a according to Equation 11 above to pro­
duce an estimate of the received signal power attenuation Pa 60 

according to Equation 11 above. The estimated value of Pa 
is then provided to length mapping device 88, which maps 
Pa into a corresponding channel length estimate according to 

What is claimed is: 
1. A method of estimating the length of a communications 

channel transmission line that extends between a transmitter 
and a receiver and has a low-pass filter characteristic and an 
impulse response, the method comprising: 

( a) receiving a data signal by the receiver from said 
transmission line; 

(b) estimating the length of said transmission line as a 
function of the data signal received by the receiver and 
the impulse response; and 

(c) providing an estimate of the impulse response at the 
receiver, wherein the estimating step (b) comprises 
estimating the length of said transmission line at the 
receiver as a function of the estimate of the impulse 
response. 

2. The method of claim 1 wherein: 
the providing step ( c) further comprises estimating a 

representation of post-cursor intersymbol interference 
power within the data signal; and 

the estimating step (b) comprises estimating the length of 
the transmission line as a function of the representation 
of the post-cursor intersymbol interference power esti­
mated in step (c). 

3. The method of claim 2 wherein: 
the providing step (c) further comprises providing a 

predetermined estimate of the impulse response to the 
receiver and estimating the representation of the post­
cursor intersymbol interference power of the transmis­
sion line from the predetermined estimate of the 
impulse response. 

4. The method of claim 2 wherein the providing step (c) 
further comprises: 

generating a local estimate of the impulse response based 
on the data signal received by the receiver. 

a look-up table or an analytical expression, such as Equation 
8, for example. 

5. The method of claim 4 wherein the generating step 
65 comprises: 

Several alternative methods and apparatuses can be used 
to estimate the channel length based on any unique repre-

estimating the post-cursor intersymbol interference power 
based on the relation, 
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N 

Pa= Ih2
(i) 

i=l 

where Pa represents the post-cursor intersymbol inter­
ference power, h(i) represents the estimate of the 
impulse response, i is an integer variable index that 
ranges from 1 to N, and N is an integer variable that is 
greater than or equal to 1. 10 

6. The method of claim 5 wherein the step of estimating 
the post-cursor intersymbol interference power comprises: 

applying a representation of the data signal received at the 
receiver to a decision feedback equalizer having N 

15 
steady-state feedback tap coefficients denoted b(i), 
wherein each b(i) represents a corresponding h(i), for 
i=l to N; 

squaring each of the coefficients b(i) to generate N 
squared coefficients; and 

adding the N squared coefficients together to generate an 
estimate of the post-cursor interference power. 

7. The method of claim 4 wherein the step of generating 
comprises: 

20 

receiver comprises applying a representation of the data 25 

signal received at the receiver to a decision feedback 
equalizer, which has an equalizer output; 

10 
applying the representation of the interference power to 

the polynomial equation and solving the polynomial 
equation for the estimate of the transmission line 
length; and 

outputting the estimate of the transmission line length. 
10. A channel length estimator comprising: 
a channel input for coupling to a transmission line having 

a length; 
a decision feedback equalizer coupled to the channel input 

and comprising a plurality of steady-state feedback tap 
coefficients and an equalizer output; 

a power estimator coupled either to the steady-state 
feedback tap coefficients or to the equalizer output and 
has an estimated power output; and 

a channel length mapping circuit, which is coupled to the 
estimated power output and is adapted to map the 
estimated power output to an estimate of the transmis­
sion line length. 

11. The channel length estimator of claim 10 wherein: 
the power estimator is coupled to the steady-state feed­

back tap coefficients and is adapted to generate a sum 
of the squares of the steady-state feedback tap 
coefficients, which forms the estimated power output. 

12. The channel length estimator of claim 10 wherein: 
the power estimator is coupled to the equalizer output and 

comprises an integrator. 
13. The channel length estimator of claim 10 wherein: 
the power estimator is coupled to the equalizer output and 

comprises a low-pass filter. 

integrating the equalizer output over time to generate a 
measurement of the power content at the equalizer 
output, which is a function of the post-cursor intersym- 30 

bol interference power and the impulse response; and 14. The channel length estimator of claim 10 wherein the 
channel length mapping circuit comprises a look-up table. 

15. The channel length estimator of claim 10 wherein the 
channel length mapping circuit implements a polynomial 

35 equation, which relates the estimated power output to an 
estimate of the transmission line length. 

estimating the length of the transmission line as a function 
of the measurement of the power content at the equal­
izer output. 

8. The method of claim 2 wherein the estimating step (b) 
comprises: 

providing a look-up table, which associates each of a 
plurality of different intersymbol interference powers 
with a corresponding estimate of the length of the 40 
transmission channel; 

applying the representation of the intersymbol interfer­
ence power to the look-up table; and 

outputting the estimate of the length of the transmission 
line that corresponds to the representation of the 45 

intersymbol interference power. 
9. The method of claim 2 wherein the estimating step (b) 

comprises: 

implementing a polynomial equation within the receiver, 
which provides the estimate of the transmission line 50 

length as a function of the representation of the inter­
ference power; 

16. A data communications receiver for coupling to a 
transmission line that has a low-pass filter characteristic and 
an impulse response, the receiver comprising: 

a receiver input adapted to receive a data signal from said 
transmission line; 

a receiver output; 
a detected symbol flow path from the receiver input to the 

receiver output; and 
means coupled to the detected symbol flow path for 

providing an estimate of said impulse response at the 
receiver and for estimating the length of said transmis­
sion line as a function of the data signal received from 
said transmission line and the estimate of the impulse 
response. 

* * * * * 
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[57] ABSTRACT 

The equalizer circuit for the receiver of a digital communi­
cations system is characterized in that its predictor (11) is 
purely recursive, its phase equalizer (12) is purely 
transversal, and the relative positions of those two elements 
are interchangeable, means for evaluating performance in 
terms of decision error and for causing the two elements to 
be interchanged in application of a criterion for evaluating 
the difficulty of reception, the predictor being upstream and 
optimized in adaptive and self-learning manner to whiten its 
own output while the phase equalizer (12) is downstream 
and optimized in adaptive manner during periods of difficult 
reception, whereas the predictor (11) is downstream and the 
phase equalizer (12) is upstream, both being optimized 
jointly in adaptive manner to minimize decision error 
between the output (d(n)) of the decision circuit (2) and its 
input (w(n) or y(n)) during periods of easy reception. The 
predictor (11) is then preferably fed with estimated data, so 
that the circuit thus becomes recursive and non-linear 
(DFE). 
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ADAPTIVE EQUALIZER FOR DIGITAL 
COMMUNICATIONS SYSTEMS 

2 
causal ongm, providing of course there was no decision 
error. That new structure was expected to give advantageous 
performance with particularly difficult channels. 

The present invention relates to an equalizer circuit ( or 
"equalizer") for receivers in digital communications sys- 5 

terns. 

Unfortunately, those circuits could simultaneously be 
extremely sensitive to decision errors, such that under severe 
conditions an error propagation phenomenon could be 

In present digital communications systems, receivers 
include a certain number of functions including 
demodulation, i.e. transposing the received signal to 
baseband, equalization, synchronization (bit rate and 10 

carrier), decision-making, and channel decoding. 

observed that sometimes went so far as to cause the circuit 
to diverge. In such situations, it was almost inevitable that 
the circuit needed to be reinitialized, which meant that a new 
learning sequence was required and it became essential for 
the learning sequence to be sent periodically. For any given 

Equalization consists essentially in removing as much 
intersymbol interference (ISi) as possible, which interfer­
ence is associated with the fact that the overall transmission 
system does not satisfy the so-called "Nyquist criterion". 
This can result from poor strategy in transmission and 
reception filtering, from poor setting of sampling instants, 
which is merely a special case, or from a phenomenon of 
multi-path propagation. 

It is recalled that a digital communications system can be 
considered as comprising a source that transmits, at a rate 
lfT and via a channel having a given discrete impulse 
response, symbols having values taken from a generally 
complex alphabet of finite size. This transmission rate 
constitutes the modulation speed and is generally expressed 
in Baud, T representing the time interval defined by trans­
mitting two su=essive symbols (symbol time). 

Historically, the first circuits used for countering the 
phenomenon of intersymbol interference were described by 
Lucky in the following publication: 

[1] R. W. Lucky, ''Automatic equalization for digital 
communications", BSTJ 44, pp. 547-588, April 1965. 

Essentially he described adaptive linear transversal filters 
that are "synchronous" (i.e. using only one sample per 
symbol time), with adaptation being made necessary by the 
varying nature of the transmission channel. The coefficients 
of the transversal filter were updated using an ISi zero­
forcing criterion, with that procedure leading to the folded 
spectrum being equalized, hence the term "equalizer". 

That kind of transversal equalizer is shown in FIG. 1 in 
which there can be seen a front filter 1 of transfer function 
B(z) together with a decision circuit 2 situated downstream 
from the front filter. 

It was only later that adaptive equalizers appeared that 
use, as their optimization criterion, minimizing mean square 
error (MSE). It turned out that with noisy channels, ISi zero 
forcing could give rise to a significant increase in noise at the 
output from the equalizer, thus contributing to a large 
decrease in performance, whereas, in contrast, the criterion 

application, this required, at best, a non-negligible increase 
in line transmission rate. 

From another point of view, although it is true that a 
15 decision feedback equalizer (DFE) is not optimum with 

respect to minimizing error probability (equivalent to the 
criterion of maximizing likelihood a posteriori), it is never­
theless true that the optimum receiver initially described in: 

[3] G. D. Forney, Jr., "Maximum likelihood sequence 
20 estimation of digital sequences in the presence of intersym­

bol interference", IEEE Trans. Inform. Theory, Vol. IT-18, 
pp. 363-378, May 1972, rapidly becomes impossible to 
implement when the length of the impulse response turns out 
to be long. Such a receiver begins by estimating the discrete 

25 impulse response of the transmission channel and then 
performs a search among all possible sequences for the 
sequence which is closest to the "vector" observation avail­
able at the output from the demodulator. At present, imple­
mentation of such receivers requires the use of the Viterbi 

30 algorithm, as described in: 
[4] G. D. Forney, Jr., "The Viterbi algorithm", Proc. 

IEEE, Vol. 61, pp. 268-278, March 1973, which has the 
major advantage of making it possible to perform decision­
making "on-line" while remaining optimum. In other words 

35 it is not necessary to have received all of the message before 
beginning to take decisions on the most likely sequence of 
transmitted symbols. Nevertheless, and by way of example, 
for 2-state phase shift keying (2-PSK) and for the case of a 
discrete impulse response of length 10, the trellis associated 

40 with such a system has 1,024 states, whereas with 4-PSK it 
has 1,048,576, which, ipso facto, causes that type of receiver 
to be completely impracticable, at least for "real time" 
applications. The difficulty increases even more with an 
increase in the size of the alphabet of transmitted signals. 

45 Consequently, that technique can be envisaged in practice 
only for short ISi lengths, unless the discrete impulse 
response length of the transmission channel is arbitrarily 
truncated, which in any case would give rise to a loss of 
optimality. 

of minimizing MSE turned out to be a good compromise 50 

enabling a substantial reduction in ISi to be obtained without 
significant increase in noise. 

Such an ISi length (ten symbol times) is quite conven-
tional in various applications, and in particular for channels 
used with mobile radios, tropospheric radio, ionospheric 
radio, or indeed submarine acoustic channels and even on 
telephone lines. Other things being equal, it is always 

Equalization was conventionally done in two modes. 
During the first mode, the circuit was directed by a learning 
sequence of sufficient length to guarantee convergence, and 
then in the second mode it became self-adaptive, i.e. it was 
directed by its own decisions. 

Later still, proposals were made, in particular in the 
following publication: 

[2] C. A. Belfiore, J. H. Park, "Decision feedback 
equalization", Proceedings of the IEEE 67 (8),August 1979, 
for non-linear recursive equalizers with decision feedback 
(decision feedback equalizers or DFEs) in which detected 
data was fed back into a feedback filter 3 constituting the 
recursive portion of the equalizer, as shown in FIG. 2. 

Under the best circumstances, that approach made it 
possible to eliminate or at least considerably reduce ISi of 

55 desirable to convey the highest possible data rates over 
channels of those types, and that inevitably leads to an 
increase in the size of the discrete impulse response. Thus, 
to illustrate the concept, a submarine acoustic channel may 
have a discrete impulse response of several tens of symbol 

60 times T. Consequently, non-linear decision feedback equal­
izers (DFE), even though suboptimal, nevertheless present a 
clear major advantage even though they are often difficult to 
use because of the error propagation phenomenon. 

From the description above, it can be seen that there are 
65 essentially two equalizing structures, one is linear and 

transversal while the other is non-linear, recursive, and has 
decision feedback (DFE), the second structure providing a 
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non-negligible improvement on certain types of channel and 
also imparting a substantial reduction in noise at the output 
from the equalizer. Nevertheless, the necessary presence of 
a learning sequence gives rise to a non-negligible increase in 
the data rate required and thus in the associated spectrum 5 

occupancy. That is the reason behind present work seeking 
to perform self-learning (blind) equalization. The objective 
is to enable the channel to be equalized without the help of 
a learning sequence, i.e. solely on the basis of knowledge 
about the statistical distribution of input data, which knowl- 10 

edge is, in fact, quite legitimate. 
In this respect, several authors have provided non­

negligible contributions, including the following: 
[5] Y. Sato, "A method of self-recovering equalization for 

multilevel amplitude modulation", IEEE Trans. Com., 15 

COM-23, pp. 679-682, June 1975; 

4 
towards a square error minimizing criterion, with the equal­
izer thus becoming deci,;ion-directed. It then remained only 
to replace the data present at the input to the feedback filter 
with detected data and thus pass from a recursive linear 
structure to a recursive non-linear structure (DFE). That idea 
has turned out to be most advantageous in the sense that it 
makes it possible to equalize channels where other self­
learning algorithms fail Nevertheless, in spite of the original 
nature of the idea and its undoubted contribution to the field 
of self-learning equalization, that structure possesses various 
points that would appear to be capable of being improved. 

In the same year, 0. Macchi et al. [14] proposed a 
structure essentially constituted by a predictor, automatic 
gain control (AGC), and an all-pass filter including a recur­
sive portion, the predictor serving to provide amplitude 
equalization for the channel, the all-pass filter providing 
phase equalization, and the AGC restoring the proper level 
and dealing with the problem of carrier recovery. An 
increase in convergence speed was undoubtedly obtained, 

[6] D. N. Godard, "Self-recovering equalization and 
carrier tracking in two-dimensional data communication 
systems", IEEE Trans. Com., COM-28, pp. 1867-1875, 
November 1980; 

[7] A. Benveniste, M. Goursat, "Blind equalizers", IEEE 
Trans. on Com., Vol. 32, 1984, pp. 871-883; 

20 however the system was unsuitable for optimum structural 
reversibility without degrading performance, and that ran 
the risk of constituting a major handicap with time-varying 
channels. [8] G. Picchi, G. Pratti, "Blind equalization and carrier 

recovery using a 'stop-and-go' decision-directed algorithm", 
IEEE Trans. Com., COM-35, pp. 877-887, November 1987; 25 

[9] 0. Macchi, Yi Gu, "Self-adaptive equalization with a 
mixed backward and forward predictor", ISELDECS, 
Kharagpur, India, pp. 437-440, December 1987; 

[10] 0. Shalvi, E. Weinstein, "New criteria for blind 
deconvolution of non-minimum phase systems channels", 30 

IEEE Trans. Inform. Theory, Vol. IT-36, No. 2, pp. 312-321, 
March 1990; 

[11] B. Porat, B. Friedlander, "Blind equalization of 
digital communication channels using high-order 
moments", IEEE Trans. on Signal Processing, Vol. 39, pp. 35 

522-526, February 1991; 
[12] K. Hilal, P. Duhamel, ''A blind equalizer allowing 

soft transition between the constant modulus algorithm and 
the decision directed algorithm for PSK modulated signals", 
Internat. Conf. on Comm., Geneva, Switzerland, pp. 40 

1144-1148, May 1993. 

The essential difference compared with the present inven­
tion lies in the fact that the phase equalizer (all-pass filter) 
described in [14] also includes a recursive portion. 
Consequently, on passing to tracking mode to take full 
advantage of a non-linear structure with decision feedback, 
it was necessary, on pain of considerable performance 
degradation, to replace the two feedback filters by a single 
(recursive) equivalent filter. It then became impossible to go 
back to the earlier configuration in the event of the channel 
worsening. In contrast, the circuit of the invention includes 
only one purely recursive predictor which distinguishes it 
significantly from the circuit described in [14]. 

The invention provides an equalizer circuit for a digital 
communications system, the circuit including automatic 
gain control means, carrier recovery means, data phase 
equalization means, and a predictor for data amplitude 
equalization, together with a decision circuit, and being 
characterized in that the predictor is purely recursive, the 
phase equalizer is purely transversal, and the relative posi­
tions of those two elements are interchangeable, means for 
evaluating performance in terms of decision error and for 

All of the above algorithms make implicit reference to 
statistics of order greater than two since a non-minimum 
phase channel requires the use of such moments for inver­
sion (deconvolution). 

The first equalizers of that type generally made use of 
linear transversal structures. Nevertheless, other authors 
investigated linear recursive structures, in particular 0. 
Macchi et al. in the following publications: 

45 causing the two elements to be interchanged in application 
of a criterion for evaluating the difficulty of reception, the 
predictor being upstream and optimized in adaptive and 
self-learning manner to whiten its own output while the 

[13] C. A Faria Da Rocha, 0. Macchi, "A novel self- 50 

learning adaptive recursive equalizer with unique optimum 
for QAM", ICASSP, Adelaide 94; 

[14] C. A Faria Da Rocha, 0. Macchi, J.M. T. Romano, 
"An adaptive non-linear IIR filter for self-learning 
equalization", ITS 94, Rio de Janeiro, 55 

The equalizer was then essentially constituted by a trans­
versal linear front filter (backward predictor), a purely 
recursive feedback filter (forward predictor), and automatic 
gain control (AGC). There remained the need to determine 
optimality criteria which, when minimized, would lead to a 60 

solution as close as possible to the solution that is optimum 
in the Wiener sense. 

The same authors proposed an original cost function [13], 
comprising a linear combination of a whitening criterion 
( completely blind) and of a square error minimizing crite- 65 

rion ( estimated relative to the decision taken). The main idea 
was to start with a blind criterion and to move progressively 

phase equalizer is downstream and optimized in adaptive 
manner during periods of difficult reception, whereas the 
predictor is downstream and the phase equalizer is upstream, 
both being optimized jointly in adaptive manner to minimize 
decision error between the output of the decision circuit and 
its input during periods of easy reception. 

The proposed structure is adaptive, which constitutes a 
worthwhile original feature. 

During convergence, it amounts to concatenating: real 
gain; a purely recursive predictor; a transversal linear filter; 
and a phase corrector. The presence of the whitening filter 
upstream from the linear transversal filter enables the trans­
versal filter to converge more quickly. 

In tracking mode, the structure used is identical to the 
above with the exception that the predictor and transversal 
filters are interchanged. 

Thus, this recursive circuit possesses the two advantages 
of being entirely self-learning (blind) in its initial mode and 
of tending gradually towards a DFE type circuit that is 
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decision controlled using a criterion of minimizing MSE, 
and it remains naturally in that state so long as the channel 
does not degrade excessively. However, when propagation 
conditions make the channel too difficult and as a result the 

6 
function corresponding to FIGS. 12a and 12b (zeros sym­
bolized by + ), together with the poles of the transfer function 
1/( 1 +C(z)) of the predictor (poles symbolized by o ), relative 
to the unit circle; 

MSE exceeds a certain threshold, the circuit then switches 5 

over to its blind configuration, corresponding to conver­
gence mode. 

FIGS. 14a and 14b show the 4-PSK constellations cor­
responding respectively to the input signal and to the output 
signal of the circuit of the invention; 

As a result, because of the adaptivity of its structure, the 
circuit of the invention makes it possible to achieve perfor­
mance that is most advantageous both with respect to 10 

convergence and with respect to tracking. This essential 
property makes it capable of adapting to channel fluctuations 

FIGS. 15a and 15b are graphs respectively showing 
instantaneous square error and square error estimated in the 
least squares sense as a function of the number of symbols 
received; 

FIG. 16 is a graph on which there are plotted curves 
showing the variance in the signals y(n) and z(n), as esti­
mated in the least squares sense; 

in severe situations, unlike conventional equalizers of the 
prior art. 

In addition, the circuit provided by the invention is 15 

particularly well adapted to time-varying channels, and in 
particular mobile radio channels, ionospheric channels, tro­
pospheric channels, and acoustic submarine channels. 

FIG. 17 is a graph on which there is plotted MSE as a 
function of number iterations (averaged over 100 trials); and 

FIGS. 18 and 19 are block diagrams similar to those of 
FIGS. 3 and 4 and showing a fractionally-spaced equalizer 

20 of the invention. 
The invention also provides an equalizing method for the 

receiver of a digital communications system. 
Other characteristics and advantages of the invention 

appear further from the following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The description is purely illustrative and non-limiting It 
should be read with reference to the accompanying 
drawings, in which: 

FIG. 1 is a block diagram of a transversal linear equalizer; 
FIG. 2 is a block diagram of an equalizer with decision 

feedback; 
FIG. 3 is a diagram showing the structure of a circuit 

constituting one possible embodiment of the invention dur­
ing convergence; 

FIG. 4 is a diagram showing the structure of a circuit 
constituting one possible embodiment of the invention dur­
ing tracking; 

FIG. 5 is a diagram showing a possible variant of the 
structure for tracking mode; 

FIGS. 6a and 6b are graphs giving amplitude and phase 
response as a function of frequency for a Porat and Fried­
lander type channel; 

GENERAL DESCRIPTION 

The equalizer circuit of the invention has two different 
structures depending on whether it is in convergence mode 

25 
(mode 1) or in tracking mode (mode 2), i.e. under steady­
state conditions. These are the two structures shown in 
FIGS. 3 and 4. 

In the structure used during convergence, a linear and 
purely recursive predictor (whitening filter) precedes a trans-

30 versal filter which is itself self-learning (blind). In tracking 
mode, the transversal filter is disposed upstream of the 
recursive filter which is then supplied with detected data. 
The optimality criterion then become that of minimizing 
MSE both for the transversal linear portion and for the 

35 recursive portion. There is thus a structural modification 
accompanied by a simultaneous change of optimality crite­
rion. 

Thus, depending on the degree of severity of the channel 
and on the criterion for measuring output signal 

40 performance, e.g. MSE estimated in the least squares sense 
(RLS), the circuit switches from a self-learning linear recur­
sive structure as shown in FIG. 3 to a non-linear recursive 
structure (DFE) shown in FIG. 4, or conversely from a 
decision directed DFE type structure to a self-learning linear 

FIG. 7 is a diagram in the complex plane showing the 
positions of the zeros of the transfer function of the trans­
mission channel corresponding to FIGS. 6a and 6b (zeros 45 

symbolized by + ), and also the poles of the transfer function 
1/(l+C(z)) of the predictor (poles symbolized by o) relative 

recursive structure. 
The structures corresponding firstly to convergence mode 

and secondly to tracking mode are described below. 
Mode 1: convergence, periods of difficult reception to the unit circle; 

FIGS. Sa and Sb show the constellations in 4-PSK that 
correspond respectively to the input signal and to the output 
signal from the circuit of the invention; 

FIGS. 9a and 9b are graphs respectively showing instan­
taneous square error and square error estimated in the least 
squares sense, both plotted as a function of the number of 
symbols received; 

FIG. 10 is a graph on which there are plotted curves of 
variance in the signals y(n) and z(n), as estimated in the least 
squares sense, and as a function of the number of symbols 
received; 

FIG. 11 is a graph on which MSE is plotted as a function 
of number of symbols (averaged over 100 trials); 

FIGS. 12a and 12b are graphs showing the amplitude and 
phase response as a function of frequency for a mixed-phase 
Macchi type channel; 

FIG. 13 is a diagram in the complex plane showing the 
positions of the zeros of the transmission channel transfer 

The structure corresponding to the convergence configu-
50 ration shown in FIG. 3 comprises automatic gain control 10 

of real type g, a predictor 11 having a transfer function 
1/(l+C(z)), a transversal filter 12 having a transfer function 
B(z), and a circuit 13 for compensating phase error. It is 
important to observe that the AGC, characterized by its gain 

55 g, can be situated at other points in the system, and in 
particular between the purely recursive predictor 11 and the 
transversal filter 12, or either upstream or downstream from 
the phase error compensating circuit 13. 

Gain g is updated on a blind criterion, the predictor 11 on 
60 a whitening criterion (amplitude equalization), and the trans­

versal filter 12 on a blind criterion implying the use of 
statistics of order greater than two (phase equalization). For 
updating the coefficients of the transversal portion, various 
algorithms can be used, and in particular those described in 

65 above-mentioned articles 1 to 14. 
Carrier recovery 13, i.e. estimating residual phase error 

and compensating it by multiplying by exp(-j0) is 
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performed, for example, using a criterion of mm1m1zmg 
MSE. The error signal generated can then be filtered so as to 
reduce to a second-order phase lock loop (or to a loop of 
order greater than two, depending on the type of filter used). 
This circuit 13 can also be situated at various points in the 5 

system, and in particular between the predictor 11 and the 
transversal filter 12. 

8 
value, with this action being optional only, since on very 
time-varying signals, it is desirable to keep open the option 
of adapting the AGC. 

This change in structure is entirely reversible This prop­
erty is most advantageous since under severe conditions it 
makes it possible to return gradually to convergence mode, 
i.e. to a completely self-learning mode, with the purely 
recursive predictor 11 again seeking to equalize the channel 
in amplitude and with the transversal filter 12 subsequently 

During this convergence mode, carrier recovery 13 is the 
only function to be decision directed. The other functions are 
optimized on criteria that do not rely in any way on decisions 
taken by the appropriate circuit (threshold circuit). 

10 seeking to equalize it in phase. 

Consequently, this first mode is entirely self-learning 
(blind). 

In contrast, when the channel becomes less severe, that 
gives rise, amongst other things, to a reduction in the 
associated MSE (e.g. estimated in the least squares sense 
(RLS)), so the system switches again to a recursive structure Better, each of the individual circuit portions possesses its 

own appropriate optimality criterion, thereby making the 
overall structure very robust. 

15 with decision feedback, and so on. In this respect, the nature 
of the present system is clearly both original and particularly 

In addition, the predictor 11 whitens the data present at the 
input of the transversal filter 12 which provides a non­
negligible advantage irI terms of convergence time, specifi­
cally because the self-correlation matrix of the input signal 20 

is then better conditioned. 
Also, the respective positions of the AGC 10 and of the 

carrier recovery circuit do not, a priori, have any signifi­
cance in absolute terms, ignoring any considerations relating 
to possible structural constraints. Thus, the AGC 10 25 

( characterized by g) can be situated equally well between the 
predictor 11 and the transversal filter 12, or upstream or 
downstream of the phase error compensating circuit 13. 
Nevertheless, from the point of view of structural 
constraints, a position that is advantageous, at least with 30 

respect to gain g, appears to be that shown in the figures. If 
the AGC were to be situated upstream or downstream of the 
phase error compensating circuit 13, then it would be 
necessary to use division in tracking mode (which is always 
difficult to implement), whereas situating it between the 35 

predictor and the transversal filter requires output data from 
the predictor and input data to the transversal filter to be 
stored, but that is not much of a penalty. 
Mode 2: tracking, periods of easy reception 

Once the channel has been substantially equalized, which 40 

situation can be perceived, for example, by observing the 
estimated MSE in the (recursive) least squares sense, and 
more precisely by comparing said value with a threshold, the 
recursive predictor 11 having the transfer function 1/(l+C 
(z)) and the transversal linear filter having the transfer 45 

function B(z) are interchanged. 
The new structure obtained in this way (switch in position 

b in FIG. 4) is entirely equivalent to the preceding structure 
given that the circuit is linear. It then remains to replace the 
data y(n) at the input to the feedback filter ,vith the phase- 50 

corrected detected data, i.e. d(n)expGEl(n-1)), thus returning 
to the conventional DFE structure (switch in position a), that 

attractive. 
So far as the inventors are aware, there exists at present 

no circuit of this type that performs structural permutation, 
in other words that interchanges the upstream and down­
stream portions of the equalizer. 

In parallel with this structural permutation, the cost func­
tions required for updating the coefficients in the transversal 
and recursive portions are changed. In mode 1, these cost 
functions rely exclusively on knowledge of the statistics of 
the input signal, whereas in mode 2, the optimality criterion 
used is minimizing MSE. These aspects are clearly 
described in the technical appendix. 

Finally, and this constitutes another original feature of the 
circuit, it is possible during mode 2 and on the basis of an 
estimate of the likelihood of the detected data sample, to 
replace the phase-corrected data i.e. d(n).expGEl(n-1)) by 
data y(n), as shown in the diagram of FIG. 4, when the 
likelihood of the estimated data is insufficient. This provides 
a corresponding reduction in the impact of isolated decision 
errors despite an increase in the associated MSE. This 
strategy provides additional robustness to the above­
described circuit, providing an estimate of the likelihood is 
available. If there is no such estimate, the switch is in 
position a. 

Thus, the predictor can be fed either with phase-corrected 
estimated data d(n) obtained at the output from the decision 
circuit 2, or else with data output by the predictor 11. To this 
end, the circuit may include means for switching between 
these two feeds (b and a in FIG. 4) as a function of the 
above-mentioned criterion for evaluating the likelihood of 
the estimated data. 

DETAILED DESCRIPTION OF AN 
EMBODIMENT 

An embodiment of the equalizer circuit of the invention is 
described below in detail. 
Convergence mode, periods of difficult reception is decision directed in application of the criterion of mini­

mizing MSE. 
Naturally, if multiplication by the term exp(-jEl(n-1)) is 

performed upstream, i.e., for example, at the input of the 
circuit as shown in FIG. 5, then the data y(n) is replaced by 
detected data d(n) purely and simply, but always in progres­
sive manner. 

The equations governing the operation of the circuit are 
55 the following: 

Thus, on transition from mode 1 to mode 2, the observa- 60 

tion vector at the input to the recursive portion is constituted 
by signals d(n-1), y(n-2), y(n-3), y(n-M). In contrast, 
when going from mode 2 to mode 1, the observation vector 
at the iriput of the recursive portion is constituted by the 
signals y(n-1), d(n-2), d(n-3), ... , d(n-M). 

Also, it remains possible to integrate the AGC 10 in the 
linear transversal filter 12 B(z) by locking g to its preceding 

65 

with: 

and: 

t(n)-x(n)g(n-1) 

z(n)-t(n)-[z(n-1), ... , z(n-lv)]C(n-1) 

y(n)-BT(n-l)Z(n) 

Z(n)-[z(n-1), ... , z(n-L)Y 

(I-1) 

(I-2) 

(I-3) 
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w(n )=y(n).exp(-j0(n-1 )) (I-4) 

By way of example, the vector B may be initialized as 
follows: B=[O O O O 1 Y, while C is the zero vector of 
dimension N. It is recalled that N must naturally be selected 
to greater than or equal to the number of zeros in the transfer 
function F(z) of the transmission channel. Similarly, the size 
(L+l) of the transversal equalizer must be selected to be 
large enough to be able to process appropriately any zeros 
lying outside the unit circle and in the immediate vicinity 
thereof. 

10 
To update the vector B, a certain number of cost functions, 

and in particular Godard's function (constant modulus 
algorithm) have been tried. Also, the inventors have inves­
tigated combined strategies associating Godard's function 

5 with a strategy of the Benveniste-Goursat type. They have 
also examined these various criteria over a number of 
channel-;, including those of Porat and Friedlander [11] and 
of Macchi [13]. 

The iterative technique implemented is the "stochastic 
10 gradient" technique (it could equally well be the recursive 

least squares technique). The various error signals corre­
sponding to the above-mentioned strategies are expressed as 
follows: 

The real gain g is updated in application of the criterion 15 

initially recommended in [1] and [2]. 
ec0 d(n)=y(n)[1-ly(n)l 2

] (I-10) 

Godard [6] 

20 

g(n) = ✓ IG(nJI (I-5) 
(I-11) 

Shalvi-Wenstein [10] 

or else: 
25 

e DD(n )=[ d(n).e"--p(j0(n-1 ))-y(n) ]LMS (I-12) 

g(n)=IG(n)I (I-Sb) 
(Decision directed) 

Phase error can be updated using a similar strategy of 
decision-directed minimization of (estimated) square error. 

30 
The error signal is conventionally filtered by a digital filter 
(phase advance integrator), characterized by two coefficients 

Benveniste-Godard 

(I-13) 

G 1 and G 2 : 

e(n )=Im{ w(n)[ d(n)-w(n)]*} 

Whatever the criterion retained, i.e. whatever the cost 
function ex(n), the equation for updating the vector B is 

(I-6) 35 written as follows: 

G? 
s(n)=(e0f)(n) and Z{/(n)}=G1+ 

1
_;:_-

1 

0(n)=0(n-1)+f'eS(n) 

(I-7) 

(I-8) 

A priori, phase updating should start from the beginning, 
particularly on channels having a discrete impulse response 
of the complex type. In contrast, on channels having an 
impulse response that is real, it is possible to examine faster 
convergence when updating is inhibited during the first 
iterations. This is explained by the fact that under such 
circumstances it is advantageous to use decision-directed 
criteria only once a portion of the ISi has been eliminated, 
thereby making it possible to increase the reliability of the 
detected data. 

40 

I-14) 

It will be observed that whatever the criterion retained, the 
algorithm is indeed self-learning. The criteria which appear 
to be fastest over all simulations are those of Godard, 
optionally associated with Benveniste strategies that make it 
possible to switch smoothly from a self-learning criterion 

45 (Godard) to a final (tracking) criterion of the decision 
directed LMS type. 

More precisely, updating of B is started on a Godard 
criterion, and the system is then switched to a Benveniste 
type strategy when the variance z(n), as estimated in the 

50 least squares sense, reaches a given threshold. A typical 
forgetting factor for this estimation has been fixed at f,=0.99. 

Also, the initial vector B(O) has been arbitrarily set so that 
B(O)=[O O ... 1y. The initial position and value of the 
reference coefficients can naturally be changed. In other 

55 words, the transversal linear filter need not be purely anti­
causal. 

In any event, the restoration delay o is equal to the size of 
the anti-causal portion of the transversal filter 12. 
Tracking mode, periods of easy reception 

The signal z(n) is whitened by minimizing its variance 
E{lz(n)l2

} by a "stochastic gradient" technique (SGLMS 
algorithm). It is known that the solution which is optimal in 
the Wiener sense is that which makes the prediction error 
z(n) orthogonal to the various components of the vector 
Z(n). Under such conditions, the samples z(n) are non-
correlated on a finite horizon of duration N. 60 This mode begins when the estimated MSE in the recur­

sive least squares (RLS) sense drops below a given fixed 
threshold, e.g. 0.2 for 4-PSK. The equation for updating the 
estimated MSE is then as follows: 

The equation for updating the vector C is then as follows: 

C(n)=C(n-1)+11,2(n)[z(n-1), ... , z(n-N)Jll (I-9) 

where the exponent H designates the transposition and 
conjugation operation. 

65 
MSE(n)=AMSE(n-1 )+(1-A )ld(n )exp(j0(n-1) )-y(n )1 2 

MSE(0)=l 

(II-0) 
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In this case, the predictor 11 and the linear transversal 
filter 12 are interchanged and, in addition, DFE mode is 
used, i.e. y(n) is replaced by the previously phase-corrected 
detected data i.e. d(n).expGB(n-1)) in the upstream portion. 

12 

The equalizer thus passes overall from a linear recursive 5 

structure to a non-linear recursive structure (DFE). 

estimated MSE exceed the critical threshold, this causes the 
circuit to change its structure, enabling it to return to 
self-learning mode. A priori there is thus no longer any 
major risk of divergence clue to the error propagation phe­
nomenon. This is a remarkable feature. 

Finally, restoration delay is always equal to the length L 
of the anti-causal portion of the linear transversal equalizer, 
and it is thus fixed by the initial position of the reference 
coefficient. This has been verified over several severe 

In addition, the cost functions are changed and B and C 
are updated using the criterion of minimizing MSE ( decision 
directed SGLMS algorithm). This change is naturally 
reversible, both with respect to structure and with respect to 
cost functions. 

In parallel with the above two actions, it is also possible 
to lock the real gain g(n) to its preceding value, in which 
case the transversal filter 12 is treated as a conventional 
linear transversal filter capable, in this respect, of taking care 

10 mixed-phase channels. 

PERFORMANCE 

The above-described circuit of the invention and the 
associated algorithms have been successfully tested on real 

15 submarine acoustical communications signals in particularly 
reverberating contexts (test basin and horizontal transmis­
sion in shallow sea). 

of adaptation for automatic gain control. In other words, the 
final structure is then entirely equivalent to that of a decision 
feedback equalizer (DFE), with the advantage of being 
capable of returning simply to a completely blind structure 
that is recursive and linear whenever the estimated MSE 20 

In parallel, the operation of the circuit and the associated 
algorithms has been simulated for 4-PSK (or Q-PSK) over 
Macchi and over Porat Friedlander channels. In each case, 
data variance was normalized to 1. The signal-to-noise ratio 
was fixed at 15 dB, the dimension N of the predictor 11 
being selected to be equal to 5, L being fixed at 19, thus 

exceeds the critical threshold. 
The equations for updating the algorithm are as follows: 

t(n)-x(n)g(n-1) 

p(n)-BT(n-l)T(n) with T(n)-[t(n), ... t(n-L)Y 

y(n)-p(n)-CT(n-l)Y(n) 

(II-1) 

(II-2) 

(II-3) 

Y(n)-[d(n-1).exp(i0(n-2)), ... , d((n-N).exp(i0(n-N-1))Y (II-4) 

In parallel, it is necessary to calculate the following 
expressions: 

25 
giving rise to a linear transversal size equal to 20. 

For each test, a random frequency offset ti.F was simulated 
such that the product ti.FxT was uniformly distributed over 
the range [O to 0.002], T conventionally representing one 
symbol time. In parallel, for each test, we also injected an 

30 initial phase error that was uniformly distributed over the 
range [O to 2rr]. 
Porat and Friedlander channel 

This channel had zeros on either side of the unit circle, 
and its discrete impulse response was as follows: 

z(n)-t(n)-[z(n-1), ... , z(n-N)]C(n-1) 

Z(n)-[z(n), z(n-1), ... , z(n-L)Y 

(II-5) 35 

(II-6) 
f-[2-0.4*}, 1.5+1.Sj, 1, 1.2-1.3*}, 0.8 +1.6*}] 

The real gain g can be updated using the criterion used in 
convergence mode, or else this gain can be integrated in 
updating the vector B. Phase error updating is performed 
using the same strategy as during the initial mode. 

The equations for updating the vectors B and C are those 
of a conventional decision driven LMS algorithm, i.e.: 

B(n )-B(n-1 )+µ8 [ d(n )exp(i0(n-1) )-y(n )]T* (n) (II-7-a) 

corresponding to the switch in position a ( decision feedback 
equalizer). 

B(n)-B(n-1 )+µ8 [ d(n )exp(i0(n-1) )-y(n) )Z* (n) 

corresponding to the switch in position b. 

C(n )-C(n-1 )+11c[ d(n )exp(i0(n-1 ))-y(n) ]Y*(n) 

(II-7-b) 

(II-8) 

Finally, during tracking, the AGC 10 can be integrated in 
the linear transversal filter, in which case it suffices to lock 
the parameter g to its preceding value, with this being 
advantageous particularly for non-varying channels. Under 
such conditions, the system reduces clearly to a DFE type 
structure whose performance characteristics are known. 
However, when the number of decision errors reaches a 
critical threshold, a conventional DFE diverges because of 
the decision error propagation phenomenon. In contrast, 
with the novel strategy, when severe conditions make the 

It will be observed that this impulse response is complex, 
unlike that used in the following example. FIGS. 6a and 6b 

40 show the frequency response of this channel in phase and in 
amplitude, and FIG. 7 shows the positions of the zeros of the 
transfer function relative to the unit circle. 

Then, on a special selection, the final positions of the 
poles of the transfer function 1/(l+C(z)) of the predictor 11 

45 were examined. In accordance with theory, it should be 
observed that there are two internal poles symmetrical with 
the two external zeros of the transfer function F(z) of the 
transmission channel (mixed-phase type channel). 

FIGS. Sa and Sb show the starting constellation and also 
50 the constellation of the signal w(n) for the most recent 1,000 

values. 
Also, still in the context of a particular file, FIGS. 9a and 

9b show how the instantaneous square error and the esti­
mated MSE in the least squares sense (RLS) vary. It can be 

55 seen that convergence is situated at about 1,000 iterations, 
which feature is quite remarkable, and much faster than in 
prior art circuits. 

Variation in RLS estimated variance of y(n) and z(n) are 
given in FIG. 10. Here again, it can be seen that convergence 

60 takes place at about 1,000 iterations. 
Finally, FIG. 11 shows how estimated MSE varies. This 

estimate was obtained by taking 100 random trials and 
taking the arithmetic mean of the RLS estimated MS Es. This 
result serves to verify the power of the new circuit and the 

65 associated algorithms. 
It can be seen in particular that when using 4-PSK type 

modulation, the convergence time is about 1,000 symbol 
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times for algorithms of the ''stochastic gradient" type. By 
way of comparison, a self-learning linear transversal equal­
izer of the kind described by Godard typically requires 
fifteen thousand symbol times and it gives rise to an increase 
of about 3.5 dB in MSE. 
Macchi channel 

5 

14 
One example of a possible embodiment of a fractionally­

spaced equalizer is shown in FIGS. 18 and 19. During a 
convergence period or a period of difficult reception, the 
structure of the circuit is as shown in FIG. 18. The inter-
leaved signals written respectively xl(n) and x2(n) are given 
by the following expressions: 

xl(n)=x(n T +-c) 
x2(n)=x(n T +-c-A) 

This channel has zeros on either side of the unit circle, its 
discrete impulse response being the following: 

with, for example and in entirely conventional manner, 

10 A=T/2, and -c designating the sampling phase. 
f-[0.8264, 001653, 008512, 001636, 081] 

FIG. 12 shows the frequency response of this channel in 
phase and in amplitude, together with the positions of the 
zeros of the transfer function relative to the unit circle. 

On a particular trial, the final positions of the poles of the 
transfer function 1/(l+C(z)) of the predictor 11 were exam­
ined. In accordance with theory, it will be observed in 
particular that there are two internal poles symmetrical with 
two external zeros of the transfer function F(z) of the 
transmission channel. 

The purely recursive predictor 11 of transfer function 
1/(l+C(z)) is common to both paths to which the signals 
xl(n) and x2(n) are applied and is optimized to whiten the 
output zl(n). The AGC 10 is updated to match the mean 
power of the signal zl(n) at the output from the predictor 11 

15 to its nominal level. The transversal linear filters are refer­
enced 12a and 12b. They are distinct for each of the two 
signals and they are characterized by their respective trans­
fer functions Bl(z) and B2(z). They constitute the phase 
equalizer and they may be adapted by any of the above-

20 described algorithms. To understand this, it suffices to 
FIG. 14 shows the starting constellation and also the 

constellation of the signal w(n) over the most recent 1,000 
values. ISi was considerably reduced by our circuit. 

Also, still in the context of a special file, FIG. 15 shows 
how instantaneous square error and RLS estimated MSE 25 

varied, showing again that convergence takes place at 
around 1,000 iterations. 

Simultaneously, FIG. 16 shows how estimated variances 
for y(n) and z(n) ·vary. This estimation was performed in the 
recursive least squares sense (RLS) 'vvith a forgetting factor 30 

of 0.99. 
Finally, FIG. 17 shows how MSE varies after 100 trials. 

observe that the signal y(n) can also be written: 
y(n)=Br(n-l)Z(n) 
BT=[BlT B2T] 
Z(n)r =[Zl(n)rZ2(n)r] 
Zl(n)=[zl(n), zl(n-1), ... , zl(n-L)Y 
Z2(n)=[z2(n), z2(n-1), ... , z2(n-L)]T 
Bl=[bo,1, • • • , bL-1,1, bL,1] 
B2=[bo,2, • • • , bL-1,2, bL,2] 
As in the preceding circuit, once the MSE as estimated in 

the least squares sense drops below a certain threshold, the 
structure of the circuit is then changed to that shown in FIG. 
19. Simultaneously, the optimality criterion for adapting the 
various parameters then becomes minimizing the MSE. The 

This result serves to corroborate the power of the new 
algorithm on this new channel. 

APPLICATIONS 
35 corresponding equations are entirely similar to those 

described above. 
Also, and as before, the locations of the gain g and of the 

carrier recovery circuit can be situated at various other 
points in the system. 

Finally, and from a general point of view, the above-
described algorithms associated with the circuit of the 
invention make use of an iterative technique of the "sto­
chastic gradient" type. Naturally, a different approach and in 
particular the "recursive least squares" approach with a 

The fields covered by this invention naturally include 
radiotelecommunications, mobile radio, and submarine tele­
communications by sound, where it is convention at present 

40 
to m,e decision feedback non-linear equalizers (DFE) in 
particular. These channels all suffer from the particular 
feature of being highly time-varying and in general they 
have long impulse responses. Communications by cable can 
also take advantage of this novel invention, given that they 
are generally characterized by impulse responses covering 
several symbol times and are thus poorly suited to using 
optimal receivers. 

45 forgetting factor can be envisaged to accelerate the conver­
gence process and to provide better tracking of rapid fluc­
tuations in the transmission channel, but only at the cost of 
an increase in computational complexity. 

The types of modulation concerned by this invention are 
essentially linear modulation such as two or four phase state 
modulation (2-PSK, 4-PSK), amplitude modulation (AM), 
and amplitude modulation on two carriers in quadrature 
(QAM), all of which kinds of modulation are used widely in 
present-day applications. 

Also, the means for evaluating performance may compute 
50 an MSE between the input and the output of the decision 

circuit 2 or they may compute, for example, the kurtosis of 
the input signal to the decision circuit 2. This takes account 
effectively of the degree of deconvolution of the channel or, 
in equivalent manner, of the extent to which the equalization 

The field over which the present invention is valid also 
extends to receivers using space or frequency diversity 
techniques for which the optimal structure in the sense of 
minimizing MSE is constituted, on each path, by a linear 
transversal filter 12 (step size T) and a recursive filter. 

55 process has advanced. 

This structure can also be extended to equalizers of the 60 

fractionally-spaced type, i.e. to equalizers using more than 
one sample per symbol time, as compared with equalizers 
that are "synchronous" or "T-spaced". Such fractionally­
spaced circuits generally provide an improvement in per­
formance terms due essentially to the fact that they are 65 

relatively insensitive to how the sampling instant is chosen, 
unlike synchronous equalizers. 

Also, the location of the means 13 enabling phase error to 
be corrected may naturally be different from that in the 
above-described variants. 

In particular, as a variant of the structure shown in FIG. 
5, the locations of the phase correction means 13 and of the 
filter 12 can be interchanged, with the equations that apply 
to such a structure being derived straightforwardly from 
those described above. 

This change in structure also makes it possible to omit one 
complex multiplication since th~ feedback filter C(z) is then 
fed directly with detected data d(n) instead of with d(n).exp 
Ge(n-1)). 
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Also, it is possible to imagine using a different strategy for 
triggering the change in structure and in algorithm. It is 
possible to use two thresholds J 1 ~J0 and to switch from 
mode 1 (convergence) to mode 2 if and only if MSE( n) ~ J 1 , 

while switching from mode 2 to mode 1 takes place if and 5 
only if MSE(n) ~J0 • This serves in particular to avoid 
changing over repetitively under certain difficult circum­
stances. 

16 
10. The circuit according to claim 1 or 2, wherein the 

means for evaluating performance in terms of decision error 
compute an MSE between the estimated data (d(n)) at the 
output of the decision circuit and the data (w(n)) at its input. 

11. The circuit according to claim 10, wherein during 
periods of easy reception, automatic gain control is kept at 
a constant level, with adaptation of gain being performed by 
the phase equalizer. 

Finally, a circuit could be imagined that is more complex 
and in which a circuit corresponding to the initial mode or 
"convergence" would be kept operating continuously and in 
parallel, in readiness to take over more quickly in the event 

12. The circuit a=ording to claim 10, wherein during 

10 
periods of easy reception, automatic gain control is kept at 
a constant level, with adaptation of gain being performed by 
the phase equalizer. 

of the circuit switching from tracking mode (mode 2) to 
convergence mode (mode 1) due to poor transmission con­
ditions. 

We claim: 15 

13. The circuit according to claim 10, wherein the pre­
dictor performs iterative optimization by stochastic gradient 
or by the recursive least squares (RLS) technique. 

14. The circuit according to claim 10, wherein automatic 
gain control is situated upstream from the predictor and the 
phase equalizer. 

15. The circuit according to claim 10 wherein the carrier 
recovery means are situated downstream from the transver-

20 sal filter and from the purely recursive predictor. 

1. An equalizer circuit for a digital communications 
system, the circuit including an automatic gain control 
circuit, carrier recovery circuit, data phase equalization 
circuit, and a predictor for data amplitude equalization, 
together with a decision circuit, wherein an automatic gain 
control circuit is operable associated with the carrier recov­
ery circuit, the data phase equalization circuit, the predictor, 
and the decision circuit, and wherein the predictor is purely 
recursive, the phase equalizer is; purely transversal, and the 
relative positions of those two elements are interchangeable, 
means for evaluating performance in terms of decision error 
and for causing the two elements to be interchanged in 
application of a criterion for evaluating the difficulty of 
reception, the predictor being upstream and optimized in 
adaptive and self-learning manner to whiten its own output 

30 while the phase equalizer is downstream and optimized in 
adaptive manner during periods of difficult reception, 
whereas the predictor is downstream and the phase equalizer 

16. The fractionally-spaced equalizer for processing more 
than one sample per symbol time, comprising, an equalizer 
circuit according to claim 10, the circuit having a predictor 
common to the interleaved signals and distinct phase equal-

25 izers for each of said signals. 

is upstream, both being optimized jointly in adaptive manner 
to minimize decision error between the output (d(n)) of the 
decision circuit and its input w(n) or y(n) during periods of 35 

easy reception. 
2. The circuit according to claim 1, wherein the predictor 

performs iterative optimization by stochastic gradient or by 
the recursive least squares (RLS) technique. 

3. The circuit according to claim 1, wherein the predictor 40 

performs iterative optimization by stochastic gradient or by 
the recursive least squares (RLS) technique. 

4. The circuit according to claim 1, wherein during 
periods of easy reception, automatic gain control is kept at 
a constant level, with adaptation of gain being performed by 45 

the phase equalizer. 
5. The circuit according to claim 4, wherein the predictor 

performs iterative optimization by stochastic gradient or by 
the recursive least squares (RLS) technique. 

6. The circuit according to claim 1, wherein the predictor 50 

is fed either with estimated data (d(n)) obtained at the output 
from the decision circuit and phase corrected (expG8)), or 
else by data (y(n)) from the output of the predictor, the 
circuit including means ( a, b) for switching between said 
two feeds as a function of a criterion for evaluating the 55 

likelihood of the estimated data at the output from the 

17. The use of a circuit according to claim 10, in 
radiotelecommunications, in mobile radio, or in submarine 
acoustic telecommunications, or in cable telecommunica­
tions. 

18. The use of a circuit according to claim 10, for 
receiving digital communications signals using single or 
multicarrier modulation, including in particular phase shift 
keying (PSK), amplitude modulation (AM), and amplitude 
modulation on two carriers in quadrature (QAM). 

19. The circuit according to claim 1 or 2, wherein the 
means for evaluating performance in terms of decision error 
compute the kurtosis of the input signal of the decision 
circuit. 

20. The circuit according to claim 10, wherein the pre­
dictor performs iterative optimization by stochastic gradient 
or by the recursive least squares (RLS) technique. 

21. The circuit according to claim 19 wherein automatic 
gain control is situated upstream from the predictor and the 
phase equalizer. 

22. The circuit according to claim 19 wherein the carrier 
recovery means are situated downstream from the transver­
sal filter and from the purely recursive predictor. 

23. The fractionally-spaced equalizer for proces.s;ing more 
than one sample per symbol time, comprising, an equalizer 
circuit according to claim 19, the circuit having a predictor 
common to the interleaved signals and distinct phase equal-
izers for each of said signals. 

24. The use of a circuit according to claim 19, in 
radiotelecommunications, in mobile radio, or in submarine 
acoustic telecommunications, or in cable telecommunica­
tions. 

decision circuit. 
7. The circuit according to claim 6, wherein during 

periods of easy reception, automatic gain circuit is kept at a 
constant level, with adaptation of gain being performed by 
the phase equalizer. 

25. The use of a circuit according to claim 19 for receiving 
digital communications signals using single or multicarrier 
modulation, including in particular phase shift keying 

60 (PSK), amplitude modulation (AM), and amplitude modu­
lation on two carriers in quadrature (QAM). 

8. The circuit according to claim 6, wherein the predictor 
performs iterative optimization by stochastic gradient or by 
the recursive least squares (RLS) technique. 

9. The circuit according to claim 6, wherein automatic 65 

gain control is situated upstream from the predictor and the 
phase equalizer. 

26. The circuit according to claims 1, 2, 5, or 6, wherein 
automatic gain control is situated upstream from the predic­
tor and the phase equalizer. 

27. The circuit according to claim 26, wherein the carrier 
recovery means are situated downstream from the transver­
sal filter and from the purely recursive predictor. 
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28. The circuit according to claim 26 wherein the carrier 
recovery means are situated downstream from the transver­
sal filter and from the purely recursive predictor. 

29. The fractionally-spaced equalizer for processing more 
than one sample per symbol time, comprising, an equalizer 5 
circuit according to claim 26 the circuit having a predictor 
common to the interleaved signals and distinct phase equal­
izers for each of said signals. 

30. The use of a circuit according to claim 26, in 
radiotelecommunications, in mobile radio, or in submarine 

10 
acoustic telecommunications, or in cable telecommunica­
tions. 

31. The use of a circuit a=ording to claim 26, for 
receiving digital communications signals using single or 
multicarrier modulation including in particular phase shift 
keying (PSK), amplitude modulation (AM), and amplitude 15 

modulation on two carriers in quadrature (QAM). 
32. The circuit according to claims 1, 2, 5, or 6 wherein 

the carrier recovery means are situated downstream from the 
transversal filter and from the purely recursive predictor. 

33. The fractionally-spaced equalizer for processing more 20 

than one sample per symbol time, comprising, an equalizer 
circuit according to claim 32, the circuit having a predictor 
common to the interleaved signals and distinct phase equal­
izers for each of said signals. 

34. The use of a circuit according to claim 32, in 25 
radiotelecommunications, in mobile radio, or in submarine 
acoustic telecommunications, or in cable telecommunica­
tions. 

35. The use of a circuit a=ording to claim 32, for 
receiving digital communications signals using single or 

30 multicarrier modulation including in particular phase shift 
keying (PSK), amplitude modulation (AM), and amplitude 
modulation on two carriers in quadrature (QAM). 

36. The fractionally-spaced equalizer for processing more 
than one sample per symbol time, comprising an equalizer 
circuit according to according to claims 1, 2, 5, or 6, the 35 

circuit having a predictor common to the interleaved signals 
and distinct phase equalizers for each of said signals. 

37. The use of a circuit according to claim 36, in 
radiotelecommunications, in mobile radio, or in submarine 
acoustic telecommunications, or in cable telecommunica- 40 

tions. 

18 
38. The use of a circuit according to claim 36, for 

receiving digital communications signals using single or 
multicarrier modulation including in particular phase shift 
keying (PSK), amplitude modulation (AM), and amplitude 
modulation on two carriers in quadrature (QAM). 

39. The use of a circuit according to claims 1, 2, 5, or 6, 
in radiotelecommunications, in mobile radio, or in subma­
rine acoustic telecommunications, or in cable telecommu­
nications. 

40. The use of a circuit according to claim 39, for 
receiving digital communications signals using single or 
multicarrier modulation including in particular phase shift 
keying (PSK), amplitude modulation (AM), and amplitude 
modulation on two carriers in quadrature (QAM). 

41. The use of a circuit according to claims 1, 2, 5, or 6 
for receiving digital communications signals using single or 
multicarrier modulation, including in particular phase shift 
keying (PSK), amplitude modulation (AM), and amplitude 
modulation on two carriers in quadrature (QAM). 

42. An equalizing method for a receiver of a digital 
communications system having automatic gain control 
means, carrier recovery means, means for data phase 
equalization, and a predictor for data amplitude equalization, 
the method further comprising the predictor is purely 
recursive, the phase equalizer is purely transversal, and the 
relative positions of those two elements are interchangeable, 
and in that performance is evaluated in terms of decision 
error and the two elements are interchanged in application of 
a criterion for evaluating the difficulty of reception, the 
predictor being upstream and optimized in adaptive and 
self-learning manner to whiten its own output while the 
phase equalizer is downstream and optimized in adaptive 
manner during periods of difficult reception, whereas the 
predictor is downstream and the phase equalizer is upstream, 
both being optimized jointly in adaptive manner to minimize 
decision error between the output (d(n)) of the decision 
circuit and its input (w(n) or y(n)) during periods of easy 
reception. 

* * * * * 
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Column 9, 
Line 4, delete "B=[0 O 0 O 1f" and insert -- B=[0 O O O If --

Column 10, 
Line 20, delete "eBenv(n)=k18Meoo(n)+k2·eaoo(n)leoo(n)" and insert 

-- eBenv(n)=k1·eoo(n)+k2·eaoaCn)leoo(n)I--. 
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DIGITAL TRANSMISSION OVER IN-HOME COAXIAL WIRING 

Kenneth J. Kerpez, Thomas E. Chapuran, Ronald C. Menendez, and Stuart S. Wagner 
BELLCORE, 445 South St., Morristown, NJ 07960 

Abstract - The wiring of a customer's premises 
network (CPN) may be the weakest link in the end-to­
end transport of residential broadband digital services 
such as digital video. Detailed knowledge of how such 
premises wiring will affect digital service delivery is 
critical to the cost-effective deployment and robust 
operation of digital technologies. This paper reports 
selected results from a series of experimental and 
analytical studies of coaxial-cable premises-wiring 
impairments for digital broadband signals. The 
investigations included return loss, isolation and 
attenuation measurements of a wide variety of 
components, as well as measurements and 
simulations of bit-error-rate performance for several 
inside-wiring test-bed configurations. The components 
showed a broader range of performance, and in some 
cases considerably worse performance, than indicated 
in previous studies. The premises wiring generated 
signal reflections which can severely degrade digital 
transmission. Some reflections can cause destructive 
interference that effectively decreases the received 
signal power by 10 dB more than the nominal 
attenuation, and this decrease is not mitigated by set­
top or cable-modem adaptive equalization. 

I. INTRODUCTION 

In-home, customer-premises wiring represents 
one of the weakest links in the end-to-end delivery of 
residential broadband services. The quality of digital 
video or data services can be seriously degraded by 
ingress, impulse noise, signal reflections, and limited 
bandwidth or excessive attenuation in premises 
wiring.[1-3] The resulting signal impairments can 
vary widely from one home to another as a result of 
differences in inside-wiring topology, component 
quality and installation practices. These 
characteristics are not under the control of the service 
provider, and are likely to change over time as 
customers modify their wiring configurations. 

A central question is the degree to which 
transmission impairments in premises wiring are 
likely to degrade service quality, potentially requiring 
changes in wiring, installation and maintenance 
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procedures, or network design. These issues are 
relevant to a wide range of broadband digital 
networks, including terrestrial digital broadcasting, 
satellite, multichannel multipoint distribution service 
(MMDS), local multipoint distribution service 
(LMDS), hybrid fiber/coax (HFC), and switched digital 
video (SDV). 

This paper addresses impairments in coaxial­
cable customer premises networks (CPNs), and 
includes selected results from a series of 
measurements and simulations covering both 
component performance and the overall system 
impact on digital transmission. The focus here is 
primarily on signal reflections, which are shown to be 
capable of producing severe degradations. We identify 
one important class of static reflections which is not 
mitigated by adaptive equalization. More generally, 
the data and the underlying models developed in the 
course of this work can be applied to a wide range of 
access network technologies and inside-wiring 
topologies. This should be helpful in developing 
guidelines for new CPN installations, for determining 
when to repair or replace existing wiring, and for 
establishing installation and maintenance procedures 
to ensure service quality. 

Section II briefly reviews existing broadband 
inside-wiring networks and the impairments which 
they can generate for digital signals. Section III 
focuses on the origins of signal reflections, and 
provides illustrative results from component 
performance studies. Section IV presents 
experimental investigations of the impact on system­
level performance for digital transmission. Section V 
presents computer simulations of digital transmission 
on coaxial inside-wiring. Section VI contains further 
discussion and conclusions. 

II. CUSTOMER PREMISES NETWORKS (CPN) 

It is often assumed that new broadband services, 
such as digital video broadcasting or high-speed data 
delivery, will re-use existing premises wiring to 
minimize installation cost and subscriber 
inconvenience. The coaxial video-distribution network 
found in most homes is a natural candidate, due to its 
high bandwidth and its existing routing to one or 
more TV-viewing locations. New or replacement 
wiring would be similar, except for the use of more 
modern cable and components. Alternative 
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approaches have been proposed to improve the 
transmission performance, but typically require 
additional gateway electronics at the entrance to the 
home [ 4] (e.g., to select the signals of interest and re­
modulate them in a more robust format), or a 
combination of gateway electronics and new premises 
wiring. Therefore it is important to determine under 
what circumstances traditional premises wiring will 
be adequate for carrying digital signals. 

A typical video CPN might connect incoming 
video through a 1:2 splitter to a cable-ready TV and to 
a second TV utilizing a digital set-top box (STB). The 
cable itself is usually RG-6 or RG-59 coax. Coaxial F­
connectors are used at every interface, i.e., at the 
ground block, splitter ports, wall plate, TV and set­
top, and wherever jumpers have been added: 
Additional equipment may also be connected, such as 
VCRs, cable/antenna switches, FM traps (which 
separate video and FM bands), or video-game 
equipment. Many installations today consist of a 1:2 
splitter serving two outlets, or even a single cable 
directly connected to one TV. This may well be 
inadequate for future services, given the growing 
interest in additional connections for personal 
computers, and the fact that one-third of US 
households now have at least three TVs. [5] 

The condition of the CPN depends strongly on its 
original installation and its subsequent history. A 
wide range of component quality and installation 
practices must be expected. [6,7] Cables and 
connectors can deteriorate with age, and older 
systems are also likely to have lower-bandwidth 
components. The wiring may well have been modified 
or reconfigured by the residents. 

Good performance for analog video does not 
ensure adequate quality for digital signals.[8] Most 
broadband digital networks will operate at higher 
and/or lower frequencies than traditional one-way 
cable systems. The CPN is the major entry point for 
ingress and impulse noise, which is especially 
pronounced in the low-frequency bands (i.e., < 40 
MHz) now being activated. At higher frequencies, 
limited bandwidth or excessive attenuation can 
severely limit signal quality, as the digital bit-error 
rate (BER) degrades more abruptly than the analog 
carrier-to-noise ratio (CNR) with reductions in the 
received signal power. 

Digital transmission is also strongly affected by 
small signal reflections ( commonly referred to as 
microreflections in the cable-industry literature), 
which would not be noticeable with analog video. 
Signal distortion due to static reflections can be 
reduced by adaptive equalization. Equalization adds 
cost and complexity to set-top converters and high­
speed modems, and must be designed to accommodate 
realistic reflection amplitudes and time delays. 
Upstream transmission is generally less amenable to 
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this approach, due to the complications introduced by 
multiple-access systems. Time-varying reflections 
(such as those which can be caused by channel surfing 
on a TV connected to a different output port of the 
splitter connected to the digital receiver) are difficult 
to compensate with equaliz :1tion, and can cause signal 
loss and gaps in real-time tJ"ansmissions. 

The remainder of thin report focuses on signal 
reflections, which represent one of the most common 
CPN impairments. 

III. COMPONENTS CAUElE REFLECTIONS THAT 
CAUSE J:CHOES 

As signals propagate, they encounter an 
impedance mismatch at every cable connector and 
component interface. Each mismatch causes a portion 
of the signal to be reflected and travel in the opposite 
direction. Two successive changes in direction can 
produce an echo, i.e., an attenuated and delayed 
replica of the signal, ti-ansmitted in the same 
direction. Echoes interfere with detection of the main 
signal, which travels directly to the receiver. 

Figure 1 illustrates the two most common 
mechanisms for generatinf · echoes in the CPN. Echo 
path 1 corresponds to a signal which is reflected twice 
in succession, by two different devices (in this 
example, the set-top converter and the two-way 
splitter). At each interface, the power in the reflected 
signal is attenuated by an amount equal to the return 
loss of the interface. The return loss, measured in dB, 
is the ratio of the incident signal power to the signal 
power which is reflected. A perfect, non-reflecting 
interface would have an ir,finite return loss, while a 
total 100% reflection (e.g., from an open or shorted 
cable) would correspond to a return loss of O dB. The 
echo corresponding to pab 1 is thus attenuated at 
both reflection points, and is further attenuated 
(relative to the direct signd) as a result of the longer 
distance which it travels th,ough the cable. 

Echo Path 1 

~► 
~} 

► 
Direct Path 

Set-Top J ► ... Converte 

Echo 
Two-Way Path 2 
Splitter 

TV 

Fig. 1. Two types of echo paths which can interfere 
with the signals passing directly to the digital set-top 
converter. 
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Echo path 2 is an example of an echo generated 
by a single reflection point. In this case, inadequate 
isolation between the output ports of the splitter 
causes part of the signal reflected from the TV to be 
funneled into the other branch, leading to the set-top 
converter. The isolation, measured in dB, is the ratio 
of the signal power incident at an output port to the 
signal power which emerges from a different output 
port. A splitter with no cross-coupling between output 
ports would have an infinite isolation, while a splitter 
with complete coupling between output ports would 
have an isolation of O dB. The echo corresponding to 
path 2 is thus attenuated by the return loss at the TV, 
the isolation of the splitter, and the loss of the 
additional cable traversed. 

Echo path 2 is often of particular concern, for two 
reasons. First, very large (O dB) reflections can be 
generated on the lower branch in Fig. 1, if the cable is 
disconnected from the TV and left unterminated. In 
this case, the splitter isolation is the only reliable 
defense against large echoes on the other branch of 
the network. Secondly, with the TV connected, echo 
path 2 represents a major source of time-varying 
echoes. The input impedance of a TV is typically well­
matched to 75 Q only at the frequency to which the 
TV is tuned. At other frequencies the TV's return loss 
can be nearly O dB.[9] Furthermore, the return loss 
varies strongly with frequency. As a result, channel­
surfing on the TV can generate strong, time-varying 
echoes at the (fixed) frequency being accessed by the 
set top on the other branch. 

Since the size of the echoes depends so strongly 
on component properties, it is critical to know the full 
range of component performance which is likely to be 
encountered. Previously published studies [7] have 
provided valuable information on component 
performance, but have typically been limited to a very 
small sampling of devices (e.g., six 1:2 splitters, most 
with 600 MHz bandwidth). For this project, a wide 
variety of components was obtained, from equipment 
utilized by cable-television service providers, to 
components available at electronics stores and other 
retail outlets. This included roughly two dozen 
splitters, both 1:2 and 1:4 varieties, rated for 
operation at 600 MHz, 900 MHz and 1 GHz. 
Attenuation, return loss and isolation were measured 
over a range of 300 kHz to 1 GHz. 

A sample of the results is presented here. Figure 
2 presents the isolation performance (important for 
echo path 2) of several 1:4 splitters, all rated for 
operation to either 900 MHz or 1 GHz. Note that a 
splitter with 10 dB isolation will pass 10% of the 
signal power incident at one output port to the second 
output port. A splitter with 20 dB isolation (the worst­
case value reported in [7]) passes only 1 % of the signal 
power between output ports. 

10 

20 
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(dB) 30 

40 
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Frequency (MHz) 

Fig. 2. Output-port isolation as a function of frequency 
for several 1:4 coax splitters, rated for 900 MHz or 1 
GHz bandwidth. 

The curves in Fig. 2 show a very wide range of 
performance. The two top curves show splitters which 
exhibit isolations well below 20 dB over their entire 
frequency range. The isolation of splitter F4 is no 
greater than 10 dB from 5 MHz to 140 MHz. The 
isolation of splitter H4 is less than 10 dB from 540 
MHz up to the top rated frequency of 900 MHz, where 
it falls to only 6 dB. On the other hand, splitter D4 
maintains a high isolation of at least 26 dB at all 
measured frequencies. 

For comparison, 20-25 dB of isolation is typically 
provided between output ports of a coaxial multi-tap, 
which is used to supply signals to multiple subscriber 
drops. A previous study [7] of six 1:2 splitters had 
reported port-to-port isoJations exceeding 20 dB over 
their full rated bandwidth (600 MHz or 1 GHz), and 
an earlier study [9] had reported a worst-case 
isolation of 15 dB for an unspecified number of 
splitters (apparently including 1:4s). 

Splitter isolation can be measured between any 
pair of output ports. In some cases, significant 
differences were observed depending on the particular 
pairs of ports that were measured. With splitter H4 in 
place, Fig. 2 shows that the network performance 
could depend substantially on which specific splitter 
ports were connected to the equipment of interest. 
This is important to keep in mind when 
troubleshooting an existing premises network 

The return loss of the components was also 
measured, and a sample of these measurements is 
shown in Fig. 3. Return loss measurements were 
made with all unused ports terminated (in 75 Q). Here 
again a wide range of performances was observed. The 
return loss of the worst component was as low as 3 
dB, meaning that half the signal power was reflected. 
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Other components had return losses exceeding 20 dB 
at all measured frequencies. 
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Fig. 3. Return loss as a function of frequency for 
several 1:4 coax splitters, rated for 900 MHz or 1 GHz 
bandwidth. 

In general, our measurements of isolation, return 
lpss and attenuation covered a wide variety of 
components, including many 1:2 and 1:4 splitters, and 
indicated that there is a broader range of 
performance, and in some cases considerably worse 
performance, than has been previously noted. [7 ,9] 
The worst overall performance of a 2-way splitter 
measured at a single frequency from 5-1000 MHz was 
5 dB attenuation, 12 dB isolation, and 5 dB return 
loss. The worst overall performance of a 4-way splitter 
measured at a single frequency from 5-1000 MHz was 
15 dB attenuation, 6 dB isolation, and 3 dB return 
loss. These numbers are exceptionally poor. On the 
other hand, quite a few components exhibited 
excellent performance and should not degrade digital 
signals. It is interesting to note that even simple 
components such as ground blocks and wall-plates can 
cause reflections; these components all had about 33 
dB return loss at 50 MHz, 20 dB return loss at 300 
MHz, and 12 dB return loss at 700 MHz. 

Components tend to fall int_o groups on the basis 
of their measured performance. However, labels such 
as "CATV industry products" and "retail products" [7] 
are not always good predictors of performance. For 
example, one type of 1 GHz-rated cable-industry 1:2 
splitter which was measured exhibited performance in 
critical tests which was comparable to the lowest­
performance retail splitter. 

139 

IV. EXPERIMENTS OF DIGITAL TRANSMISSION 
ON COAX INmDE-WIRING 

Having examined the range of inside-wiring 
component characteristics that are encountered in 
residential CPNs, we next investigated the resulting 
impact on digital trans nission performance. To 
quantify this impact, a number of CPN "test 
configurations" were developed, representing a range 
of component quality and likely wiring topologies. The 
configurations with good components had little impact 
on digital transmission, so 1 he results for them are not 
displayed here. This paper instead concentrates on 
the configuration with the 1,oorest characteristics. 

Fig. 4. One of several te:;t configurations used to 
investigate premises-wiring impairments. 
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Fig. 5. The response of the fost configuration in Fig. 4, 
with a 5-ft cable connected ·;o output port B which is 
both with and without a 75 .n termination. 

Figure 4 shows this tes ; configuration. From left 
to right, the set-up consists )f a ground block, a four­
way splitter and a wall plate, followed by a receiver 
(representing a digital set 1op or data modem). The 
splitter is a retail device (splitter H4 in Figs. 2 and 3) 
exhibiting high insertion los,, (10 dB), low return loss 
(3 dB at the output port) ~Lnd low isolation (8 dB), 
where the quoted performance was measured at 700 
MHz. This splitter represen~s a worst case, but it is 
not at all unusual and was in fact one of the most 
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commonly available retail products in our area at the 
time this work was performed. Unused splitter ports 
C and Dare terminated in 75 Q. Port Bis connected 
to either terminated or unterminated cables of 
varying lengths, to create reflections with different 
time delays and magnitudes (in addition to the many 
other reflections which take place between the ground 
block, splitter and wall plate). Figure 5 shows the 
measured magnitude response of this configuration at 
high frequencies with a 5-ft cable connected to port B. 
Notice the deep null at 728 MHz when the 5-ft cable is 
unterminated. 

Bit-error-rate (BER) performance was measured 
as a function of the signal level at the entrance to the 
home (i.e., at the ground block) using a commercial 
64-QAM modulator and demodulator Qperating at 30 
Mbps. With 6 bits represented by each 64-QAM 
symbol, this corresponds to a rate of 5 Mbaud (5 
million symbols per second). The demodulator 
contained a 16-tap adaptive equalizer, and the system 
had no error correction. The experimental 
configuration allows for BER testing over a wide span 
of carrier frequencies of interest in future digital 
networks, such as the 550 MHz to 750 MHz region 
frequently targeted for downstream digital transport 
over HFC networks. Quantifying BER performance as 
a function of the signal level at the CPN input, rather 
than at the input to the digital receiver, provides a 

. more-direct measure of power penalties due to the 
inside wiring. 
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Fig. 6. BER measurements for 64-QAM transmission 
through the premises wiring test configuration in Fig. 
4, at 728 MHz and 750 MHz, with and without 
termination at the end of a 5-ft cable connected to 
splitter port B. 

Figure 6 shows BER curves for the configuration 
of Fig. 4 at two different carrier frequencies, with 

either terminated or unterminated 5-ft cables 
connected to splitter port B. One might expect 
relatively little variation in BER performance across 
the ~20 MHz range of frequencies shown in the figure, 
since the nominal cable and splitter attenuations are 
roughly constant across this region. However, when 
the 5-ft cable was left unterminated (a common 
occurrence in today's CPNs), changing the carrier 
frequency from 750 MHz to 728 MHz increased the 
CPN input signal-level requirement by nearly 11 dB. 
Terminating the 5-ft cable eliminated the strongest 
echoes in the transmission, reducing the BER 
variations with frequency, and improving the 
performance at 728 MHz by roughly 7 dB. Note, 
however, that terminating the 5-ft cable actually 
degraded the BER performance at 7 50 MHz. 

This wide variation of BER with carrier 
frequency is the result of carrier interference effects 
that arise from strong short-time-delay echoes within 
the CPN. The relative phases of the carriers for the 
direct _and reflected signals arriving at the digital 
receiver's input will depend on the carrier frequency 
and on reflection path lengths (i.e., on the lengths of 
CPN cables). For a prescribed set of cable lengths, a 
given echo will arrive in phase at certain frequencies, 
producing constructive interference, but will arrive 
180 degrees out of phase at certain other frequencies, 
causing destructive interference. In our test 
configuration, the strong reflection from the 5-ft cable 
produces destructive interference which leads to deep 
nulls in the frequency response, including a null at 
728 MHz. On the other hand, constructive 
interference from the various reflections in the system 
occurs at 750 MHz, which explains the improved 
performance when the cable is left unterminated. The 
exact positions of peaks and nulls in the CPN 
frequency response depend on the cable lengths, 
which of course will vary from one home to another. 
Since the echo from the 5-ft cable has a short delay(~ 
3% of the 64-QAM baud period), it was not eliminated 
by the adaptive equalizer . 
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Fig. 7. BER measurements for 16-QAM transmission 
through the premises-wiring test configuration in Fig. 
4, at 20.625 MHz and 25.125 MHz, with a 40 ft 
unterminated cable connected to splitter port B. 
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Transmission was also tested with frequencies 
and modulations typical for upstream transmission on 
cable TV networks such as HFC. A 16-QAM 
modulator and demodulator operating at the DSl rate 
of 1.544 Mbps was used to send signals over the 
configuration in Fig. 4. Here the modulated signal has 
100% excess bandwidth, and occupies 772 kHz of 
bandwidth. 16-QAM signals from the transmitter 
were injected into the inside-wiring test configuration. 
After passing through the inside wiring, the signals 
were sent to the 16-QAM receiver. A constant noise 
level was injected at the input to the receiver, which 
represents upstream reception of ingress and other 
noises from multiple sources. The receiver contained 
no adaptive equalizer, and no forward error 
correction. 

The configuration in Fig. 4 was used with a 40-ft 
unterminated cable connected to the splitter output 
port B. A 40-ft cable was used here since the 5-ft cable 
did not create a notch in the configuration's 
magnitude response below 40 MHz. Carrier 
frequencies were chosen near a peak (25.125 MHz) 
and near a valley (20.625 MHz) of the configuration's 
magnitude response. The results of the 16-QAM 
experiments, shown in Fig. 7, indicate about a 3 dB 
difference between the two frequencies in the required 
transmit signal power for a fixed BER and a fixed 
received noise power. This difference, while 
significant, is much less than that observed at the 
higher-frequencies used with 64-QAM shown in Fig. 6. 

V. COMPUTER SIMULATIONS OF DIGITAL 
TRANSMISSION ON COAX INSIDE-WIRING 

Detailed computer simulations of digital signal 
delivery over coaxial CPN s have been developed and 
successfully tested against experimental 
measurements. The simulations build on previously 
reported work.[10) These simulations can determine 
the impacts of changes in spectrum allocation, 
modulation technique, component properties, cable 
lengths, or adaptive equalization. The computer 
models allow a more expeditious investigation of a 
broader range of important parameters than could be 
easily measured in the laboratory. 

The simulations can be used to isolate the effects 
of different types of echoes on digital transmission. 
Reflections cause echoes that have either of two 
effects on transmission performance, depending on 
whether their time delay is long or short. Short-delay 
echoes are delayed by less than about one symbol 
period (one baud). Short-delay echoes effectively 
rotate, and either dilate or compress the received 
signal constellation. They will decrease the signal 
strength if they differ in carrier phase from the direct 
signal by a multiple of 180°. This phase difference is 
sensitive to changes of just a few feet in propagation 
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distance. Carrier recovery loops eliminate the phase 
rotation. However, any signal attenuation caused by 
the echo will irrecoverably decrease the received 
signal-to-noise ratio (SNR) In the worst case, the echo 
is 180° out of carrier phase and it coherently subtracts 
itself from the received signal voltage. Adaptive 
equalizers cannot recover the portion of the signal 
that is canceled by an out-cf-phase short-delay echo. 

Long- delay echoes ae delayed by more than 
approximately one symbol period. Long-delay echoes 
can be effectively mitigate i by an adaptive equalizer 
if the delay of the echo is within the span of the 
equalizer, and if the echo s:mrce does not vary rapidly 
with time. If there is no equalizer, then the distortion 
engendered by a long-delar echo will become additive 
noise that increases the BER. 
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Fig. 8. Signal-to-Noise Ratio (SNR) at the output of 
the adaptive equalizer, with a single echo, 12 dB down 
from the direct signal, 1 ielayed by traveling an 
additional 20-ft or 200-ft round-trip path in the coax. 

The difference in the ,~ffects of short- and long­
delay echoes is illustrated in Fig. 8. This figure shows 
computer simulation resultfi of a 64-QAM receiver for 
the idealized case of a single echo, with either a 20-ft 
or a 200-ft round-trip refl.1:ction path length. These 
lengths correspond to 0.1 and 1.1 baud periods, 
respectively, of the 64-QAM waveform carrying 30 
Mbps. Both curves assume adaptive equalization, and 
both assume an echo amplitude 12 dB down from the 
direct signal. The short ec: 10 produces a 4 dB SNR 
variation across the range of carrier frequencies 
considered, while the long,~r echo causes negligible 
variation in SNR. In practice, the effects of long-delay 
echoes are often further r,~duced by the additional 
attenuation that usually accompanies the longer 
propagation lengths. 

The simulation result s:1own in Fig. 8 illuminates 
the difference between i:hort- and long-delayed 
echoes, but it is idealize l. To mirror real-world 
conditions, simulations werE! written that read-in and 
use the measured response of a wiring configuration. 
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Simulations of 64-QAM were performed with and 
without adaptive equalization. The simulated 64-QAM 
sends 30 Mbps with a baud rate of 5 Mbaud using a 
raised-cosine pulse with 20% excess bandwidth, and 
occupies the same 6 MHz bandwidth as a TV channel. 
The equalizers are 16-tap, complex, baud-spaced, and 
adapted to minimum mean squared error. The noise 
power is constant, so it is the same at the transmitter 
and receiver; but the signal is attenuated and 
distorted by the inside-wiring, so it has lower power at 
the receiver than at the transmitter. The SNR is the 
ratio of the average signal power to the average noise 
power, where the noise is the sum of Gaussian noise 
and inter-symbol interference. The BER is calculated 
by taking the Q-function of the received SNR. The 
SNR at the transmitter is chosen so that the receiver 
operates near the limit of acceptable BER. 64-QAM 
requires 28 dB received SNR for a 10-7 BER with no 
error correction. 
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Fig. 9. Simulations of 64-QAM with a 5-ft cable 
connected to splitter port B which is terminated and 
unterminated. The SNR at the transmitter is 40 dB. 

64-QAM simulation results are shown in Fig. 9. 
With an unterminated cable and equalization in the 
receiver, the BER difference as the carrier frequency 
changes from 750 MHz to 728 MHz corresponds to 
about an 11-dB difference in input SNR, the same as 
the experimental findings in Fig. 6. Fig. 9 shows that 
while equalization improves the performance 
somewhat, it does not remove the severe degradation 
at 728 MHz caused by the short-delayed echo. 

Simulations were also run with typical 
modulations for upstream transmission on cable: 
QPSK and 16-QAM. Notice that QPSK is the same as 
4-QAM. The bit rate of simulated QPSK and 16-QAM 
is 1.544 Mbps and the transmitter sends raised-cosine 
pulses modulated to the carrier frequency for both. 16-
QAM transmits at 386 kbaud with 100% excess 
bandwidth and occupies 772 kHz RF bandwidth. 

QPSK transmits at 772 kbaud with 40% excess 
bandwidth and occupies 1.1 MHz RF bandwidth. The 
16-QAM and QPSK receivers have no adaptive 
equalizer. A fixed level of noise is injected into the 
receiver, then the received signal and noise are 
demodulated to baseband and sampled at the baud 
rate, and the SNR and BER are calculated the same 
way as described for 64-QAM. The 16-QAM and QPSK 
simulations use no equalization. 

16-QAM requires 21 dB received SNR for a 10-7 

BER on a flat channel with no reflections. QPSK 
requires 14 dB received SNR for a 10-7 BER on a flat 
channel, 7 dB less than 16-QAM. Figure 10 presents a 
test case comparing these two modulations, where a 
40-ft cable was attached to splitter port B since a 5-ft 
cable did not create a notch in the configuration's 
response below 40 MHz. Otherwise, the inside-wiring 
configuration is the same as previously. Figure 10 
shows that 16-QAM and QPSK have essentially 
identical performance except for their constant 
difference in required SNR. The approximately 
periodic change in BER shown in Fig. 10 corresponds 
to the 3 dB transmit power difference shown in the 
experimental results in Fig. 7. 

--16-QAM, 28 dB transmit SNR, unterminated 
l.OE-2 - ...... -QPSK, 22 dB transmit SNR, unterminated 

l.OE-3 

l.OE-4 

01: 
l.OE-5 w 

al 

l.OE-6 

l.OE-7 

\. J ' ~ 
l l I J 
I J l J l 

J ~ 4' ./ 
f' t '/' ,, 

1 

I \,P 

l.OE-8 

fc (MHz) 

Fig. 10. A comparison of 16-QAM and QPSK 
transmitted on the configuration of Fig. 4 with a 40-ft 
unterminated cable connected to splitter port B. No 
equalization. 

Another, more aggressive, technique for 
upstream transmission on cable is to send 16-QAM 
signals in high-frequency bands. This was simulated 
using the configuration of Fig. 4 with a 5 ft cable 
connected to splitter port B, the same as used with 64-
QAM. The results are shown in Fig. 11, which 
indicates wide swings in performance, including 
frequency-dependent received SNR variations up to 
10 dB. 
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Fig. 11. High-frequency bands for upstream 16-QAM 
transmission on the configuration of Fig. 4 with a 5-t 
unterminated and unterminated cable connected to 
splitter port B. The SNR at the transmitter is 55 dB. 
No equalization. 

VI. DISCUSSION AND CONCLUSIONS 

The ability to deliver robust, high-quality 
broadband digital signals to the home will depend 
strongly on the quality of the customer-premises 
network, which is not directly under the control of the 
service provider or broadcaster. In order to manage 
this situation, it is critical to have a realistic picture of 
the range of impairments likely to be encountered, 
and to establish procedures for overcoming these 
effects in a cost-effective manner. 

The major impairments for digital signals in the 
CPN are due to ingress, excessive attenuation, and 
signal reflections. This paper has reported selected 
results, focusing on reflections, from an extensive 
series of experimental and analytical studies of 
component and system-level performance. 

The components showed a broader range of 
performance, and in some cases considerably worse 
performance, than indicated in previous studies. [7 ,9] 
For example, 900-MHz 1:4 splitters can have output 
port isolation as low as 6 dB at high frequencies, 
compared with the 20 dB isolation reported in earlier 
studies using a much smaller sample of splitters. The 
splitter isolation is directly related to the size of the 
static and time-varying echoes which will be observed 
at a digital set top or high-speed modem. Components 
tend to fall into several categories, based on their 
overall insertion loss, return loss and isolation 
performance. However, splitter origin (e.g., cable­
industry supplier vs. retail supplier) is not always a 
good predictor of performance. 

Using the component performance results, and a 
set of reasonable wiring topologies, a number of CPN 
"test configurations" were developed to represent a 
range of likely premises-network performance. These 
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configurations were used for experimental 
performance measurements and computer 
simulations of the system-level impact of impairments 
on digital transmissions. It was found that coaxial 
inside-wiring causes a s1;eady nominal attenuation 
that varies slowly with frequency, and a rapidly 
fluctuating attenuation c msed by reflective echoes 
that add in and out of carrier phase with the signal. 
Results are presented here for the worst test 
configuration, but it should be noted that the other 
test configurations did not generate degradations as 
large as those presented h1,re. 

BER measurements were obtained for 64-QAM 
transmission of 30 Mbps fata, as might be used for 
downstream transmission in an HFC system. Using a 
test configuration with a I,oor-quality 1:4 splitter and 
an unterminated 5-ft cable, destructive-interference 
effects produced frequency-dependent variations in 
the received SNR that were greater than 10 dB. This 
difference was observed a1 two frequencies separated 
by only about 20 MHz. The effective attenuation was 
as high as 23 dB, even tr. ough there was only a 1:4 
split. These effects can bo reduced or eliminated in 
principle through the use ilf better splitters, although 
the total eradication of poor-quality wiring 
components from residential CPNs is probably 
impractical in the near tenn. 

Computer simulationn were developed that can 
easily examine a wide range of transmission systems 
and parameters. The simulation results were shown 
to agree very well with the laboratory experiments. 
The same frequency-depE ndent SNR variations of 
over 10 dB were observed with the simulated 64-
QAM. 

Typical upstream me dulations, QPSK and 16-
QAM, were also tested. E:li perimental results s~o':ed 
only about a 3-dB frequency-dependent SNR vanat10n 
from 5-40 MHz, much less than that observed at 
higher frequencies. 16-QANI consistently requires 6 to 
7 dB more received sigr1al power than QPSK to 
operate at the same BER. The potential use of high­
frequency bands (750-850 MHz) for carrying upstream 
signals was also examined. The high-frequency 
transmissions experience more performance 
variations than low-freque:1cy transmissions, with up 
to a 10-dB frequency-diipendent SNR variation. 
Attenuation is also much worse at high frequencies. 

Our results have the followLng implications: 
The potential for high signal attenuation within 

the CPN requires that adequate signal strength be 
delivered to the input of be CPN. This requirement 
will clearly affect the desii:n of the service provider's 
network. 

Adaptive equalizatic n within the set-top 
converter cannot be relied on to mitigate all inside­
wiring problems. Equalization does not overcome 
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excessive CPN signal attenuation caused by excessive 
splitting or by interference effects from short-time­
delay echoes. 

Since interference effects vary strongly with 
frequency, they could easily be overlooked if an 
installer were to test the performance of only one or a 
few HFC, MMDS or LMDS channels. Even if testing 
were performed over a wide frequency range to detect 
existing problems, CPN characteristics will change as 
the customer installs new equipment and alters 
connections or cable lengths. 

Consumers need to be educated to appreciate the 
value of good-quality inside wiring. Retail coaxial 
splitters should be rated, perhaps with a simple 
pass/fail based on just a small number of 
characteristics. Consumers should then be told of the 
rating, and they should also be encouraged to add 
terminators on unused cables and splitter ports. 

There are a number of potential approaches for 
minimizing CPN-related service outages and craft 
dispatches. These include repairing or replacing 
premises wiring to minimize instances of poor-quality 
materials and craftsmanship, trading capacity for 
robustness by using less-aggressive digital modulation 
formats (e.g., 64-QAM rather than 256-QAM), 
increasing the transmitted power to deliver stronger 
signals to the home, or regenerating and re­
modulating digital signals in a residential gateway at 
the side of the house. All of these options will 
effectively raise the cost of broadband digital service 
delivery. However, with careful planning, an 
appropriate set of installation, test and maintenance 
procedures can be developed which will guard against 
large, unanticipated deployment and life cycle costs. 

The optimal approach to premises-w1nng 
problems may vary from one service provider to 
another, or even from one geographic area to another, 
depending on the choice of network technology (e.g., 
VHF/UHF broadcast, satellite, MMDS, LMDS, HFC, 
or SDV), the nature of the projected service demands, 
and the resulting tradeoffs between installed first cost 
and life cycle costs. In any event, the implications of 
CPN impairments on digital network design, service 
installation and maintenance practices must be 
carefully considered to ensure successful deployment 
of broadband digital services. 
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US 7,127,734 Bl 
1 

SYSTEM AND METHODS FOR HOME 
NETWORK COMMUNICATIONS 

This application claims priority under 35 USC §119(e)(l) 
of Provisional Application No. 60/128,810, filed Apr. 12, 
1999. 

TECHNICAL FIELD OF INVENTION 

The present invention relates to communications systems, 10 

and more particularly, to systems and methods for home 
network communications. 

2 
added cost of including this extra wiring is low and the 
benefits reaped can be great, because l00BaseT and other 
high-speed network types work well over this cable. 

TV wiring that consist of coaxial cables are used to 
connect the antenna/cable TV output, typically via passive 
splitters, to the cable outlets at specific points in the home. 
Typical home TV wiring scenarios are depicted in FIG. 1. 

The signals transmitted over the in-home coaxial TV 
wiring may include regular video channels, data channels 
for fast Internet access (using e.g., DOCSIS cable modem), 
voice channels for telephony over cable, pay-per-view, con-
trol signals and more. 

BACKGROUND OF INVENTION 

Home networking is a key technology for the evolving 
home infotainment market, and it is expected to become a 
very large market by itself within the next decade. Home 
networks will connect between computing devices (personal 
computers, palm computers, network computers, etc.), 
entertainment devices (TV, VCR, DVD player, video cam­
era, audio systems, etc.), I/O devices (printer, scanner, head­
sets, keyboards, remote controls, mouse, loud-speakers, 
etc.), home appliances, and modems (such as cable modems, 
DSL modems, and PSTN modems) that connect the home 
outside. The home network will enable a wide range of 
application such as internet sharing, peripheral sharing, file 
and application sharing, and home automation. The home 
network will distribute the computation power of the com­
puter from the study room to the living rooms. 

Technically, to use the in-home TV wiring for home 
networking applications, one may connect standard cable 

15 modems through the cable TV (CATV) system. Data from 
one cable modem can be transmitted to the other cable 
modem via the CATV head-end. 

Such a configuration has several drawbacks: (1) it loads 
the system, possibly above the typical headend system 

20 capacity; and (2) it introduces large delays that cannot be 
tolerated by at least some of the applications. Therefore, it 
is unlikely that cable operators will adopt such configura­
tion. 

It should be noted that a cable modem could be used to 
25 connect any type of home networking system to external 

( out of the home) networks, such as the Internet. 
A home networking solution may also be built at a home 

that does not connect to the cable infrastructure (i.e. a home 
that is connected to a standard home antenna, a satellite dish, 

30 another access network (xDSL), or a wireless local loop). 
There are several home networking solutions that have 

already been proposed, including networking over the exist­
ing telephone wiring (e.g. HomePNA), networking over the 
existing power lines, short range wireless networks (Blue­
tooth), medium range wireless networks (e.g. HomeRF, 35 
IEEE802.11 ), and solutions that require new wiring, such as 
IEEE1394 (I.LINK) or CAT 5 Ethernet wiring. 

Existing Telephone wiring (HomePNA) generally allows 
ordinary voice telephone calls to be carried over the wire, 
while at the same time providing up to several megabits of 40 
data throughput. 

It is also possible to use the normal AC electrical wiring 
in the home for data transmission. Electrical wiring has been 
used in the past for low bit-rate data applications ( e.g. home 
automation). Technologies for achieving multi megabit 45 
throughput on existing residential electrical wiring are under 
investigation in the industry. 

Wireless technologies (Short-range wireless; Bluetooth; 
HomeRF; IEEE 802.11) provide several megabits of 
throughput; however, their effectiveness can vary, depend- 50 

ing on the size of the house, the proximity of other wireless 
networks, and other sources of noise. 

The IEEE 1394 (i.LINK) standard defines a serial inter­
face between digital devices. This inexpensive, easy-to-use 
and high-speed bus handles multimedia bandwidth require- 55 

ments and provides a universal interface for a variety of 
devices. By allowing seamless data exchange between 
devices such as workstations, personal computers and digital 
televisions, VCRs, camcorders and set-top boxes, it enables 
a. new generation of computers and consumer electronic 60 

devices to operate in a common environment. 

SUMMARY OF INVENTION 

The present invention provides a system and methods for 
communication between subscribers' devices over cable 
infrastructure designed to carry video signals, using pass­
band frequency bands, without transmission through a 
CATV headend device. A particular application of this 
system and method is home networking over coaxial TV 
cables. The disclosed system will allow very high-speed 
digital and analog communications within the home and 
from the home to external devices or networks using low 
cost devices. 

The present invention provides home networking solu­
tions that utilize in-home TV wiring for supplying high rate 
connectivity between any two home networking nodes. The 
present invention does not load the city cable TV (CATV) 
network. 

In many, if not most, of US residential homes, there are 
several TV inlets, connected by coaxial (coax) cables to 
either a municipal CATV network or a TV antenna. This 
coax cable is an excellent communication medium, as it has 
a high bandwidth and it is shielded to avoid noise. The 
present invention provides a method and system which 
allows home networking over these coax cables, allowing 
for very high data rates and a low cost implementation. The 
term Home Cable Network (HomeCN) is used herein for the 
system of the present invention. 

In the prior art ( e.g. the DOCS IS 1.0 spec), a CATV 
infrastructure is utilized for communication between a sub­
scribers' devices (e.g. cable modem) and a headend, thus, 
two subscribers' devices can communicate via the headend. 
The system and method of the present invention is based on 
direct communications between two subscribers' devices, 

Originally developed as an interface to replace SCSI, 
IEEE 1394 offers bi-directionality, high data transfer rates 
and isochronous data transfers. This fire-wire technology 
required special wires. 

For new homes, it is anticipated that standard Category 5 
wiring can supplement twisted-pair telephone wiring. The 

65 without transferring the data via a headend, thus allowing for 
high data rates between units in a home without reducing the 
capacity of the regional CATV network. 
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In the prior art, coaxial cables have been used for local 
area networks (LAN) and for analog communications. The 
system and method of the present invention is designed for 
cable networks that carry video or other information from a 
headend or an antenna, and thus it is different from prior art 
LAN over coaxial cables. Furthermore, the method employs 
a new digital modulation scheme based on pass-band RF 
signaling, which is fundamentally different than prior art 
LAN and analog modulation over coaxial cables. 

The present invention enables installation of modems, 10 

connected to different types of nodes of the CATV, to enable 
communication between these nodes. The present invention 
provides a way to transfer data between these nodes, when 
the data is not required to be transferred to the headend. 

The present invention provides a low cost solution, which 15 

is very important to enable a solution for the mass market. 
A summary of some of the key principles of the disclosed 

system and methods are noted below. 
1. Subscribers' devices may communicate directly (not 

via the headend) using RF signaling over the coax 20 

cable. These signals will typically propagate between 
the devices via reflections from other devices in the 
line, e.g. splitters or amplifiers in the line. 

2. When the home coaxial cables are connected to a local 
or regional CATV network, the HomeCN is done in an 25 

out-of-band frequency (i.e. band that is not in use, e.g. 
above 860 MHz), or in part of the downstream band 
(e.g., within the range of 100---860 MHz) which is 
allocated (e.g. by the cable operator) for home net-
working applications. 30 

3. When the home coaxial cables are connected to a local 
or regional CATV network, there is frequency re-use 
between portions of the CATV plants (i.e. same fre­
quency range is allocated to different users in a CATV 
plant), taking into account the isolation between those 35 

users due to the attenuation of the cable plant. 
4. The frequency re-use can be improved by adding filters 

within the signal path in the local or regional CATV 
network. The quality of the signal transmitted by one 
subscriber device to another subscriber device can be 40 

further improved by deliberately using splitters with 
high reflections. 

5. The home devices may also be capable of connecting 
to the headend, e.g. operate as a DOCSIS or DVB cable 
modem or set-top box, either simultaneously with 45 

connecting to other devices in the home, or in an 
alternative mode in which a device switches between 
cable modem functionality and connecting to the other 
in-home devices. Parts of the device that are capable of 
connecting to a headend can be used for both home 50 

networking and for cable modem functionality, thus 
reducing the implementation cost of the home network­
ing functionality. An architecture is proposed in which 
the home network includes only one device, which can 
operate both as a cable modem and as a home-network- 55 

ing device. In this architecture, all the other devices can 
communicate only over the home network, and if one 
of these devices need to communicate outside the 
home, it communicates via the device with the cable 
modem functionality. Other devices that have home 60 

networking and cable modem functionality may also 
handle a direct connection. The home networking func­
tionality will be implemented in cable modems, and 
particularly in host-based cable modems, which are 
installed in personal computers and use the processor of 65 

the personal computer to perform some of the func­
tionality of the cable modem and the home cable 

4 
networking. More generally, the home networking 
devices will be installed in various kinds of devices that 
employ general purpose computers (such as a laptop 
computer, a network computer, a TV, a DVD device, or 
even certain cellular phones), and use their general 
purpose processors to perform home networking func­
tionality, thus reducing the implementation cost of the 
home networking functionality. 

6. In a particular implementation of the method, when the 
home coaxial cables are connected to a local or regional 
CATV network, each home device addresses the hea­
dend, and the headend assigns the carrier frequency and 
bandwidth to each home network, and maximum power 
levels to each device on the home network. The specific 
power level is assigned by the home networking 
devices that exist in each specific sub-network. In 
another implementation of the method, the devices 
search for a non-occupied frequency sub-band within a 
band that is pre-assigned for home networking, and 
once such a sub-band is found they use it for their 
needs. When a home CN device is initialized it is trying 
to 'join its home network", that is trying to communi­
cate with other devices in the same home and adopt 
their frequency band and protocol. 

7. In a particular implementation of the method, the 
devices that share a home network are based on the 
IEEE 802.11 MAC layer. This protocol is in common 
use and is a collision avoidance multiple access pro­
tocol that supports priorities. 

8. In a particular embodiment of the present invention, the 
splitter at the input to the user premises is replaced by 
a special splitter device that supplies higher quality 
home networking capabilities, or a filter is connected to 
the splitter. A passive filter connected to the splitter 
insures that the home networking signals in a specific 
home will not interfere with or be interfered by other 
home networks. This passive filter provides a "single 
home" operational mode that allows for low cost equip­
ment and frequency re-use. A home network splitter 
that supplies less isolation between the home drops and 
includes the filter inside is also provided. This home 
network splitter provides better performance for the 
home network. An active device receives signals from 
a TV antenna or a regional CATV network and receives 
signals from subscribers' devices via the home coax 
lines, and functions as a repeater for communications 
signals between subscribers' devices as well as 
between subscribers' devices to a headend (in case the 
home is connected to a regional CATV network), while 
still allowing transparent transition of video signals 
from the TV antenna or the regional CATV network 
into the home. 

9. In a particular embodiment of the present invention, the 
home coax network connects portions of the home ( e.g. 
rooms or floors), and its terminals have inputs and 
outputs for wireless connections within these portions. 

10. In a particular embodiment of the present invention, 
home CN devices have an interface to another com­
munication link, such as IEEE1394 link (I.LINK), thus 
the home coax network is used to extend the range of 
the other link. 

11. In a particular embodiment of the present invention, 
home CN devices have an interface to another com­
munication link, such as Bluetooth, thus the home coax 
network is used to extend the range of Bluetooth 
coverage by supplying pico-cells that are connected 
between themselves and cover the required home area. 
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12. In cases where direct connnunications between home 
devices is not feasible ( e.g. due to a highly balanced 
splitter that has very low reflections), the home devices 
may have a fallback option of connnunicating via a 
regional CATV headend. 

13. The data transmitted in the coax home network may 
be secured (i.e. encrypted). 

6 
There are some major types of HomeCN components (see 
FIG. 2): 

HCNI: Home Cable Networking Interface. 
A sub-component that supply Home Cable Networking 

interface. This sub-component is a part of specific 
equipment (e.g. PC, TV, DVD) [204,205]. 

HCNU: Home Cable Networking Unit 
As used herein, the term a "home network" means a local 

network; it does not necessarily have to be in a home. For 
example, it may be in an office, or in a complex that contains 1 o 
several homes (e.g. an apartment building). 

A component that supply connection to the Home Cable 
Networking. This component is a separate unit that 
contains one or more interfaces to the home equipment 
(e.g. l0BaseT, USB, wireless). This component does 

DESCRIPTION OF DRAWINGS 
bridging or routing between the HCN to the other 
interfaces (networks) [207,212]. 

HCNM: Home Cable Networking Modem 
The preferred embodiments of the invention as well as 15 

other features and advantages thereof will be best under­
stood by reference to the detailed description which follows, 
read in conjunction with the accompanying drawings, 
wherein: 

A component that include HCN-U and cable modem ( e.g. 
DOCSIS cable modem). 

This component supplies a connection to the Home Cable 
Networking, and a connection to the cable headend. 
This component is usually a separate unit that also 
contains one or more other interfaces (e.g. l0BaseT, 
USB, wireless). This component does routing between 

FIG. 1 shows a home that has four nodes inside the home 20 

and is connected to a regional CATV plant; 
FIG. 2 shows an example of a preferred embodiment of 

the home network method and system connected to a 
regional CATV plant; 

FIG. 3 shows an example of the present invention, not 
connected to a CATV; 

FIG. 4 shows an example of HomeCN with a hub; 
FIG. 5 presents a frequency allocation that may be 

employed by the present invention; 
FIG. 6 shows an HFC infrastructure; 
FIG. 7 shows a network with a notch filter; 
FIG. 8 shows HCNM interfaces; 
FIG. 9 shows representative HCN data flows; 
FIG. 10 shows a power supply; 
FIG. 11 shows a dual frequency architecture; 
FIG. 12 shows dual frequency components; 
FIG. 13 shows layer 2 transport; 
FIG. 14 shows a Bluetooth home network; 
FIG. 15 shows neighborhood wiring; 
FIG. 16 shows building wiring; 
FIG. 17 and FIG. 18 show home wirings; 
FIG. 19 depicts examples of an HCNM and HCNU, and 
FIG. 20 shows a home networking two-frequency mode 

architecture. 

DETAILED DESCRIPTION 

FIG. 1 presents the structure of the existing regional 
CATV network. 

The typical home coaxial cable infrastructure consists of a 
Cable Source [101] which is connected to the home Splitter 
[102] (the home splitter might be Customer Premises Equip­
ment----CPE). Some wires connect the interfaces at home to 
the splitter. The components that can connect to the network 
are TV [103], VCR [104] that is connected to TV. 

Cable Modems (CM) [105] (e.g. DOCSIS CM), and 
Cable Telephone Device [106] that connects some phones 
via the cable infrastructure ( e.g. using VoIP protocol over 
DOCSIS channel). 

the HCN network, the cable network and the other 
interfaces networks [206]. 

FIG. 2 shows an example of a preferred embodiment of 
25 the disclosed method and system. 

FIG. 2 shows a Home Cable networking (HomeCN/HCN) 
that has 5 nodes [204-207, 212] of the CATV network, and 
it is connected to the regional CATV plants via cable [201]. 
Notch filter [202], is a band reject filter that does not pass a 

30 certain RF range that is used by the home networking 
devices [204-207, 212]. This filter improves the isolation 
between the home network and other homes as well as the 
regional network. However, the use of such a filter is 
optional, as we believe that the disclosed system and method 

35 is functional with the isolation levels of the CATV network 
without the additional notch filtering [202]. RF splitter [203] 
splits the signal coming from and to the regional CATV plant 
[201], to the signals coming to and from units [204-207, 
212] respectively. The signals arriving to RF splitter [203] 

40 from the home units [204-207, 212] are partially reflected 
back to these home units [204-207]. It may be recom­
mended to use splitters that deliberately have high reflection 
levels (although we believe that the method and system can 
operate with typical connnercial splitters). The Video Cas-

45 sette Recorder (VCR) [204] and TV set [205] include Home 
Cable Networking Interface (HCNI) devices. The Personal 
Computer (PC) [208] is connected to a Home Networking 
Cable Modem (HNCM) device [206] (that supplies the 
Home Networking functionality and the Cable Modem 

50 functionality). The HCNM is also connected to a phone 
[215] and supplies the VoIP functionality. A PC that includes 
HCNI can be connected directly to the HCN. The HCNU+ 
wireless units [207, 212] are connected to the CATV and has 
a wireless output (e.g. Bluetooth, HomeRF or infra-red) 

55 which connects to devices within the vicinity of the device 
[207], such as wireless telephone unit [209, 213], and a 
notebook computer [210]). The HCNU devices are capable 
of transmitting and receiving digital connnunications signals 
between them. These signals propagate in the CATV wires 

60 and are reflected by the RF splitter [203]. The HCNM device 
is further capable of operating as a DOCSIS cable modem 
and connnunicating with a headend of a regional CATV 
plant [201]. The HNCI's, the HCNU's and the HNCM use 
Home Cable Network Protocol HCNP. 

An amplifier [107] can be added in the entrance of the 
home/house to increase the signal power. (If CM equipment 
exists at home, this amplifier should be bi-directional ampli­
fier that amplifies the signal to home side (DS) in the 100 
MHz-860 MHz frequency range, and amplifies the signal to 65 

the headend side (US) in the 5 MHz-44 MHz frequency 
range). 

The HomeCN can also be used to supply full home 
coverage by the Bluetooth network. To enable this coverage 
some HCNU+Bluetooth components that are connected to 
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HomeCN should be exist in the home [207,212]. The person 
that is traveling between the rooms with his wireless phone 
[209, 213] or with his notebook computer [210] can be 
connected to the appropriate Bluetooth station in the home. 

We note that the method and system will still be capable 5 

to perform home networking if the home coaxial wiring is 
not connected to a regional CAT plant [201], but connected 
to TV antenna, or even disconnected. However, in such 
cases the home network will not allow the capability of 
connecting the home outside through the CATV, as done by 10 

the HCNM unit [206]. 
The HomeCN operation modes are determined according 

to the existence/not existence of notch filter at the home 
entrance (see FIG. 2 [202]). 

The notch filter in the entrance of the home is a one of the 15 

basic elements in the home network design. If this notch 
filter exists in the HomeCN is disconnected from the 
regional cable network, therefore its' design is more simple 
(single home network). When this filter does not exist the 
home network is part of the regional network, therefore its' 20 

design is more complicated, and some additional function­
ality is required. 

The HomeCN Supports Two Operation Modes: 
Single Home operation mode-This mode required a 

Notch filter, or an amplifier that usually supplies similar 
functionality, or it can be operated in a system that is 
not connected to the CATV plant. 

25 

Connected Home operation mode-This mode does not 
require a Notch Filter. This mode is more complex and 30 
requires additional functionality. Following are some 
functionalities that are required in the Connected Home 
operation mode: Wider frequency operation, frequency 
selection (FDM), multiple bandwidth, privacy, capabil-
ity to be managed by the headend. 35 

Notes: 

8 
MHz channel. These components do not support the fre­
quency selection capability, and different channel bandwidth 
capability. 

There is an additional mode 'Dual Frequencies Mode'. In 
this mode there is a different frequency- range to the 
transmitted information and a different frequency-range to 
the received information. In this mode a transponder at the 
entrance of the home transfers all the signals that are sent in 
the transmitted frequency-range to the received frequency­
range. The major benefit of this method is decreasing the 
influence of the in-home echo (For more details see Dual 
Frequencies Mode appendix). 

Note: 
The HomeCN-P is defined by specifying the two lower 

communication layers: the physical layer and the data 
link layer. 

The preferred frequency and the preferred frequency 
range (bandwidth) are selected according to the operational 
mode. 

Frequency range 

RF channel spacing 
(bandwidth) 

Connected 
Home operation mode 

higher than 860 MHz; usually 
900-960 MHz 
8 MHz or lower, according to 
the required rate 

Single Home 
operation mode 

900-906 MHz 

6.25 MHz 

The modulation method is QPSK, QAM 16, QAM 64 or 
QAM 256 according to the channel conditions, and accord­
ing to the equipment capabilities. 

The modulator of the home networking device MUST 
provide QPSK and QAM 16. 

The modulator of the home networking device MAY 
provide QAM 64 and QAM 256. 

The modulator MUST provide 2,560 ksym/sec. The notch filter can be passive component or an active 
component. An active component that also has man­
agement can supply some additional functionality. An 
example of an important functionality is to answer to 
the query "Is notch filter exist". This query can be used 
by the HCNP to verify the type of operating mode that 
should be handled if the components supply the two 
modes. 

The modulator MAY provide 160, 320, 640, 1,280, and 
5,120 ksym/sec. 

4° FEC (Forward Error Correction) MUST support R-S 
(Reed Salomon) T=0,10. 

FEC (Forward Error Correction) MAY support R-S (Reed 
Salomon) T=0, ... ,10. 

Notch filter added to the home network design usually 
reduces the price and increase the performance of the 
home networking. 

45 
The Channel Allocation method is FDM-a specific fre-

quency for each home network. 

The default operation mode is Single Home. The man­
agement system configures the components to the 

50 
appropriate mode after initialization. 

The Connected Home operational mode is recommended 
only if it is managed by the CMTS. 

The frequency plan is done only in connected home 
operational mode. In this case it done by the management 
system. 

The structure of the HFC is important for understanding 
the home networking when the system is in Connected 
Home operation mode. This structure is used for enabling 
frequency reuse. 

FIG. 3 presents a Home Networking network that exist at 
a house that is not connected to the Regional Cable infra­
structure. Instead, it is connected to a local antenna [301]. 
This system is operates in Single Home operational mode. 

The HFC system usually contains the following compo-
55 nents (see FIG. 6): 

FIG. 4 presents HomeCN with a local cable hub. A Local 
Cable HUB [401] connects the HCNUs and the HCNis. This 
system is operates in Single Home operational mode. 

FIG. 5 presents a typical channel allocation. This figure is 
suitable for example to a system that supplies TV channels, 
DOCSIS CM (US and DS), and HomeCN channels. 

In the present figure, some of the HomeCN channels have 
a different width. 

HomeCN components that are working in the single home 
operation mode (reduced mode) always use the 900-906.25 

60 

65 

Headend (CMTS) [601] usually with fiber output. 
Fibers [602] that exist only in HFC (Hybrid Fiber Coax) 

environment and connect the Headend to the cabinets 
(Fiber Nodes) [603]. The cabinets include fiber to coax 
converters (O-E). 

Coax wires that connect the different components [ 604, 
606, 607, 610, 611 ... ]. 

Amplifiers that increase the signal power, and also filter 
the frequencies that are not amplified [605, 608, 609]. 
(These amplifiers might include splitters) 

Splitters that get a single wire as input, and some wires as 
output. [605, 608, 609, 612, 613, 614, 619, 622]. 
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The splitters are divided into two types: Active splitters 
that usually include the amplifier inside, and passive 
splitters, that usually only divide the power between the 
different ports. 

10 
Supports wider frequency range. 

This option can be handled by building equipment that 
supports a wider range. The disadvantage of this 
method is higher price of the components that are 
required to support wider range, because wider range 
support increases the complexity of each component. 

The active splitters are usually used close to the CMTS 
(headend) side. The passive splitters are usually used in 
the house entrance and in the flats (near to the home end 
equipment). 

The Attenuation and Isolation are Used for Two Major 
Subjects: 

Branches calculation-Dividing the HFC Network to 
Branches. The branches are the key for frequency 
reuse. Branch calculation should be done before fre­
quency allocation for each HomeCN in the global HFC 
infrastructure. 

The 'branches' method is very cost effective, and it 
increase the robustness of the home networking solution. 

10 Therefore, this document includes a detailed definition of 
this method. 

The 'branches' approach enables reuse of the same RF 
frequencies, which allows the following benefits: 

HomeCN home network-Understanding of the home 
network conditions. 

15 It enable the manufactures to reduce the price of the home 
networking equipment, because home networking 
equipment can support a smaller range of frequencies. 

These aspects are required for the HomeCN component 
and protocol design. 

The HFC infrastructure is similar to a tree. This tree build 20 

with connection points that supplies isolation between the 
sub-trees. The components that exists in the network (e.g. 
Amplifiers, splitters, and filters) supplies attenuation of the 
signal, except the amplifier that supply amplifying ( only if 

It enables allocating a larger frequency range for each 
home/flat. This wider range can supply higher network 
capacity. 

The Attenuation/Isolation calculations can be done by 
adding the attenuation of each component and the attenua­
tion of the wire in the required pass and in the required 

it was designed to amplify the required frequency in this 
direction). This attenuation is also can be used for isolation 
between the sub-trees. 

25 direction. 

The key element for efficient frequency allocation to the 
HomeCN is frequency reuse. 

To enable calculation of the frequency reuse in a different 30 

sub-trees, the term branch will be used. Branches are defined 
as sub-networks that can use any home networking fre­
quency without interference another sub-network that exist 
in another 'branch' and reuse the same home networking 
frequency. 35 

The cable network can be divided to 'branches' because 
the tree structure supplies attenuation between its branches. 
The attenuation is granted by the coaxial cables and by 
components that include filters. Some of the splitters also 

40 
provide good isolation between the sub networks that are 
connected to these components. 

The HomeCN is based on FDM (see HomeCN protocol), 
therefore each home gets its own frequency range. The 
ability to supply reasonable frequency range for each home 

45 
is based on the network infrastructure and on the ability to 
reuse the after dividing the network to branches. 

The size of the 'branches' can be reduced by adding 
filters. These filters enable increasing of the frequency reuse. 
These filters are usually passive filters that are relatively 50 
small and can be added easily by the cable operator, or by 
the user at the home entrance. This mechanism of adding 
low cost filters at the entrance of a home/flat enables a single 
home/flat branch, and enables the Single Home operation 
mode. 55 

The frequency resources are limited. To increase the 
frequency resources one ( or more) of the following methods 
can be used: 

Frequency Reuse: Enabling simultaneous usage of the 
same frequency by some customers. 60 

The 'branches' method is a method to support the isola­
tion of customers group. This method enables reusing 
of the same frequency in separate groups. This method 
uses the attenuation characteristic of the existing com­
ponents. The disadvantage of this method is the man- 65 

agement complexity. The operator should be aware of 
its physical infrastructure attenuation characteristic. 

The following table (table 1) presents the typical attenuation 
of the basic components. 

TABLE 1 

Attenuation/Isolation Calculation 

Component Type 

Coaxial Wiring 

Passive splitter 

Active splitter 

diplexer 

Notch Filter 

Signal Attenuation [ dB] 
For frequency range of 900-960 Mhz 

_0.21 dB for meter (RJ 59 type). 
Notes: 
The isolation is depended in the wiring quality. 
Cable attenuation. Depends on cable length and 
signal frequency. 
g - Insertion loss: 10log10(N): Theoretical 
3(N-2 ), 6(N-4)• 9(N-S) Example of real 
values 4.2(N-2 ), 8.2(N-4)• 12.5(N-S) 
p - backward attenuation of downstream 
amplifier: 10log10(N): 3(N-2 ), 6(N-4 ), 

9(N-8) 
r - Isolation: 20-30 corresponding to the quality 

g - downstream amplifier gain: 10log10(N): 
3(N-2 ), 6(N-4 ), 9(N-S) (The amplifying 
functionality should be added). 
p - backward attenuation of downstream 
amplifier: ~55 dB. (The attenuation is lower 
when the power supply is disconnected). 

I r - :20-30 corresponding to the quality (higher 
t gin better quality) 

g - 40-60 dB 
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TABLE I-continued 

Attenuation/Isolation Calculation 

Signal Attenuation [ dB] 
Component Type For frequency range of 900-960 Mhz 

p - 40-60 dB 
r - 0.5 dB or 19 dB according to the design. 

Data Form 1: Components Parameters 

Components' Parameters 

Component Parameter 

Wires dB/meter 

Passive splitter Insertion 
Loss 

Amplifiers 

Transmitter 

Isolation 
Return 
Loss 
Amplifing 
Isolation 
Return 
Loss 
Return 

Isolator Loss 
Notch Filter 

RG-59 
0.21 

N-2 
4.2 

22 
11 

10 

Value[dB] 

RG-6 RG-7 

N-4N-8 
8.2 12.5 

25 30 
11 12 

Comments 

RG-11 

20-30 

Following some typical calculations based on FIG. 6 and 
table 1. These calculations are based on a system that does 
not include notch filter. 

Data Form 2: Typical Loss Between Two Apartments 

Loss between two apartments 

1 Loss between two modems in the same flat sharing the same splitter 
[from 615 to 616]: 

Wires [meters] 20 4.2 
Splitter Isolation (n - 4)[612] 25 

Total [dB] 29.2 
2 Loss between two modems in neighbor homes [from 615 to 617]: 

Wires [meters] 

Insertion Lost (n - 4)[612] 
Splitter Isolation (n - 8)[608] 
Insertion Lost (n - 4)[613] 

Total [dB] 

Note: 

44 9.24 10 m[home 612] + 2*12 m 

8.2 

[flat to basment] + 10 m 
[home 613] 

30 Passive splitter 
8.2 

55.64 

The loss between two modems that required to pass ampli­
fier is more then 60 dB, because the amplifier contains filter 
for these frequencies for the up stream direction. 

The capability to calculate the attenuation between two 
different flats is important for enabling efficient frequency 

12 
reuse. The cable operator should do the calculation of the 
"branches". The calculation of the 'branches' can be done by 
the following methods: 

Numerical Calculations---Calculations that are based on 
preceding knowledge of the cable operator. The cable 
operator can do calculations that are based on its 
network structure and its network components. 

Defining Basic Rules-The operator can define some base 
rules that usually works, and divide the network to 

10 branches according to these rules. E.g. (of rules) a. each 
port that connects directly to a filter/amplifier unit 
specify a "branch"; b. Homes/flats that are connected 
using passive filters will be on the same "branch". 

Measurements using special equipment-The cable 
15 operator can use spectrum measurement equipment. 

20 

25 

This equipment will usually be used to enable the cable 
operator to define the rules according to its own infra­
structure. 

Measurements using HCNM Branch Calculation Mode­
The cable operator can use a specific mode of the home 
networking equipment that enables 'branch' calcula­
tion. 

Each HCNM should have a specific mode that enables the 
management system to calculate each 'branch' member. 

This mode contains the following base features: 
Lock on a specific frequency, and on a specific frequency 

range. 
Transmit a signal in a specific power for a specific period 

30 (The pattern of this signal is known). 
Measure the power of the input signal (The pattern and the 

measurement period are known). 
The algorithm is based on the structure of the cable 

infrastructure. A tree data structure is built in the computer 
35 memory. This data structure represents the existing infra­

structure. 

The tree is built according to the following rules: 
Tree nodes are the splitters (the splitters can be active or 

40 passive). 

45 

50 

55 

The splitter capability to isolate between two sub-trees is 
saved as data in these nodes. 

The leaves are the CM, HCNM or HNO. 
The identification of these nodes is saved in these leaves. 
The main process is to build the topology database. This 

process can be done by the following methods: 
Load the tree structure from the cable operator database. 
This process is simple but it required an updated database. 
Automatic generation of the tree structure based on mea-

surements of the isolations between two components 
using the HCNM-Branch Calculation Mode. These 
calculations are very complex and are based on prior 
assumptions. 

Note: 
The base idea in automatic tree building is to calculate the 

isolation between two leaves. If the some leaves have 
similar isolation between themselves they can be con­
nected to the same nodes. If there are two leaves with 

60 the same isolation, and an additional leave that has a 
higher isolation this leave connect to the previous two 
leaves using additional higher level node. 

After building the topology database, it is required to 
verify that the nodes contain the isolation values. These 

65 values are usually loaded in the previous stage, but if this 
information was not entered, the system can use the Branch 
Calculation Mode to find the isolation of the nodes. 
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Note: 

It is very hard to calculate these numbers when the tree is 
calculated automatically, and the splitter supplies different 
isolations between the wires that are connected to the same 
node. 

This 'branch' specification is based on the data structure 
that was built. 

'Branch' is specified by the isolation between this 
'branch' to the other "branch". This isolation enable the 10 
systems in two different 'branch' to use the same frequency 
without ( or with negligible) interference. 

A 'branch' is defined by specifying a threshold of the 
minimal isolation between this 'branch' to the other 
'branches'. When the isolation value in the tree nodes ( or in 15 

surmnary of some layers that does not include leaves) is 
greater than the specified threshold all the nodes that are 
member in the specified sub-tree will be defined as nodes in 
a specific 'branch'. 

Notes: 
When the system is not occupied as a balanced tree, the 

'branch' calculation might be less effective. In this case, 
it might be required to divide the frequency range to 
some sub-ranges, and define a 'branch' for each one of 
them. The algorithm for these calculations will not be 
specified in this document, because we do not think that 
the common network includes such complex structure. 

The operator can add filters or special splitters to reduce 

20 

25 

the branches' size. 30 

To use the Single Home operation mode that simplifies the 
equipment, a notch filter should be added. This filter can be 
added in the following points: 

Adding a filter at the flat/single user home entrance. 
The advantage of this method is the ability of the end user 35 

to add the filter by himself. 
Replace the house basement splitter that split the signals 

between the flats to a special splitter. 
The advantage of this method is the ability of the MSO to 40 

change a single splitter to a special splitter that includes 
internal filter. This splitter enables more effective usage 
of the home networking for some flats (homes). 

The disadvantage of this method exists only if the 
HomeCN uses the notch filter reflection. In this case the 45 
attenuation and the delay of the coaxial wire between 
the flat to the central splitter. This influence is usually 
negligible. 

The attenuation between two points at home (and the 
range of these values when there are more than two points) 50 

dedicates the quality of the equipment that should be use for 
HomeCN. 

There are some RF challenges in designing the HomeCN 
components: 

The "hidden nodes" problem: 

This "hidden nodes" might exist when the isolation dif­
ference between two different nodes is different than 
the isolation between other two nodes. This problem 
usually exist in a home that contains some splitters no 
notch filter. 

i.e. if there are some HCNU the attenuation between two 
of them might be low, and between each one of them 
to the 3rd might be high. 

e.g. FIG. 7: the communication between 703 and 704 
might be 'hidden' from 701 in particular when the 
notch filter [707] does not exist. 

55 

60 

65 

14 
High reflection 

The reflection from the notch filter is in the power of the 
signal or it might be higher. When this reflection is 
higher than the signal we can use this reflection as our 
main signal. 

The following calculations are based on table 1 and FIG. 
7. These calculations are only valid for homes that have 
notch filter. 

Data Form 3: Home Networking Typical Calculations 

Loss Between Two Modems in the Same Flat 

1 Connected to the same main filter HCNMl [701] HCNU2 [702]: 

Without Notch Filter Echo from the notch filter 

Wires [meters] 20 4.2 Wires [meters] 20 4.2 

Splitter Isolation 25 Insertion Lost (n - 4)[706] 8.2 

[706] Return Loss [707] 10 

Total [dB] 29.2 Insertion Lost (n - 4)[706] 8.2 

Total [dB] 30.6 

2 Connected to the same minor filter HCNU3 [703] HCNU4 [704]: 

Through the nearest splitter 

Wires [meters] 
Splitter Isolation[705] 

Total [dB] 
Echo from Main Splitter 

Wires [meters] 
Insertion Lost (n -[0 2)[705] 
Return Loss [706] 
Insertion Lost (n -[O 2)[705] 

Total [dB] 
Echo from the notch filter 

Wires[meters] 
Insertion Lost (n - 2)[705] 
Insertion Lost (n - 4)[706] 
Return Loss [707] 
Insertion Lost (n - 4)[706] 
Insertion Lost (n - 2)[705] 

Total [dB] 

20 

20 

1.68 
22 

23.68 

4.2 
4.2 

11 
4.2 

23.6 

4.2 
4.2 
8.2 

10 
8.2 
4.2 

39 

3 Connected to different filters HCNMl [701] HCNU2 [704]: 

Without Notch Filter Echo from the notch filter 

Wires [meters] 20 4.2 Wires [meters] 20 
Splitter Isolation 25 Insertion Lost (n - 4)[706] 
[706] 4.2 Return Loss [707] 
Insertion Lost 

(n - 2)[705] 33.4 Insertion Lost (n - 4)[706] 
Total [dB] Insertion Lost (n - 2)[705] 

Total [dB] 

4.2 
8.2 

10 

8.2 
4.2 

34.8 
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Note: 

The CSMA/CA can be used with or without ACK protocol. 
The need for immediate ACK should be verified according 
to the quality of the infrastructure. 

The security is only required in Connected Home opera­
tional mode. 

The security that is required in this protocol is the base on 
IEEE 802.11 or on line privacy plus. The specification for 
line privacy plus protocol is presented in DOCSIS 1.1. 

10 
The management of the security keys can be done by the 

CMTS. 

Note: 

Home networks that works in connected home operational 
15 

mode and are not connected to the CMTS will use a single 
key. 

The priority is integrated in Layer two MAC. 
A HCNM has at least two physical interfaces. 
HCNM interface to the cable side. 

20 
This single physical interface contain two data channels 

(that use different frequencies): 
1. Cable Modem Channel. 
The cable modem channel ( e.g. DOCSIS), containing two 

sub-channels: up stream channel (US) and down stream 
25 

(DS) channel. 
2. Home Networking Channel. 
The Home Networking channel (a single channel that is 

used for sending and receiving information). 
HCNM interface to the home side-Home Interface. 

30 
The home interface might be a single interface or it might 

contain some interfaces. This/these interface(s) are 
connected to the equipment at home. This/these inter­
face( s) can be Ethernet (10/100/lG BaseT) (or some 
Ethernet ports), USB, Phone connection, Bluetooth, 

35 
wireless, or other. 

Notes: 
The HCNU and the HCNI components do not contain the 

Cable Modem Channel. Except HCNI that designed as 
host-based, i.e. a card that inserted into the PC and 40 

connected to the PCI bus, in this special case it might 
implement the HCNM functionality. 

The HCNM gets the information from these channels/ 
interfaces simultaneously. 

The HCNM bridges messages between the home interface 45 

to these cable channels and vice versa. In addition it might 
support the capability to bridge information between cable 
modem channel to the home-networking channel and vice 
versa (This capability is only required when HNO compo­
nents exists). 50 

The following table describes the bridging requirements 
for HCNM: 

Bridging Type 

Cable Modem Channel-Home 
Interface 

Description 

According to cable modem standard's 
specifications. 

55 

Bridging Type 

16 

-continued 

Description 

The message should be transferred 
between Cable Modem Headend system 
and HNO component. 

FIG. 9 presents some examples of data flow. 
Ex.I and Ex.2: Message from the Cable headend to 

component no. 1 or component no. 2; and the returned 
response. These examples present a standard cable modem 
protocol. 

Ex.3 and Ex.4: Message from the one component in the 
home network to another component in the home- network 
(1 to 3; 3 to 4) and response. The messages from the home 
equipment is transferred to the splitter, the splitter distributes 
the energy to the Cable In connector, and to the other output 
connectors that are connected to the splitter. The destination­
component gets the message and returns the response. 

Ex.5: Message from the Cable headend to component 3 
through component 1 (that was specified as the front router 
of the components that exist only in the home networking). 
The message is arrived to HNCM no. 1, it identifies the 
destination and its duty as router, and it routes the message 
to HCNU no. 3. The response is transferred in the opposite 
way. (Note: if HNCM no. 1 fails, HNCM no.2 can be 
configured to take its duty automatically). 

The purpose of the home networking system is to trans­
port Internet Protocol (IP) traffic through the HomeCN 
system. 

The Network Layer protocol is the IP [RFC-791]. 

The home networking management can be done by two 
methods: 

Local management that is done at home. 
This method is always used in the Single Home operation 

mode. 
This option can be done when the house is not connected 

to the cable infrastructure, or when the house has 
isolation ( for the home networking frequency) from the 
cable network and the headend does not support the 
home networking management capability. 

Local management might not include all the capabilities 
that the central management supports. 

Central Management 
Management from the headend that is done by the cable 

operator. 
This option is the preferred method for connected home 

operational mode. This method used the standard cable 
modem interface (e.g. DOCSIS interface). The con­
figurations of the HCNU and HCNI can be done by the 
headend via HCNM routing capabilities. 

There are some options for power supply to the HomeCN 
units. Most of the HomeCN components will use local 
power supply. The special unit is a HomeCN component that 
its only interface is wireless (i.e. Bluetooth). For this type of Home Networking 

Channel-Home Interface 

Cable Modem Channel-Home 
Networking Channel 

Bridge the messages between the stations 
at the home networking and the stations 
that are connected to the HCNM home 
interface(s). 
Bridge the messages between the Cable 
Modem Channel and Home Networking 
Channel in the following conditions: 
This component was configured to do 
Cable Modem channel-Home Networking 
channel bridging; and 

60 unit, that requires very low power consumption, a central 
home power supply can be added. The central power supply 
is a special HomeCN splitter that contains inside the fol­
lowing sub units: Notch filter, a passive splitter, and a power 
supply that enable units to gets its power from the home 

65 cable infrastructure (see FIG. 10). 
The present invention provides home networking solu­

tions that utilize the in-home TV wiring, supplying high rate 
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connectivity between any two home networking nodes. The 
present solution does not load the city cable TV (CATV) 
network. 

The present invention enables installation of modems, 
connected to different types of nodes of the CATV to enable 
communication between these nodes. 

18 
Voice and Video over IP 
New digital voice and video services are being introduced 

into the home. All these digital services-whether data, 
voice, or video-need to be accessible anywhere in the 
home by any device. All digital devices, including PCs, 
digital televisions, and digital telephones, will require a 
high-speed connection to the home network. The present invention presents a solution of transferring 

the data between these nodes, when the data is not required 
to be transferred to the headend. 

The present invention presents a low cost solution, which 
is very important to enable a solution to the mass market. 

While Local Area Networks (LANs) constitute a well­
accepted part of the communications environment for busi­
nesses, LANs infrastructure is not commonly deployed in 
the home. This is due to several technical and logistical 
reasons. 

Today, it is estimated that over 15 million of the 100 
million homes in the United States have two or more PCs, 

1 o and 60% of new consumer PC purchases are by families that 
already have at least one computer. This number is expected 
to double by the year 2000. 

Chief among these is the fact that the widely adopted and 
supported enterprise networking technologies require a tech-

The major driving force behind creating new home con­
nectivity products is the growing number of homes with two 
or more PCs. 

15 nically skilled individual capable of designing and main­
taining complex network architecture. Enterprise networks 
also require the use of high-grade wiring typically not found 
in most homes. 

Also, few home users are willing to master the art of 
In the prior art, home networking systems are designed 

using the existing copper-based (twisted pair) wiring or 
using wireless solutions. The present invention seeks to 
provide system and apparatus for designing home network­
ing over the in-home TV wiring, used to connect the antenna 
or the cable TV to the TV sets in the home. 

20 installing and maintaining an Ethernet repeater, learn even 
the basics about network protocols, or drill holes through 
their walls to run new network-capable wiring throughout 
their home. 

Success in the consumer market requires that a home 

The following key applications drive the demand for 
home networking: 

25 networking technology be inexpensive, easy to install, and 
easy to use. To be truly effective and embraced by consum­
ers, a home networking solution must meet these criteria: 

Internet Sharing 
Sharing simultaneous access to the Internet is a major 

driving factor for home networking. Today, when mu!- 30 

tiple home users want to enjoy Internet access without 
constraint, separate telephone lines and Internet 
accounts are required. Since this is costly, multiple 
users are typically restricted to using the Internet one 
individual at a time. Home networks can deliver sig- 35 

nificant savings and greater utility by enabling shared 
access to a single Internet connection. The need for this 
shared access will grow as today's 28.SK, 33.6K, and 
56K analog connections are replaced by higher-speed 
"always-on" connections such as cable modem, Uni- 40 

versa! ADSL, ADSL, or satellite. Standardizing on a 
high-speed local-area home network interface insulates 
installed home networked devices from changes in 
Internet access technologies. 

Peripheral Sharing 45 

Today, in a home with multiple PCs, each computer needs 
a duplicate set of peripherals, such as printers or 
scanners. With a home network, the limited budget can 
optimize for one higher-end shared peripheral rather 
than many low performance units. With a network 50 

standard for the home, future peripherals can be 
designed to connect directly to the network, simplify­
ing installation. 

File and Application Sharing 
Multiple users can easily share applications, move files, or 55 

back up data, saving time and money. Automatic soft­
ware updates are enabled by a network connection. 

Other Applications Enabled by Home Networking: 

1. No new wiring. 
Most existing homes are not wired for traditional net­

working equipment. Rewiring the home is too expen­
sive and a hassle for most consumers. 

2. Simple to install and use. 
3. Must be low cost to allow the mass market to enjoy the 

benefits of home networking. 
4. The range must be adequate to operate within a typical 

home. 
5. Support high data rate. 
6. The networking capability must grow with user applica­

tions without obsoleting existing devices. 
7. The network must be secure. 

The network data must remain private; it must not be 
accessible to neighbors or anyone outside the home. 

8. The solution must not interfere with other systems, 
appliances and services. 

Requirements: 
1. The home networking equipment coexists with the other 

services on the cable network. In particular, 
It is spectrally aligned with any combination of television 

and other signals in the cables; and 
It does not cause harmful interference to any other ser­

vices that are assigned to the cable network in spectrum 
outside of that allocated to the home networking. 
Therefore, 
The solution should not interfere with the TV/video 

channels. 
The solution should not interfere with any cable 

modem channels. 
2. Comply with the general home networking requirements. 

Entertainment 
Easy-to-use home networks will also enable popular 

multi-player network games, either within the home or 
over the Internet. 

60 3. Verify that the technology does not limit the number of 
cable modems or the number of home networking 
modems. Due to using HCNM technology, each home 
will include more than a single CM. It is required that the 

Home Automation 
A ubiquitous, easy-to-install home network will also 65 

foster home automation applications, such as environ­
mental control and security systems. 

cable headend will support the increased amount of CM' s. 
For example DOCSIS protocol can support high quantity 
ofCM's (up to 8,000 CM's for a MAC chip) in particular 
DOCSIS 1.1. 
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4. The Home Networking (HN) is required to supply a 
scaleable bandwidth range (100 Kb-10 Mb and more). 

20 

5. The number of nodes that are connected to the home 
network should not be limited by the presented solution. 
The only limitation should be the identification method in 5 

layer two (e.g. the limitation of using MAC address). 

located in the appropriate location, because one of the 
major aspects of home networking is to connect your 
TV environment (that already has some interfaces to 
the cable infrastructure) to the computer environment 
(that already has an interface for the current cable 
modem). 

6. The connection method and the connection rate from 
home to the Internet using any technology ( e.g. xDSL, 
cable modem) should not be influenced by the home 
networking technology. 10 

The capacity of data that can be transferred using this 
infrastructure is very high (Order of Gbps). 

The only difference may be the ability to use this Internet 
connection for central management. For example, the 
Ethernet protocol, as a home networking protocol, 
complies with this requirement. It does not create any 
limitations to the protocol that is used for connecting 15 

the home to the Internet. The HomePNA is a home 

There is no radiation. Wire radiation is very low, in 
particular Coax wire radiation is negligible. Compared 
to wireless solutions this point is of great importance. 
The coax cables are also not sensitive to external 
radiation. 

The two-frequency mode exists to eliminate the echo prob­
lem that exists in some of the homes in the single frequency 
mode. The method is transmitting the information is a 
specific frequency range (e.g. 900-906 MHz) and receiving 
the information in a different frequency range (e.g. 910---916 

networking protocol that adds limitations and does not 
comply with this requirement. HomePNA enables the 
G.Lite protocol to be used for connecting the home to 
the Internet, but it does not enable the use of ADSL (10 
Mbps) or VDSL protocols because it uses the same 
medium (phone line) and the same frequencies. 

7. The ability to create a component that supplies the 
functionality of home networking and the functionality of 
connection to the Internet. 

Nice to have: 
1. The ability to create a component that supplies the 

functionality of home networking and does not supply the 
functionality of connection to the Internet. 

2. Home Networking might be able to operate without 
connection to the headend. 

3. An important point is to define this protocol to use limited 
"cable" resources. 
It should not use the limited US (up stream) frequencies. 

It can use some of the DS (down stream) frequencies or 
higher frequencies ( even if their distance is limited). 

There are some advantages in using this solution: 
No new wiring is required. Usually there are some ports 

of the TV cable in each home. 
The capacity of data that can be transferred using this 

infrastructure is very high. 
There is no radiation. Wire radiation is very low, in 

particular Coax wires radiation is negligible. (Com­

20 MHz). The architecture of this solution appears in the 
following figure. 

In the single frequency mode the information that is 
transferred from HCNU-2 to HCNU-3 is transferred through 
Splitter-I and in addition and echo from Splitter-main also 

25 received. 
In the Dual Frequencies Mode the Transponder module is 

required to be added in the entrance to the home. The signal 
from HCNU-2 is transferred to the transponder module. The 
transponder module changes the signal frequency from the 

30 US frequency to the DS frequency and transmits it to the 
home. The HCNU-3 received this signal with no echo. 

The transponder is a simple one that translates the input 
frequency to another, whether if it is with an up and down 
conversion or other technique such as conversion to base-

35 band and back. 
The HCNU can support the two modes, and according to 

the configuration the operation mode will be specified. The 
configuration can be done manually or automatically by 
verifying if the transponder exists (by sending a signal in the 

40 US channel and verifying if the signal arrived in the DS 
channel). 

Therefore this module can be inserted in houses where 
there is a problem with reflection. 

pared to wireless solutions this point is very important). 45 There are some additional benefits in the two-frequency 
Simple to install and to use. 
It can be low cost to allow the mass market to enjoy the 

benefits of home networking. 
Supply high data rate. 
It enables a secured network. The network data can 50 

remain private; the information can not be accessible to 
neighbors or anyone outside the home. 

mode: 
The transmission path has low insertion loss and negli­

gible reflections. 
The transponder module can be inserted with the notch 

filter and with an amplifier. 

Note: 

The range limitation is negligible compared to the typical 
home. 

The networking capability grows with user applications 
without making the existing devices obsolete. 

The transponder can be powered down ( even remote) and 
the system returns to the initial model, this ability maybe 

55 very important to the cable operator. 

Total isolation from the home network to the cable 
infrastructure (filters) can be added, although it is not 
required. 

It uses the same infrastructure that is used today by the 60 

current entertainment equipment ( e.g. TV, Video). 
Therefore, the cabling probably exists. Supporting this 
protocol only requires minor changes in the equipment. 

The advantages of using the cable infrastructure: 
No new wiring is required. Usually there are some ports 

of the TV cable in each home. These ports are usually 

65 

This section describes other applications that can be oper­
ated using the same physical layer. 

These applications are a group of applications that can be 
built on the same infrastructure, transporting of variety 
classes of layer two protocols through the home cable 
infrastructure. These applications are based on home net­
working layer one that is described in this document, and 
used the specific application layer two. 

The HomeCN-P is a protocol that includes layer one and 
two. There are two options to transfer different layer two 
over this infrastructure: 
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To transfer different layers two using the same layer one. 
This method is used in the presented application. 
To transfer different layers two over the layer two of the 

HomeCN-P. 
This method is not used in this presented solution because 

the capacity and the delay are not good enough for the 
presented applications. 

Following some examples of layer two protocol that can 
be used: 

USB 10 

IEEE 1394 (fire-wire) 
Ethernet (l0BaseT, l00BaseT) 
Wireless 

This system enables high rate connection between two 
15 

points at home. 
The system contains two Home Networking Bridges 

(HNB) that are connected through the home cable wiring, 
each one of them has the same layer two interface e.g. IEEE 
1394. 

The system structure is presented in the following: 
This structure enables information sending in very high 

rates (e.g. 40 Mbps) for each direction. 

Note: 

This system does not required burst modulator/demodulator. 
It can use a "standard" one. 

The Bluetooth technology is design to supply connectiv­
ity of components that are located in the same area. The 
distance between the components should be less than meters 
(This range probably does not include wall interference). 
When you build your home network, and your home is larger 
then a small flat. You need to connect component when the 
distance between them is larger then 10 meters. 

The idea is to build a network at home that connects the 
Bluetooth sub-networks. 

20 

25 

30 

35 

22 
tooth-CM component is required to include the follow­
ing: Tuner, CM-chip, Bluetooth-chip, and very small 
CPU (only is the CM-chip and the Bluetooth-chip does 
not contain CPU). The installation procedure is going 
to be very simple, Just plug it to the cable interface, no 
other wire are required. The BOM of this component is 
going to be very low. 

When the system is working in a single home operational 
mode and a notch filter exist, all the management is 
done local and the requirements from this management 
system are reduced. 

When the system is working in a Connected Home 
operation mode, and the system contain a CM channel, 
the management is done from the headend. This man­
agement is much more complex. 

The following table presents the management functionality: 

Functionality 

HCN units 

identification 

Ranging 

Headend 

management 

Frequency Selection 

And frequency plan 

TABLE NNN 

Management Functionality 

Operation Mode 

(ALL or Only-

Description Connected Home) 

Identify all the units that are All 

sharing the same HCN 

Ranging between each two All 

modems 

Enabling management from the Only-Connected 

headend. Home 

Select the required frequency Only-Connected 

for HCN and the required Home 

frequency range 

Advantages Security Management of the BLP (Base Only-Connected 

The benefits of the Bluetooth connectivity can be used. Line Privacy) keys Home 

You can cover much larger range. Support branch Support the ability to measure Only-Connected 

The location of the cable infrastructure port in the room 40 Calculation Mode the signal amplitude according Home 

is going to be less important because all the room is 
"covered" ( connected) by the network using Bluetooth 
connectivity. 

to the command of the headend 

The Bluetooth CM can be very simple, and cost effective. 

Disadvantages 
The following section describes the frequency planning 

45 
mechanism. 

Adding Home Networking protocol that connects all the 
sub-networks of Bluetooth is required. 

You have two types of networks at your home. 
The rate of Bluetooth is less than !Mbps. If a higher 

50 
capacity is required, an additional connector type 
should be added (HomeCN-P capacity is 10---50 Mbps). 
This additional type might make your network more 
complex, and will required an appropriate network 
management. 

55 

Notes: 
FIG. 13 present an example of a network. 
The HNO-Bluetooth can be a very simple component if 

the network is required to have at least one component 
ofHCNM+Bluetooth that has the capability to manage 60 

the simple HNO-Bluetooth components. 
The management of the Bluetooth sub-networks and the 

ability to transfer the connection of a network element 
from one Bluetooth sub-network to another required a 
specific layer two Bluetooth rooming-in protocol. 

Adding Power-supply capabilities to the home amplifier 
enable very simple Bluetooth-CM component. Blue-

65 

The configuration for the specific frequency will be done by 
the management system. The calculation is based on the 
'branch' calculation, because the process of frequency allo­
cation is done separately in each "branch". 

The following are base rules that are used in the calcu­
lation of each home-network frequency- range. 

The home-network frequency-range is specified by the 
required home-networking bandwidth. The required 
bandwidth is specified for each home-network sepa­
rately. 

E.g. the required home-network frequency-range to trans­
fer 40 Mbps is 6 MHz. 

The total frequency-range is specified by the capability of 
the home networking equipment. 

E.g. the total frequency-range can be 40 MHz. 

The total frequency-range should be larger than the sum­
maries of the home-networks frequency-range of all the 
home-networks that exist in each "branch". 
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If this condition is not met, the cable operator can 
decrease the bandwidth of its customers, or divide the 
network into smaller "branches". 

There are some frequency-ranges that might be used. 

The preferred frequency range is higher than 860 MHz. 

Note: E.g. If a 'branch' contains 16 flats and each one of them 
asks for the higher bandwidth and the total frequency­
range is 40 MHz, each one of the flats can get 40 
MHz/16=2.5 MHz home-networks frequency-range. 
The operator can also divide the total frequency-range 
in other method, 4 flats will get 5 MHz each, and the 
other 12 flats will get 1.6 MHz each. 

There are some ex1stmg chips (low price) that supply 
two-direction filtering and tuner functionality for the specific 
900-1000 MHz frequency-range (Note: These chips were 
designed for the cellular market). 

Frequencies 

Range 

10 The following table presents the comparison between these 
frequency-ranges. 

Pros Cons 

<5 MHz Not used by DOCSIS and by tbe The capacity is very low. 

TV. The quality of this frequency-range is 

Tuners are not required. low. 

Low attenuation of the Coax The cable network contains amplifiers for 

Cable enables low power. part of tbis frequency-range. These 

amplifiers are designed to amplify in tbe 

US direction; therefore the segmentations 

to 'brunch' are limited. 

5-42 MHz Tuners are not required. 

Low attenuation of the Coax 

Cable enables low power. 

42-88 MHz Not used by DOCSIS and by tbe 

TV, these rates are tbe gap 

between DOCSIS US channels to 

TV channels and DOCSIS DS 

channels. 

88-860 MHz The standard tuner can be used. 

The capacity is not limited. 

There is good isolation between 

different home segments; 

therefore, 'branch' separation can 

be used. 

>860 MHz Not used by DOCSIS channels 

and by tbe TV channels. 

There is a good isolation 

between different home segments, 

Low attenuation of tbe Coax Cable 

increases the 'branch' size. 

The DOCSIS channels use tbis frequency-

range. 

The frequency-range resource is very 

limited. 

The cable network contains amplifiers for 

tbis frequency-range. These amplifiers are 

designed to amplify in tbe US direction; 

tberefore tbe amplifier may be saturated. 

Low attenuation of tbe Coax Cable 

increases the 'branch' size. 

This range is not free all over tbe world. 

For example, in tbe DEVIC standard tbis 

range is reduced. 

The cable network contains amplifiers for 

part of tbis frequency-range. These 

amplifiers are designed to amplify in tbe 

US direction; tberefore tbe amplifier may 

be saturated. 

The TV channels and tbe DOCSIS 

channels use this frequency-range; 

tberefore tbe cable companies probably 

prefer to use this resource for the TV 

channels and DOCSIS channels. 

The attenuation is high; therefore there are 

some distances limitations in very high 

frequencies. (Note: The distance limitation 

is not relevant to home networking). 

due to the non-matched impedance There are some FCC limitations. These 

(Zo)-

There are some existing chips 

(low price) tbat supply two­

direction filtering and tuner 

functionality. 

limitation probably not relevant for coaxial 

wires 
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Various types of modulation can be used. 

The modulation method should comply with the following 
requirements: 

Can be used in the required frequency range. 
Should support high bandwidth rate (more then 10 Mbps). 
Should support bursts with short learning time. 
The selected modulations that comply with these require­

ments are QPSK and QAM. 

The Channel Allocation method should be FDM-a spe­
cific frequency for each home network. This chapter 
describes the Design Considerations. 

Method 

FDM­
Frequency 
Domain 
Multiplexing 

FDM with 
frequency 
hopping 

TDM-

26 
There are some alternatives for channel allocation. The 

mechanism of channel allocation should answer the problem 

that a sub-network("branch") usually contains some home 

networks. The number of home networks that should use the 

same frequency range can be changed according to the 

physical layer condition i.e. according to the 'branch' size. 

There are some known methods to allocate channels for 
10 each home-network. The following table compares between 

them. This table does not present methods that are a com­
bination of two base methods, because these combinations 
are not required (e.g. combination ofFDM and TDM) in our 
simple problem: 

Pros Cons 

Simple Not efficient in case of many home-
The frequency range can be networks on the same "branch" 
updated according to the number According to our estimations, this case 
of home-networks that share the is probably rare. 
same frequency, and according CBR based; therefore it is not affective 
to the required bandwidth. when the traffic is not CBR type. 
Can use wide spectrum for the 
whole solution, when each home 
is required to use narrow range 
(less then 6 MHz). 
Very efficient, in particular 
when the number of home­
networks in a specific 'branch' 
is low. 
Does not require synchronization 
and does not require CMTS for 
synchronization. 
Does not require any 
configuration. I.e. not required 
configuration of the frequency 
that each home should use. 
Very efficient when the traffic is 
ABR type. 

More complex then FDM. 
Hard to be managed by the Cable 
Operator. 
It is not efficient when the traffic is 
CBR type ( e.g. digital movie playing on 
the DVD in the living room, when the 
TV is in the bad room). 

Time Domain 
Multiplexing 

The bandwidth allocation can be 
dynamic-according to the 
needs. 

It has only disadvantage when the home 
is the only home on the branch. 
Requires synchronization, therefore, it 
require CMTS for synchronization. 
Can not use the wide spectrum (more 
then 10 MHz) in each channel group. 
Making Home Cable Networking Unit 
(HCNU) equipment is very complex, 
because this equipment is required to 
get the sync from the cable modem 
network. 

CDM-
Code Domain 
Multiplexing 

65 

The supplied bandwidth (data 
rate) can be dynamic-according 
to the needs. 

It is similar to FDM, but more 
complex, when the home is the only 
home on the branch. 
Very complex 
Requires synchronization, therefore, it 
requires CMTS for synchronization. 
Making Home Cable Networking Unit 
(HCNU) equipment is very complex, 
because this equipment is required to 
get the sync from the cable modem 
network. 
Can not use wide spectrum (more than 
10 MHz) in each channels group. 
The performances are low unless you 
are using complex equipment that 
supports wide spectrum sampling. 
It is similar to FDM, but more 
complex, when the home is the only 
home on the branch. 
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The data link protocol should be the IEEE 802.11 MAC 
layer CSMA/CA. 

Note: 

The CSMA/CA can be used with or without ACK protocol. 
The need for immediate ACK should be verified according 
to the quality of the infrastructure. 

Following the design considerations: 

There are some options to define the layer two (data link) 10 

protocol. 

28 
The system security is done in layer two. This security can 
be based on to the following standards: 

The DOCSIS standard. 
IEEE 802.11 standard. 

The preferred option is according to DOCSIS standard 
because: 

The CMTS headend already manages this security. 
The standard CM already contains these cores. 

Priority should be defined for the two channels separately. 

The priority for the cable modem channel: 

The major aspects that should be considered are: The need for priority for this channel was investigated. 
The number of stations that use the home networking is Cable modem protocols such as DOCSIS include this capa-

variable (usually 2-15). 
15 

bility for services that require this capability e.g. VoIP. 

Station can be added to the network or removed from the 
network during the home network operation. 

Collision prevention is required, because collision detec­
tion in the QAM technology is complex. 

EXAMPLE 

The priority mechanism for the DOCSIS standard is well 
defined in DOCS IS 1. 1. 

It is preferable that all the components will be similar, so 
20 

The priority for the Home Networking channel: 
that the home network will not require a special head 
component. 

This method usually increases the robustness of the 
network, and does not require special addition of equip- 25 
ment. 

A standard protocol or protocol that is close to a standard 
protocol is preferred. 

There are some protocols that comply with these require- 30 
ments, following two examples: 

The 802.11 MAC layer CSMA/CA. 

This protocol is used today by many vendors, usually, in 
the wireless LAN equipment. Consider the fact that 
Bluetooth interface might be required to exist on the 35 

HCNM/HCNU/HCNI components, it would be much 
simpler to support a single MAC protocol. This proto­
col also supports priority. 

The priority for this channel is divided into two aspects: 
Priority is required in the home-networking channel for 

applications that are required to be connected to the 
standard cable modem channel; but they are using the 
home networking as transport media. The solution for 
these applications is to use HCNM and not HCNU/ 
HCNI, and to use the cable modem channel directly. 

Priority is required in the home-networking channel for 
applications at home. E.g. CBR priority for transferring 
a video from the DVD reader to the digital TV on 
another floor, high priority for games, low priority for 
backup. 

The priority requirements for these applications probably 
will be added soon. But the basic requirements of the 
home networking does not require priority capabilities, 
and the data rate of the home networking is high 
therefore "best effort" is good enough. 

The Token Bus 802.4. 

This protocol is not common, and it is very complex. 

According to the presented analyses, specifying the priority 
40 for the home networking can be handled in the rd phase. 

Building a reduced version of this protocol can simplify 
the protocol, but it will not be a standard protocol. 

The following table compares between the different home 
networking solutions. 

Subject HomePNA 

No new wiring Use the existing phone interfaces 

Installation 

Notch filter 
adding 

Low cost 

small advantage for tbe number of phone 
jacks 

Simple to install and use. Does not 

required any change in tbe home wiring. 

Might be required-depends on tbe VDSL/ 
HomePNA coexistence. 

The host-based product price is $79 for 
1 Mbps (Intel). 

Range Adequate to a typical home. 

HomeCN 

Use the existing TV cable interfaces 

Advantage in tbe location for usage of 
home networking to entertainment (e.g. 
TV, VCR, DVD) 

Simple to be install and use. 

Usually, does not required any change in 

the home wiring. In some of the cases it 
required adding a component in the 

entrance of the home. 
May be require for low cost equipment, 
or to enable higher bandwidtb. 

The solution can be in similar prices. 

User privacy Does not require Required, only, when the notch filter (or 

Interferes 

The neighbor can use tbe cross talk for flat amplifier) not exist, and you are 

eavesdropping (intelligence). 

Interferes witb VDSL 

afraid from eavesdropping (intelligence) 
from neighbors tbat are connected to tbe 

same building splitter. 
No interferes 
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-continued 

Subject HomePNA HomeCN 

Available HomePNA 1-1 Mbps 
capacity HomePNA 2-10 Mbps (This capacity is 

very difficult to achieve because the 
home phone wiring is in very low 
quality. 

Single Home low cost version-20 Mbps 
Higher version can support very high 
capacity because the coaxial network has 
very high quality. 

Integrated into DSL (G.Lite), Cable Modems? Uaually-Cable Modems, Bluetooth 

Following some typical Street/Building wiring 

The following describes HCNM. 
The 1st chip is designed to be designed in "system on a 15 

chip" architecture. The base chip should support the Single 
Home operation mode to reduce the price. In addition it 
requires supplying a Bluetooth interface. 

Following the components should exist on the chip: Burst 
receiver, Burst Transmitter, 900 MHz front end (bi-direc- 20 

tional), MAC (based on 802.11) that supports the HomeCN 
and the Bluetooth, The Bluetooth interface, and CPU core 
(ARM). 

The chip should support only specific the frequencies of 
900--906 MHz and transmission rate of up to 30 Mbps. 

Note: 

25 

receiving a television signal from the cable source at 
frequencies below a source frequency limit; 

operating a cable modem termination system (CMTS) to 
assign the home network frequency band; 

operating one of the home network interfaces to transmit 
a home network signal, in a home network frequency 
band above the source frequency limit, over coaxial 
cable to the RF element; and 

receiving the transmitted home network signal over 
coaxial cable at the home cable network modem. 

3. The method according to claim 2 wherein the home 
cable network modem comprises a CATV set top box; 

and further comprising: 
forwarding the received television signal to a television 

set coupled to the set-top box. 
This chip might also include Bluetooth core. 4. The method according to claim 3 wherein the upstream 

and downstream home network frequency bands are 
30 between 900 and 960 MHz. 

CATV 
CM 
DOCSIS 
HCNP 
HCNM 
HCNI 
HCNU 
HomeCN, HCN 

Cable Television 
Cable Modem 
Data Over Cable Service Interface Specifications 
Home Cable Networking Protocol 
Home Cable Networking Modem 
Home Cable Networking Interface 
Home Cable Networking Unit 
Home Cable Networking 

What is claimed is: 

35 

40 

5. A communications network comprising: 
a cable source adapted to transmit television signals 

within a frequency range below a source frequency 
limit; 

an RF element, coupled to the cable source, and having a 
plurality of terminals, and comprising a transponder 
adapted to calculate branches; 

a plurality of devices, each device including a cable 
networking interface that is coupled to a terminal of the 
RF element by way of coaxial cable, and that is for 
transmitting and receiving signals in a home network 
frequency band above the source frequency limit; and 

a home cable networking modem, coupled to a terminal of 
the RF element, for receiving signals transmitted by, 
and for transmitting signals to, a cable networking 
interface of one of the plurality of devices in the home 
network frequency band. 

1. A method of networking a plurality of devices residing 
within a home, creating a home network, with a home cable 
network modern, wherein the devices include TV's, VCR's, 
PC's, DVD's, DOCSIS cable modems, set-top boxes, wire­
less devices, Bluetooth stations, cellular phones, and com- 45 
puter games, each device each including a home network 
interface coupled to an RF element over a coaxial cable, 
wherein the home cable network modem is also coupled to 
the RF element over a coaxial cable, and wherein the RF 
element is also coupled to a cable source, the method 
comprising the steps of: 

6. The network according to claim 5 wherein the tran-
50 sponder calculates branches by calculating the isolation 

among the plurality of devices. 

receiving a television signal from the cable source at 
frequencies below a source frequency limit; 

7. The network according to claim 5, wherein the tran­
sponder is for translating signals received from a cable 
networking interface of one of the plurality of devices from operating one of the home network interfaces to transmit 

a home network signal, in a home network frequency 
band above the source frequency limit, over coaxial 
cable to the RF element; and 

receiving the transmitted home network signal over 
coaxial cable at the home cable network modem. 

55 an upstream frequency range within the home network 
frequency band into a downstream frequency range within 
the home network frequency band, and for transmitting the 
translated signals to the cable networking interface of the 
others of the plurality of devices and to the home cable 

60 network modem. 2. A method of networking a plurality of devices residing 
within a home, creating a home network, with a home cable 
network modem, each device each including a home net­
work interface coupled to an RF element over a coaxial 
cable, wherein the home cable network modem is also 
coupled to the RF element over a coaxial cable, and wherein 65 

the RF element is also coupled to a cable source, the method 
comprising the steps of: 

8. A communications network comprising: 
a cable source, coupled to a cable modem termination 

system (CMTS), and adapted to transmit television 
signals within a frequency range below a source fre­
quency limit of about 860 MHz; 

an RF element, coupled to the cable source, having a 
plurality of terminals, and comprising a transponder; 
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a plurality of devices, each device including a cable 
networking interface that is coupled to a terminal of the 
RF element by way of coaxial cable, and that is for 
transmitting and receiving signals in a home network 
frequency band above the source frequency limit, the 
home network frequency band allocated by the CMTS; 
and 

a home cable networking modem, coupled to a terminal of 
the RF element, for receiving signals transmitted by, 
and for transmitting signals to, a cable networking 10 

interface of one of the plurality of devices in the home 
network frequency band. 

9. The network according to claim 8 wherein the CMTS 

32 
a computer interface, for communicating with a com­

puter; and 
circuitry for modulating signals received from the com­

puter over the computer interface, and for converting 
signals received from the plurality of devices over the 
home network interface, into Internet Protocol (IP) 
signals for transmission over the coaxial cable inter­
face, and for demodulating IP signals received over the 
coaxial cable interface and transmitting the demodu­
lated IP signals over the computer interface and the 
home network interface. 

14. The HCN device according to claim 13 wherein the 
device comprises a set-top box. 

is adapted to allocate the home network frequency band to 
prevent interference with other home networks. 

15. The HCN device according to claim 13 wherein the 
15 home frequency band is between 900---960 MHz. 

10. The network according to claim 8 wherein the CMTS 
allocates the same home network frequency band to at least 
one other home network. 

11. The network according to claim 10 wherein the RF 
element further comprises at least one filter for blocking 20 

signals in the home network frequency band from being 
applied to the cable source. 

12. The network according to claim 10 wherein the RF 
element further comprises a splitter with high reflections in 
the home network frequency band. 25 

16. A home cable networking (HCN) device, comprising: 
a coaxial cable interface, coupled to a coaxial cable 

television (CATV) cable and to a cable modem termi­
nation station (CMTS), for communicating signals 
within a frequency range below a source frequency 
limit; and 

a home network interface for receiving and transmitting 
communication signals among a plurality of devices in 
a home over a coaxial cable, and within a home 
network frequency band selected by the CMTS and 
above the source frequency limit. 

17. The HCN device according to claim 16 wherein the 
communication signals received and transmitted over the 
home network interface are based on the IEEE 802.11 

13. A home cable networking (HCN) device, comprising: 
a coaxial cable interface, coupled to a coaxial cable 

television (CATV) cable, for communicating signals 
within a frequency range below a source frequency 
limit; 30 standard. 

a home network interface for receiving and transmitting 
communication signals, over a coaxial cable, and 
within a home network frequency band above the 
source frequency limit, among a plurality of devices in 
a home; 

18. The HCN device according to claim 17 further com­
prising an encryption function for encrypting data transmit­
ted and received over the home network interface. 

* * * * * 
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the application. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 
Applicant!Patent Owner: ENTROPIC COMMUNICATIONS, LLC 

Application No./Patent No.: 09191 0,412 Filed/Issue Date: _2_0_2_1_-0_7_-2_1 ________ _ 

Titled: NETWORK INTERFACE DEVICE AND BROADBAND LOCAL AREA NETWORK USING COAXIAL CABLE 

ENTROPIC COMMUNICATIONS, LLC , a limited liability company 
--------------------

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below): 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel ______ , Frame ______ , or for which a copy 
thereof is attached. 

B. G A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1_ From: ltzhakGurantz,LaddEiwardani,AntonMonk,BrettBernath,MagnusBerggren To: ENTROPIC COMMUNICATIONS INC. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 012499 , Frame 0136 , or for which a copy thereof is attached. 

2_ From: ExcAusuR Acou1s1T10N coRPoRAT10N, ENTR0P1c coMMuN1cAT10Ns. 1Nc. To: ENTROPIC COMMUN !CATIONS, INC. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 035706 , Frame 0267 , or for which a copy thereof is attached. 

[Page 1 of 2] 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U .S.C. 122 and 37 CFR 1 .11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3_ From: ROPIC COMMUNICATIONS, INC., EXCALIBUR SUBSIDIARY, LLC To: ENTROPIC COMMUN !CATIONS, LLC 

The document was recorded in the United States Patent and Trademark Office at 

Reel 035717 , Frame 0628 , or for which a copy thereof is attached. 

4_ From: ENTROPIC COMMUNICATIONS, LLC To: MAXLINEAR COMMUNICATIONS LLC 

The document was recorded in the United States Patent and Trademark Office at 

Reel 0557?6 , Frame 0482 , or for which a copy thereof is attached. 

s. From: MAXLINEAR COMMUNICATIONS LLC To: ENTROPIC COMMUNICATIONS, LLC 

The document was recorded in the United States Patent and Trademark Office at 

Reel 055899 , Frame 0291 , or for which a copy thereof is attached. 

6. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel _____ , Frame _____ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

0 As required by 37 CFR 3. 73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Ronald H. Spuhler/ 

Signature 

Ronald H. Spuhler 
Printed or Typed Name 

[Page 2 of 2] 

2021-06-08 
Date 

52245 

Title or Registration Number 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the 
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35 
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the 
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related 
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark 
Office may not be able to process and/or examine your submission, which may result in termination of proceedings 
or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is 
required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting 
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the 
course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress 
submitting a request involving an individual, to whom the record pertains, when the individual has 
requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency 
having need for the information in order to perform a contract. Recipients of information shall be required 
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for 
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act 
(42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under 
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA 
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or 
Commerce) directive. Such disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the 
public if the record was filed in an application which became abandoned or in which the proceedings were 
terminated and which application is referenced by either a published application, an application open to 
public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

09/910,412 07/21/2001 

77330 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

ltzhak Gurantz E0IO00IUSUI 
CONFIRMATION NO. 2398 

POWER OF ATTORNEY NOTICE 
ENTROPIC COMMUNICATIONS, INC. 
6350 SEQUENCE DRIVE 1111111111111111111111 ll]~!l]!~l!~l!~lili~ !IH~ ~] 111111111111111 IIII IIII 
SAN DIEGO, CA 92121 

Date Mailed: 07/07/2015 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 07/02/2015. 

• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/dtvernon/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

09/910,412 07/21/2001 

23446 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

ltzhak Gurantz 

CONFIRMATION NO. 2398 
POA ACCEPTANCE LETTER 

MCANDREWS HELD & MALLOY, LTD 
500 WEST MADISON STREET 11111111111111111 lllll ll]~!l]!~l!~l!~li11~ !IHH] 111111111111111 IIII IIII 
SUITE 3400 
CHICAGO, IL 60661 

Date Mailed: 07/07/2015 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 07/02/2015. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/dtvernon/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 
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PTO/SB.'80 ( 1 1·08) 
Approved fee u,e \~rough 11::ic,,20·1 ; . 0MB CBS 1 ·0035 

U.$. P~i-:mt Md Tr.;demark Off,ce: u.s DEPARTMENT OF COMMERCE 
Under th~ Papef'IAtc~"k Re-duct1,:-;n Act of : 9~J~}: i~o pe~:;(;!1~ are mql~ire-d to ~e~p•;:H'1(j to~ C¢it~ct:on r~t information , .. n1!i.~ss ·1t {iis~irivs a ";1Hd OMS. con~rol rnunber, 

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

l hereby revoke all previous powers of attorney given in the application identified in the attached statement under 
37 CFR 3"73/b\, 
l hereby appoint: 

[Z] Practitimwr.s associatl,d wilh ttm Cus!ort1(:r Numb1:~r: 

OR 
C PrncUttoner(s) named below (if more than ten patent practitioners are to be named, tMn a customer number must be used): 

Name Registra.lton I i Name Registrat.ion 

t-------------------t----!'..,,'_rn_r1 .. ti ... e .. 1· --ll'f-----------------+--l\..,l1.._in_1tl .. (:_.r_~ 

as atio1rmy(s) m agmit{s) to wprrn.ent tt,ii 1mctetsignetJ fJdme tt1e Unit0cJ States Patent Md Trademark Offlc:Ee {USPTO) in (:unnec:tion v,ith 
any ,ind aii paten! ;3pplicat1ons assigned Ql:!b: to 1he uncterst;Jned accordin(J io tt1(l USPTO m;signmenl mc:mds or assignment tfoetffm:n!s 
attachBd ta ttli$ form in accordance with 37 CFR 3. 73(b). 

Please change tt1e correspondence address far Hie appl.ication ictentified m the attached statement under 37 CFH 3.73(b) lo: 

1 ____ 2_34-46_, - ] Li.J 
OR 

--------------- ;:-

"', -:-::-,~-n-trv-. ~~-............... 11•··············································· .... j s.~:'.: ...................... ·--------~l _z_.ir ___ ............................... . 
! 

__ I _r_e_1e_.p_11_o_m_-i ____ ........._l _____________ ........... ] Smail ··-·-•·-------------------------------........... i 
Assignee Name and Addr,;ss: 

Entropic Comrnunic,1tions, LLC. 
2051 Palomar Airport Road, Suite "100 
Carlsbad, GA 920·11 

A copy of this form, together with a statement under 37 CFR 3.73(b) (Form PTOISB/96 or equivalent) is required to be 
flied in each application in which this tom, is used. The statement under 37 CFR 3.73{b) may be completed by one of 
the practitioners appointed in this form if the appointed practitioner is authorized to act on behalf of the assignee, 
and must identify Uw application In which this Power of Attorney is to be filed. 

SIGNATURE ot As-s!gnoo of Rocotd 
T11c individti,ll ,s-lw:'"·' ~ign~(~lt~ and ;.ilk i, ,upp!iScd b-.::hrn· ;, at!lhNiJ.d to ,K.! (>!! h,,ha!f oi"!h~ as~iv.n;.:;.: 

Signature 

Chie.f F!nanical Officer 
TMt~::. G<..li!ect~.-:.m t!f mtorrn~kcn i~ tt":.qWtf:t)d by 37 C.FR i .J·l, ·1 ;;,~ ;;tn<l •i.:3:~. Tlio mtt1rrrm1Km •~} fi'.:!qu1c·f:ti to nbt~1~1 o~ ~t:-:ta1J1 (.1 ti~.sr~,~M by the pt1~1:1t ViM1cn :~ ~CJ fflt~ c,~f)(f 

by th.c-:-: USP"fO to pr<x.~~(..f.} <'l:fl «ppli<~tlon. C<1:1fidenti2lity i~ n,<:Nt~rrt~t~ by '.3$ U.S C Vi'.~" ;.-rnd 37 CF:~ ·j 11 BncJ 1.14. ·nii~ t~c~lect1e-n i~: est!ff"l.fjtf~ct to t~}ke :1 nw-1wt~s 
t.o c;on1r-r~::n.~. mc~u-..ung. >}i.:"li:Yeci~l!:J. prep~~~Mg. «nd submmmg the ccrrHltt~tt'}..i :;1pp~it.:1.tion fi:;rm t4 tt1~-: U[;PlCL 'Tirttt: wit! 1.mry dc:r(-~nding \.lfJf.m thr., ind~vidu~·r .:::;}sf,. lv..,y 
f:OffH1~ent~ lji1 m~ 3mownt of tirm:: ytiu rfq!.$if~- to ,.:o.mp~ele· thi$ form arnJ/ct sut~~~;,~tk1ns for ff:due~m~ U1i~ ht:rd-t-~r., sht1L;ld t,}a:.:,· ~tH1t tfj t~i:: Chief lnfor.n3tKi!1 0-N1cec 
U.S. P~tent af)d Htldem~tK OHJc:e., U.S. D~p.etrtm~nt c~ Ccmm~ri:.:e, P.O s·~Jk 145i3, P.~1;:1x_3rn·Jrrnt Vt, 2231:}-145.Q_ D·O NO"f St~ND FEt~:S OR COMPl.ETEO 
FORMS TOTH1$ l,DDRESS. SE"ND TO: Commisslonerfor Patents, P,O, Box 1450, Alexandfia, VA 22313-145(}_ 

If you Med .issislance in completing the form, call ·f-800-PT0-9199 and select option 2. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: ( 1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application. an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency. if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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PTO/SB/96 (07-09) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(b) 

ApplicanUPatent owner: ltzhak Gurantz, Ladd Eiwardani, Anton Monk, Brett Bernath, Magnus Berggren 

Application No./Patent No.: 7,594,249 Filed/Issue Date: 09/22/2009 -----------------
Tit I e d: 

NETWORK INTERFACE DEVICE AND BROADBAND LOCAL AREA NETWORK USING COAXIAL CABLE 

Entropic Communications, LLC _____________________ ,a corporation 

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc. 

states that it is: 

1. ~ the assignee of the entire right, title, and interest in; 

2. □ an assignee of less than the entire right, title, and interest in 
(The extent (by percentage) of its ownership interest is ____ %);or 

3. D the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made) 

the patent application/patent identified above, by virtue of either: 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel _______ ,Frame _______ , or for which a 
copy therefore is attached. 

OR 

B. ~ A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: ltzhak Gurantz, Ladd Eiwardani, Anton Monk, I To: ENTROPIC COMMUNICATIONS INC. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 012499 Frame 0136 or for which a copy thereof is attached. 

2. From: ENTROPIC COMMUNICATIONS INC. and EX To: ENTROPIC COMMUNICATIONS INC. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 035706 Frame 0267 or for which a copy thereof is attached. 

3. From: ENTROPIC COMMUNICATIONS INC. and EX To: ENTROPIC COMMUNICATIONS, LLC 

The document was recorded in the United States Patent and Trademark Office at 

Reel 02084535 Frame 0628 or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

~ As required by 37 CFR 3.73(b)(1 )(i), the documentary evidence of the chain of title from the original owner to the assignee was, 
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in 
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Christopher C. Winslade/ 

Signature 

Christopher C. Winslade, Reg. No. 36308 

Printed or Typed Name 

07/02/2015 

Date 

Attorney for Applicant 

Title 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U .S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time 
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

Page 89 of 849



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 

Page 90 of 849



Electronic Acknowledgement Receipt 

EFSID: 22819648 

Application Number: 09910412 

International Application Number: 

Confirmation Number: 2398 

Title of Invention: 
NETWORK INTERFACE DEVICE AND BROADBAND LOCAL AREA NETWORK 
USING COAXIAL CABLE 

First Named Inventor/Applicant Name: ltzhak Gurantz 

Customer Number: 77330 

Filer: Christopher C. Winslade/Deb Wilson 

Filer Authorized By: Christopher C. Winslade 

Attorney Docket Number: E010001USU1 

Receipt Date: 02-JUL-2015 

Filing Date: 21-JUL-2001 

Time Stamp: 17:36:25 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

340881 

1 Power of Attorney Entropic_POA_PreAIA.pdf no 2 
8107f4c6d54 73b527f97e45769199b81 a37 

aadlb 

Warnings: 

Information: 
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431539 

2 
Assignee showing of ownership per 37 29236US01_373b_Statement_s 

2 
CFR 3.73 b96.pdf 

no 
fc95478775c6dc768bc4b5e86fa748077a79 

f0a3 

Warnings: 

Information: 

Total Files Size (in bytes) 772420 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB.'80 ( 1 1·08) 
Approved fee u,e \~rough 11::ic,,20·1 ; . 0MB CBS 1 ·0035 

U.$. P~i-:mt Md Tr.;demark Off,ce: u.s DEPARTMENT OF COMMERCE 
Under th~ Papef'IAtc~"k Re-duct1,:-;n Act of : 9~J~}: i~o pe~:;(;!1~ are mql~ire-d to ~e~p•;:H'1(j to~ C¢it~ct:on r~t information , .. n1!i.~ss ·1t {iis~irivs a ";1Hd OMS. con~rol rnunber, 

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

l hereby revoke all previous powers of attorney given in the application identified in the attached statement under 
37 CFR 3"73/b\, 
l hereby appoint: 

[Z] Practitimwr.s associatl,d wilh ttm Cus!ort1(:r Numb1:~r: 

OR 
C PrncUttoner(s) named below (if more than ten patent practitioners are to be named, tMn a customer number must be used): 

Name Registra.lton I i Name Registrat.ion 

t-------------------t----!'..,,'_rn_r1 .. ti ... e .. 1· --ll'f-----------------+--l\..,l1.._in_1tl .. (:_.r_~ 

as atio1rmy(s) m agmit{s) to wprrn.ent tt,ii 1mctetsignetJ fJdme tt1e Unit0cJ States Patent Md Trademark Offlc:Ee {USPTO) in (:unnec:tion v,ith 
any ,ind aii paten! ;3pplicat1ons assigned Ql:!b: to 1he uncterst;Jned accordin(J io tt1(l USPTO m;signmenl mc:mds or assignment tfoetffm:n!s 
attachBd ta ttli$ form in accordance with 37 CFR 3. 73(b). 

Please change tt1e correspondence address far Hie appl.ication ictentified m the attached statement under 37 CFH 3.73(b) lo: 

1 ____ 2_34-46_, - ] Li.J 
OR 

--------------- ;:-

"', -:-::-,~-n-trv-. ~~-............... 11•··············································· .... j s.~:'.: ...................... ·--------~l _z_.ir ___ ............................... . 
! 

__ I _r_e_1e_.p_11_o_m_-i ____ ........._l _____________ ........... ] Smail ··-·-•·-------------------------------........... i 
Assignee Name and Addr,;ss: 

Entropic Comrnunic,1tions, LLC. 
2051 Palomar Airport Road, Suite "100 
Carlsbad, GA 920·11 

A copy of this form, together with a statement under 37 CFR 3.73(b) (Form PTOISB/96 or equivalent) is required to be 
flied in each application in which this tom, is used. The statement under 37 CFR 3.73{b) may be completed by one of 
the practitioners appointed in this form if the appointed practitioner is authorized to act on behalf of the assignee, 
and must identify Uw application In which this Power of Attorney is to be filed. 

SIGNATURE ot As-s!gnoo of Rocotd 
T11c individti,ll ,s-lw:'"·' ~ign~(~lt~ and ;.ilk i, ,upp!iScd b-.::hrn· ;, at!lhNiJ.d to ,K.! (>!! h,,ha!f oi"!h~ as~iv.n;.:;.: 

Signature 

Chie.f F!nanical Officer 
TMt~::. G<..li!ect~.-:.m t!f mtorrn~kcn i~ tt":.qWtf:t)d by 37 C.FR i .J·l, ·1 ;;,~ ;;tn<l •i.:3:~. Tlio mtt1rrrm1Km •~} fi'.:!qu1c·f:ti to nbt~1~1 o~ ~t:-:ta1J1 (.1 ti~.sr~,~M by the pt1~1:1t ViM1cn :~ ~CJ fflt~ c,~f)(f 

by th.c-:-: USP"fO to pr<x.~~(..f.} <'l:fl «ppli<~tlon. C<1:1fidenti2lity i~ n,<:Nt~rrt~t~ by '.3$ U.S C Vi'.~" ;.-rnd 37 CF:~ ·j 11 BncJ 1.14. ·nii~ t~c~lect1e-n i~: est!ff"l.fjtf~ct to t~}ke :1 nw-1wt~s 
t.o c;on1r-r~::n.~. mc~u-..ung. >}i.:"li:Yeci~l!:J. prep~~~Mg. «nd submmmg the ccrrHltt~tt'}..i :;1pp~it.:1.tion fi:;rm t4 tt1~-: U[;PlCL 'Tirttt: wit! 1.mry dc:r(-~nding \.lfJf.m thr., ind~vidu~·r .:::;}sf,. lv..,y 
f:OffH1~ent~ lji1 m~ 3mownt of tirm:: ytiu rfq!.$if~- to ,.:o.mp~ele· thi$ form arnJ/ct sut~~~;,~tk1ns for ff:due~m~ U1i~ ht:rd-t-~r., sht1L;ld t,}a:.:,· ~tH1t tfj t~i:: Chief lnfor.n3tKi!1 0-N1cec 
U.S. P~tent af)d Htldem~tK OHJc:e., U.S. D~p.etrtm~nt c~ Ccmm~ri:.:e, P.O s·~Jk 145i3, P.~1;:1x_3rn·Jrrnt Vt, 2231:}-145.Q_ D·O NO"f St~ND FEt~:S OR COMPl.ETEO 
FORMS TOTH1$ l,DDRESS. SE"ND TO: Commisslonerfor Patents, P,O, Box 1450, Alexandfia, VA 22313-145(}_ 

If you Med .issislance in completing the form, call ·f-800-PT0-9199 and select option 2. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: ( 1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application. an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency. if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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Electronic Acknowledgement Receipt 

EFSID: 22819854 

Application Number: 09910412 

International Application Number: 

Confirmation Number: 2398 

Title of Invention: 
NETWORK INTERFACE DEVICE AND BROADBAND LOCAL AREA NETWORK 
USING COAXIAL CABLE 

First Named Inventor/Applicant Name: ltzhak Gurantz 

Customer Number: 77330 

Filer: Christopher C. Winslade/Deb Wilson 

Filer Authorized By: Christopher C. Winslade 

Attorney Docket Number: E010001USU1 

Receipt Date: 02-JUL-2015 

Filing Date: 21-JUL-2001 

Time Stamp: 17:49:15 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

431532 

1 
Assignee showing of ownership per 37 29236US01_373b_Statement_s 

2 
CFR 3.73 b96.pdf 

no 
00e 3 eS f36bbc881 ae9a5 2d dcaae3 df398ef5 

b384 

Warnings: 

Information: 
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340881 
2 Power of Attorney Entropic_POA_PreAIA.pdf no 2 

8107f4c6d54 73b527f97e45769199b81 a37 
aadlb 

Warnings: 

Information: 

Total Files Size (in bytes) 772413 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB/96 (07-09) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(b) 

ApplicanUPatent owner: ltzhak Gurantz, Ladd Eiwardani, Anton Monk, Brett Bernath, Magnus Berggren 

Application No./Patent No.: 7,594,249 Filed/Issue Date: 09/22/2009 -----------------
Tit I e d: 

NETWORK INTERFACE DEVICE AND BROADBAND LOCAL AREA NETWORK USING COAXIAL CABLE 

Entropic Communications, LLC _____________________ ,a corporation 

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc. 

states that it is: 

1. ~ the assignee of the entire right, title, and interest in; 

2. □ an assignee of less than the entire right, title, and interest in 
(The extent (by percentage) of its ownership interest is ____ %);or 

3. D the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made) 

the patent application/patent identified above, by virtue of either: 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel _______ ,Frame _______ , or for which a 
copy therefore is attached. 

OR 

B. ~ A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: ltzhak Gurantz, Ladd Eiwardani, Anton Monk, I To: ENTROPIC COMMUNICATIONS INC. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 012499 Frame 0136 or for which a copy thereof is attached. 

2. From: ENTROPIC COMMUNICATIONS INC. and EX To: ENTROPIC COMMUNICATIONS INC. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 035706 Frame 0267 or for which a copy thereof is attached. 

3. From: ENTROPIC COMMUNICATIONS INC. and EX To: ENTROPIC COMMUNICATIONS, LLC 

The document was recorded in the United States Patent and Trademark Office at 

Reel 035717 Frame 0628 or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

~ As required by 37 CFR 3.73(b)(1 )(i), the documentary evidence of the chain of title from the original owner to the assignee was, 
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in 
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Christopher C. Winslade/ 

Signature 

Christopher C. Winslade, Reg. No. 36308 

Printed or Typed Name 

07/02/2015 

Date 

Attorney for Applicant 

Title 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U .S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time 
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www .uspto.gov 

APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO. 

09/910,412 09/22/2009 

77330 7590 09/02/2009 

ENTROPIC COMMUNICATIONS, INC. 
6290 SEQUENCE DRIVE 
SAN DIEGO, CA 92121 

7594249 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

EOl000lUSUl 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

2398 

The Patent Term Adjustment is 816 day(s). Any patent to issue from the above-identified application will 
include an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Customer Service Center of the Office of Patent Publication at 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

ltzhak Gurantz, San Diego, CA; 
Ladd Eiwardani, La Jolla, CA; 
Anton Monk, San Diego, CA; 
Brett Bernath, San Diego, CA; 
Magnus Berggren, San Diego, CA; 

IR103 (Rev. 11/05) 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

77330 7590 05/18/2009 

ENTROPIC COMMUNICATIONS, INC. 
6290 SEQUENCE DRIVE 
SAN DIEGO, CA 92121 

APPLICATION NO. FILING DATE 

09/910,412 07/21/2001 

Certificate of Mailing or Transmission VIA EFS-WEB 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

Tim Ellis (Depositor's name) 

/Tim Ellis/ (Signature) 

Auaust 13 2009 (Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Itzhak Gurantz E0lO0OIUSUI 2398 

TITLE OF INVENTION: NETWORK INTERFACE DEVICE AND BROADBAND LOCAL AREA NETWORK USING COAXIAL CABLE 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1510 

EXAMINER ART UNIT 

CHOWDHURY, SUMAIYAA 2421 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use ofa Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

725-078000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1810 08/18/2009 

1 Michael W. Landry 

2 Bruce W. Greenhaus 

3 _____________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE 

Entropic Communications, Inc. 

(B) RESIDENCE: (CITY and STATE OR COUNTRY) 

San Diego, CA 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual !!I Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

!El Issue Fee 

!El Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

I~ Payment by US PTO Deposit Account 
l~The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 

overpayment, to Deposit Account Number 504613 ( enclose an extra copy of this form). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature /Bruce W. Greenhaus/ 

Typed or printed name Bruce W. Greenhaus 

Date August 13, 2009 

Registration No. _3_7_3_3_9 ___________ _ 

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file ( and by the US PTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 
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Electronic Patent Application Fee Transmittal 

Application Number: 09910412 

Filing Date: 21-Jul-2001 

Title of Invention: 
NETWORK INTERFACE DEVICE AND BROADBAND LOCAL AREA NETWORK 
USING COAXIAL CABLE 

First Named Inventor/Applicant Name: ltzhak Gurantz 

Filer: Bruce Wayne Greenhaus/Tim Ellis 

Attorney Docket Number: E010001USU1 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Utility Appl issue fee 1501 1 1510 1510 

Publ. Fee- early, voluntary, or normal 1504 1 300 300 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 1810 
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Electronic Acknowledgement Receipt 

EFSID: 5881966 

Application Number: 09910412 

International Application Number: 

Confirmation Number: 2398 

Title of Invention: 
NETWORK INTERFACE DEVICE AND BROADBAND LOCAL AREA NETWORK 
USING COAXIAL CABLE 

First Named Inventor/Applicant Name: ltzhak Gurantz 

Customer Number: 77330 

Filer: Bruce Wayne Greenhaus/Tim Ellis 

Filer Authorized By: Bruce Wayne Greenhaus 

Attorney Docket Number: E010001USU1 

Receipt Date: 13-AUG-2009 

Filing Date: 21-JUL-2001 

Time Stamp: 13:17:05 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $1810 

RAM confirmation Number 10076 

Deposit Account 504613 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

106206 

1 Issue Fee Payment (PTO-85B) 
EOl 0001 USU 1 _Issue-Fee-

1 
Payment_S-13-09.pdf 

no 
a7 c806161004ba47b554fb695aa90e3561 f 

d236f 

Warnings: 

Information: 

32094 

2 Fee Worksheet (PTO-875) fee-info.pdf no 2 
14ae 7fb2 63d 873 db 75 f7b65 bcS ffS ae 1 f2f1 d 

f9c 

Warnings: 

Information: 

Total Files Size (in bytes) 138300 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

77330 7590 05/18/2009 

ENTROPIC COMMUNICATIONS, INC. 
6290 SEQUENCE DRIVE 
SAN DIEGO, CA 92121 

EXAMINER 

CHOWDHURY, SUMAIYA A 

ART UNIT PAPER NUMBER 

2421 

DATE MAILED: 05/18/2009 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

09/910,412 07/21/2001 Itzhak Gurantz E0lO0OlUSUl 2398 

TITLE OF INVENTION: NETWORK INTERFACE DEVICE AND BROADBAND LOCAL AREA NETWORK USING COAXIAL CABLE 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional NO $1510 $300 $0 $1810 08/18/2009 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOW ARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A. If the status is the same, pay the TOT AL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOT AL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

IL PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

77330 7590 05/18/2009 

ENTROPIC COMMUNICATIONS, INC. 
6290 SEQUENCE DRIVE 
SAN DIEGO, CA 92121 

APPLICATION NO. FILING DATE 

09/910,412 07/21/2001 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Itzhak Gurantz E0lO0OIUSUI 2398 

TITLE OF INVENTION: NETWORK INTERFACE DEVICE AND BROADBAND LOCAL AREA NETWORK USING COAXIAL CABLE 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1510 

EXAMINER ART UNIT 

CHOWDHURY, SUMAIYAA 2421 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use ofa Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

725-078000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1810 08/18/2009 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 
overpayment, to Deposit Account Number ______ ( enclose an extra copy of this form). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature _______________________ _ Date ____________________ _ 

Typed or printed name ______________________ _ Registration No. ________________ _ 

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file ( and by the US PTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

09/910,412 07/21/2001 

77330 7590 05/18/2009 

ENTROPIC COMMUNICATIONS, INC. 
6290 SEQUENCE DRIVE 
SAN DIEGO, CA 92121 

FIRST NAMED INVENTOR 

Itzhak Gurantz 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

E0lO00lUSUl 2398 

EXAMINER 

CHOWDHURY, SUMAIYA A 

ART UNIT PAPER NUMBER 

2421 

DATE MAILED: 05/18/2009 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is 816 day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be 816 day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or 
(571)-272-4200. 
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Notice of Allowability 

Application No. 

09/910,412 
Examiner 

SUMAIYAA. CHOWDHURY 

Applicant(s) 

GURANTZ ET AL. 
Art Unit 

2421 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. IZI This communication is responsive to 1/19/09. 

2. IZI The allowed claim(s) is/are 5, 18, 23-37. 

3. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) D All b) D Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

4. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

5. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. D Examiner's AmendmenUComment 

8. 18] Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

/John W. Miller/ 
Supervisory Patent Examiner, Art Unit 2421 

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20090506 
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Application/Control Number: 09/910,412 

Art Unit: 2421 

DETAILED ACTION 

Allowable Subject Matter 

1. Claims 5, 18, and 23-37 are allowed. 

Reasons for Allowance 

2. The following is an examiner's statement of reasons for allowance: 

Regarding claims 5, 25, and 29, the prior art of record to Kliger (US 

Page 2 

2002/0069417) teaches a home network system in which a module in one room can 

communicate with modules in other rooms through a signal reflector unit. The prior art 

of record fails to reasonably show or suggest a filter located at the point of entry of a 

building tuned to reject network signals originating in the building such that the network 

signals originating in the building do not pass through the filter, but rather are reflected 

back into the building. 

3. Any comments considered necessary by applicant must be submitted no later than 

the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments 

on Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SUMAIYA A. CHOWDHURY whose telephone number 

is (571 )272-8567. The examiner can normally be reached on Mon-Fri, 9-5:00. 
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Application/Control Number: 09/910,412 

Art Unit: 2421 

Page 3 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, John Miller can be reached on (571) 272-7353. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/John W. Miller/ 
Supervisory Patent Examiner, Art Unit 2421 

/Sumaiya A Chowdhury/ 
Examiner, Art Unit 2421 

Page 110 of 849



Index of Claims 

✓ Rejected 

= Allowed 

Application/Control No. 

09910412 

Examiner 

Applicant(s)/Patent Under 
Reexamination 

GURANTZ ET AL. 

SUMAIYA A CHOWDHURY 

Art Unit 

2421 

Cancelled N Non-Elected A Appeal 

Restricted Interference 0 Objected 

□ Claims renumbered in the same order as presented by applicant □ CPA □ T.D. □ R.1.47 

CLAIM DATE 
Final Original 03/25/2008 10/12/2008 05/06/2009 

1 5 ✓ ✓ = 
2 18 ✓ ✓ = 
4 23 ✓ ✓ = 
3 24 ✓ ✓ = 
5 25 ✓ ✓ = 
6 26 ✓ ✓ = 
7 27 ✓ ✓ = 
8 28 ✓ ✓ = 
10 29 ✓ ✓ = 
11 30 ✓ ✓ = 
12 31 ✓ ✓ = 
13 32 ✓ ✓ = 
16 33 ✓ ✓ = 
14 34 ✓ ✓ = 
15 35 ✓ ✓ = 
9 36 ✓ ✓ = 
17 37 ✓ ✓ = 

U.S. Patent and Trademark Office Part of Paper No. : 20090506 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 09910412 GURANTZ ET AL. 

Examiner Art Unit 

SUMAIYA A CHOWDHURY 2421 

ORIGINAL INTERNATIONAL CLASSIFICATION 

CLASS SUBCLASS CLAIMED NON-CLAIMED 

725 78 H 0 4 N 7 I 18 (2006.01.01) 

CROSS REFERENCE(S) 

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK) 

725 51 54 74 78 80 

725 85 125 119 127 

□ Claims renumbered in the same order as presented by applicant □ CPA □ T.D. □ R.1.47 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

1 5 17 37 

2 18 

4 23 

3 24 

5 25 

6 26 

7 27 

8 28 

10 29 

11 30 

12 31 

13 32 

16 33 

14 34 

15 35 

9 36 

/SUMAIYA A CHOWDHURY/ 
Examiner.Art Unit 2421 5/6/09 Total Claims Allowed: 

17 
(Assistant Examiner) (Date) 

/John W Miller/ 
Supervisory Patent Examiner.Art Unit 2421 05/08/2009 O.G. Print Claim(s) O.G. Print Figure 

(Primary Examiner) (Date) 5 2 

U.S. Patent and Trademark Office Part of Paper No. 20090506 
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Filed: June 21, 2001 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 
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Confirmation No. 2398 

AMENDMENT 

Attention: Sumaiya A. Chowdhury 
Examiner 

Dear Sir: 

In response to the Office Action of October 201
\ 2008, please note the following remarks and 

comments: 

Amendments to the Claims begin on page 2 of this paper. 

Remarks/Comments begin on page 6 of this paper. 

1 

I hereby certify that this correspondence is being 
electronically deposited with the Commissioner for 
Patents through the USPTO electronic filing system, 
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September 24, 2008 
(Date of Deposit) 

Tim L. Ellis 
(Name of Person Making Deposit) 

/Tim L. Ellis/ 
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AMENDMENTS TO THE CLAIMS: 

1-4. (Cancelled) 

5. (Currently Amended) A signal distribution network comprising: 

a filter located at the point of entry of a building tuned to reject refleet network 

signals originating in the building back into the building, such that the network signals 

originating in the building do not pass through the filter, but rather are reflected back into the 

building: 

at least one signal splitter, the signal splitter having a common port and a plurality of 

tap ports, the common port of the signal splitter being coupled to the filter; and 

a plurality of terminal devices, each terminal device being coupled to a tap port of at 

least one signal splitter, at least one of the terminal devices providing frequency bins with 

more transmit bits which occupy parts of the channel where the signal to noise ratio (SNR) is 

high; 

wherein the reflections from the filter provide a path for terminal devices back 

through the tap port of the signal splitter and out each other tap port to transmit signals to 

other terminal devices thus allowing terminal devices to communicate directly with each 

other to form the signal distribution network. 

6-17 (Cancelled) 

18. (Previously Amended) The signal distribution network of claim 5, wherein at least 

one of the communication channels between terminal devices uses time division duplex 

protocol for communications and the communications_are synchronized by broadcasting a 

beacon message on the network. 

19-22. (Cancelled) 

23. (Previously Amended) The signal distribution network of claim 5, wherein the 

signal modulation used by the terminal devices is orthogonal frequency division multiplexing 

(OFDM) and the modulation order of each OFDM carrier is adjusted according to the signal 

2 
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to noise ratio (SNR) at each OFDM carrier frequency to overcome frequency selective 

channel impairments caused by the reflections from the filter. 

24. (Previously Amended) The signal distribution network of claim 18, wherein the 

power level of each OFDM carrier is adjusted according to the signal loss at each OFDM 

carrier frequency to overcome frequency selective channel impairments caused by the 

reflections from the filter. 

25. (Currently Amended) A broadband local area network using coaxial cable 

building wiring as a communication channel, the network comprising: 

a plurality of terminal devices, each terminal device communicating with other 

terminal devices using orthogonal frequency division multiplexing (OFDM) 

modulation, at least one of the terminal devices providing frequency bins with more 

transmit bits which occupy parts of the channel where the signal to noise ratio 

(SNR) is high~ 

a network of building cables coupled to the plurality of terminal devices; and 

a filter having a first and second port, the first port connected to a building point of 

entry and the second port connected to the plurality of terminal devices via the 

network of building cables, wherein signals transmitted by any of the terminal 

devices and received at the second port of the filter are rejected by the filter such 

that such signals do not pass through the filter, but rather are reflected back into the 

network of building cables in order to create a communication path between the 

transmitting terminal device and at least one other terminal device coupled to the 

network of building cables. 

26. (Previously Amended) The broadband local area network of claim 25 wherein the 

modulation order of each OFDM carrier is adjusted according to the signal to noise ratio 

(SNR) at each OFDM carrier frequency to overcome frequency selective channel 

impairments present in the coaxial building wiring caused by the reflections from the filter. 

27. (Previously Amended) The broadband local area network of claim 25, wherein the 

power level of each OFDM carrier is adjusted according to the signal loss at each OFDM 

3 

Page 133 of 849



Docket No. 9202 (E010001USU1) Serial No. 09/910,412 

carrier frequency to overcome frequency selective channel impairments present in the coaxial 

building wiring caused by the reflections from the filter. 

28. (Previously Amended) The broadband local area network of claim 25 wherein the 

frequency used for communicating is above the cable television band. 

29. (Currently Amended) A broadband local area network for transmitting modulated 

signals using coaxial cable building wiring containing a plurality of branches comprising: 

a filter located at the point of entry of the building wiring that rejects reflects network 

signals originating in the building wiring such that the rejected network signals do 

not pass through the filter, but rather are reflected by the filter back into all 

branches of the building wiring; 

at least one signal splitter; 

a plurality of terminal devices connected to the wiring branches, each terminal device 

capable of communicating with other terminal devices the reflected signal path 

created by the filter, wherein the terminal devices perform equalization on the 

received signal that restores a flat frequency response to overcome 

communication channel impairments caused by the reflected signals. 

30. (Previously Amended) The network of claim 29 wherein the equalization is 

frequency domain equalization. 

31. (Previously Amended) The network of claim 29 wherein the equalization is time 

domain equalization. 

32. (Previously Amended) The network of claim 29 wherein the equalization is 

adaptive. 

33. (Previously Amended) The network of claim 29 wherein the terminal devices use 

orthogonal frequency division multiplexing (OFDM) modulation to overcome the 

communication channel impairments caused by the reflected signals. 

4 
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34. (Previously Amended) The network of claim 32 wherein the terminal devices use 

orthogonal frequency division multiplexing (OFDM) modulation to overcome the 

communication channel impairments caused by the reflected signals. 

35. (Previously Presented) The network of claim 34 wherein the terminal devices use 

forward error correction to recover the transmitted signals without errors. 

36. (Previously Amended) The broadband local area network of claim 25, wherein at 

least one of the communication channels between terminal devices uses time division duplex 

protocol for communications and the communications_are synchronized by broadcasting a 

beacon message on the network. 

37. (Previously Amended) The broadband local area network of claim 29, wherein at 

least one of the communication channels between terminal devices uses time division duplex 

protocol for communications and the communications are synchronized by broadcasting a 

beacon message on the network. 

5 
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REMARKS/ ARGUMENTS 

Claims 5, 18, and 23-37 are pending in the application. Claims 5, 18, and 23-37 were 

rejected. Applicants have amended Claims 5, 25, and 29. Applicants respectfully request 

reconsideration and allowance of all pending claims. 

Discussion of Rejections Under 35 U.S.C. §102 

Claims 5, 23, 25-30 were rejected under 35 U.S.C. §102(e) as being Anticipated by 

Kliger. The Examiner indicated that Applicants' arguments are not persuasive. The 

Examiner once again disputes Applicants' contention that Kliger does not teach or suggest 

using a filter to reflect the signals back through the splitter for transmission to other devices 

in the network. In order to further clarify the issues, Applicants have amended the claims to 

recite that the filter is "tuned to reject network signals originating in the building, such that 

the network signals originating in the building do not pass through the filter, but rather are 

reflected back into the building. 

Applicants respectfully point out to the Examiner that a rejection based upon 102( e) 

requires that the Examiner identify within the cited reference relied upon, each and every 

element recited in the claims being rejected. In particular, Applicants contend that the 

Examiner has failed to show that the references cited disclose a filter as recited in 

independent claims 5, 25, and 29. 

Examiner has stated that: 

Kliger teaches a signal distribution network comprising: a filter ( 44 - fig. 2) 

located at the point of entry of a building tuned to reflect network signals 

originating in the building back into the building - (HRU 44 is located within 

demarcation point unit 14 which is located at the point of entry of the 

building. [0055], [0056]). 

The Examiner provides support for this contention in paragraph 2 of the Office Action 

dated 10/20/08, which has the heading "Response to Arguments". The Examiner contends 

that "Fig.2 in Kliger illustrates the demarcation point unit 14 which reflects incoming signals 

from various devices in a home network." However, as noted by Applicant in earlier 
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responses ( and as is made more clear by the currently presented amendments that do not alter 

the scope of Claim 5 or the other amended claims), the HRU 44, while located within 

demarcation point unit 14 is located at the point of entry of the building, is not tuned to 

reject signals that originate in the building. Rather, the HRU 44 of Kliger takes those signals 

in and loops them back out after processing those signals. The amount of hardware necessary 

to perform that looping function (as opposed to rejecting the signal, as recited in the currently 

amended claims) is significantly more than just the filter that is recited in currently presented 

claims, such as Claim 5. Kliger at paragraph [55] states: 

FIG. 2A shows another embodiment of the HRU 44 including a diplexer 42, 

band pass (BP) filters 46, 48, amplifiers 50, 52, an RF down-converter 54, 

an RF up-converter 56 and an intermediate frequency filter and amplifier 

unit 58. (emphasis added). 

It should be clear that there is a significant difference between the Kliger looping 

HRU 44 which requires that the signal be filtered, up and down converted, amplified, filtered 

again, etc. and the simple structure of the filter tuned to reject signals originating from 

inside the building. More specifically, Kliger does not teach or suggest a filter tuned to 

reject signals in order to reflect those signals back to their source. The ultimate end result is 

the same, that is, to return signals back to the building. However, the structure that is 

claimed for achieving this end result is completely different from that disclosed by Kliger. 

Applicants believe that by rephrasing the language of the claims to recite that the 

filter is tuned to reject the signals and not to allow the signals to pass that Applicants will 

more clearly distinguish the claimed invention from Kliger's disclosed HRU 44 which 

performs the looping function noted above and which the Examiner so eloquently described 

in the most recent office action. Applicants believe that it should be quite clear in light of the 

current amendments that it is the particular claimed structure that distinguishes the present 

claims from Kliger and not the fact that both Kliger and the claimed invention return signals 

to the building to allow devices within the building to communicate with one another through 

circuitry provided at the point of demarcation. 

Accordingly, Applicants respectfully request that the Examiner reconsider the 

applicant's contention that the references, neither alone nor in combination, teach nor suggest 
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all claimed features. Even more particularly, Applicants respectfully still contend that none 

of the references teach, suggest or motivate one of ordinary skill in the art to make the 

claimed invention, since none of the cited references teach a filter that rejects network 

signals and thus reflects those rejected signals back into the building in order to allow 

terminals coupled to the tap ports (those ports other than the common port) within a network 

to communicate directly with one another. Nor would it otherwise be obvious to combine 

elements provided in the prior art in light of the failure of the prior art to provide the missing 

element of a filter tuned to reject the signals, rather than passing them and looping them back 

into a splitter. 

Note that nothing in Kliger (and more particularly in the discussion of the HRU 44) 

teaches or suggests that the HRU 44 is ( or uses) a filter to reject the signals that are returned 

to the building. Applicants contend that the failure of the prior art to teach or disclose 

the use of a filter is due to the effects that were discussed in the previous response, 

namely the distortion that the use of a filter that reflects the signals would create. It is 

only by the additional improvements to the signal processing that use of such a filter 

becomes a consideration, and through the use of these improvements, such as the 

circuits for doing bitloading and power control, as those terms were discussed and 

described in Applicants' previous response. 

Applicant's once again point out that while the embodiment disclosed in figure 2A 

teaches the inclusion of two bandpass filters (BPFs) in the HRU 44, those filters are only 

used for the purpose of separating the high frequencies from the low frequencies. The 

two BPFs shown in figure 2A clearly do not reject and reflect the signal that is applied to 

them. 

Likewise, independent Claims 25 and 29 have been amended to recite the limitations 

similar to those limitations discussed above with respect to Claim 5. Thus, Applicants 

contend that Claims 5, 25 and 29 and those claims that depend therefrom are in condition for 

allowance. 
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Discussion of Rejections Under 35 U.S.C. §103 

Claims 18, 24, and 36 were rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger as applied to claim 5 above, and further in view ofManssen (5809421). 

Claims 29, 30, and 33 were rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger in view of Mukherjee (6226322). 

Claim 31 was rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger, and 

Mukherjee as applied to claim 29 above, and further in view of Kapoor (6,396,886). 

Claim 35 was rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger, 

Mukherjee, and Ise in view of Wu. 

Claims 32, 34, and 35, were rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger and Mukherjee as applied to claim 29 above, and further in view of Ise 

(6,778,601). 

Claim 37 was rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger and 

Mukherjee as applied to claim 29 above, and further in view of Mans sen. 

It should be noted that while the Examiner has cited several additional references 

(including: Manssen, Zhang, Ling, Mukherjee, Kapoor, Ise and Wu) in rejecting some of the 

dependent claims, none of these references teach or suggest the missing element of a filter 

tuned to reject and reflect signals back into the network from which they were transmitted as 

described above and recited in the claims as now presented. 

Accordingly, Applicants respectfully request reconsideration and allowance of claims 

5, 25, 29 and those claims that depend therefrom. 
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CONCLUSION 

Applicants believe that all claims pending in the application are allowable. 

Applicants therefore respectfully request that a timely Notice of Allowance be issued in this 

case. 

This is a response to the Office Action mailed on 10/20/08, and as such, is submitted 

timely and no fee is required. 

If there are any other fees due in connection with the filing of the response, please 

charge the fees to our Deposit Account No. 50-4613. If a fee is required for an extension of 

time under 3 7 CFR 1.13 6 not accounted for above, such an extension is requested and the fee 

should also be charged to our Deposit Account. 

If the Examiner believes a telephone conference would expedite prosecution of this 

application, please telephone the undersigned. 

January 19, 2009 

Entropic Communications, Inc. 
6290 Sequence Drive 
San Diego, California 92121 
Telephone: (619) 980-2612 
e-mail address: bruceg@entropic.com 

Respectfully submitted, 

By: /Bruce W. Greenhaus/ 
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--------------
Bruce W. Greenhaus 
Attorney for Applicants 
Registration No. 37,339 
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REMARKS/ ARGUMENTS 

Claims 5, 18, and 23-37 are pending in the application. Claims 5, 18, and 23-37 were 

rejected. Applicants have amended Claims 5, 25, and 29. Applicants respectfully request 

reconsideration and allowance of all pending claims. 

Discussion of Rejections Under 35 U.S.C. §102 

Claims 5, 23, 25-30 were rejected under 35 U.S.C. §102(e) as being Anticipated by 

Kliger. The Examiner indicated that Applicants' arguments are not persuasive. The 

Examiner once again disputes Applicants' contention that Kliger does not teach or suggest 

using a filter to reflect the signals back through the splitter for transmission to other devices 

in the network. In order to further clarify the issues, Applicants have amended the claims to 

recite that the filter is "tuned to reject network signals originating in the building, such that 

the network signals originating in the building do not pass through the filter, but rather are 

reflected back into the building. 

Applicants respectfully point out to the Examiner that a rejection based upon 102( e) 

requires that the Examiner identify within the cited reference relied upon, each and every 

element recited in the claims being rejected. In particular, Applicants contend that the 

Examiner has failed to show that the references cited disclose a filter as recited in 

independent claims 5, 25, and 29. 

Examiner has stated that: 

Kliger teaches a signal distribution network comprising: a filter ( 44 - fig. 2) 

located at the point of entry of a building tuned to reflect network signals 

originating in the building back into the building - (HRU 44 is located within 

demarcation point unit 14 which is located at the point of entry of the 

building. [0055], [0056]). 

The Examiner provides support for this contention in paragraph 2 of the Office Action 

dated 10/20/08, which has the heading "Response to Arguments". The Examiner contends 

that "Fig.2 in Kliger illustrates the demarcation point unit 14 which reflects incoming signals 

from various devices in a home network." However, as noted by Applicant in earlier 
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responses ( and as is made more clear by the currently presented amendments that do not alter 

the scope of Claim 5 or the other amended claims), the HRU 44, while located within 

demarcation point unit 14 is located at the point of entry of the building, is not tuned to 

reject signals that originate in the building. Rather, the HRU 44 of Kliger takes those signals 

in and loops them back out after processing those signals. The amount of hardware necessary 

to perform that looping function (as opposed to rejecting the signal, as recited in the currently 

amended claims) is significantly more than just the filter that is recited in currently presented 

claims, such as Claim 5. Kliger at paragraph [55] states: 

FIG. 2A shows another embodiment of the HRU 44 including a diplexer 42, 

band pass (BP) filters 46, 48, amplifiers 50, 52, an RF down-converter 54, 

an RF up-converter 56 and an intermediate frequency filter and amplifier 

unit 58. (emphasis added). 

It should be clear that there is a significant difference between the Kliger looping 

HRU 44 which requires that the signal be filtered, up and down converted, amplified, filtered 

again, etc. and the simple structure of the filter tuned to reject signals originating from 

inside the building. More specifically, Kliger does not teach or suggest a filter tuned to 

reject signals in order to reflect those signals back to their source. The ultimate end result is 

the same, that is, to return signals back to the building. However, the structure that is 

claimed for achieving this end result is completely different from that disclosed by Kliger. 

Applicants believe that by rephrasing the language of the claims to recite that the 

filter is tuned to reject the signals and not to allow the signals to pass that Applicants will 

more clearly distinguish the claimed invention from Kliger's disclosed HRU 44 which 

performs the looping function noted above and which the Examiner so eloquently described 

in the most recent office action. Applicants believe that it should be quite clear in light of the 

current amendments that it is the particular claimed structure that distinguishes the present 

claims from Kliger and not the fact that both Kliger and the claimed invention return signals 

to the building to allow devices within the building to communicate with one another through 

circuitry provided at the point of demarcation. 

Accordingly, Applicants respectfully request that the Examiner reconsider the 

applicant's contention that the references, neither alone nor in combination, teach nor suggest 
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all claimed features. Even more particularly, Applicants respectfully still contend that none 

of the references teach, suggest or motivate one of ordinary skill in the art to make the 

claimed invention, since none of the cited references teach a filter that rejects network 

signals and thus reflects those rejected signals back into the building in order to allow 

terminals coupled to the tap ports (those ports other than the common port) within a network 

to communicate directly with one another. Nor would it otherwise be obvious to combine 

elements provided in the prior art in light of the failure of the prior art to provide the missing 

element of a filter tuned to reject the signals, rather than passing them and looping them back 

into a splitter. 

Note that nothing in Kliger (and more particularly in the discussion of the HRU 44) 

teaches or suggests that the HRU 44 is ( or uses) a filter to reject the signals that are returned 

to the building. Applicants contend that the failure of the prior art to teach or disclose 

the use of a filter is due to the effects that were discussed in the previous response, 

namely the distortion that the use of a filter that reflects the signals would create. It is 

only by the additional improvements to the signal processing that use of such a filter 

becomes a consideration, and through the use of these improvements, such as the 

circuits for doing bitloading and power control, as those terms were discussed and 

described in Applicants' previous response. 

Applicant's once again point out that while the embodiment disclosed in figure 2A 

teaches the inclusion of two bandpass filters (BPFs) in the HRU 44, those filters are only 

used for the purpose of separating the high frequencies from the low frequencies. The 

two BPFs shown in figure 2A clearly do not reject and reflect the signal that is applied to 

them. 

Likewise, independent Claims 25 and 29 have been amended to recite the limitations 

similar to those limitations discussed above with respect to Claim 5. Thus, Applicants 

contend that Claims 5, 25 and 29 and those claims that depend therefrom are in condition for 

allowance. 
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Discussion of Rejections Under 35 U.S.C. §103 

Claims 18, 24, and 36 were rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger as applied to claim 5 above, and further in view ofManssen (5809421). 

Claims 29, 30, and 33 were rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger in view of Mukherjee (6226322). 

Claim 31 was rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger, and 

Mukherjee as applied to claim 29 above, and further in view of Kapoor (6,396,886). 

Claim 35 was rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger, 

Mukherjee, and Ise in view of Wu. 

Claims 32, 34, and 35, were rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger and Mukherjee as applied to claim 29 above, and further in view of Ise 

(6,778,601). 

Claim 37 was rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger and 

Mukherjee as applied to claim 29 above, and further in view of Mans sen. 

It should be noted that while the Examiner has cited several additional references 

(including: Manssen, Zhang, Ling, Mukherjee, Kapoor, Ise and Wu) in rejecting some of the 

dependent claims, none of these references teach or suggest the missing element of a filter 

tuned to reject and reflect signals back into the network from which they were transmitted as 

described above and recited in the claims as now presented. 

Accordingly, Applicants respectfully request reconsideration and allowance of claims 

5, 25, 29 and those claims that depend therefrom. 
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CONCLUSION 

Applicants believe that all claims pending in the application are allowable. 

Applicants therefore respectfully request that a timely Notice of Allowance be issued in this 

case. 

This is a response to the Office Action mailed on 10/20/08, and as such, is submitted 

timely and no fee is required. 

If there are any other fees due in connection with the filing of the response, please 

charge the fees to our Deposit Account No. 50-4613. If a fee is required for an extension of 

time under 3 7 CFR 1.13 6 not accounted for above, such an extension is requested and the fee 

should also be charged to our Deposit Account. 

If the Examiner believes a telephone conference would expedite prosecution of this 

application, please telephone the undersigned. 

January 19, 2009 

Entropic Communications, Inc. 
6290 Sequence Drive 
San Diego, California 92121 
Telephone: (619) 980-2612 
e-mail address: bruceg@entropic.com 

Respectfully submitted, 

By: /Bruce W. Greenhaus/ 
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--------------
Bruce W. Greenhaus 
Attorney for Applicants 
Registration No. 37,339 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re Application of: 
Gurantz, et al. 

Serial No.: 09/910,412 

Filed: June 21, 2001 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 
FILED ELECTRONICALLY via EFS 

For: NETWORK INTERFACE DEVICE 
AND BROADBAND LOCAL AREA 
NETWORK USING COAXIAL CABLE 

Group Art Unit: 2421 

Confirmation No. 2398 

AMENDMENT 

Attention: Sumaiya A. Chowdhury 
Examiner 

Dear Sir: 

In response to the Office Action of October 201
\ 2008, please note the following remarks and 

comments: 

Amendments to the Claims begin on page 2 of this paper. 

Remarks/Comments begin on page 6 of this paper. 

1 

I hereby certify that this correspondence is being 
electronically deposited with the Commissioner for 
Patents through the USPTO electronic filing system, 
on: 

January 19, 2009 
(Date of Deposit) 

Tim L. Ellis 
(Name of Person Making Deposit) 

/Tim L. Ellis/ 
(Signature) 
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AMENDMENTS TO THE CLAIMS: 

1-4. (Cancelled) 

5. (Currently Amended) A signal distribution network comprising: 

a filter located at the point of entry of a building tuned to reject refleet network 

signals originating in the building back into the building, such that the network signals 

originating in the building do not pass through the filter, but rather are reflected back into the 

building: 

at least one signal splitter, the signal splitter having a common port and a plurality of 

tap ports, the common port of the signal splitter being coupled to the filter; and 

a plurality of terminal devices, each terminal device being coupled to a tap port of at 

least one signal splitter, at least one of the terminal devices providing frequency bins with 

more transmit bits which occupy parts of the channel where the signal to noise ratio (SNR) is 

high; 

wherein the reflections from the filter provide a path for terminal devices back 

through the tap port of the signal splitter and out each other tap port to transmit signals to 

other terminal devices thus allowing terminal devices to communicate directly with each 

other to form the signal distribution network. 

6-17 (Cancelled) 

18. (Previously Amended) The signal distribution network of claim 5, wherein at least 

one of the communication channels between terminal devices uses time division duplex 

protocol for communications and the communications_are synchronized by broadcasting a 

beacon message on the network. 

19-22. (Cancelled) 

23. (Previously Amended) The signal distribution network of claim 5, wherein the 

signal modulation used by the terminal devices is orthogonal frequency division multiplexing 

(OFDM) and the modulation order of each OFDM carrier is adjusted according to the signal 
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to noise ratio (SNR) at each OFDM carrier frequency to overcome frequency selective 

channel impairments caused by the reflections from the filter. 

24. (Previously Amended) The signal distribution network of claim 18, wherein the 

power level of each OFDM carrier is adjusted according to the signal loss at each OFDM 

carrier frequency to overcome frequency selective channel impairments caused by the 

reflections from the filter. 

25. (Currently Amended) A broadband local area network using coaxial cable 

building wiring as a communication channel, the network comprising: 

a plurality of terminal devices, each terminal device communicating with other 

terminal devices using orthogonal frequency division multiplexing (OFDM) 

modulation, at least one of the terminal devices providing frequency bins with more 

transmit bits which occupy parts of the channel where the signal to noise ratio 

(SNR) is high~ 

a network of building cables coupled to the plurality of terminal devices; and 

a filter having a first and second port, the first port connected to a building point of 

entry and the second port connected to the plurality of terminal devices via the 

network of building cables, wherein signals transmitted by any of the terminal 

devices and received at the second port of the filter are rejected by the filter such 

that such signals do not pass through the filter, but rather are reflected back into the 

network of building cables in order to create a communication path between the 

transmitting terminal device and at least one other terminal device coupled to the 

network of building cables. 

26. (Previously Amended) The broadband local area network of claim 25 wherein the 

modulation order of each OFDM carrier is adjusted according to the signal to noise ratio 

(SNR) at each OFDM carrier frequency to overcome frequency selective channel 

impairments present in the coaxial building wiring caused by the reflections from the filter. 

27. (Previously Amended) The broadband local area network of claim 25, wherein the 

power level of each OFDM carrier is adjusted according to the signal loss at each OFDM 
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carrier frequency to overcome frequency selective channel impairments present in the coaxial 

building wiring caused by the reflections from the filter. 

28. (Previously Amended) The broadband local area network of claim 25 wherein the 

frequency used for communicating is above the cable television band. 

29. (Currently Amended) A broadband local area network for transmitting modulated 

signals using coaxial cable building wiring containing a plurality of branches comprising: 

a filter located at the point of entry of the building wiring that rejects reflects network 

signals originating in the building wiring such that the rejected network signals do 

not pass through the filter, but rather are reflected by the filter back into all 

branches of the building wiring; 

at least one signal splitter; 

a plurality of terminal devices connected to the wiring branches, each terminal device 

capable of communicating with other terminal devices the reflected signal path 

created by the filter, wherein the terminal devices perform equalization on the 

received signal that restores a flat frequency response to overcome 

communication channel impairments caused by the reflected signals. 

30. (Previously Amended) The network of claim 29 wherein the equalization is 

frequency domain equalization. 

31. (Previously Amended) The network of claim 29 wherein the equalization is time 

domain equalization. 

32. (Previously Amended) The network of claim 29 wherein the equalization is 

adaptive. 

33. (Previously Amended) The network of claim 29 wherein the terminal devices use 

orthogonal frequency division multiplexing (OFDM) modulation to overcome the 

communication channel impairments caused by the reflected signals. 
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34. (Previously Amended) The network of claim 32 wherein the terminal devices use 

orthogonal frequency division multiplexing (OFDM) modulation to overcome the 

communication channel impairments caused by the reflected signals. 

35. (Previously Presented) The network of claim 34 wherein the terminal devices use 

forward error correction to recover the transmitted signals without errors. 

36. (Previously Amended) The broadband local area network of claim 25, wherein at 

least one of the communication channels between terminal devices uses time division duplex 

protocol for communications and the communications_are synchronized by broadcasting a 

beacon message on the network. 

37. (Previously Amended) The broadband local area network of claim 29, wherein at 

least one of the communication channels between terminal devices uses time division duplex 

protocol for communications and the communications are synchronized by broadcasting a 

beacon message on the network. 
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REMARKS/ ARGUMENTS 

Claims 5, 18, and 23-37 are pending in the application. Claims 5, 18, and 23-37 were 

rejected. Applicants have amended Claims 5, 25, and 29. Applicants respectfully request 

reconsideration and allowance of all pending claims. 

Discussion of Rejections Under 35 U.S.C. §102 

Claims 5, 23, 25-30 were rejected under 35 U.S.C. §102(e) as being Anticipated by 

Kliger. The Examiner indicated that Applicants' arguments are not persuasive. The 

Examiner once again disputes Applicants' contention that Kliger does not teach or suggest 

using a filter to reflect the signals back through the splitter for transmission to other devices 

in the network. In order to further clarify the issues, Applicants have amended the claims to 

recite that the filter is "tuned to reject network signals originating in the building, such that 

the network signals originating in the building do not pass through the filter, but rather are 

reflected back into the building. 

Applicants respectfully point out to the Examiner that a rejection based upon 102( e) 

requires that the Examiner identify within the cited reference relied upon, each and every 

element recited in the claims being rejected. In particular, Applicants contend that the 

Examiner has failed to show that the references cited disclose a filter as recited in 

independent claims 5, 25, and 29. 

Examiner has stated that: 

Kliger teaches a signal distribution network comprising: a filter ( 44 - fig. 2) 

located at the point of entry of a building tuned to reflect network signals 

originating in the building back into the building - (HRU 44 is located within 

demarcation point unit 14 which is located at the point of entry of the 

building. [0055], [0056]). 

The Examiner provides support for this contention in paragraph 2 of the Office Action 

dated 10/20/08, which has the heading "Response to Arguments". The Examiner contends 

that "Fig.2 in Kliger illustrates the demarcation point unit 14 which reflects incoming signals 

from various devices in a home network." However, as noted by Applicant in earlier 
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responses ( and as is made more clear by the currently presented amendments that do not alter 

the scope of Claim 5 or the other amended claims), the HRU 44, while located within 

demarcation point unit 14 is located at the point of entry of the building, is not tuned to 

reject signals that originate in the building. Rather, the HRU 44 of Kliger takes those signals 

in and loops them back out after processing those signals. The amount of hardware necessary 

to perform that looping function (as opposed to rejecting the signal, as recited in the currently 

amended claims) is significantly more than just the filter that is recited in currently presented 

claims, such as Claim 5. Kliger at paragraph [55] states: 

FIG. 2A shows another embodiment of the HRU 44 including a diplexer 42, 

band pass (BP) filters 46, 48, amplifiers 50, 52, an RF down-converter 54, 

an RF up-converter 56 and an intermediate frequency filter and amplifier 

unit 58. (emphasis added). 

It should be clear that there is a significant difference between the Kliger looping 

HRU 44 which requires that the signal be filtered, up and down converted, amplified, filtered 

again, etc. and the simple structure of the filter tuned to reject signals originating from 

inside the building. More specifically, Kliger does not teach or suggest a filter tuned to 

reject signals in order to reflect those signals back to their source. The ultimate end result is 

the same, that is, to return signals back to the building. However, the structure that is 

claimed for achieving this end result is completely different from that disclosed by Kliger. 

Applicants believe that by rephrasing the language of the claims to recite that the 

filter is tuned to reject the signals and not to allow the signals to pass that Applicants will 

more clearly distinguish the claimed invention from Kliger's disclosed HRU 44 which 

performs the looping function noted above and which the Examiner so eloquently described 

in the most recent office action. Applicants believe that it should be quite clear in light of the 

current amendments that it is the particular claimed structure that distinguishes the present 

claims from Kliger and not the fact that both Kliger and the claimed invention return signals 

to the building to allow devices within the building to communicate with one another through 

circuitry provided at the point of demarcation. 

Accordingly, Applicants respectfully request that the Examiner reconsider the 

applicant's contention that the references, neither alone nor in combination, teach nor suggest 
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all claimed features. Even more particularly, Applicants respectfully still contend that none 

of the references teach, suggest or motivate one of ordinary skill in the art to make the 

claimed invention, since none of the cited references teach a filter that rejects network 

signals and thus reflects those rejected signals back into the building in order to allow 

terminals coupled to the tap ports (those ports other than the common port) within a network 

to communicate directly with one another. Nor would it otherwise be obvious to combine 

elements provided in the prior art in light of the failure of the prior art to provide the missing 

element of a filter tuned to reject the signals, rather than passing them and looping them back 

into a splitter. 

Note that nothing in Kliger (and more particularly in the discussion of the HRU 44) 

teaches or suggests that the HRU 44 is ( or uses) a filter to reject the signals that are returned 

to the building. Applicants contend that the failure of the prior art to teach or disclose 

the use of a filter is due to the effects that were discussed in the previous response, 

namely the distortion that the use of a filter that reflects the signals would create. It is 

only by the additional improvements to the signal processing that use of such a filter 

becomes a consideration, and through the use of these improvements, such as the 

circuits for doing bitloading and power control, as those terms were discussed and 

described in Applicants' previous response. 

Applicant's once again point out that while the embodiment disclosed in figure 2A 

teaches the inclusion of two bandpass filters (BPFs) in the HRU 44, those filters are only 

used for the purpose of separating the high frequencies from the low frequencies. The 

two BPFs shown in figure 2A clearly do not reject and reflect the signal that is applied to 

them. 

Likewise, independent Claims 25 and 29 have been amended to recite the limitations 

similar to those limitations discussed above with respect to Claim 5. Thus, Applicants 

contend that Claims 5, 25 and 29 and those claims that depend therefrom are in condition for 

allowance. 
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Discussion of Rejections Under 35 U.S.C. §103 

Claims 18, 24, and 36 were rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger as applied to claim 5 above, and further in view ofManssen (5809421). 

Claims 29, 30, and 33 were rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger in view of Mukherjee (6226322). 

Claim 31 was rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger, and 

Mukherjee as applied to claim 29 above, and further in view of Kapoor (6,396,886). 

Claim 35 was rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger, 

Mukherjee, and Ise in view of Wu. 

Claims 32, 34, and 35, were rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger and Mukherjee as applied to claim 29 above, and further in view of Ise 

(6,778,601). 

Claim 37 was rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger and 

Mukherjee as applied to claim 29 above, and further in view of Mans sen. 

It should be noted that while the Examiner has cited several additional references 

(including: Manssen, Zhang, Ling, Mukherjee, Kapoor, Ise and Wu) in rejecting some of the 

dependent claims, none of these references teach or suggest the missing element of a filter 

tuned to reject and reflect signals back into the network from which they were transmitted as 

described above and recited in the claims as now presented. 

Accordingly, Applicants respectfully request reconsideration and allowance of claims 

5, 25, 29 and those claims that depend therefrom. 
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CONCLUSION 

Applicants believe that all claims pending in the application are allowable. 

Applicants therefore respectfully request that a timely Notice of Allowance be issued in this 

case. 

This is a response to the Office Action mailed on 10/20/08, and as such, is submitted 

timely and no fee is required. 

If there are any other fees due in connection with the filing of the response, please 

charge the fees to our Deposit Account No. 50-4613. If a fee is required for an extension of 

time under 3 7 CFR 1.13 6 not accounted for above, such an extension is requested and the fee 

should also be charged to our Deposit Account. 

If the Examiner believes a telephone conference would expedite prosecution of this 

application, please telephone the undersigned. 

January 19, 2009 

Entropic Communications, Inc. 
6290 Sequence Drive 
San Diego, California 92121 
Telephone: (619) 980-2612 
e-mail address: bruceg@entropic.com 

Respectfully submitted, 

By: /Bruce W. Greenhaus/ 

10 

--------------
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Attorney for Applicants 
Registration No. 37,339 
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2421 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;l_ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 28 July 2008. 

2a)0 This action is FINAL. 2b)[8J This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 
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Application Papers 

9)0 The specification is objected to by the Examiner. 
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1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 
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DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

Page 2 

1. A request for continued examination under 37 CFR 1.114, including the fee set forth 

in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1.114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 

7 /28/08 has been entered. 

Response to Arguments 

2. Applicant's arguments filed 7/28/08 have been fully considered but they are not 

persuasive. 

(a) Applicant argues" ... none of the cited references teach a filter that reflects 

signals back into a splitter in order to allow terminals coupled to the tap ports ... within a 

network to communicate directly with one another." on page 6, 4th paragraph of the 

remarks filed 7/28/08. 

The Examiner disagrees. Fig.2 in Kliger illustrates the demarcation point unit 14 

which reflects incoming signals from various devices in a home network. The 

demarcation point unit 14 consists of three main components; namely, splitter 24', DIP 

40, and HRU 44. Kliger provides a block diagram of the HRU 44 in Fig. 2A. When a first 

device 33 in one room needs to communicate with a second device 33 in a second 

room, the first device 33 sends an upstream signal to the demarcation point unit 14. 

Once the upstream signal enters the demarcation point unit 14, it passes through 
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diplexer 42, and is then band pass filtered by BP filter 46, amplified by amplifier 50, and 

RF down-converted by down-converter 54 to an intermediate frequency (paragraph 

[0055]). The IF filter and amplifier unit 58 then amplifies and band pass filters the IF 

signal. The RF up-converter 56 shifts the frequency of the IF signal up to the 

downstream frequency band. The amplifier 52 and BP filter 48 then amplify and filter the 

downstream signal. This downstream signal then passes back to the backbone 20 of 

the home network 10. This allows the devices 30 to communicate with each other by 

issuing messages to the backbone 20. The HRU 44 receives the upstream signal, 

amplifies and shifts the RF frequency to the backbone 20 as the downstream signal. 

The HNMs 28 then receive the messages in the downstream signal from the backbone 

20 - (paragraph [0056]). In other words, HRU 44 in the demarcation unit 14 performs 

the function of the filter as recited in claim 1 which reflects incoming upstream signals 

from devices 33 to other devices over a home network. 

Claim Rejections - 35 USC§ 102 

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form 

the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed 
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
patent by another filed in the United States before the invention by the applicant for patent, except that an 
international application filed under the treaty defined in section 351 (a) shall have the effects for purposes of 
this subsection of an application filed in the United States only if the international application designated the 
United States and was published under Article 21 (2) of such treaty in the English language. 
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4. Claims 5, 23, 25-27, and 28-30 are rejected under 35 U.S.C. 102(e) as being 

anticipated by Kliger (US 2002/0069417) 

Note: Information relied on from Kliger can be found in provisional applications 

60/229263 and 60/275060 

As for claim 5, Kliger teaches a signal distribution network comprising: 

Page 4 

a filter (44 - fig. 2) located at the point of entry of a building tuned to reflect 

network signals originating in the building back into the building - (HRU 44 is located 

within demarcation point unit 14 which is located at the point of entry of the building. 

[0055], [0056]). 

at least one signal splitter (24'), the signal splitter having a common port (fig. 2; 

port between splitter 24' and DIP 40) and a plurality of tap ports (fig. 2; ports between 

splitter 24' and coax wires 22), the common port of the signal splitter being coupled to 

the filter- (Referring to fig. 2, splitter 24' is connected to filter 44 via DIP 40. [0051], 

[0056]); and 

a plurality of terminal devices (33), each terminal device being coupled to a tap 

port of at least one signal splitter (Referring to fig. 1, terminal devices 33 are connected 

to splitter 24' via a tap port), at least one of the terminal devices (modem 114) providing 

frequency bins with more transmit bits which occupy parts of the channel where the 

signal to noise ratio (SNR) is high - (Higher data rates are achieved for a specific 
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frequency band which produces less cross talk (high SNR) between potentially 

interfering signals [0073]); 

Page 5 

wherein the reflections from the filter provide a path for terminal devices back 

through the tap port of the signal splitter and out each other tap port to transmit signals 

to other terminal devices thus allowing terminal devices to communicate directly with 

each other to form the signal distribution network - [0048], [004 7], [0050], [0055], 

[0056]; 

As for claims 23 and 26, Kliger teaches wherein the signal modulation used by the 

terminal devices is OFDM and the modulation order of each OFDM carrier is adjusted 

according to the SNR at each OFDM carrier frequency to overcome frequency selective 

channel impairments caused by the reflections from the filter - [0073]. 

As for claim 27, Kliger teaches wherein the power level of each OFDM carrier is 

adjusted according to the signal loss at each OFDM carrier frequency to overcome 

frequency selective channel impairments caused by the reflections from the filter [0057]­

[0059]. 

Claim 25 contains the limitations of claims 5 and 24 and are analyzed as 

previously discussed with respect to those claims. 

Page 170 of 849



Application/Control Number: 09/910,412 

Art Unit: 2421 

Page 6 

As for claim 28, Kliger teach the claimed limitations. In particular, Kliger teaches 

the frequency used for communicating is above the cable television band - ([0052]; 

provisional application 60/275,060). 

5. Claims 18, 24, and 36 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger as applied to claim 5 above, and further in view of Manssen (5809421 ). 

As for claims 18 and 36, Kliger fails to teach wherein at least one of the 

communication channels between terminal devices uses time division duplex protocol 

for communications and the communications are synchronized by broadcasting a 

beacon message on the network. 

In an analogous art, Manssen teaches wherein at least one of the communication 

channels between terminal devices uses time division duplex protocol for 

communications and the communications are synchronized by broadcasting a beacon 

message on the network- col. 8, lines 30-48, col. 4, lines 9-25. 

It would have been obvious to one of ordinary skill in the art at the time of applicant's 

invention to modify Kliger and Wu's invention to include the above mentioned limitation, 

as taught by Manssen, for the advantage of preventing co-channel interference. 

As for claim 24, Kliger teaches wherein the power level of each OFDM carrier is 

adjusted according to the signal loss at each OFDM carrier frequency to overcome 
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frequency selective channel impairments caused by the reflections from the filter [0057]­

[0059]. 

6. Claims 29, 30, and 33 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger in view of Mukherjee (6226322). 

Claim 29 contains the limitations of claims 5 and 25 and is analyzed as 

previously discussed with respect to those claims. Claim 29 additionally calls for the 

following: 

wherein the terminal devices perform equalization on the received signal that 

restores a flat frequency response to overcome the communication channel 

impairments caused by the multipath signals. 

In an analogous art, Mukherjee teaches the terminal devices perform 

equalization on the received signal signal that restores a flat frequency response to 

overcome the communication channel impairments caused by the multipath signals 

- col. 8, lines 40-52. 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger's invention to include the above mentioned 

limitation, as taught by Mukherjee, for the advantage of flattening the signal spectrum 

and compensating for phase distortion. 
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As for claim 30, Kliger and Mukherjee disclose the claimed limitations. In 

particular, Mukherjee teaches equalization is frequency domain equalization. 

Page 8 

As for claims 33 Kliger teaches wherein the signal modulation used by the terminal 

devices is OFDM and the modulation order of each OFDM carrier is adjusted according 

to the SNR at each OFDM carrier frequency to overcome frequency selective channel 

impairments caused by the reflections from the filter - [0073]. 

7. Claim 31 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger, and 

Mukherjee as applied to claim 29 above, and further in view of Kapoor (6,396,886). 

As for claim 31, Kliger, and Mukherjee fail to teach wherein equalization is time 

domain equalization. 

In an analogous art, Kapoor teaches wherein equalization is time domain 

equalization that restores a flat frequency response to overcome multipath effects - col. 

6, lines 47-63. 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger and Mukherjee's invention to include the above 

mentioned limitation, as taught by Kapoor, for the advantage of restoring the frequency 

envelope. 
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8. Claims 32, 34, and 35, are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger and Mukherjee as applied to claim 29 above, and further in view of lse 

(6778601 ). 

As for claim 32, Kliger and Mukherjee fail to teach wherein equalization is 

adaptive. 

In an analogous art, lse teaches wherein equalization is adaptive (see abstract, 

col. 4, lines 33-47, col. 5, lines 17-27, lines 40-50). 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger and Mukherjee's invention to include the above 

mentioned limitation, as taught by lse, in order to inhibit an excessive peak in the filter 

characteristic. 

As for claim 34, Kliger, Mukherjee, and lse disclose the claimed limitations. In 

particular, Kliger teaches wherein the terminal devices use orthogonal frequency 

division multiplexing (OFDM) modulation to overcome the communication channel 

impairments caused by the reflected signals - [0073]. 

9. Claim 35 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger, 

Mukherjee, and lse in view of Wu. 
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As for claim 35, Kliger, Mukherjee, and lse fail to disclose wherein the terminal 

devices use forward error correction to recover the transmitted signal without errors. 

In an analogous art, Wu teaches wherein the terminal devices use forward error 

correction to recover the transmitted signal without errors - [0062]. 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger, Mukherjee, and lse's invention to include the 

above mentioned limitation, as taught by Wu, for the advantage of recovering the signal 

without errors. 

10. Claim 37 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger and 

Mukherjee as applied to claim 29 above, and further in view of Manssen. 

As for claim 37, Kliger and Mukherjee fail to teach wherein at least one of the 

communication channels between terminal devices uses time division duplex protocol 

for communications and the communications are synchronized by broadcasting a 

beacon message on the network. 

In an analogous art, Manssen teaches sharing the communication channel 

between locations using time division duplex protocol for communications that are 

synchronized by broadcasting a beacon message on the network - col. 8, lines 30-48, 

col. 4, lines 9-25. 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger and Mukherjee's invention to include the above 
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mentioned limitation, as taught by Manssen, for the advantage of preventing co-channel 

interference. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SUMAIYA A. CHOWDHURY whose telephone number 

is (571 )272-8567. The examiner can normally be reached on Mon-Fri, 9-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, John Miller can be reached on (571) 272-7353. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/John W. Miller/ 
Supervisory Patent Examiner, Art Unit 2421 

/Sumaiya A Chowdhury/ 
Examiner, Art Unit 2421 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re Application of: 
Guraotz, et al. 

Serial No.: 09/919,412 

Filed: July 21, 2001 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 
FILED ELECTRONICALLY via EFS 

For: NETWORK INTERFACE DEVICE 
AND BROADBAND LOCAL AREA 
NETWORK USING COAXIAL CABLE 

Group Art Unit: 2623 

AMENDMENT 

Attention: Sumaiya A. Chowdhury 
Examiner 

Dear Sir. 

In response to the Final Office Action of April 4, 2008, please note the following remarks and 
comments: 

Amendments to the Claims: claims begin on page 2 of this paper; however, there are no 
amendments to the claims. 

Reniarks/ Arguments: remarks/arguments begin on page 6 of this paper. 
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AMENDMENTS TO THE CLAIMS: 

1-4. (Cancelled) 

5. (Previously Amended) A signal distribution network comprising: 

a filter located at the point of entry of a building tuned to reflect network signals 

originating in the building back into the building; 

at least one signal splitter,.the signal splitter having a common port and a plurality of 

tap ports, the common port of the signal splitter being coupled to the filter; and 

a plurality of tem1inal devices, each tenninal device being coupled to a tap port of at 

least one signal splitter, at least one of the tenninal devices providing frequency bins with 

more transmit bits which occupy parts of the channel where the signal to noise ratio (SNR) is 

high; 

wherein the reflections from the filter provide a path for terminal devices back 

through the tap po11 of the signal splitter and out each other tap port to transmit signals to 

other terminal devices thus allowing tem1inal devices to communicate directly with each 

other to fom1 the signal distribution network. 

6-17 (Cancelled~ 

18. (Previously Amended) The signal distribution network of claim 5, wherein at least 

one of the communication channels between tem1inal devices uses time division duplex 

protocol for communications and the communications_are synchronized by broadcasting a 

beacon message on the network. 

19-22. (Cancelled) 

23. (Previously Amended) The signal distribution network of claim 5, wherein the 

signal modulation used by the terminal devices is orthogonal frequency division multiplexing 

(OFDM) and the modulation order of each OFDM carrier is adjusted according to the signal 

to noise ratio (SNR) at each OFDM carrier frequency to overcome frequency selective 

channel impainnents caused by the reflections from the filter. 

. 2 
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24. (Previously Amended) The signal distribution network of claim 18, wherein the 

power level of each OFDM carrier is adjusted according to the signal loss at each OFDM 

carrier frequency to overcome frequency selective channel impairments caused by the 

reflections from the filter. 

25. (Previously Amended) A broadband local area network using coaxial cable 

building wiring as a communication channel, the network comprising: 

a plurality of lem1inal devices, each tenninal device communicating with other 

tenninal devices using orthogonal frequency division multiplexing (OFDM) 

modulation, at least one of the tenuinal.devices providing frequency bins with more 

transmit bits which occupy p~11s of the channel where the signal to noise ratio 

(SNR) is high~ 

a network of building cables coupled to the plurality of tem1inal devices; and 

a filter having a first and second port, the first port connected to a building point of 

entry and the second port conn~cted to the plurality oftenninal devices via the 

network ofbujlding cables, wherein si1:,rnals transmitted by any of the terminal 

devices and received at the second port of the filter are reflected back into the 

network of building cables in order to create a communication path between the 

transmitting terminal device and at least one other terminal device coupled to the 

network of building cables. 

26. (Previously Amended) The broadband local area network of claim 25 wherein the 

modulation order of each OFDM carrier is adjusted according to the signal to noise ratio 

(SNR) at each OFDM carrier freq·uency to overcome frequency selective channel impaim1ents 

present in the coaxial building wi1ing caused by the reflections from the filter. 

27. (Previously Amended) The broadband local area network of claim 25, wherein the 

power level of each OFDM carrier is adjusted according to the signal loss at each OFDM 

carrier frequency to overcome frequency selective channel impairments present in the coaxial 

building wiring caused by the reflections from the filter: 

3 
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28. (Previously Amended) The broadband local area network of claim 25 wherein the 

frequency used for communicating is above the cable television band. 

29. (Previously Amended) A broadband local area network for transmitting modulated 

signals using coaxial cable building wiring containing a plurality of branches comprising: 

a filter located at the point of entry of the building wiring that reflects network signals 

originating in the building wiring back into all branches of the building wiring; 

at least one signal splitter; 

a plurality of tenninal devices connected to the wiring branches, each tenuinal device 

capable of communicating with other tem1inal devices the reflected signal path 

created by the filter, wherein tht:: tem1inal devices perfonn equalization on the 

received signal that.restores a flat frequency response to overcome communication 

channel impainuents caused by the reflected signals. 

30. (Previously Amended) The network of claim 29 wherein the equalization is 

frequency domain equalization. 

31. (Previously Amended) The network of claim 29 wherein tbe.equaliz~tion is time 

domain equalization. 

32. (Previously Amended) The network of claim 29 wherein the equalization is 

adaptive. 

33. (Previously Amended) The network of claim 29 wherein the tem1inal devices use 

orthogonal frequency qivision multiplexing (OFDM) modulation to overcome the 

communication channel impainuents caused by the reflected signals. 

34. (Previously Amended} The network of claim 32 wherein the tenninaLdevices use 

orthogonal frequency division multiplexing (OFDM) modulation to overcome the 

communicatiqn channel impaiiments caused by the reflected signals. 

35. (Previously Presented) The network of claim 34 wherein the terminal devices use 

forward error correction to recover the transmitted signals without errors. 

4 
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36. (Previously Amended) The broadband local area network of claim 25, wherein at 

least one of the communication channels between terminal devices uses time division duplex 

protocol for communications and the communications_are synchronized by broadcasting a 

beacon message on the network. 

37. (Previously Amended) The broadband local area nenvork of claim 29, wherein at 

least one of the communication channels between terminal devices uses time division duplex 

protocol for communications and the communications are synchronized by broadcasting a 

beacon message on the network. 

5 
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REMARKS/ARGUMENTS 

Claims 5, 18, and 23-37 are pending in the application. Claims 5, 18, and 23-37 were 

rejected. Applicants have not herein amended any of the claims currently pending. 

Applicants respectfully request reconsideration and allowance of all pending claims. 

Discussion of Rejections Under 35 U.S.C. §103 

Claims 5, 25 and 28 were rejected under 35 U.S.C. *103(a) as being unpatentable over 

Kliger in view of Wu. The Examiner has indicated that Applicants· arguments are not 

persuasive. The Examiner disputed Applicants· contention that Kliger does not teach or 

suggest using a filter to reflect the signals back through the splitter for transmission to other 

devices in the network. 

Applicants reiterate the requirement to establish a prima.fc,cie case of obviousness. 

That is, the prior art reference, or references when combined, must provide all of the claim 

limitations and must establish that it would be obvious for one of ordina1y skill in the a11 to 

combine the references in a way that would successft.tlly result in the claimed invention. 

Applicants contend that, in light of the amendments previously made to the claims as 

once again presented, a prinw.facie case of obviousness cannot be established and Applic_~nts 

respectfully traverse the rejections. In particular, Applicants rcspectft.tlly request that the 

Examiner reconsider the applicants contention that the references, neither alone nor in 

combination, teach nor suggest all claimed features. Even more particularly, Applicants 

respectfully still contend that none of the .references teach, suggest or motivate one of 

ordinary skiU in the art to make the claimed invention, since none of the cited references 

teach a filter that reflects signals back into a splitter in order to allow tenninals coupled to 

the t~p ports (those ports other than the common port) within a network to communicate 

directly with one another. Nor would it otherwise be obvious to combine elements provided 

in the prior art in light of the failure of the prior art to provide the missing element of a filter 

tuned to reflect signals back into a splitter. 

The Examiner disagreed with Applicants' statement that Kliger doesn't teach or 

suggest the use of a filter. The Examiner supported that position by pointing to the Home-
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network Reflection Unit (HRU) 44 disclosed by Kliger. On page 3 of the Final Office Action 

mailed on 4/4/08, the Examiner stated that Kliger teaches a filter 44 (Fig. 2) tuned to reflect 

signals back into the building. However, Applicants respectfully contend that upon 

inspection of _Kliger, it is clear that the device that Kliger discloses in figure 2 as HRU 44 is 

not a filter that reflects signals back into the building at all. Rather, at paragraph 51, Kliger 

states that: 

FIG. 2 shows an embodiment of the DPU 14 including a diplexer 40, a 

home-network reflector unit {HRU) 44 and a splitter 24". In general, the 

diplexer 40 separates a ca_ble TV (CaTV) signal (or satellite signal) 

received from the external network 18 from a home network signal 

received from the HNMs 28 connected to the backbone 20. One 

input/output (1/0) poti (the "L" port) of the diplexer 40 transmits and 

receives the CaTV signal (or satellite signal) to and from the external 

network 18. Another 1/0 po11 (the "H" port) of the diplexer 40 transmits 

and receives the home network signal to and from HRU 44. 

It should be noted that the diplexer 40 and the HRU 44 are two distinc_t and separate 

devices with quite distinct and different functions. Kliger goes on in paragraph 52 to say: 

The "L" port uses a low-pass filter at a certain predetermined frequency, 

fc, and the "H" port uses a high-pass filter at the same frequency, fc. By 

setting the frequency, fc, to about 900 MHz, for example, the low-pass "L" 

port transfers TV signals (5-860 Mhz), and the high-pass "H" port 

transfers the home network sibrnal above 860 MHz. More specifically, one 

embodiment sets the cutoff frequency to 950 MHz to separate frequencies 

above 950 MHz for use by the home network signal from the CaTV 

signals, which are in the 5-860 MHz range. 

Accordingly, it is the function of the diplexer 40, and more particularly the filters with 

in the diplexer, to separate the high frequency sibrnals that carry the home network sibrnals 

from the low frequency signals that cany the TV signals. The high frequency home network 

signals are then coupled to the HRU 44. No signals are reflected by the diplexer 40, since 

they are either .routed to the L port or the H port. It is then the HRU 44 which the Examiner 
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correctly noted reflects the home network signals back into the diplexer, and thus through to 

the splitter 24'. However. in describing at paragraph 54 the HRU 44 shown in figure 2, 

Kliger states: 

In some embodiments, the HRU 44 is either an unterminated or a 

shorted coaxial cable, which reflects the home network signal received 

from the diplexer 40 back to the diplexer 40. Some embodiments of a 

passive HRU connect o·ne port of a passive delay line to the H port of the 

diplexer 40 to improve the perfom1ance of the net\vork 10 by avoiding 

signal fading. In such embodiments, the other port of the_passive delay line 

is unterminated or shorted. In still other embodiments, leaving an 

· output of the diplexer 40 unterminated or bv shorting that output to 

ground attains reflection of the home_ network signal. These 

embodiments of the HRU 44 are refened to as passive HR Us. 

Note that nothing in the description of the HRU 44 teaches or suggests that the HRU 

44. is ( or uses) a filter of any kind. Applicants contend that the failure of Kliger to teach or 

disclose the use of a filter in the HRU 44 is due to the effects that were discussed in the 

previous response, namely the distortion that the use of a filter to reflect the signals would 

create, and which is improved by the use of the circuits for doing bitloading and power 

control, as those terms were discussed and described in Applicants' previous response. 

Kliger goes on in paragraphs 55 and 56 to disclose another embodiment of the HRU 

44 (shown in figure 2A). However, while the embodiment disclosed in figure 2A teaches the 

inclusion of two bandpass filters (BPFs) in the HRU 44, those filters are only used for the 

purpose of separating the high frequencies from the low frequencies. The two BPFs shown in 

figure 2A clearly do not reflect the signal that is applied to them. Therefore, that 

embodiment does no more then did the embodiment of figure 2 to teach or suggest the use of 

a filter to reflect signals back into the splitter. Accordingly, Kliger fails to teach the claimed 

elements of: 

a filter located at the point of entry of a building tuued to reflect network 

signals originating in the building back into the building 
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and 

wherein the reflections from the filter provide a .path for tenninal devices 

back through the tap port of the signal splitter and out each other tap port 

to transmit signals to other tem1inal devices thus allowing tenninal devices 

to communicate directly with each other to fom1 the si&111al distribution 

network. 

As previously noted, it would not be reasonable for one of ordinary skill in the art to 

modify the teaching of Kliger to sµbstitute a filter for the HRU disclosed by Kliger, since the 

.resulting distortions would cause serious problems which are only corrected in the presently 

claimed invention by the use of one of the two techniques recited in the claims (i.e., either 

bitloading or power control). Accordingly, Applicants respectfully contend that the presently 

claimed invention would not be obvious to one of ordinary skill in the a1t. 

Accordingly, Applicants respectfully contend that the claims as previously amended 

and once again presented place the application in condition for allowance. Accordingly, 

applicants believe that it would be appropriate to enter this response and allow all claims 

based upon the failure of the prior art to teach or suggest the use of a filter located at the point 

of entry of a building tuned to reflect network signals originating in the building back into the 

building. 

It should be noted that Claim 18, 23 and 24 depend from Claim 5 and accordingly, for 

the reasons stated above, each of these claims should are considered to be in condition for 

allowance. 

Claim 25 has been amended to recite the filter as described above and. the bitloading 

technique discussed in connection with the use of the filter .. Since, as noted above, none of 

the references teach or suggest the filter recited in Claim 25, Applicants respectfully contend 

that Claim 25 is also in condition for allowance. Claims 26-28 and 36 depend from Claim 25 

and so for the same reasons as noted with regard to Claim 25, Applicants respectfully content 

that Claims 26-28 and 36 are in condition for allowance. 

9 
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Likewise, Claim 29 has been a!11ended to recite the filter discussed above with respect 

to Claim 5 and thus Applicants contend that Claim 29 and those claims thatdepend therefrom 

(Claims 30-35, and 37) are in condition for allowance. 

It should be noted that while the Examiner has cited several additional references 

(including: Manssen, Zhang, Ling, Mukherjee and Kapoor) in rejecting some of the 

dependent claims, none of these references teach or suggest 'the missing element of a filter 

turned to reflect signals back into the network from which they were tra~smitted together with 

the use of bitloading and/or power control to make use of the filter viable as described above . 

and recited in the claims as now presented. 

Accordingly, Applicants respectfully request reconsideration a11d allowance of claims 

5, 25, 29 and those claims that.depend therefrom. 

10 
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Dated: 

Docket No. 9202 (E0IO00lUSUl) Serial No. 09/910,412 

CONCLUSION 

Applicants believe that all claims pending in the application are allowable. 

Applicants therefore respectfully request that a timely Notice of Allowance be issued in this 

case. 

This is a· response to the Office Action mailed on-4/4/08, and as such, is submitted 

together with a request for a one month extension of time and the fee required for such a one 

month extension of time. 

If there are any other fees due in connection with the filing of the response, please 

charge the fees to our Deposit Account No. 50-4613. If a fee is required for an extension of 

time under 37 CFR l. 136 not accounted for above, such an extension is requested and the fee 

should also be charged to our Deposit Account. 

If the Examiner believes a telephone conference would expedite prosecution of this 

application, please telephone the undersi!:,rned. 

July 28, 2008 

Entropic Communications, Inc. 
6290 Sequence Drive 
San Diego, California 92121 
Telephone: (619) 980-2612 
e-mail address: patentteam@entropic.com 

Respectfully submitted, 

By: /Bruce W. Greenhaus/ -----'----------

11 

Bruce W. Greenhaus 
Attorney for Applicants 
Registration No. 37,339 
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Application/Control Number: 09/910,412 

Art Unit: 2623 

DETAILED ACTION 

Response to Arguments 

Page 2 

1. Applicant's arguments with respect to claims 5, 18, and 23-37 have been considered 

but are moot in view of the new ground(s) of rejection. 

2. Applicant's arguments filed 1/22/08 have been fully considered but they are not 

persuasive. 

(a) Applicant argues" ... none of the cited references teach a filter that reflects 

signals back into a splitter in order to allow terminals coupled ... " on page 7, 4th 

paragraph of the Remarks filed 1/22/08. 

The Examiner disagrees. Kliger teaches a filter (44 - fig. 2) which reflects 

signals back into a splitter (24') so that devices can communicate with each other -

[0055], [0056], [0051]. 

Claim Rejections - 35 USC§ 102 

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form 

the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed 
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
patent by another filed in the United States before the invention by the applicant for patent, except that an 
international application filed under the treaty defined in section 351 (a) shall have the effects for purposes of 
this subsection of an application filed in the United States only if the international application designated the 
United States and was published under Article 21 (2) of such treaty in the English language. 

4. Claims 5, 23, 25-27, and 28-30 are rejected under 35 U.S.C. 102(e) as being 

anticipated by Kliger (US 2002/0069417) 
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Application/Control Number: 09/910,412 

Art Unit: 2623 

Note: Information relied on from Kliger can be found in provisional applications 

60/229263 and 60/275060 

As for claim 5, Kliger teaches a signal distribution network comprising: 

Page 3 

a filter (44 - fig. 2) located at the point of entry of a building tuned to reflect 

network signals originating in the building back into the building - (Filter 44 is located 

within demarcation point unit 14 which is located at the point of entry of the building. 

[0055], [0056]). 

at least one signal splitter (24'), the signal splitter having a common port (fig. 2; 

port between splitter 24' and DIP 40) and a plurality of tap ports (fig. 2; ports between 

splitter 24' and coax wires 22), the common port of the signal splitter being coupled to 

the filter- (Referring to fig. 2, splitter 24' is connected to filter 44 via DIP 40. [0051], 

[0056]); and 

a plurality of terminal devices (33), each terminal device being coupled to a tap 

port of at least one signal splitter (Referring to fig. 1, terminal devices 33 are connected 

to splitter 24' via a tap port), at least one of the terminal devices (modem 114) providing 

frequency bins with more transmit bits which occupy parts of the channel where the 

signal to noise ratio (SNR) is high - (Higher data rates are achieved for a specific 

frequency band which produces less cross talk (high SNR) between potentially 

interfering signals [0073]); 

wherein the reflections from the filter provide a path for terminal devices back 

through the tap port of the signal splitter and out each other tap port to transmit signals 
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Application/Control Number: 09/910,412 

Art Unit: 2623 

Page 4 

to other terminal devices thus allowing terminal devices to communicate directly with 

each other to form the signal distribution network - [0048], [004 7], [0050], [0055], 

[0056]; 

As for claims 23 and 26, Kliger teaches wherein the signal modulation used by the 

terminal devices is OFDM and the modulation order of each OFDM carrier is adjusted 

according to the SNR at each OFDM carrier frequency to overcome frequency selective 

channel impairments caused by the reflections from the filter - [0073]. 

As for claim 27, Kliger teaches wherein the power level of each OFDM carrier is 

adjusted according to the signal loss at each OFDM carrier frequency to overcome 

frequency selective channel impairments caused by the reflections from the filter [0057]­

[0059]. 

Claim 25 contains the limitations of claims 5 and 24 and are analyzed as 

previously discussed with respect to those claims. 

As for claim 28, Kliger teach the claimed limitations. In particular, Kliger teaches 

the frequency used for communicating is above the cable television band - ([0052]; 

provisional application 60/275,060). 
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Page 5 

5. Claims 18, 24, and 36 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger as applied to claim 5 above, and further in view of Manssen (5809421 ). 

As for claims 18 and 36, Kliger fails to teach wherein at least one of the 

communication channels between terminal devices uses time division duplex protocol 

for communications and the communications are synchronized by broadcasting a 

beacon message on the network. 

In an analogous art, Manssen teaches wherein at least one of the communication 

channels between terminal devices uses time division duplex protocol for 

communications and the communications are synchronized by broadcasting a beacon 

message on the network- col. 8, lines 30-48, col. 4, lines 9-25. 

It would have been obvious to one of ordinary skill in the art at the time of applicant's 

invention to modify Kliger and Wu's invention to include the above mentioned limitation, 

as taught by Manssen, for the advantage of preventing co-channel interference. 

As for claim 24, Kliger teaches wherein the power level of each OFDM carrier is 

adjusted according to the signal loss at each OFDM carrier frequency to overcome 

frequency selective channel impairments caused by the reflections from the filter [0057]­

[0059]. 
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Art Unit: 2623 

Page 6 

6. Claims 29, 30, and 33 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger in view of Mukherjee (6226322). 

Claim 29 contains the limitations of claims 5 and 25 and is analyzed as 

previously discussed with respect to those claims. Claim 29 additionally calls for the 

following: 

wherein the terminal devices perform equalization on the received signal that 

restores a flat frequency response to overcome the communication channel 

impairments caused by the multipath signals. 

In an analogous art, Mukherjee teaches the terminal devices perform 

equalization on the received signal signal that restores a flat frequency response to 

overcome the communication channel impairments caused by the multipath signals 

- col. 8, lines 40-52. 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger's invention to include the above mentioned 

limitation, as taught by Mukherjee, for the advantage of flattening the signal spectrum 

and compensating for phase distortion. 

As for claim 30, Kliger and Mukherjee disclose the claimed limitations. In 

particular, Mukherjee teaches equalization is frequency domain equalization. 
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Page 7 

As for claims 33 Kliger teaches wherein the signal modulation used by the terminal 

devices is OFDM and the modulation order of each OFDM carrier is adjusted according 

to the SNR at each OFDM carrier frequency to overcome frequency selective channel 

impairments caused by the reflections from the filter - [0073]. 

7. Claim 31 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger, and 

Mukherjee as applied to claim 29 above, and further in view of Kapoor (6,396,886). 

As for claim 31, Kliger, and Mukherjee fail to teach wherein equalization is time 

domain equalization. 

In an analogous art, Kapoor teaches wherein equalization is time domain 

equalization that restores a flat frequency response to overcome multipath effects - col. 

6, lines 47-63. 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger and Mukherjee's invention to include the above 

mentioned limitation, as taught by Kapoor, for the advantage of restoring the frequency 

envelope. 

8. Claims 32, 34, and 35, are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger and Mukherjee as applied to claim 29 above, and further in view of lse 

(6778601 ). 

Page 205 of 849



Application/Control Number: 09/910,412 

Art Unit: 2623 

As for claim 32, Kliger and Mukherjee fail to teach wherein equalization is 

adaptive. 

Page 8 

In an analogous art, lse teaches wherein equalization is adaptive (see abstract, 

col. 4, lines 33-47, col. 5, lines 17-27, lines 40-50). 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger and Mukherjee's invention to include the above 

mentioned limitation, as taught by lse, in order to inhibit an excessive peak in the filter 

characteristic. 

As for claim 34, Kliger, Mukherjee, and lse disclose the claimed limitations. In 

particular, Kliger teaches wherein the terminal devices use orthogonal frequency 

division multiplexing (OFDM) modulation to overcome the communication channel 

impairments caused by the reflected signals - [0073]. 

9. Claim 35 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger, 

Mukherjee, and lse in view of Wu. 

As for claim 35, Kliger, Mukherjee, and lse fail to disclose wherein the terminal 

devices use forward error correction to recover the transmitted signal without errors. 

In an analogous art, Wu teaches wherein the terminal devices use forward error 

correction to recover the transmitted signal without errors - [0062]. 
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Page 9 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger, Mukherjee, and lse's invention to include the 

above mentioned limitation, as taught by Wu, for the advantage of recovering the signal 

without errors. 

10. Claim 37 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger and 

Mukherjee as applied to claim 29 above, and further in view of Manssen. 

As for claim 37, Kliger and Mukherjee fail to teach wherein at least one of the 

communication channels between terminal devices uses time division duplex protocol 

for communications and the communications are synchronized by broadcasting a 

beacon message on the network. 

In an analogous art, Manssen teaches sharing the communication channel 

between locations using time division duplex protocol for communications that are 

synchronized by broadcasting a beacon message on the network - col. 8, lines 30-48, 

col. 4, lines 9-25. 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger and Mukherjee's invention to include the above 

mentioned limitation, as taught by Manssen, for the advantage of preventing co-channel 

interference. 
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Conclusion 

Page 10 

Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION 15 MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SUMAIYA A. CHOWDHURY whose telephone number 

is (571 )272-8567. The examiner can normally be reached on Mon-Fri, 9-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, John Miller can be reached on (571) 272-7353. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

SAC 

/John W. Miller/ 
Supervisory Patent Examiner, Art 
Unit 2623 
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Docket No. 9202 Serial No. 09/910,412 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re Application of: 
Gurantz, et al. 

Serial No.: 

Filed: 

09/910,412 

June 21, 2001 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

For: NETWORK INTERFACE DEVICE 
AND BROADBAND LOCAL AREA 
NETWORK USING COAXIAL CABLE 

Group Art Unit: 2623 

AMENDMENT 

Attention: Sumaiya A. Chowdhury 
Examiner 

Dear Sir: 

In response to the Office Action of July 24, 2007, please amend the above-identified 

application as follows: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of 
this paper. 

Remarks/Arguments begin on page 7 of this paper. 

1 

I hereby certify that this correspondence is being sent 
via first class mail addressed to the Commissioner for 
Patents, P.O. Dox 1450, Alexandria, VA 22313-1450, 
on: 

(Date of Deposit) 

(Kame of Person Making Deposit) 

(Signatme) 
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AMENDMENTS TO THE CLAIMS: 

1-4. (Cancelled) 

5. (Currently Amended) A signal distribution network ten= traHsfflittiHg 

fflodulated signals usiHg coaxial cable building ·.viriHg containing a plurality of branches as a 

coffiffilmication channel comprising: 

a network interface de0vice filter located at the point of entry of the i! building 1,viring 

that reflects tuned to reflect network signals originating in the building v,riring back into all 

branches of the building wiring ".vherein the reflection introduced by the netv,,ork interface 

device produces a multipath signal in the 1,viring branches that creates iffif)aiffilOfits to the 

perforraance of the coIIl:HRlll:ication channel; 

at least one signal splitter, the signal splitter having a common port and a plurality of 

tap ports, the common port of the signal splitter being coupled to the filter; and 

a plurality of terminal devices, \vherein the signal modulation used by the terrainal 

devices is orthogonal frequency division multiplmdng to overcome the comnmnication 

channel impairments caused by the network interface device each terminal device being 

coupled to a tap port of at least one signal splitter, at least one of the terminal devices 

providing frequency bins with more transmit bits which occupy parts of the channel where 

the signal to noise ratio (SNR) is high; 

wherein the network interface device provides reflections from the filter provide a 

path for terminal devices back through the tap port of the signal splitter and out each other 

tap port to transmit signals to and receive from other terminal devices and v,rherein thus 

allowing terminal devices to communicate directly with each other to form the signal 

distribution network. 

6-17 (Cancelled) 

18. (Currently Amended) The signal distribution network of claim 5, further 

comp1ising a method of sharing wherein at least one of the communication channel channels 

between terminal devices usie-g uses time division duplex protocol for communications and 

the communications that are synchronized by broadcasting a beacon message on the network. 
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19-22. (Cancelled) 

23. (Currently Amended) The signal distribution network of claim 2_ -I-&.,_ wherein the 

signal modulation used by the terminal devices is orthogonal frequency division multiplexing 

(OFDM) and the modulation order of each OFDM carrier is adjusted according to the signal 

to noise ratio (SNR) at each OFDM carrier frequency to overcome frequency selective 

channel impairments present in the coaxial building wiring caused by the reflections from the 

network interface device filter. 

24. (Currently Amended) The signal distribution network of claim 18.,_ wherein the 

power level of each OFDM carrier is adjusted according to the signal loss at each OFDM 

carrier frequency to overcome frequency selective channel impairments present in the coaxial 

building •.viring caused by the reflections from the net\vork interface deYice filter. 

25. (Currently Amended) A broadband local area network to enable terminal devices 

to transmit messages to and receive messages from other terminal devices using coaxial cable 

building wiring as a communication channel comprising a point of entry and a plurality of 

branches eoRH:ected to tefffiiH:al devices, the network comprising: 

a network interface device eoRH:ected to the point of entry of the building •.viring 

eompFl Slfl g: 

a first port eoflflected to the poiflt of efltry side of a braHch of the huildiflg 'tviriflg; 

a seeoH:d p01i eoH:H:eeted to the tenninal deviee side of a bt·aneh of the bttildiag •.viring; 

-and 

a freq-tteney seleetive sigRal at the seeond port is refleeted ottt the port and back a 

reflected signal path is created that prodttees a mttltipath signal in the wiriRg 

bi·anehes that ereates impairments to the performanee of the eoHHnUfl-ication 

channel; 

a plurality of terminal devices eoH:H:ected to the v,riring branches, each terminal device 

bidirectionally communicating with other terminal devices through the reflected 

signal }')ath created by the netv,,ork interface de:vice using orthogonal frequency 

division multiplexing (OFDM) modulation, at least one of the terminal devices 
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providing :frequency bins with more transmit bits which occupy parts of the channel 

where the signal to noise ratio (SNR) is high to overcome the coHHHunication 

channel iIB-pai-rments caused by the net\vork interface device._;_ 

a network of building cables coupled to the plurality of terminal devices; and 

a filter having a first and second port, the first port connected to a building point of 

entry and the second port connected to the plurality of terminal devices via the 

network of building cables, wherein signals transmitted by any of the terminal 

devices and received at the second port of the filter are reflected back into the 

network of building cables in order to create a communication path between the 

transmitting terminal device and at least one other terminal device coupled to the 

network of building cables. 

26. (Currently Amended) The broadband local area network of claim 25 wherein the 

modulation order of each OFDM carrier is adjusted according to the signal to noise ratio 

(SNR) at each OFDM carrier frequency to overcome frequency selective channel 

impairments present in the coaxial building wiring caused by the reflections from the B:etv,rork 

interface device filter. 

27. (Currently Amended) The broadband local area network of claim 25.,_ wherein the 

power level of each OFDM carrier is adjusted according to the signal loss at each OFDM 

carrier frequency to overcome frequency selective channel impairments present in the coaxial 

building wiring caused by the reflections from the network interface device filter. 

28. (Previously Amended) The broadband local area network of claim 25 wherein the 

frequency used for communicating is above the cable television band. 

29. (Currently Amended) A broadband local area network for transmitting modulated 

signals using coaxial cable building wiring containing a plurality of branches comprising: 

a B:et\vork ifl:terfoce device filter located at the point of entry of the building wiring 

that reflects network signals originating in the building wiring back into all 

branches of the building wiring vrherein the netvrorlc interface de•,rice is freq1:teB:cy 

dependent and reflects signals by reflecting a predetermined frequency band of 
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sigHals, ,vherem the refleeted sigHals J3rnd1:tee a mt:tltipath sigHal m the wiring 

braHches that creates impairmeHts to the J3CFfuFIB:aHce of the comml:tHieatioH 

ehaH-E:el; 

at least one signal splitter; 

a plurality of terminal devices connected to the wiring branches, each terminal device 

capable of bidirectionally communicating with other terminal devices through 

using the reflected signal path created by the net>.vork iHterfaee deYiee filter, 

wherein the terminal devices perform equalization on the received signal that 

restores a flat frequency response to overcome the communication channel 

impairments caused by the reflected signals multipath signals. 

30. (Previously Amended) The network of claim 29 wherein the equalization is 

frequency domain equalization. 

31. (Previously Amended) The network of claim 29 wherein the equalization is time 

domain equalization. 

32. (Previously Amended) The network of claim 29 wherein the equalization is 

adaptive. 

33. (Previously Amended) The network of claim 29 wherein the tem1inal devices use 

orthogonal frequency division multiplexing (OFDM) modulation to overcome the 

communication channel impainnents caused by the reflected signals. 

34. (Previously Amended) The network of claim 32 wherein the terminal devices use 

orthogonal frequency division multiplexing (OFDM) modulation to overcome the 

communication channel impairments caused by the reflected signals. 

35. (Previously Presented) The network of claim 34 wherein the terminal devices use 

forward error correction to recover the transmitted signals without errors. 

36. (Currently Amended) The broadband local area network of claim 25, further 

compi=ising a method of sharing wherein at least one of the communication channel channels 
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between terminal devices ttS½fl-g uses time division duplex protocol for communications and 

the communications that are synchronized by broadcasting a beacon message on the network. 

37. (Currently Amended) The broadband local area network of claim 29, further: 

comprising a method of shar:ing wherein at least one of the communication channel channels 

between terminal devices HSH-1-f; uses time division duplex protocol for communications and 

the communications that are synchronized by broadcasting a beacon message on the network. 
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REMARKS/ ARGUMENTS 

Claims 5, 18, and 23-37 are pending in the application. Claims 5, 18, and 23-37 were 

rejected. Applicants, by this paper, amend claims 5, 18, 23-27, 29, 36 and 37. No new 

matter is added by amendment. Applicants respectfully request reconsideration and 

allowance of all pending claims. 

Discussion of Reiections Under 35 U.S.C. §103 

Claims 5, 25 and 28 were rejected under 35 U.S.C. §103(a) as being unpatentable 

over Kliger in view of Wu. 

To establish a primafacie case of obviousness, the prior art reference, or references 

when combined, must provide all of the claim limitations and must establish that it would be 

obvious for one of ordinary skill in the art to combine the references in a way that would 

successfully result in the claimed invention. 

Applicants contend that, in light of the amendment-; that have been made to the claims 

as now presented, a prima facie case of obviousness cannot be established and Applicants 

respectfully traverse the rejections. In particular, Applicants contend that the references, 

neither alone nor in combination, teach nor suggest all claimed features. Even more 

particularly, Applicants contend that none of the references teach, suggest or motivate one of 

ordinary skill in the art to make the claimed invention, since none of the cited references 

teach a filter that reflects signals back into a splitter in order to allow terminals coupled to the 

tap ports (those ports other than the common port) within a network to communicate directly 

with one another. Nor would it otherwise be obvious to combine elements provided in the 

prior art in light of the failure of the prior art to provide the missing element of a filter tuned 

to reflect signals back into a splitter. 

While Applicants are well aware that the use of filters has a long a rich history, the 

use of a filter in the present context would not be obvious. That is because use of a filter 

recited in the present claims would typically result in a relatively weak reflection that would 

not provide sufficient energy reflecting back into the network. This is true even without a 

splitter to attenuate the reflection, but all the more so when the splitter is in the path of the 
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reflected signal. Filters that are sharp enough to reflect sufficient energy in the signal are 

difficult to make and expensive to purchase. It is for this reason that Kliger has not disclosed 

the use of filters to perform this function. The benefits to using such filters are typically not 

considered to be achievable in a practical solution. However, what makes it possible for the 

present invention to take advantage of the use of such a filter as a means for reflecting the 

signals back into the network is the use of two techniques (used either separately or together) 

for dealing with the variable nature of the interference that occurs to the transmission of the 

data over the network. The first of these techniques is known as "bitloading" and is disclosed 

on page 18, line 12, et al. of the present application. In accordance with the technique, 

Higher SNR channels can support higher data capacity. Frequency bins 

occupying parts of the channel where the SNR is high can be used to transmit 

more bits. Each carrier may be modulated with a different order constellation, 

where higher SNR frequencies can bear a higher order constellation, and the 

resulting closer spacing of the constellation points. Frequencies with the 

lower SNR use lower order constellation such as QPSK. (Original 

Specification page 18, line 12-19). 

The second of these techniques is referred to as "power control". This term is used by 

those skilled in the art to describe several different techniques, however in this case the term 

is used to refer to the technique described on page 18 at lines 21-28, which states that: 

The power in individual frequency bins can be adjusted to compensate for 

insertion loss that varies as a function of frequency. The power level in 

regions of the channel can be altered by scaling the complex valued vector for 

the bins where power adjustment is needed before applying the inverse 

Fourier transform. In order to avoid interference with certain bands in the 

RF spectrum, the power level of certain bins can be reduced to zero. 

Accordingly, Claim 5 has been amended to recite the use of the bitloading technique 

together with the filter and a Claim 24 recites the use of power control together with the 

filter. 
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It should be noted that Claim 18, 23 and 24 depend from Claim 5 and accordingly, for 

the reasons stated above, each of these claims should are considered to be in condition for 

allowance. 

Claim 25 has been amended to recite the filter as described above and the bitloading 

technique discussed in connection with the use of the filter. Since, as noted above, none of 

the references teach or suggest the filter recited in Claim 25, Applicants respectfully contend 

that Claim 25 is also in condition for allowance. Claims 26-28 and 36 depend from Claim 25 

and so for the same reasons as noted with regard to Claim 25, Applicants respectfully content 

that Claims 26-28 and 36 are in condition for allowance. 

Likewise, Claim 29 has been amended to recite the filter discussed above with respect 

to Claim 5 and thus Applicants contend that Claim 29 and those claims that depend therefrom 

(Claims 30-35, and 37) are in condition for allowance. 

It should be noted that while the Examiner has cited several additional references 

(including: Manssen, Zhang, Ling, Mukherjee and Kapoor) in rejecting some of the 

dependent claims, none of these references teach or suggest the missing element of a filter 

turned to reflect signals back into the network from which they were transmitted together 

with the use of bitloading and/or power control to make use of the filter viable as described 

above and recited in the claims as now presented. 

Accordingly, Applicants respectfully request reconsideration and allowance of claims 

5, 25, 29 and those claims that depend therefrom. 
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CONCLUSION 

Applicants believe that all claims pending in the application are allowable. 

Applicants therefore respectfully request that a timely Notice of Allowance be issued in this 

case. 

This is a response to the Office Action mailed on 7/24/07, and as such, is submitted 

together with a request for a three month extension of time and the fee required for such a 

three month extension of time. 

If there are any other fees due in connection with the filing of the response, please 

charge the fees to Deposit Account No. 502165. If a fee is required for an extension of time 

under 3 7 CFR 1.136 not accounted for above, such an extension is requested and the fee 

should also be charged to our Deposit Account. 

If the Examiner believes a telephone conference would expedite prosecution of this 

application, please telephone the undersigned. 

January 22, 2008 

Respectfully submitted, 

By: /Michael W. Landry/ 
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Attorney for Applicants 
Registration No. 38,216 
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Status 

1 }[8] Responsive to communication(s} filed on 25 May 2007. 

2a)0 This action is FINAL. 2b}18J This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parle Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8] Claim{s) 5, 18 and 23-37 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim{s) __ is/are allowed. 

6)l'81 Claim(s) 5, 18 and 23-37 is/are rejected. 

7)0 Claim{s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note.the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119{a)-(d} or (f). 

a)D All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2{a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) [8J Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) D Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) D Notice of Informal Patent Application 3) 0 Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) D Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20070627 
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1. A request for continued ex·amination under 37 CFR 1.114, including the fee set forth 

in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1.114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 

5/25/07 has been entered. 

Response to Arguments 

2. Applicant's arguments with respect to claims 5, 18, and 23-37, have been 

considered but are moot in view of the new ground(s) of rejection. 

Claim Rejections - 35 USC§ 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

~ 1,5, i 'Z--f; Me . 
4. Claim.5--iS'tejected under 35 U.S.C. 103(a} as being unpatentable over Kliger (US 

2002/0069417) in view of Wu (US 2002/0088005). 

Note: Information relied on from Kliger can be found in provisional applications 

60/229263 and 60/275060 
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As for claim 5, Kliger teaches discloses a signal distribution network for 

transmitting modulated signals using building wiring containing a plurality of branches 

as a communication channel comprising: 

a network interface device (14) located at the point of entry of the building wiring 

() that reflects network signals originating in the building wiring wherein the reflection . 

introduced by the network interface device produces a multipath signal in the wiring 

branches that creates impairments to the performance of the communication channel -

[0043]. 

· at least one signal splitter (24') - [0043]; and 

a plurality of terminal devices (33) - [0044]; 

wherein the network interface device provides a path for terminal devices to 

transmit to and receive from other terminal devices and wherein terminal devices 

communicate directly with each other to form the signal distribution network - [0048], 

[0047], [0050]; ' 

The signal distribution network uses coaxial cable wiring; 

,However, Kliger fails to teach: 

The signal modulation used by the terminal devices is orthogonal frequency 

division multiplexing to overcome the communication channel impairments caused by 

the network interface device; 

In an analogous art, Wu teaches: 
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The signal modulation used by the terminal devices is orthogonal frequency 

division multiplexing to overcome communication impairments (multipath distortion and 

interference) caused by the network interface device - [0048], [0058], [0060]; 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger's invention to include the above mentioned 

limitation, as taught by Wu, in order to allow recovery of data. 

As for claim 25, Kliger teaches: 

a network interface device (14-fig. 2) connected to the point of entry of the 

building wiring comprising: 

a first port (18-fig. 2) connected to the point of entry side of a branch of the 

building wiring - [0051]; 

a second port (24'-fig. 2) connected to the terminal device side of a branch of 

the building wiring - [0051]; 

a frequency selective signal reflecting circuit (40-fig. 2) connected between the 

first and second port- [0051]-[0053]; 

wherein a signal received at the second port is reflected out the second port 

and back into all the building wiring branches and a reflected signal path is created that 

produces a multipath signal in the wiring branches that creates impairments to the 

performance of the communication channel - [0043], [0051]; 
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a plurality of terminal devices connected to the wiring branches, each terminal 

device bidirectionally communicating with other terminal devices through the reflected 

signal path created by the network interface device- [0047], [0048], [0050], [0043]. 

However, Kliger fails to teach: 

The signal modulation used by the terminal devices is orthogonal frequency 

division multiplexing to overcome the communication channel impairments caused by 

the network interface device; 

In an analogous art, Wu teaches: 

The signal modulation used by the terminal devices is orthogonal frequency 

division multiplexing to overcome communication impairments (multipath distortion and 

interference) caused by the network interface device - [0048], [0058], [0060]; 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger's invention to include the above mentioned 

limitation, as taught by Wu, in order to allow recovery of data. 

As for claim 28, Kliger and Wu teach the claimed limitations. In particular, Kliger 

teaches the frequency used for communicating is above the cable television band -

([0052]; provisional application 60/275,060). 

5. Claim 18 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger and 

Wu as applied to claim 5 above, and further in view of Manssen (5809421). 
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As for claim 18, Kliger and Wu fails to teach sharing the communication channel 

between terminal devices using time division duplex protocol for communications that 

are synchronized by broadcasting a beacon message on the network. 

In an analogous art, Manssen teaches sharing the communication channel 

between locations using time division duplex protocol for communications that are 

synchronized by broadcasting a beacon message on the network - col. 8, lines 30-48, 

col. 4, lines 9-25. 

I~ would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger and Wu's invention to include the above 

mentioned limitation, as taught by Manssen, for the advantage of preventing co-channel 

interference. 

6. Claim 23 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger, Wu, 

and Manssen as applied to claim 18 above, and further in view of Ling (6771706). 

As for claim 23, Kliger, Wu, and Manssen fail to teach wherein the modulation 

order of each OFDM carrier is adjusted according to the SNR at each OFDM carrier 

frequency to overcome frequency selective channel impairments present in the coaxial 

building wiring cause by the reflections from the network interface device. 
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In an analogous art, Ling teaches the modulation order of each OFDM carrier is 

adjusted according to the SNR at each OFDM carrier frequency to overcome frequency 

selective channel impairments present- col. 20, lines 45-60. 

It would have been obvious to one of ordinary skill in the art at the time of 

. applicant's invention to modify Kliger, Wu, and Manssen's invention to include the 

above mentioned limitation, as taught by Ling, in order to achieve high throughput or bit 

rate for a particular level of performance. 

7. Claim 24 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger, Wu, 

and Manssen as applied to claim 18 above, and further in view of Zhang {7151740). 

As for claim 24, Kliger, Wu, and Manssen fail to teach wherein the power level of 

each OFDM carrier is adjusted ·according to the signal loss at each OFDM carrier 

frequency to overcome frequency selective channel impairments present in the coaxial 

building wiring caused by the reflections from the network interface device. 

In an analogous art, Zhang teaches the power level of each OFDM carrier is 

adjusted according to the signal loss at each OFDM carrier frequency to overcome 

frequency selective channel impairments present - col. 3, lines 29-52, Abstract. 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger, Wu, and Manssen's invention to include the 
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above mentioned limitation, as taught by Zhang, in order to overcome transmission 

power loss. 

8. Claim 26 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger and 

Wu as applied to claim 25 above, and further in view of Ling. 

As for claim 26, Kliger and Wu fail to teach wherein the modulation order of each 

OFDM carrier is adjusted according to the SNR at each OFDM carrier frequency to 

overcome frequency selective channel impairments present in the coaxial building 

wiring cause by the reflections from the network interface device. 

In an analogous art, Ling teaches the modulation order of each OFDM carrier is 

adjusted according to the SNR at each OFDM carrier frequency to overcome.frequency 

selective channel impairments present- col. 20, lines 45-60. 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger and Wu's invention to include the above 

mentioned limitation, as taught by Ling, in order to achieve high throughput or bit rate 

for a particular level of performance. 

9. Claim 27 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger and 

Wu as applied to claim 25 above, and further in view of Zhang. 
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As for claim 27, Kliger and Wu fail to teach wherein the power level of each 

OFDM carrier is adjusted according to the signal loss at each OFDM carrier frequency 

to overcome frequency selective channel impairments present in the coaxial building 

wiring caused by the reflections from the network interface device. 

In an analogous art, Zhang teaches the power level of each OFDM carrier is 

adjusted according to the signal loss at each OFDM carrier frequency to overcome 

frequency selective channel impairments present - col. 3, lines 29-52, Abstract. 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger and Wu's invention to include the above 

mentioned limitation, as taught by Zhang, in order to overcome transmission power loss. 

10. Claim 36 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger and 

Wu as applied to claim 25 above, and further in view of Manssen. 

As for claim 36, Kliger and Wu fail to teach sharing the communication channel 

between terminal devices using time division duplex protocol for communications that 

are synchronized by broadcasting a beacon message on the network. 

In an analogous art, Manssen teaches sharing the communication channel 

between locations using time division duplex protocol for communications that are 

synchronized by broadcasting a beacon message on the network - col. 8, lines 30-48, 

col. 4, lines 9-25. 
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It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger and Wu's invention to include the above 

mentioned limitation, as taught by Manssen, for the advantage of preventing co-channel 

interference. 

11. Claims 29, 30, and 33, are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger in view of Wu and Mukherjee (6226322) 

Claim 29 contains the limitations of claims 5 and 25 and is analyzed as 

previously discussed with respect to those claims. Claim 29 additionally calls for the 

following: 

wherein the terminal devices· perform equalization on the received signal that 

restores a flat frequency response to overcome the communication channel 

impairments caused by the multipath signals. 

In an analogous art, Mukherjee teaches the terminal devices perform 

equalization on the received signal signal that restores a flat frequency response to 

overcome the communication channel impairments caused by the multipath signals 

- col. 8, lines 40-52. 

It would have been obvious to one of ordinary skill i.n the art at the time of 

applicant's invention to modify Kliger and Wu's invention to include the above 
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mentioned limitation, as taught by Mukherjee, for the advantage of flattening the signal 

spectrum and compensating for phase distortion. 

As for claim 30, Kliger, Wu, and Mukherjee disclose the claimed limitations. In 

particular, Mukherjee teaches equalization is frequency domain equalization. 

As for claim 33, Kliger, Wu, and Mukherjee disclose the claimed limitations. In 

particular, Wu teaches wherein the terminal devices use orthogonal frequency division 

multiplexing (OFOM) modulation to overcome the communication channel impairments 

caused by the reflected signals-[0048], [0058], [0060]; 

12.Claim 31 is rejected under 35 U.S.C. 103(a) as being unpatentable over Kliger, Wu, 

and Mukherjee as applied to claim 29 above, and further in view of Kapoor 

(6,396,886). 

As for claim 31, Kliger, Wu, and Mukherjee fail to teach wherein equalization is 

time domain equalization. 

In an analogous art, Kapoor teaches wherein equalization is time domain 

equalization that restores a flat frequency response to overcome multipath effects - col. 

6, lines 47-63. 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger, Wu, and Mukherjee's invention to include the 
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above mentioned limitation, as taught by Kapoor, for the advantage of restoring the 

frequency envelope. 

13. Claims 32, 34, and 35, are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Kliger, Wu, and Mukherjee as applied to claim 29 above, and further in view of 

lse (6778601 ). 

As for claim 32, Kliger, Wu, and Mukherjee fail to teach wherein equalization is 

adaptive. 

In an analogous art, lse. teaches wherein equalization is adaptive (see abstract, 

col. 4, lines 33-47, col. 5, lines 17-27, lines 40-50). 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger, Wu, and Mukherjee's invenUon to include the 

above mentioned limitation, as taught by lse, in order to inhibit an excessive peak in the 

filter characteristic. 

As for claim 34, Kliger, Wu, Mukherjee, and lse disclose the claimed limitations. 

In particular, Wu teaches wherein the terminal devices use orthogonal frequency 

division multiplexing (OFDM) modulation to overcome the communication channel 

impairments caused by the reflected signals -[0048], [0058], [0060]; 
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As for claim 35, Kliger, Wu, Mukherjee, and lse disclose the claimed limitations. 

In particular, Wu teaches wherein the terminal devices use forward error correction to 

recover the transmitted signal without errors - [0062]. 

14.Claim 37 is rejected under 35 U.S.C. 103{a) as being unpatentable over Kliger, Wu,· 

and Mukherjee as applied to claim 29 above, and further in view of Manssen. 

As for claim 37, Kliger, Wu, and Mukherjee fails to teach sharing the 

communication channel between terminal devices using time division duplex protocol 

for communications that are synchronized by broadcasting a beacon message on the 

network. 

In an analogous art, Manssen teaches sharing the communication channel 

between locations using time division duplex protocol for communications that are 

synchronized by broadcasting a beacon message on the network - col. 8, lines 30-48, 

col. 4, lines 9-25. 

It would have been obvious to one of ordinary skill in the art at the time of 

applicant's invention to modify Kliger, Wu, and Mukhe·rjee's invention to include the 

above mentioned limitation, as taught by Manssen, for the advantage of preventing co­

channel interference. 
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Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Sumaiya A. Chowdhury whose telephone number is 

(571) 272-8567. The examiner can normally be reached on Mon-Fri, 9-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, John Miller can be reached on (571) 272-7353. The fax phone number for 

the organization where this _application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

.SAC 
~DR~ 

PRIMARY PATENT EXAMINER 
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