US 20130223506A1
a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2013/0223506 A1l

Kolze 43) Pub. Date: Aug. 29, 2013
(54) FLEXIBLE ADAPTIVE EQUALIZER (52) U.S.CL
1S Sl HO4L 27/01 (2013.01)
(71)  Applicant: BROADCOM CORPORATION, (US) USPC oo 375/232
(57) ABSTRACT

(72) Inventor: Thomas J. Kolze, Phoenix, AZ (US) . . . Lo
Flexible adaptive equalizer. Communications may be sup-

ported between two or more respective devices within a com-
munications system via one or more available channels. Such
channels may be different respective communication chan-
nels or may be logical partitions of a given communication

(73) Assignee: BROADCOM CORPORATION,
IRVINE, CA (US)

(21) Appl. No.: 13/780,026 channel. Appropriate adaptation and provision of resources
within one or more devices within the system may be per-
(22) Filed: Feb. 28, 2013 formed based upon any of a number of characteristics and/or
considerations associated with one or more devices, chan-
Related U.S. Application Data nels, etc. within the system. A numbe.r of equalizer.elen.lents
L o may be employed to perform processing of respective signal
(60) Provisional application No. 61/604,452, filed on Feb. (s) received via respective channel(s). Adaptation of which
28, 2012. equalizer elements are employed for the respective channels
may be modified, adapted, etc. over time based upon any of
Publication Classification such number of characteristics and/or considerations. Also, a
number of pre-equalizer elements may also be employed to
(51) Imt.Cl. perform processing of signal(s) to be transmitted via respec-
HO4L 27/01 (2006.01) tive channel(s).
00
switching/
connection
module, circuitry,
CH 1 etc.
S iainiainininty B -:,-.';"—l pre-/equalizer 1 |
CH2 \\\ \~=<:’ ’ ‘
-~ Ss&
- N LS - _ H
. n;—\:—«-\:-:;v--—f;,—' pre-/equalizer 2 |
‘. ~ N\ -
” SO LN L7 )
9 ALY e
-~ 7S¢ N )
PP LTSN ‘.
4 RN AR )
7 \\\\ ‘o
i R T T
------------- e mmmmm-===-2Y---4 pre-/equalizerb !
CHa | | teemmmmmmmmee——-

e selective switching/connectivity between
CH(s) and pre-/equalizers (of flexible, adaptive
pre-/equalizer)

Amphenol Exhibit 1018
Amphenol v. Credo



US 2013/0223506 A1

Aug. 29,2013 Sheet 1 of 14

Patent Application Publication

I Ol
7or / 091 dndo-1aqy N R 291
soepa)UI _ “ soepa)UI
/0 " ! o/3
1 1
0¢l 9oInap ! i 01T @dlA8p
o) m o) : 0
— O 1 O ! O —
9Z1 JOpIWSUeR)) 0O “ O ! 0O [T JoAIsoal
1 ]
1 )

__ _ 0sL poam ) | __
gcl ! " 8Ll
1OpOooUd ¥G L BuUSIUE [BOO) | 1op0o2ap

ZG| BUUSIUE [EDO] _
72T JoAleoal OF | Sso|e.IM I\J ZTT Jopiusuel)
o
el 7L
Japoosp _ bl Jomo] 2y Jomo) 1opoous

"

1

o 0gL

| oMlIRles

vCl usip ajjeyes

00l

\

6T [ouuByD UOIEDIUNWILIOD

-

cEl Usip syjioies




002 ¢ 9Old

US 2013/0223506 A1

102 leubis aA18991
own-snonunuoo paseyy | ——~ | pTommeommooommmomemeseooo---o- .

— — 0L¢ —
)
H Svooss [ oav soeiousd | | D%
90Z |eubis aa19004 i oW

BWII-SNONUNUOD

(4711 “B ‘g Jojpue
[OQWIAS) 60Z SoUPW

09¢ 34V
T\

802 s|eubls oA1900. DWW} 8}240SIp

362 1one00] L J08zompow buissesod _

66¢ I9
uoneoIu

uuByo

LoD 0lg UIsJoy) pepoous sjiq UonewLIojul pue sjoquiAs
uoneINPOW PSN[BA-81813SIP JO S91BWINSS 1S8q S

Aug. 29,2013 Sheet 2 of 14

76¢ lsypmwassvey (T T oo —— -

]
]
m AT
G0z |eubis ywsuel) I [ vonewloyur pepoous
BlWI-SNONUIUOD ‘paId)|ly i
|| 7z o ZEe “ joniew [444
$0¢ |eubis ywsuen nwsues Wa H 1 Japoous
aWwiI)-snonuiuod : |0quAs

1

0S¢ JoALp Jlwisuel) i | 02z 1eddew joquiAs pue tspoous
]
i
]

£0Z S|OQWAS uone|npoW panjeA-8)a1osIp Jo sousnbas HE mmmwu ° _|:|n|o u! mw " _|mm mwmhm uuuuuu

L 0¢ s}q uonew.oul

Patent Application Publication




US 2013/0223506 A1

Aug. 29,2013 Sheet 3 of 14

Patent Application Publication

¢ od <«———wieaJ)jsdn
- sseooe . BOJSUMOPp———>
o dHomjau Jayjo - wesh P
S 0¥€ SLND
-14----ss8008 JOUIBIU|- - - -———
UND
O
66¢ Juswbos @)
}Iomiau AD O
N sseooe | I S ! ¢ WO
o JHomjau Jayjo ' Tz
[+] 1
o I SINO |
-14----ssa008 JouIs)U|- - - - --1 m b WO
A Q0IMBS
o Joyio T
o | ——]
° guueyo \\
$S8008€ [E00]| B6¢ Juowbos /’ — —_
05 — 7 0ce 918 0Le
PIA 0S¢ Joniwsuel JIomidu 31qed /
olpne puspesy 8|qeo \
,ﬁ . (AL “69)
SMO|] 821A18s a|djnw el / ao1A8p o|qedes
\ Scae’ Keydsip o}
1]
' Juswbas Japiaoid Jusjuoo
‘oo dompsu slBuis N eipaw woyy
00¢



US 2013/0223506 A1

(xy u1 ~B8) J9zIlENba 8Andepe ‘e|qIxa|l J0/pue

(XL ur “B-9) Jozilenba-aid aAndepe ‘a|qixa)} e v Ol
-
Y
S
)
-
~—
%
2
7
ettt bl XHD
(o] | 20 e
> ' 18zilenba
] )
a I onpdepe ! i
Q | oqxey | a
oh e ; \
« £ HO
Z 92IABP ¢ HO
UOIEDIUNWILIOD L HD

Patent Application Publication

_ _
m 18zI|enbs m
! -a1d sandepe !
' ‘a|qIxa} H
_ .

| 90IABP
uoNEDIUNUWIWOD




US 2013/0223506 A1

(S)HD oAndadsal

(S)HD oAnoadsal 210w 10 BUO 0) PBJEIO|e
s19zl|enbs 1o/pue s1szijenbs-aid aandepe e

+1 0] pajeoo|e Ajpandepe

Aug. 29,2013 Sheet 5 of 14

H Z J1azilenba !
o e--—-- Il Olll
o O
o
|  ziezienbs | a
| 1iezienbs | ZHO \|
L HO
Jazienbs

aAndepe ‘s|qixa|)

801A8p LUONEIIUNWIWOD

Patent Application Publication
(=]
(=]
0|

(s)uswbes
y}lomjou

(s)HD annpadsal
+1 0} pajeoo|e AjlpAndepe

\
O
”~
o
ph
o

| ziezienbe-aid |

[ 1 seziienbe-aid |

Jazienba
-aud aAndepe ‘s|qixa)}

821A8P UONEIIUNLUILLIOD




US 2013/0223506 A1

Aug. 29,2013 Sheet 6 of 14

Patent Application Publication
(=4
(=4
(Y=

(yozijenbey-aud
aandepe ‘o|qIxaj} J0) s1aziienbay-aud pue (S)HD
usamiaq AJIAIOBUUOD/BUIYDIMS BAOS[SS @

oy oy,
S1SS,

| ziezienbsj-aid —

| 1 seziienbej-aud  —

9 "Old
e HO
lllllllllllll o ————————————
..”III \\\Q
DR oo
II S \\\\ P
NN LT s \
N, ‘S
\ Y2l \J
\\Il\\ SN ‘-
7 A ~ “x
’ P AN ~ \.
AMIIJ\u\III/I(lIIII
~3_7 N
2l LT ZHD
’ Pr i A
’ - Sal N
’o " RN
e e e e s - -
I HO
‘018
‘A1Inauio ‘einpow
uolj0vuUu0d
/Buiyoyms




Patent Application Publication = Aug. 29,2013 Sheet 7 of 14 US 2013/0223506 A1

2]
3 i
~ w
<
— ©
c
Q
®
=}
x 8
N ] g ®
i
£ x
gl |E —
- O
O
¥ O
0]
O
O
M ]
N o~ -
04 x N
| | o
= N — + + L.
5 |z - =
o T [0 14
o T
-
04
A 4 — E
"N ]
< -
2l |x
o] i
I I I
(@] (@] Q
A 4 S—




US 2013/0223506 A1

Aug. 29,2013 Sheet 8 of 14

Patent Application Publication

s¥H|4 Yibus| snouea e

[=
o0l

g Old
_ X Yl | OO | cud+zuA —
_ X Hld | 00O | € dld + | M4 —
X 4 | co0 | Z Yl + | Ml —
_ € Yid+ | Y4 —
_ ZYId + | Y —
T —
X Ml | 000 [ cud | [ zus | | NE
) A ybus ’ Am 59_@_V ) Z Yibusj > | yibus ’



Patent Application Publication = Aug. 29,2013 Sheet 9 of 14 US 2013/0223506 A1

)

0
1,2, ...

o
o
I
=
N
[
]
£E
=
[re—
)
T+
Z
ie]
)
>
o
o}
£
)
o
o
®
L ®
o= o)
Y T = N
(T c =z O
\m e
~ O LL|
S @
T B
=
Q92
a

CH




US 2013/0223506 A1

Aug. 29,2013 Sheet 10 of 14

Patent Application Publication

("2 "L=IN *N) sewn Jo # e
annoadsal |\ ‘N paiojdwa sy|4 aidijjinw e 0l Ol

sown |\ passaosoid
-9l pue oeq pa}

/

eyl L 000

sowi N passaooud
-9J pue YoEeq ps}

/

L dld

|

HO



US 2013/0223506 A1

Aug. 29,2013 Sheet 11 of 14

Patent Application Publication

Ll "©Old

0c 1T sjeubis passasoud jo Ajjeinid e Jo jeubis passasoud e ajelauab 0] sjeubis jo Ajeinid ay)
JO BUO ]sed| Je ss800.d 0] sJuUsWsId Ja8zZIlenba Jo Ajliein|d ay) Jo Jasgns Aue U0 Sjuswals Jaziienbd
Jo Ayjeanid ayj Jo |je Bunesado Buipnjoul ‘sjeubis jo Ayjeinid ayy sseooud 0) ‘suoneinbyuod
Jo Ajjeanid e jo Aue ui ‘sjqejoauuod AjpAndepe syuowsld Jozienbs jo Ayjelnid e Buijesodo

Z1 1T S[|puueyd uonealunwwoo
Jo Aneinid ay) Jo suo aAljpadsal e o) buipuodsaliod sjeubis jo Ayjein|d syj jo yoes

OL L1 S|2uuByd uoleaIuNuWuoD
1o Ajjeanid ayy 03 AjpAnoadsal Buipuodselod sjeubis Jo Ajjelnid e Buialedal Buipnjoul sjpuueyd
uoledIuNWWOI Jo Ajljean|d B BIA 82IASP UOIIEDIUNWWOD SUO }SE9| Je YlIM SUOoijealunuuwod
uoddns 0] 831A8P UOHEJIUNWILWIOD B JO 82BLISJUI UCIEDIUNWIWOD U0 Jse9)| Je Buneiado

[=4
-



US 2013/0223506 A1

Aug. 29,2013 Sheet 12 of 14

Patent Application Publication

0FZ1 ©21A8p UOoIIEDIUNWILIOD PUOISS
8] puUE 9JIASP UONEDIUNWILIOD 1S} 8Y] USBMIaQ suonediunwwod Buioddns

onsusoRIEYD

0€C1 (s01A8p
UOIEDIUNWIWOD PUOIBS/IDAIBI3I B Ul “6°8)(*0)a ‘sjuswiald Jazienba Jo josqgns
‘uoneinBiyuos ‘(s)anjea dey “-6-9) Bumas 18zienbs suo 1ses| Je Bunds|es

BU0 JsE9| 1B

ay] Uo paseq e

DZel (821a8p UoEIUNWILWOD
1sdu/1epiwsuel B Ul 69)("010 ‘sjuswald Jazienba-aud Jo Josqns
‘uoneinBbyuos ‘(s)sanjea de) ©6-8) Bumas Jazienbs-aid suo 1se9| 1B Bund9|eS

01 2T ©91A8p LoNEoIuNWWod
PUOD3S B PUE 92IASP UOIEDILUNWILIOD JSI1) B US9M]S(] [SUURBYD UOEIIUNWWOD
BUO 1SED| 1B U)IM PO)BIDOSSE 2MSLISIOBIBYD SUO 1$B9| 18 BulAjjuapl

(=



US 2013/0223506 A1

Aug. 29,2013 Sheet 13 of 14

Patent Application Publication

05c1 ('010 ‘sjuswald Jazilenbs 1o 19zijenba-aid
10 Josqns ‘uoneinbiyuod ‘(s)snjea dey “6-a)(Bunjes Jszienbs Jo Jazienbs-aid
|[euolIppe 2uo jsed) e Buljosjas 10) Bunies Joz|enba Jo Jazijenbs-aid suo
1se9| 1k sy} BulAjipow ‘onsiIoioRIBYD SUO JSEY| 1B 98U} JO 9buByd 8y} Uo peseq

0vEl ¢obueyo

0T onsueioeleyd auo Jses| Je ay) jo abueyos Aue o) Bulojuow

0zEl (010 ‘sjuswis|o Jozienbs 1o
J9z|lenbe-aid Jo Josgns ‘uoneinblyuod ‘(s)anjea dey 6 e) Buipes Jaz|enbs 1o
Jozijenba-aid au0 JSE9| 1B Bunds|os onsualoeleyd auo JSES| JB Y] UO paseq

OLET ©01A8D UOEDIUNWWIOD B UM PBJRIDOSSE [SUUEYD UOEDIUNWIWOD
BUO JSED| JE Y)IM PBJRIDOSSE D1JSLS]0BIBYD BUO Jsed) Je Buikmuapl

(=

o~



US 2013/0223506 A1

Aug. 29,2013 Sheet 14 of 14

Patent Application Publication

N
'SP

-~

02T 1oUUBYD PUODSS B UM pajeloosse |eubls puooes
B ssd00.d 0] 13|l ¥|4 dUO 1SB3| 1B puodas e bunos|as

Ol¥l |suueyd
18111 B Yum pajeloosse [eubis 1sii e ssadoud 01 1o (Y14)
asuodsal as|ndwi ajul suo 1Se3| Je )s4ly e bujosjes

¥l Old

(=
(=

-



US 2013/0223506 A1

FLEXIBLE ADAPTIVE EQUALIZER

CROSS REFERENCE TO RELATED
PATENTS/PATENT APPLICATIONS

Provisional Priority Claims

[0001] The present U.S. Utility Patent Application claims
priority pursuant to 35 U.S.C. §119(e) to the following U.S.
Provisional Patent Application which is hereby incorporated
herein by reference in its entirety and made part of the present
U.S. Utility Patent Application for all purposes:

[0002] 1. U.S. Provisional Patent Application Ser. No.
61/604,452, entitled “Flexible adaptive equalizer,” (Attorney
Docket No. BP24581), filed Feb. 28, 2012, pending.

BACKGROUND OF THE INVENTION

[0003] 1. Technical Field of the Invention

[0004] The invention relates generally to communication
systems; and, more particularly, it relates to operating one or
more communication devices having multiple configuration
capabilities and capable of communicating via multiple com-
munication channels.

[0005] 2. Description of Related Art

[0006] Data communication systems have been under con-
tinual development for many years. Generally speaking, com-
munication device is limited within such systems may
include a number of different modules, circuits, functional
blocks, etc. therein. As the amount of circuitry and associated
capability of a given device increases, generally, the overall
size and associated costs that such a device similarly
increases. In addition, as various communication systems
seek to provide services across more and more channels,
more and more streams, etc., the degree of complexity of such
devices implemented within an operative within such systems
similarly increases. As the number of operations to be per-
formed per second, or the number of channels to be serviced
by a given device continues to increase, the overall size, area,
cost, and complexity of such devices continues to increase.
[0007] The current state-of-the-art does not provide an
adequate means by which such devices may be designed and
implemented to service such ever expanding and growing
communication systems, including those operating to service
multiple respective channels, multiple respective streams,
etc. For example, as the number of respective channels to be
serviced by a given device continues to increase, as well as the
information rate (e.g., symbol rate was Francis increases, the
current state-of-the-art does not provide an acceptable solu-
tion to meet the ever increasing desire to transmit a greater
amount of information between respective devices within a
system.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0008] FIG.1,FIG.2,and FIG. 3 illustrate various embodi-
ments of communication systems.

[0009] FIG. 4 illustrates an embodiment of different
respective communication devices connected and/or coupled
via one or more communication channels.

[0010] FIG. 5 illustrates an alternative embodiment of dif-
ferent respective communication devices connected and/or
coupled via one or more communication channels.
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[0011] FIG. 6 illustrates an embodiment of selective
switching/connectivity between one or more communication
channels and one or more communication pre-equalizer and
equalizers.

[0012] FIG. 7illustrates an embodiment of multiple respec-
tive finite impulse response (FIR) filters, of equal respective
lengths, that may be selective concatenated or connected to
effectuate processing and/or equalization of one or more sig-
nals associated with a communication channel.

[0013] FIG. 8illustrates an embodiment of multiple respec-
tive FIR filters, at least some of which are of diff respective
lengths, that may be selective concatenated or connected to
effectuate processing and/or equalization of one or more sig-
nals associated with a communication channel.

[0014] FIG. 9 illustrates an embodiment of a FIR filter
employed one or more times in accordance with processing
and/or equalization of one or more signals associated with a
communication channel.

[0015] FIG. 10 illustrates an embodiment of multiple
respective FIR filters each respectively employed one or more
times in accordance with processing and/or equalization of
one or more signals associated with a communication chan-
nel.

[0016] FIG. 11, FIG. 12, FIG. 13, and FIG. 14 illustrate
various embodiments of methods for operating one or more
communication devices.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Within communication systems, signals are trans-
mitted between various communication devices therein. The
goal of digital communications systems is to transmit digital
data from one location, or subsystem, to another either error
free or with an acceptably low error rate. As shown in FIG. 1,
data may be transmitted over a variety of communications
channels in a wide variety of communication systems: mag-
netic media, wired, wireless, fiber, copper, and other types of
media as well.

[0018] FIG. 1 and FIG. 2 are diagrams illustrate various
embodiments of communication systems, 100 and 200,
respectively.

[0019] Referring to FIG. 1, this embodiment of a commu-
nication system 100 is a communication channel 199 that
communicatively couples a communication device 110 (in-
cluding a transmitter 112 having an encoder 114 and includ-
ing a receiver 116 having a decoder 118) situated at one end
of'the communication channel 199 to another communication
device 120 (including a transmitter 126 having an encoder
128 and including a receiver 122 having a decoder 124) at the
other end of the communication channel 199. In some
embodiments, either of the communication devices 110 and
120 may only include a transmitter or a receiver. There are
several different types of media by which the communication
channel 199 may be implemented (e.g., a satellite communi-
cation channel 130 using satellite dishes 132 and 134, a
wireless communication channel 140 using towers 142 and
144 and/or local antennae 152 and 154, a wired communica-
tion channel 150, and/or a fiber-optic communication channel
160 using electrical to optical (E/O) interface 162 and optical
to electrical (O/E) interface 164)). In addition, more than one
type of media may be implemented and interfaced together
thereby forming the communication channel 199.

[0020] To reduce transmission errors that may undesirably
be incurred within a communication system, error correction
and channel coding schemes are often employed. Generally,
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these error correction and channel coding schemes involve
the use of an encoder at the transmitter end of the communi-
cation channel 199 and a decoder at the receiver end of the
communication channel 199.

[0021] Any of various types of ECC codes described can be
employed within any such desired communication system
(e.g., including those variations described with respect to
FIG. 1), any information storage device (e.g., hard disk drives
(HDDs), network information storage devices and/or servers,
etc.) or any application in which information encoding and/or
decoding is desired.

[0022] Generally speaking, when considering a communi-
cation system in which video data is communicated from one
location, or subsystem, to another, video data encoding may
generally be viewed as being performed at a transmitting end
of the communication channel 199, and video data decoding
may generally be viewed as being performed at a receiving
end of the communication channel 199.

[0023] Also, while the embodiment of this diagram shows
bi-directional communication being capable between the
communication devices 110 and 120, it is of course noted
that, in some embodiments, the communication device 110
may include only video data encoding capability, and the
communication device 120 may include only video data
decoding capability, or vice versa (e.g., in a uni-directional
communication embodiment such as in accordance with a
video broadcast embodiment).

[0024] 1t is noted that such communication devices 110
and/or 120 may be stationary or mobile without departing
from the scope and spirit of the invention. For example, either
one or both of the communication devices 110 and 120 may
be implemented in a fixed location or may be a mobile com-
munication device with capability to associate with and/or
communicate with more than one network access point (e.g.,
different respective access points (APs) in the context of a
mobile communication system including one or more wire-
less local area networks (WL ANs), different respective sat-
ellites in the context of a mobile communication system
including one or more satellite, or generally, different respec-
tive network access points in the context of a mobile commu-
nication system including one or more network access points
by which communications may be effectuated with commu-
nication devices 110 and/or 120.

[0025] Referring to the communication system 200 of FIG.
2, at a transmitting end of a communication channel 299,
information bits 201 (e.g., corresponding particularly to
video data in one embodiment) are provided to a transmitter
297 that is operable to perform encoding of these information
bits 201 using an encoder and symbol mapper 220 (which
may be viewed as being distinct functional blocks 222 and
224, respectively) thereby generating a sequence of discrete-
valued modulation symbols 203 that is provided to a transmit
driver 230 that uses a DAC (Digital to Analog Converter) 232
to generate a continuous-time transmit signal 204 and a trans-
mit filter 234 to generate a filtered, continuous-time transmit
signal 205 that substantially comports with the communica-
tion channel 299. At a receiving end of the communication
channel 299, continuous-time receive signal 206 is provided
to an AFE (Analog Front End) 260 that includes a receive
filter 262 (that generates a filtered, continuous-time receive
signal 207) and an ADC (Analog to Digital Converter) 264
(that generates discrete-time receive signals 208). A metric
generator 270 calculates metrics 209 (e.g., on either a symbol
and/or bit basis) that are employed by a decoder 280 to make
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best estimates of the discrete-valued modulation symbols and
information bits encoded therein 210.

[0026] Within each of the transmitter 297 and the receiver
298, any desired integration of various components, blocks,
functional blocks, circuitries, etc. Therein may be imple-
mented. For example, this diagram shows a processing mod-
ule 280a as including the encoder and symbol mapper 220
and all associated, corresponding components therein, and a
processing module 280 is shown as including the metric
generator 270 and the decoder 280 and all associated, corre-
sponding components therein. Such processing modules
280a and 2805 may be respective integrated circuits. Of
course, other boundaries and groupings may alternatively be
performed without departing from the scope and spirit of the
invention. For example, all components within the transmitter
297 may be included within a first processing module or
integrated circuit, and all components within the receiver 298
may be included within a second processing module or inte-
grated circuit. Alternatively, any other combination of com-
ponents within each of the transmitter 297 and the receiver
298 may be made in other embodiments.

[0027] As with the previous embodiment, such a commu-
nication system 200 may be employed for the communication
of video data is communicated from one location, or sub-
system, to another (e.g., from transmitter 297 to the receiver
298 via the communication channel 299).

[0028] Referring to the communication system 300 of FIG.
3, this communication system 300 may be viewed particu-
larly as being a cable system. Such a cable system may
generally be referred to as a cable plant and may be imple-
mented, at least in part, as a hybrid fiber-coaxial (HFC) net-
work (e.g., including various wired and/or optical fiber com-
munication segments, light sources, light or photo detection
complements, etc.). For example, the communication system
300 includes a number of cable modems (shown as CM 1, CM
2, and up to CM n). A cable modem network segment 399
couples the cable modems to a cable modem termination
system (CMTS) (shown as 340 or 340a and as described
below).

[0029] A CMTS 3400r340aqis acomponent that exchanges
digital signals with cable modems on the cable modem net-
work segment 399. Each of the cable modems coupled to the
cable modem network segment 399, and a number of ele-
ments may be included within the cable modem network
segment 399. For example, routers, splitters, couplers, relays,
and amplifiers may be contained within the cable modem
network segment 399.

[0030] The cable modem network segment 399 allows
communicative coupling between a cable modem (e.g., a
user) and the cable headend transmitter 330 and/or CMTS
340 or 340a. Again, in some embodiments, a CMTS 340q is
in fact contained within a cable headend transmitter 330. In
other embodiments, the CMTS is located externally with
respect to the cable headend transmitter 330 (e.g., as shown
by CMTS 340). For example, the CMTS 340 may be located
externally to the cable headend transmitter 330. In alternative
embodiments, a CMTS 340a may be located within the cable
headend transmitter 330. The CMTS 340 or 340a may be
located at a local office of a cable television company or at
another location within a cable system. In the following
description, a CMTS 340 is used for illustration; yet, the same
functionality and capability as described for the CMTS 340
may equally apply to embodiments that alternatively employ
the CMTS 340a. The cable headend transmitter 330 is able to
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provide a number of services including those of audio, video,
local access channels, as well as any other service of cable
systems. Each of these services may be provided to the one or
more cable modems (e.g., CM 1, CM 2, etc.). In addition, it is
noted that the cable headend transmitter 330 may provide any
ofthese various cable services via cable network segment 398
to a set top box (STB) 320, which itself may be coupled to a
television 310 (or other video or audio output device). While
the STB 320 receives information/services from the cable
headend transmitter 330, the STB 320 functionality may also
support bi-directional communication, in that, the STB 320
may independently (or in response to a user’s request) com-
municate back to the cable headend transmitter 330 and/or
further upstream.

[0031] In addition, through the CMTS 340, the cable
modems are able to transmit and receive data from the Inter-
net and/or any other network (e.g., a wide area network
(WAN), internal network, etc.) to which the CMTS 340 is
communicatively coupled. The operation of a CMTS, at the
cable-provider’s head-end, may be viewed as providing
analogous functions provided by a digital subscriber line
access multiplexor (DSLAM) within a digital subscriber line
(DSL) system. The CMTS 340 takes the traffic coming in
from a group of customers on a single channel and routes it to
an Internet Service Provider (ISP) for connection to the Inter-
net, as shown via the Internet access. At the head-end, the
cable providers will have, or lease space for a third-party ISP
to have, servers for accounting and logging, dynamic host
configuration protocol (DHCP) for assigning and administer-
ing the Internet protocol (IP) addresses of all the cable sys-
tem’s users (e.g., CM 1, CM2, etc.), and typically control
servers for a protocol called Data Over Cable Service Inter-
face Specification (DOCSIS), the major standard used by
U.S. cable systems in providing Internet access to users. The
servers may also be controlled for a protocol called European
Data Over Cable Service Interface Specification (EuroDOC-
SIS), the major standard used by European cable systems in
providing Internet access to users, without departing from the
scope and spirit of the invention.

[0032] The downstream information flows to all of the con-
nected cable modems (e.g., CM 1, CM2, etc.). The individual
network connection, within the cable modem network seg-
ment 399, decides whether a particular block of data is
intended for it or not. On the upstream side, information is
sent from the cable modems to the CMTS 340; on this
upstream transmission, the users within the group of cable
modems to whom the data is not intended do not see that data
atall. As an example of the capabilities provided by a CMTS,
a CMTS will enable as many as 1,000 users to connect to the
Internet through a single 6 Mega-Hertz channel. Since a
single channel is capable of 30-40 Mega-bits per second of
total throughput (e.g., currently in the DOCSIS standard, but
with higher rates envisioned such as those sought after in
accordance with the developing DVB-C2 (Digital Video
Broadcasting—Second Generation Cable) standard, DVB-
T2 (Digital Video Broadcasting—Second Generation Terres-
trial) standard, etc.), this means that users may see far better
performance than is available with standard dial-up modems.
[0033] Moreover, it is noted that the cable network segment
398 and the cable modem network segment 399 may actually
be the very same network segment in certain embodiments. In
other words, the cable network segment 398 and the cable
modem network segment 399 need not be two separate net-
work segments, but they may simply be one single network
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segment that provides connectivity to both STBs and/or cable
modems. In addition, the CMTS 340 or 340a may also be
coupled to the cable network segment 398, as the STB 320
may itself include cable modem functionality therein.
[0034] It is also noted that any one of the cable modems 1,
2, ...mn, the cable headend transmitter 330, the CMTS 340
or 340q, the television 310, the STB 320, and/or any device
existent within the cable network segments 398 or 399, may
include a memory optimization module as described herein to
assist in the configuration of various modules and operation in
accordance with any one of a plurality of protocols therein.
[0035] Various communication devices can operate by
employing an equalizer therein (e.g., an adaptive equalizer).
Some examples of such communication devices include
those described herein, including cable modems (CMs).
However, it is noted that various aspects and principles pre-
sented herein may be generally applied to any type of com-
munication device located within any of a variety of types of
communication systems. For example, while some illustra-
tive and exemplary embodiments herein employ the use of a
CM in particular, though it is noted that such aspects and
principles presented herein may be generally applied to any
type of communication device located within any of a variety
of types of communication systems.

[0036] Various communication devices (e.g., a cable
modem (CM), a cable modem termination system (CMTS),
etc.) may report information there between and coordinate
operation thereof.

[0037] It is again noted that while the particular illustrative
example of a cable modem (CM) is employed in a number of
different embodiments, diagrams, etc. herein, such architec-
tures, functionality, and/or operations may generally be
included and/or performed within any of a number of various
types of communication devices including those operative in
accordance with the various communication system types,
including those having more than one communication
medium type therein, such as described with reference to
FIG. 1.

[0038] Generally speaking, certain communication devices
may be implemented to receive signals from or provide sig-
nals to communication networks or communication systems
having more than one respective communication channel. In
addition, in certain situations, a given communication chan-
nel may be subdivided respectfully into a number of commu-
nication channels (e.g., either different respective communi-
cation channels, such as different respective frequency bands
within a given communication channel, or even within differ-
ent respective logical communication channels). Generally,
as the symbol rate to be supported by a given communication
channel scales, for an equalizer to be able to cover such a
signal having a modified symbol rate, that equalizer would
have to scale accordingly. For example, considering an
example in which the symbol rate of a signal scales by a factor
of n, then for the amount of delay spread a corresponding
equalizer would need to cover to stay the same would require
that the equalizer would generally need to have n times the
number of respective taps. In one particular implementation,
as the symbol rate of the signal scales by a factor of 4, then the
number of equalizer taps that would be required would be
{4x(n-1)}+1=4xn+3.

[0039] In terms of complexity in regards to the size, real
estate, surface area, etc. (e.g., alternatively referred to as the
squaring complexity cost in terms of symbol rate) required to
implement an equalizer within a communication device, the
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complexity costs associated with the modification in symbol
rate comes from the number of multiplies performed per
second (or per unit time) which much be implemented for the
equalizer. For example, for an equalizer to operate at approxi-
mately n times speed, when the symbol rate is increased by a
factor of n, then the equalizer would need (approximately) n
times the total number of taps to be equivalent.

[0040] Moreover, with respect to communication device is
implemented within systems having more than one commu-
nication channel (e.g., either actual, subdivided, logical, etc.),
The multiplication of the complexity of an equalizer
increases as a square with respect to the symbol rate on a per
channel basis. In terms of an increasing complexity cost for
operating within a given bandwidth, the complexity cost is
linear in increase in terms of equalizer multiplies per second
(or per unit time) with an increase in symbol rate, on a per
Hertz (Hz) basis. In terms of cost comparison between
respective devices in regards to the size, real estate, service
area, complexity, etc., the complexity cost may be referred to
as being linear in increase in terms of equalizer multiplies per
second (or per unit time) with an increase in symbol rate, on
a per Hertz (Hz) basis.

[0041] FIG. 4 illustrates an embodiment 400 of different
respective communication devices connected and/or coupled
via one or more communication channels. As may be seen
with respect to this diagram, different respective communi-
cation devices may be connected and/or coupled via one or
more communication channels which may correspond to one
or more communication systems, networks, network seg-
ments, etc.

[0042] In certain embodiments, a flexible, adaptive pre-
equalizer is implemented within a communication device to
effectuate pre-equalization processing of one or more signals
to be transmitted via one or more communication channels. In
other embodiments, a flexible, adaptive equalizer is imple-
mented within a communication device to effectuate equal-
ization processing one or more signals received from one or
more communication channels. Of course, it is noted that a
given communication device having transceiver capability
could include both a flexible, adaptive pre-equalizer (e.g., for
transmitter associated operations) and a flexible, adaptive,
adaptive equalizer (e.g., for receiver associated operations)
without departing from the scope and spirit of the invention.

[0043] FIG. 5 illustrates an alternative embodiment 500 of
different respective communication devices connected and/or
coupled via one or more communication channels. As may be
seen with respect to this diagram, different respective com-
munication devices may be connected and/or coupled via one
or more communication channels which may correspond to
one or more communication systems, networks, network seg-
ments, etc.

[0044] Referring to this particular diagram, it can be seen
that a flexible, adaptive pre-equalizer (which may be imple-
mented within any desired communication device) may be
implemented that includes a number of different respective
pre-equalizer modules, circuitries, functional blocks, or other
respective components. Analogously, it can be seen that a
flexible, adaptive equalizer (which may be implemented
within any desired communication device) may be imple-
mented that includes a number of different respective equal-
izer modules, circuitries, functional blocks, elements, or
other respective components. Generally speaking, such pre-
equalizer or equalizer modules, circuitries, functional blocks,
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elements, or other respective components may be referred to
as pre-equalizer elements or equalizer elements.

[0045] Such an architecture which may be implemented
with respect to either a flexible, adaptive pre-equalizer or
equalizer will include a number of respective modules, cir-
cuitries, functional blocks, elements, or other respective com-
ponents each respectively including adaptive equalizer or per
equalizer taps, machinery, etc. Any desired number of pre-
equalizer elements and/or equalizer elements may be imple-
mented within any given device. As stated with respect other
diagrams and/or embodiments herein, it is of course noted
that both a flexible, adaptive pre-equalizer and a flexible,
adaptive equalizer may be implemented within a singular
device (e.g., a device may include both an embodiment of a
pre-equalizer and an equalizer in accordance with the subject
matter as claimed by the Applicant).

[0046] FIG. 6 illustrates an embodiment 600 of selective
switching/connectivity between one or more communication
channels and one or more communication pre-equalizer and
equalizers. As may be seen with respect to this diagram, any
desired connectivity between a number of pre-equalizers or
equalizers may be made with respect to performing process-
ing of signals corresponding to one or more respective com-
munication channels. For example, all of the pre-equalizers or
equalizers may be employed to perform processing of'a signal
corresponding to any one of the respective communication
channels. In addition, as few as one or any desired subset of
the pre-equalizers or equalizers may alternatively be
employed to perform processing of a signal corresponding to
any one of the respective communication channels.

[0047] Generally speaking, such an adaptable architecture
allowing for switching/connection of any respective pre-
equalizer or equalizer elements, including all of the respec-
tive pre-equalizer or equalizer elements and including any
desired subset of the pre-equalizer or equalizer elements, will
allow for stringing together and concatenation of a number of
respective desired types of pre-equalization or equalization.
For example, such flexibility of switching/connection of any
desired group of one or more pre-equalizer or equalizer ele-
ments will allow for adaptation with respect to processing of
signals corresponding to one or more communication chan-
nels. For example, different respective amounts and degrees
of'pre-equalization or equalization may be selectively applied
to one or more signals corresponding to one or more commu-
nication channels. Adaptive application of these respective
pre-equalizer equalizer elements will allow for the treatment
of different respective signals, respective portions of the spec-
trum of one or more signals, etc. being handled differently.
[0048] For example, two respective exemplary case
examples are provided below to illustrate such adaptation.
[0049] Case 1:

[0050] 16 channels of 5.12 mega symbols per second
upstream channels (e.g., DOCSIS upstream channels) for 16
channelsx6.4 MHz per channel=102.4 megahertz of
upstream bandwidth

[0051] Case 2:

[0052] 4 channels of 20.48 mega symbols per second
upstream channels (e.g., DOCSIS upstream channels) for 4
channelsx25.6 MHz per channel=102.4 megahertz of
upstream bandwidth

[0053] IfCase 1 requires 24 equalizer taps per channel, then
it may be reasonably expected that Case 2 requires 96 equal-
izer taps (e.g., generally or approximately to cover the same
delay spread in the impulse response).
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[0054] Therefore, on a per channel basis, such a pre-equal-
izer or equalizer grows linearly (generally) with symbol rate
in terms of the number of taps required per channel. However,
to occupy the same bandwidth, the number of equalizer taps
is unchanged from Case 1 to Case 2.

[0055] As may be understood with respect to the scaling of
the area, real estate, complexity, etc. of a pre-equalizer or
equalizer in order to accommodate an increase in symbol rate
by a factor of n will also be generally around the factor of n.
However, it may also be noted that regardless of the number
of channels it may take to occupy a given bandwidth, the
respective area, real estate, complexity, etc. of a pre-equalizer
or equalizer is nonetheless the same. For example, if “area,
real estate” is described as being correspondingly related to a
measure of “complexity”, then the pre-equalizer or equalizer
complexity is nonetheless unchanged even if the symbol rate
is scaled by a factor of n. As may be seen, such a “squared”
growth factor for per channel “multiplies per second”” may be
viewed as becoming a linear growth factor in comparing Case
1 and Case 2 four multiplies per second (e.g., for equalization
or pre-equalization). In other words, in terms of “area, real
estate” (such as that employed with respect to a measure of
“complexity”), Case 1 and Case 2 may be viewed as being
equivalent (e.g., such as in terms of area, real estate, required
for performing pre-equalization or equalization because each
respective implementation includes a same total number of
taps.

[0056] As may be understood, the flexibility provided by
different respective pre-equalizer or equalizer elements
allows for adaptation in a number of ways. By employing
such an adaptive and flexible architecture, they respective
chips of the signal (e.g., such as in accordance with a code
division multiple access (CDMA) signal, or a synchronous-
CDMA (S-CDMA) signal, etc.) may be apportioned arespec-
tive number of pre-equalizer equalizer taps, and they may be
used for Case 1 in one embodiment or alternatively switched/
connected differently (e.g., perhaps employing fewer respec-
tive groups of longer strings of pre-equalizer or equalizer
taps) for use in an embodiment such as Case 2.

[0057] In addition, these respective taps may also be
employed in such a way as to assign more of them to lower
and or upper band-edge regions (e.g., such as those respective
regions impacted by roll-off filtering), thereby leaving the
middle portion of the spectrum to be processed or using fewer
respective taps per channel than the band-edge channels. In
other words, adaptation with respect to different respective
portions of the frequency spectrum corresponding to multiple
respective channels may be made.

[0058] As may be understood, such an architecture (for
either pre-equalization or equalization) allows for the group-
ing or concatenation of different respective such elements
each respectively including one or more equalizer taps (and
each respective element may include different respective
numbers of equalizer taps in certain embodiments). The
grouping or concatenation of such elements may be made
adaptively to allow for dynamic and adaptive application of
different respective amounts and degrees of pre-equalization
or equalization two different respective signals correspond-
ing to different respective communication channels.

[0059] For example, referring again to the Case 1 and the
Case 2 described above, Case 1 could include the respective
elements concatenated or connected in one particular manner
and Case 2 could include those same respective elements
concatenated or connected in another particular manner (e.g.,
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such as including fewer groups of longer strings of elements).
As may be noted with respect to the dynamic and flexible
operation with respect to two different cases (e.g., Case 1 and
Case 2), it is of course noted that any desired number of
different respective cases may be accommodated by adap-
tively concatenating or connecting the available elements or
any desired subset thereofin different respective ways. Again,
employing the respective taps of these respective elements in
such a way as to assign more of them to lower and upper
band-edge regions (e.g., such as those relatively more
impacted by roll-off filtering) may be performed thereby
leaving the middle portion of the frequency spectrum using
relatively fewer taps per channel than the band-edge chan-
nels.

[0060] Inaddition, in an embodiment that may have a num-
ber of respective channels with relatively similar delay spread
characteristics but with different respective signal to noise
ratios (SNRs) (e.g., perhaps due to ingress, signal power,
transmit signal power limitations and increased propagation
path attenuation at some frequencies, or increased insertion
loss from any reason at different frequencies impacting signal
power differently than aggregate in in-band power at a
receiver, etc.), then relatively fewer equalizer taps may be
required at those respective channels having relatively lower
SNR in certain situations. Generally, it is beneficial to use
more equalizer taps in order to capture more of the delay
spread of the channel impulse response, such as when signal
constellation density increases such as may be associated
with switching to a relatively more robust modulation scheme
(having relatively fewer constellation points, for example),
which generally occurs in higher SNR channels that can adapt
their respective modulation schemes to current operating con-
ditions (e.g., DOCSIS).

[0061] Since certain communication standards, protocols,
and a recommended practices (e.g., DOCSIS) can adapt the
respective modulation to best use an upstream resource for
any of a variety of criteria, leveraging the capability associ-
ated with flexible adaptive equalizer length, a receiver com-
munication device may be adaptively configured with differ-
ent respective numbers of taps provisioned respectively for
different respective communication channels (e.g., until all of
the pre-equalizer or equalizer taps are assigned) with such
assignment of pre-equalizer or equalizer capability based
upon any of a number of considerations such as, but not
limited to, modulation constellation density, allowable error
rates, error correction coding, thermal noise, signal strength,
ingress, SNR, carrier to noise ratio (CNR), carrier to noise
plus interference or ingress ratio (CNIR), etc. and/or any
other respective factor(s). Any one or more of such factors
may be employed to direct and drive the dynamic adjustment
and/or adaptive application of the respective pre-equalizer or
equalizer elements, including the respective taps thereof, in a
flexible communication device architecture. In addition, any
of a number of alternative metrics corresponding to signals
generated after some ingress cancellation or ingress mitiga-
tion is employed may similarly be used.

[0062] FIG. 7 illustrates an embodiment 700 of multiple
respective finite impulse response (FIR) filters, of equal
respective lengths, that may be selective concatenated or con-
nected to effectuate processing and/or equalization of one or
more signals associated with a communication channel. As
may be seen with respect to this diagram, a number of respec-
tive FIR filters are implemented within a device. A signal
corresponding to a given communication may be processed
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using any desired group of the FIR filters, including as few as
one of the FIR filters, any desired subset of the FIR filters, or
all of the respective FIR filters as may be desired in a particu-
lar embodiment. In this diagram, the respective length of each
of the FIR filters is shown as being the same.

[0063] FIG. 8 illustrates an embodiment 800 of multiple
respective FIR filters, at least some of which are of diff
respective lengths, that may be selective concatenated or con-
nected to effectuate processing and/or equalization of one or
more signals associated with a communication channel.
Analogous to the previous diagram, a number of respective
FIR filters are implemented within a device. However, in this
diagram, the respective lengths of each of the FIR filters need
not necessarily be the same. Of course, two or more respective
FIR filters may in fact be of the same length, but generally,
any desired number of FIR filters respectively having any
desired lengths may be implemented within a device. A signal
corresponding to a given communication channel may be
processed using any desired group of the FIR filters including
as few as one of the FIR filters, any desired subset of the FIR
filters, or all of the respective FIR filters as may be desired in
aparticular embodiment. However, in comparing this particu-
lar diagram with the previous diagram, given that the FIR
filters of this particular diagram are not necessarily of the
same length, any desired degree of combination of as few as
one or two or more FIR filters may be made to effectuate
processing using various desired numbers of taps. By includ-
ing a number of FIR filters having different respective
lengths, a great degree of variability and flexibility may be
provided in regards to the various combinations of lengths of
taps that may be combined or concatenated for use in pro-
cessing a signal corresponding to a communication channel.

[0064] With respect to any of the various embodiments
and/or diagrams herein, it is noted that various means may be
employed to select the equalizer tap coefficients to be
employed within any of the equalizers, filters, pre-equaliz-
er’s, etc. For example, in some instances, a given device may
include a processor to perform a least means square (LMS)
optimization process to select the equalizer coefficients cor-
responding to one or more of the equalizer elements. Analo-
gously, such an LMS optimization process may be employed
to select any desired operational parameters or values to be
employed by the various modules, functional blocks, circuit-
ries, components, elements, etc. within any of the various
devices in accordance with any one or more of the various
aspects, embodiments, and/or their equivalents, of the inven-
tion. In addition, it is noted that real-time adaptation may be
performed as well, such that any operational parameter may
be modified or changed over time. Moreover, a first set of
operational parameters may be employed at a first time, and a
second set of operational parameters may be employed at a
second time, even if the air are different respective numbers of
operational parameters within the different respective sets of
operational parameters. Of course, any one particular opera-
tional parameter may be modified over time as well.

[0065] Various considerations which may be employed to
direct the selection, modification, change, etc. of any such
operational parameters may be one or more characteristics
associated with one or more communication channels by
which a given device communicates with one or more other
communication devices. Various examples of such character-
istics may include, but are not limited to, latency, delay, noise,
distortion, crosstalk, attenuation, signal to noise ratio (SNR),
capacity, bandwidth, frequency spectrum, bit rate, and sym-
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bol rate associated with at least one the communication chan-
nels by which a given device communicates with one or more
other communication devices. In addition, various other con-
siderations may be employed including environmental con-
siderations (e.g., temperature, humidity, pressure, etc. and/or
any change of any such environmental consideration), any
local operating condition including operational history such
as prior operational state or status, current operational state or
status, etc. any remote operating condition as associated with
one or more devices, components, circuitries, etc. that is
remote with respect to a given device, circuitry, etc. Gener-
ally, as may be understood with respect to the communica-
tions system including at least two respective communication
devices that may communicate their between using one or
more respective communication channels (e.g., as described
with various diagrams and/or embodiments herein, and asso-
ciated written description), information corresponding to any
one or more of the respective elements within such a system
may be used, at least in part, as a basis by which such opera-
tional parameters may be selected, modified, adapted, etc.
[0066] FIG. 9 illustrates an embodiment 900 of a FIR filter
employed one or more times in accordance with processing
and/or equalization of one or more signals associated with a
communication channel. As may be seen with respect to this
diagram, as few as one FIR filter may be implemented such
that the FIR filter may perform successive processing of
respectively generated signals. For example, a signal corre-
sponding to a communication channel may undergo first pro-
cessing by the FIR filter thereby generating a processed sig-
nal. This processed signal may then be fed back and
re-processed using the very same FIR filter. The number of
times that a signal may undergo processing may be adaptively
selected. As may be understood with respect to this diagram,
by performing successive processing of a signal, and the
intervening and intermediate versions generated by such FIR
filter processing, different respective numbers of taps may be
applied to the processing of a given signal by reusing the same
FIR filter.

[0067] For example, there may be some embodiments in
which a device may operate at a relatively lower speed, and
the successive re-processing of a signal, in the intervening
and intermediate versions thereof, may be performed mul-
tiple respective times.

[0068] FIG. 10 illustrates an embodiment 1000 of multiple
respective FIR filters each respectively employed one or more
times in accordance with processing and/or equalization of
one or more signals associated with a communication chan-
nel. The principles described above with respect to the previ-
ous diagram may generally be extended to employing any of
anumber of FIR filters successively such that each respective
FIR filter may perform successive processing of respectively
generated signals. The number of taps of each respective FIR
filter in such an embodiment 1000 need not necessarily be the
same, and the number of successive processing iterations
performed by each respective FIR filter need not necessarily
be the same. As may be understood, a great degree of flex-
ibility may be provided by allowing for connectivity in con-
nection of a number of respective FIR filters in any of a
number of desired architectures or configurations.

[0069] Generally speaking, by employing different respec-
tive architectures of pre-equalizer or equalizer elements,
application and distribution thereof may be made adaptively
among a number of communication channels. The decision-
making governing the dynamic and adaptive application of
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these pre-equalizer or equalizer elements to one or more
respective communication channels may be based on any of a
number of considerations, including but not limited to those
described above.

[0070] FIG. 11, FIG. 12, FIG. 13, and FIG. 14 illustrate
various embodiments of methods for operating one or more
communication devices.

[0071] Referring to method 1100 of FIG. 11, the method
1100 begins by operating at least one communication inter-
face of a communication device to support communications
with at least one communication device via a plurality of
communication channels including receiving a plurality of
signals corresponding respectively to the plurality of commu-
nication channels, as shown in a block 1110.

[0072] In certain embodiments, each of the plurality of
signals may be implemented such that as they are correspond-
ing to a respective one of the plurality of communication
channels, as shown in a block 1112.

[0073] The method 1100 then operates by operating a plu-
rality of equalizer elements adaptively connectable, in any of
a plurality of configurations, to process the plurality of sig-
nals, including operating all of the plurality of equalizer ele-
ments or any subset of the plurality of equalizer elements to
process at least one of the plurality of signals to generate a
processed signal or a plurality of processed signals, as shown
in a block 1120.

[0074] Referring to method 1200 of FIG. 12, the method
1200 begins by identifying at least one characteristic associ-
ated with at least one communication channel between a first
communication device and a second communication device,
as shown in a block 1210.

[0075] The method 1200 continues by selecting at least one
pre-equalizer setting (e.g., tap values(s), configuration, sub-
set of pre-equalizer elements, etc.)(e.g., in a transmitter/first
communication device), as shown in a block 1220. The
method 1200 then operates by selecting at least one equalizer
setting (e.g., tap value(s), configuration, subset of equalizer
elements, etc.)(e.g., in a receiver/second communication
device), as shown in a block 1230. As may be understood with
respect to some embodiments, the selecting operations asso-
ciated with the blocks 1220 and 1230 may be based on the at
least one characteristic as determined in the block 1210.

[0076] The method 1200 continues by supporting commu-
nications between the first communication device and the
second communication device, as shown in a block 1240.
Such communications are then supported and effectuated in
accordance with such selected pre-equalizer setting and
equalizer setting in the first communication device and the
second communication device across one or more communi-
cation channels there between.

[0077] Referring to method 1300 of FIG. 13, the method
1300 begins by identifying at least one characteristic associ-
ated with at least one communication channel associated with
a communication device, as shown in a block 1310. The
method 1300 continues by based on the at least one charac-
teristic, selecting at least one pre-equalizer or equalizer set-
ting (e.g., tap value(s), configuration, subset of pre-equalizer
or equalizer elements, etc.), as shown in a block 1320.

[0078] The method 1300 then operates by monitoring for
any change of the at least one characteristic, as shown in a
block 1330. Then, as shown in a decision block 1340, the
method 1300 continues by determined whether or not any
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change has occurred. Ifno change has been detected as having
occurred, then the method 1300 continues operations with
respect to the block 1330.

[0079] Alternatively, if a change has been detected as hav-
ing occurred, then based on the change of the at least one
characteristic, the method 1300 continues by modifying the at
least one pre-equalizer or equalizer setting (or selecting at
least one additional pre-equalizer or equalizer setting)(e.g.,
tap value(s), configuration, subset of pre-equalizer or equal-
izer elements, etc.), as shown in a block 1350.

[0080] Referring to method 1400 of FIG. 14, the method
1400 begins by selecting a first at least one finite impulse
response (FIR) filter to process a first signal associated with a
first channel, as shown in a block 1410. This may be as few as
one selected FIR filter or any subset of the FIR filters (e.g.,
two or more FIR filters which may include all FIR filters in
some embodiments).

[0081] The method 1400 continues by selecting a second at
least one FIR filter to process a second signal associated with
a second channel, as shown in a block 1420. Again, with
operations associated with this block and any others, it is
noted that this may be as few as one selected FIR filter or any
subset of the FIR filters (e.g., two or more FIR filters which
may include all FIR filters in some embodiments). Such simi-
lar operations and/or processes may be performed as
described with respect to the operations of the blocks 1410
and 1420 (e.g., any number of times such as including second
at least one FIR filter to process a second signal associated
with a second channel).

[0082] The method 1400 then operates by selecting an n-th
at least one FIR filter to process an n-th signal associated with
an n-th channel, as shown in a block 1430.

[0083] Itis also noted that the various operations and func-
tions as described with respect to various methods herein may
be performed within any of a number of types of communi-
cation devices, such as using a baseband processing module
and/or a processing module implemented therein, and/or
other components therein. For example, such a baseband
processing module and/or processing module can generate
such signals and perform such operations, processes, etc. as
described herein as well as perform various operations and
analyses as described herein, or any other operations and
functions as described herein, etc. or their respective equiva-
lents.

[0084] In some embodiments, such a baseband processing
module and/or a processing module (which may be imple-
mented in the same device or separate devices) can perform
such processing, operations, etc. in accordance with various
aspects of the invention, and/or any other operations and
functions as described herein, etc. or their respective equiva-
lents. In some embodiments, such processing is performed
cooperatively by a first processing module in a first device,
and a second processing module within a second device. In
other embodiments, such processing, operations, etc. are per-
formed wholly by a baseband processing module and/or a
processing module within one given device. In even other
embodiments, such processing, operations, etc. are per-
formed using at least a first processing module and a second
processing module within a singular device.

[0085] As may be used herein, the terms “substantially”
and “approximately” provides an industry-accepted tolerance
for its corresponding term and/or relativity between items.
Such an industry-accepted tolerance ranges from less than
one percent to fifty percent and corresponds to, but is not
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limited to, component values, integrated circuit process varia-
tions, temperature variations, rise and fall times, and/or ther-
mal noise. Such relativity between items ranges from a dif-
ference of a few percent to magnitude differences. As may
also be used herein, the term(s) “operably coupled to”,
“coupled to”, and/or “coupling” includes direct coupling
between items and/or indirect coupling between items via an
intervening item (e.g., an item includes, but is not limited to,
a component, an element, a circuit, and/or a module) where,
for indirect coupling, the intervening item does not modify
the information of a signal but may adjust its current level,
voltage level, and/or power level. As may further be used
herein, inferred coupling (i.e., where one element is coupled
to another element by inference) includes direct and indirect
coupling between two items in the same manner as “coupled
t0”. As may even further be used herein, the term “operable
t0” or “operably coupled to” indicates that an item includes
one or more of power connections, input(s), output(s), etc., to
perform, when activated, one or more its corresponding func-
tions and may further include inferred coupling to one or
more other items. As may still further be used herein, the term
“associated with”, includes direct and/or indirect coupling of
separate items and/or one item being embedded within
another item. As may be used herein, the term “compares
favorably”, indicates that a comparison between two or more
items, signals, etc., provides a desired relationship. For
example, when the desired relationship is that signal 1 has a
greater magnitude than signal 2, a favorable comparison may
be achieved when the magnitude of signal 1 is greater than
that of signal 2 or when the magnitude of signal 2 is less than

that of signal 1.
[0086] As may also be used herein, the terms “processing
module”, “module”, “processing circuit”, and/or “processing
unit” (e.g., including various modules and/or circuitries such
as may be operative, implemented, and/or for encoding, for
decoding, for baseband processing, etc.) may be a single
processing device or a plurality of processing devices. Such a
processing device may be a microprocessor, micro-control-
ler, digital signal processor, microcomputer, central process-
ing unit, field programmable gate array, programmable logic
device, state machine, logic circuitry, analog circuitry, digital
circuitry, and/or any device that manipulates signals (analog
and/or digital) based on hard coding of the circuitry and/or
operational instructions. The processing module, module,
processing circuit, and/or processing unit may have an asso-
ciated memory and/or an integrated memory element, which
may be a single memory device, a plurality of memory
devices, and/or embedded circuitry of the processing module,
module, processing circuit, and/or processing unit. Such a
memory device may be a read-only memory (ROM), random
access memory (RAM), volatile memory, non-volatile
memory, static memory, dynamic memory, flash memory,
cache memory, and/or any device that stores digital informa-
tion. Note that if the processing module, module, processing
circuit, and/or processing unit includes more than one pro-
cessing device, the processing devices may be centrally
located (e.g., directly coupled together via a wired and/or
wireless bus structure) or may be distributedly located (e.g.,
cloud computing via indirect coupling via a local area net-
work and/or a wide area network). Further note that if the
processing module, module, processing circuit, and/or pro-
cessing unit implements one or more of its functions via a
state machine, analog circuitry, digital circuitry, and/or logic
circuitry, the memory and/or memory element storing the
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corresponding operational instructions may be embedded
within, or external to, the circuitry comprising the state
machine, analog circuitry, digital circuitry, and/or logic cir-
cuitry. Still further note that, the memory element may store,
and the processing module, module, processing circuit, and/
or processing unit executes, hard coded and/or operational
instructions corresponding to at least some of the steps and/or
functions illustrated in one or more of the Figures. Such a
memory device or memory element can be included in an
article of manufacture.

[0087] The present invention has been described above
with the aid of method steps illustrating the performance of
specified functions and relationships thereof. The boundaries
and sequence of these functional building blocks and method
steps have been arbitrarily defined herein for convenience of
description. Alternate boundaries and sequences can be
defined so long as the specified functions and relationships
are appropriately performed. Any such alternate boundaries
or sequences are thus within the scope and spirit of the
claimed invention. Further, the boundaries of these functional
building blocks have been arbitrarily defined for convenience
of description. Alternate boundaries could be defined as long
as the certain significant functions are appropriately per-
formed. Similarly, flow diagram blocks may also have been
arbitrarily defined herein to illustrate certain significant func-
tionality. To the extent used, the flow diagram block bound-
aries and sequence could have been defined otherwise and
still perform the certain significant functionality. Such alter-
nate definitions of both functional building blocks and flow
diagram blocks and sequences are thus within the scope and
spirit of the claimed invention. One of average skill in the art
will also recognize that the functional building blocks, and
other illustrative blocks, modules and components herein,
can be implemented as illustrated or by discrete components,
application specific integrated circuits, processors executing
appropriate software and the like or any combination thereof.

[0088] The present invention may have also been
described, at least in part, in terms of one or more embodi-
ments. An embodiment of the present invention is used herein
to illustrate the present invention, an aspect thereof, a feature
thereof, a concept thereof, and/or an example thereof. A
physical embodiment of an apparatus, an article of manufac-
ture, a machine, and/or of a process that embodies the present
invention may include one or more of the aspects, features,
concepts, examples, etc. described with reference to one or
more of the embodiments discussed herein. Further, from
figure to figure, the embodiments may incorporate the same
or similarly named functions, steps, modules, etc. that may
use the same or different reference numbers and, as such, the
functions, steps, modules, etc. may be the same or similar
functions, steps, modules, etc. or different ones.

[0089] Unless specifically stated to the contra, signals to,
from, and/or between elements in a figure of any of the figures
presented herein may be analog or digital, continuous time or
discrete time, and single-ended or differential. For instance, if
a signal path is shown as a single-ended path, it also repre-
sents a differential signal path. Similarly, if a signal path is
shown as a differential path, it also represents a single-ended
signal path. While one or more particular architectures are
described herein, other architectures can likewise be imple-
mented that use one or more data buses not expressly shown,
direct connectivity between elements, and/or indirect cou-
pling between other elements as recognized by one of average
skill in the art.
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[0090] The term “module” is used in the description of the
various embodiments of the present invention. A module
includes a functional block that is implemented via hardware
to perform one or module functions such as the processing of
one or more input signals to produce one or more output
signals. The hardware that implements the module may itself
operate in conjunction with software, and/or firmware. As
used herein, a module may contain one or more sub-modules
that themselves are modules.

[0091] While particular combinations of various functions
and features of the present invention have been expressly
described herein, other combinations of these features and
functions are likewise possible. The present invention is not
limited by the particular examples disclosed herein and
expressly incorporates these other combinations.

What is claimed is:

1. An apparatus, comprising:

at least one communication interface to support communi-
cations with at least one communication device via a
plurality of communication channels including to
receive a plurality of signals corresponding respectively
to the plurality of communication channels such that
each of the plurality of signals corresponding to a
respective one of the plurality of communication chan-
nels; and

aplurality of equalizer elements adaptively connectable, in
any of a plurality of configurations, to process the plu-
rality of signals, wherein all of the plurality of equalizer
elements or any subset of the plurality of equalizer ele-
ments to process at least one of the plurality of signals to
generate a processed signal or a plurality of processed
signals;

a processor to perform a least means square (LMS) opti-
mization process to select a plurality of equalizer tap
coefficients corresponding to at least one of the plurality
of'equalizer elements based on at least one characteristic
associated with at least one of the plurality of commu-
nication channels; and wherein:

the at least one characteristic corresponding to at least one
of latency, delay, noise, distortion, crosstalk, attenua-
tion, signal to noise ratio (SNR), capacity, bandwidth,
frequency spectrum, bit rate, and symbol rate associated
with at least one the plurality of communication chan-
nels.

2. The apparatus of claim 1, wherein:

at least one of the plurality of equalizer elements to process
a first of the plurality of signals to generate a first pro-
cessed signal and to process the first processed signal to
generate a second processed signal.

3. The apparatus of claim 1, further comprising:

the at least one communication device including a trans-
mitter communication device; and wherein:

the transmitter communication device including a plurality
of pre-equalizer elements adaptively connectable, in any
of at least one additional plurality of configurations, to
process at least one additional plurality of signals to
generate the plurality of signals for transmission to the
apparatus.

4. The apparatus of claim 3, further comprising:

at least one processor to select one of the plurality of
configurations by which the plurality of equalizer ele-
ments are connected in conjunction with one of the at
least one additional plurality of configurations by which
the plurality of pre-equalizer elements are connected
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based on at least one characteristic associated with the
plurality of communication channels; and wherein:

the at least one characteristic corresponding to at least one
of latency, delay, noise, distortion, crosstalk, attenua-
tion, signal to noise ratio (SNR), capacity, bandwidth,
frequency spectrum, bit rate, and symbol rate associated
with the plurality of communication channels.

5. The apparatus of claim 1, wherein:

the apparatus being a communication device operative
within at least one of a satellite communication system,
a wireless communication system, a wired communica-
tion system, a fiber-optic communication system, and a
mobile communication system.

6. An apparatus, comprising:

at least one communication interface to support communi-
cations with at least one communication device via a
plurality of communication channels including to
receive a plurality of signals corresponding respectively
to the plurality of communication channels such that
each of the plurality of signals corresponding to a
respective one of the plurality of communication chan-
nels; and

a plurality of equalizer elements adaptively connectable, in
any of a plurality of configurations, to process the plu-
rality of signals, wherein all of the plurality of equalizer
elements or any subset of the plurality of equalizer ele-
ments to process at least one of the plurality of signals to
generate a processed signal or a plurality of processed
signals.

7. The apparatus of claim 6, wherein:

at least one of the plurality of equalizer elements to process
a first of the plurality of signals to generate a first pro-
cessed signal and to process the first processed signal to
generate a second processed signal.

8. The apparatus of claim 6, wherein:

the plurality of equalizer elements to process the plurality
of signals to generate the plurality of processed signals
and to process the plurality of processed signals to gen-
erate at least one additional plurality of processed sig-
nals.

9. The apparatus of claim 6, further comprising:

a processor to perform a least means square (LMS) opti-
mization process to select a plurality of equalizer tap
coefficients corresponding to at least one of the plurality
of equalizer elements.

10. The apparatus of claim 6, further comprising:

aprocessor to select a plurality of equalizer tap coefficients
corresponding to at least one of the plurality of equalizer
elements based on at least one characteristic associated
with at least one of the plurality of communication chan-
nels; and wherein:

the at least one characteristic corresponding to at least one
of latency, delay, noise, distortion, crosstalk, attenua-
tion, signal to noise ratio (SNR), capacity, bandwidth,
frequency spectrum, bit rate, and symbol rate associated
with at least one the plurality of communication chan-
nels.

11. The apparatus of claim 6, further comprising:

the at least one communication device including a trans-
mitter communication device; and wherein:

the transmitter communication device including a plurality
of pre-equalizer elements adaptively connectable, in any
of at least one additional plurality of configurations, to
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process at least one additional plurality of signals to
generate the plurality of signals for transmission to the
apparatus.

12. The apparatus of claim 11, further comprising:

at least one processor to select one of the plurality of
configurations by which the plurality of equalizer ele-
ments are connected in conjunction with one of the at
least one additional plurality of configurations by which
the plurality of pre-equalizer elements are connected
based on at least one characteristic associated with the
plurality of communication channels; and wherein:

the at least one characteristic corresponding to at least one
of latency, delay, noise, distortion, crosstalk, attenua-
tion, signal to noise ratio (SNR), capacity, bandwidth,
frequency spectrum, bit rate, and symbol rate associated
with the plurality of communication channels.

13. The apparatus of claim 6, wherein:

the apparatus being a communication device operative
within at least one of a satellite communication system,
a wireless communication system, a wired communica-
tion system, a fiber-optic communication system, and a
mobile communication system.

14. A method for operating a communication device, the

method comprising:

operating at least one communication interface to support
communications with at least one communication
device via a plurality of communication channels
including receiving a plurality of signals corresponding
respectively to the plurality of communication channels
such that each of the plurality of signals corresponding
to a respective one of the plurality of communication
channels; and

operating a plurality of equalizer elements adaptively con-
nectable, in any of a plurality of configurations, to pro-
cess the plurality of signals, including operating all of
the plurality of equalizer elements or any subset of the
plurality of equalizer elements to process at least one of
the plurality of signals to generate a processed signal or
a plurality of processed signals.

15. The method of claim 14, further comprising:

operating at least one of the plurality of equalizer elements
to process a first of the plurality of signals to generate a
first processed signal and to process the first processed
signal to generate a second processed signal.

10

Aug. 29,2013

16. The method of claim 14, further comprising:

performing a least means square (LMS) optimization pro-
cess to select a plurality of equalizer tap coefficients
corresponding to at least one of the plurality of equalizer
elements.

17. The method of claim 14, further comprising:

selecting a plurality of equalizer tap coefficients corre-
sponding to at least one of the plurality of equalizer
elements based on at least one characteristic associated
with at least one of the plurality of communication chan-
nels, wherein the at least one characteristic correspond-
ing to at least one of latency, delay, noise, distortion,
crosstalk, attenuation, signal to noise ratio (SNR),
capacity, bandwidth, frequency spectrum, bit rate, and
symbol rate associated with at least one the plurality of
communication channels.

18. The method of claim 14, further comprising:

operating at least one additional communication device,
including a plurality of pre-equalizer elements adap-
tively connectable, in any of at least one additional plu-
rality of configurations, to process at least one additional
plurality of signals to generate the plurality of signals for
transmission to the communication device.

19. The method of claim 18, further comprising:

selecting one of the plurality of configurations by which
the plurality of equalizer elements are connected in con-
junction with one of the at least one additional plurality
of configurations by which the plurality of pre-equalizer
elements are connected based on at least one character-
istic associated with the plurality of communication
channels, wherein the at least one characteristic corre-
sponding to at least one of latency, delay, noise, distor-
tion, crosstalk, attenuation, signal to noise ratio (SNR),
capacity, bandwidth, frequency spectrum, bit rate, and
symbol rate associated with the plurality of communi-
cation channels.

20. The method of claim 14, wherein:

the communication device operative within at least one of
a satellite communication system, a wireless communi-
cation system, a wired communication system, a fiber-
optic communication system, and a mobile communica-
tion system.





