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(57) ABSTRACT 

In one embodiment a communication device activation 
System is provided to restore activation of one or more 
communication devices that are in a powered-down mode to 
conserve power usage during a period of inactivity. The 
activation signal, also referred to as a warm start Signal, 
comprises a Sequence Signal. A sequence generator gener 
ates a desired Sequence Signal. It is contemplated that one or 
more Sequence Signals may be Selected for use by the 
activation System. The Sequence Signal may be generated or 
Stored and retrieved. To resume communication, a wake-up 
Sequence Signal is generated and transmitted to a remote 
communication device. Upon receipt the received signal is 
filtered, correlated and analyzed. Analysis may compare one 
or more aspects of the Signal to a threshold signal. If the 
Signal is determined to comprise a wake-up signal, i.e. a 
request for communication, then a warm-Start operation may 
occur. An acknowledgement Signal may optionally be gen 
erated to acknowledge receipt of the Signal. In one embodi 
ment one or more Sequence Signals are utilized to monitor 
channel characteristics and adjust communication device 
Settings accordingly. This may occur as part of the wake-up 
proceSS. 
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COMMUNICATION SYSTEM ACTIVATION 

FIELD OF THE INVENTION 

0001. The invention is in the field of communications and 
in particular the invention concerns activation or wake-up 
Signals for a communication System. 

RELATED ART 

0002 Electronic communication between two or more 
remote locations has become a common method for 
eXchanging information. In fact, the popularity in modern 
communication Systems has Strained the ability of commu 
nication Service providers to meet the infrastructure require 
ments and provide the Support Systems for modern commu 
nication Systems. For example, installation and operation of 
numerous Such as hundreds or thousands of communication 
devices at a communication Service providers central office 
requires large amounts of power and electronic device 
cooling capacity. Such power costs become expensive and 
may limit growth or profits. 
0003. In addition, existing communication facilities, in 
which the communication Systems are installed, are already 
built-out. Renovating or remodeling a communication facil 
ity to accommodate additional power feeds or additional 
cooling capability may also limit growth or profits. 
0004 Moreover, users demand that modem communica 
tion Systems provide higher rates of information transfer. 
Often the higher data transfer rates must occur over existing 
infrastructure, Such as twisted pair copper. Communication 
cabling is often installed in bundles of conductors that are 
installed underground or overhead. Because the cabling is 
bundled together the individual conductors are adjacent 
other conductors. As a result, Signals traveling on one line 
may generate electrical fields that effect communication on 
the other lines in the bundle. This effect can be problematic 
as data transfer rates increase and the number of conductors 
in the bundle that are in use at any one time also increases. 
0005 Hence, as the number of conductors in use in the 
bundle for data communication increases So to does the 
Signal Sensitivity that each conductor is carrying. These two 
factorS operate against each other to present challenges to 
communication Service providers attempting to provide 
high-Speed communication Services. 
0006. As a result of these situations that arise from the 
popularity of high-Speed communication Systems there 
exists a need for methods and apparatus to overcome Such 
drawbacks. AS described below in greater detail, the meth 
ods and apparatus described below provide Solutions to 
alleviate these and other problems. 

SUMMARY 

0007. The invention may be implemented in various 
embodiments. In one embodiment a Sequence Signal is 
provided to Serve as a wake-up signal. Use of a Sequence 
Signal provides advantages over Signals of the prior art by 
overcoming the effects of noise and requiring less power 
during transmission. These advantages result in a high 
Success rate of wake-up signal detection and a lower rate of 
false detects. 

0008. In one embodiment an apparatus for restoring 
operation of a communication System after a period of 
inactivity is provided. The communication System com 
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prises at least a first communication device and a Second 
communication device and the System comprises a Sequence 
generator located at the first communication device and 
configured to generate a sequence signal upon request to 
initiate communication after a period of inactivity. A trans 
mitter is located at the first communication device and is 
configured to transmit the Sequence Signal to the Second 
communication device. The Sequence Signal is intended to 
initiate operation of the Second communication device. A 
receiver located at the Second communication device may be 
configured to receive the Sequence Signal. A correlator 
connects to the receiver and correlates the received Sequence 
Signal. A signal processor located at the Second communi 
cation device is configured to process the correlated Signal 
to determine if the received signal is a Sequence Signal that 
Signals a request to initiate operation. 

0009. It is further contemplated that the apparatus may 
further include an activity detection System configured to 
provide an indication to the communication System upon a 
period of inactivity between the first communication device 
and the Second communication device. The Sequence Signal 
may comprise an M-Sequence. In one configuration, the 
Signal processor is configured to compare points of corre 
lation, if any, of the correlated Signal, to a threshold signal 
to determine if the first communication device is requesting 
a restart of communication. The correlation may comprise 
croSS correlation. The period of inactivity is intended to at 
least reduce the power consumption of a communication 
System. 

0010. In one embodiment, a method for reducing power 
consumption of one or more communication devices during 
periods of inactivity comprises detecting a period of inac 
tivity followed by entering into a mode of reduced power 
consumption. Thereafter, receiving a request to resume 
communication and generating a sequence Signal in 
response to the request. The operation then transmits the 
Sequence Signal to a remote location to initiate communi 
cation. 

0011. In various embodiments the method further 
includes monitoring and receiving Signals at a remote loca 
tion and correlating received signals to analyze the corre 
lated Signal to determine if the received signal qualifies as a 
request to resume communication. In one embodiment the 
period of inactivity comprises a period of time when the one 
or more communication devices are not eXchanging data. 
The request to resume communication may comprise a 
request for data from a user of one or more communication 
devices. In one embodiment the method further includes 
periodically Sending a channel monitoring Signal to periodi 
cally obtain updated information regarding the channel. 

0012. In one embodiment a method is provided for pro 
cessing a received signal to determine if the received signal 
is a request to initiate a warm start operation. A received 
Signal is filtered to create a filtered signal and thereafter, the 
filtered Signal is correlating with a sequence Signal to 
generate a correlated Signal. The method then analyzes the 
points of correlation in the correlated Signal to determine if 
the received signal is a request to resume communication. In 
one embodiment the analyzing comprises comparing the 
correlated Signal with a threshold signal to determine if the 
correlated Signal is a request for communication. The 
method may further include the Step of initiation of a warm 
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Start operation if the analyzing reveals that the points of 
correlation match designated points of correlation. A finite 
impulse response filter may be used to perform correlation 
and the received Signal may be a sequence Signal. 

0013 In yet another embodiment a method for periodi 
cally modifying communication device Settings to account 
for changes in a communication channel is provided and 
comprises Sending a Sequence Signal from a first location to 
a Second location over the communication channel. At the 
Second location the Signal is received and filtered. Thereaf 
ter, the Signal is correlated at the Second location with a 
duplicate of the Sequence Signal to obtain a correlated Signal 
processed using the correlated Signal to determine changes 
in the communication channel. In one variation, the method 
further includes modifying the communication device Set 
tings, based on the processing, to account for changes in the 
communication channel. The Sequence Signal may comprise 
an M-Sequence type Sequence Signal. The communication 
channel may comprise one or more twisted pair conductors. 
In one embodiment the method further includes Sending a 
Sequence Signal from the Second location to the first loca 
tion, receiving the Sequence Signal at the first location, 
filtering the Sequence Signal at the first location, correlating 
the Sequence Signal at the first location with a duplicate of 
the Sequence Signal to obtain a correlated Signal and pro 
cessing the correlated Signal to determine changes in the 
communication channel. 

0.014. In another embodiment, a method for updating 
communication device Settings to aid in executing a warm 
Start operation may be provided. In Such an embodiment the 
method comprises receiving a Sequence Signal and correlat 
ing the Sequence signal. After correlation processing the 
correlated Sequence Signal is used to determine current 
channel characteristics and adjust the communication device 
Settings based on the correlation results. This method may 
further including comparing the current channel character 
istics to channel characteristics at a time prior to the pro 
cessing and modifying the communication Settings if the 
comparison determines the current channel characteristics 
are different than the channel characteristics at a time prior 
to the processing. In one configuration the adjusting assists 
in the warm start operation by adjusting the communication 
device Settings to match current channel characteristics. A 
warm Start may comprise a resumption of communication 
device operation after a period of inactivity. The communi 
cation device may comprise a device operating under a 
digital Subscriber line Standard. The Sequence signal may 
comprise a Sequence Signal based on an M-Sequence. 

0.015. One method of operation determines whether to 
initiate a warm start operation or a cold Start operation for 
one or more communication devices. An example of this 
method comprises generating a sequence Signal at a first 
device and transmitting the Sequence signal to a Second 
device. At the Second device, receiving the Sequence Signal 
at the Second device and correlating the Sequence Signal at 
the Second device. After correlating, analyzing the correlated 
Signal at the Second device to determine current channel 
characteristics. The method then compares the current chan 
nel characteristics to at least one prior channel characteristic 
and then Selects between a warm start operation and a cold 
Start operation based on the comparison. 
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0016 Variations to this example method may further 
include transmitting a Sequence signal to the first device 
from the Second device. The adjusting may include adjusting 
at least one Setting of the Second device based on the 
analyzing. In one embodiment Selecting comprises Selecting 
a warm start operation if the comparing reveals the channel 
characteristics have not changed beyond a threshold level 
and Selecting a cold Start operation if the comparing reveals 
the channel characteristics have changed beyond a threshold 
level. The cold Start operation may take a longer period of 
time to complete than the warm Start operation. 
0017. Other systems, methods, features and advantages 
of the invention will be or will become apparent to one with 
skill in the art upon examination of the following figures and 
detailed description. It is intended that all Such additional 
Systems, methods, features and advantages be included 
within this description, be within the Scope of the invention, 
and be protected by the accompanying claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. The components in the figures are not necessarily 
to Scale, emphasis instead being placed upon illustrating the 
principles of the invention. In the figures, like reference 
numerals designate corresponding parts throughout the dif 
ferent views. 

0019 FIG. 1 is a block diagram of an example environ 
ment of use of the invention. 

0020 FIG. 2 is a block diagram of an example embodi 
ment of a System configured with one embodiment of the 
invention. 

0021 FIG. 3 illustrates a more detailed block diagram of 
an example embodiment of the transmitter shown in FIG. 2. 
0022 FIG. 4 illustrates a block diagram of an example 
embodiment of a Sequence generator configured using a 
linear feedback shift register or Scrambler type implemen 
tation. 

0023 FIG. 5 illustrates an alternative embodiment of a 
Sequence generator. 

0024 FIG. 6A illustrates a block diagram of an example 
embodiment of a receiver. 

0025 FIG. 6B illustrates a block diagram of an alterna 
tive embodiment of a receiver. 

0026 FIG. 7 illustrates block diagram of a correlation 
unit configured to correlate a received signal with a signal 
C(n). 
0027 FIGS. 8A and 8B illustrate example plots of a 
Sequence Signal and the effect of correlation with regard to 
noise. 

0028 FIG. 9 illustrates a plot of frequency components 
of a periodic Sequence on a graph of frequency and Spectral 
amplitude. 

0029 FIG. 10 illustrates an exemplary timing diagram of 
an example pattern of wake-up signal communication 
between a central office communication device and cus 
tomer premise equipment. 
0030 FIG. 11 illustrates a state diagram for an example 
Sequence of wake-up for a communication System. 



US 2003/0068024 A1 

0.031 FIG. 12 illustrates an operational flow diagram of 
an example method of Sequence generation. 
0.032 FIG. 13 illustrates an operational flow diagram of 
an alternative method of Sequence generation Such as might 
be implemented for use with a table look-up method. 
0.033 FIG. 14 illustrates an operational flow diagram of 
an example method of operation of one embodiment of the 
invention. 

0034 FIG. 15 illustrates an operational flow diagram of 
an alternative method of operation implementing channel 
analysis as part of the wake-up signal process. 
0.035 FIG. 16 illustrates an operational flow diagram of 
an alternative method of operation channel analysis on a 
period. 

DETAILED DESCRIPTION 

0.036 FIG. 1 illustrates an example environment for use 
of the invention. The example environment shown in FIG. 
1 is provided for purposes of discussion and is not in any 
way intended to limit the scope or breadth of the invention. 
It is contemplated that the invention may find use in a 
plurality of other environments, Such as any environment 
where it is desired to perform System activation or line 
analysis to determine if a particular type of line activation is 
appropriate. The line may comprise any type of conductor or 
channel including, but not limited to, a twisted pair conduc 
tor, coaxial cable, Ethernet, an optic channel, or a radio 
frequency waveguide. 
0037 FIG. 1 illustrates customer premise equipment 
(CPE) 100 in communication with a communication inter 
face 102 over a first line 104. The CPE 100 comprises any 
communication device that is generally located remote from 
the communication interface 102 and configured to facilitate 
communication over the first line 104. In one embodiment, 
the CPE 100 comprises a communication modem or com 
munication device located at a busineSS or residence. The 
CPE 100 may comprise, but is not limited to, any device 
operating under the digital Subscriber line (DSL) standard, 
any voice band modem, cable modem, wireleSS modem, 
power line modem, or any other device configured to 
perform digital or analog communication. It is contemplated 
that, contained in the CPE 100 and the communication 
interface 102, there is a receiver and transmitter configured 
to send and receive data over the line 104. 

0.038. The first line 104 may comprise any communica 
tion medium intended to carry communication Signals. In 
various embodiments the first line 104 comprises, but is not 
limited to, one or more conductors of a twisted pair of 
conductors, coax cable, power line, optic cable. Although 
the first line 104 is shown as a single line, it should be 
understood that the line 104 may comprise any configuration 
or number of conductors, optical paths, or other Such paths. 
Other lines, channel, or paths or conductors shown through 
out the figures may likewise comprise any configuration or 
number of conductors, optical paths, or other Such paths. 
0039. In this embodiment, the communication interface 
102 comprises any communication equipment configured to 
communicate with the CPE 100 over the first line 104. With 
regard to the DSL Standard, the communication interface 
102 may comprise a digital Subscriber line acceSS multi 
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plexer (DSLAM). A DSLAM is configured to facilitate 
communication over the first line 104 between the CPE 100 
and a central office (CO) switch 106 and an Internet Service 
Provider (ISP) 110. The DSLAM may include modems or 
other communication devices. 

0040 Communication with the CO switch 106 occurs 
over a second line 108 while communication with the ISP 
110 occurs over a third line 112. The communication inter 
face 102 appropriately routes certain Voice communication 
from the CPE 100 to the CO switch 106 while appropriately 
routing certain data communication from the CPE to the ISP 
110. As shown, the CO switch 106 may connect to the PSTN 
116 thereby Serving as a Switching and routing Service for 
telephone, facsimile, or data calls. The ISP 110 may connect 
to the Internet 118 to provide access to a plurality of other 
networked computers. 
0041. It is contemplated that the various embodiments of 
the invention may be used to generate, transmit, receive and 
process wake-up or activation Signals for use in initiating a 
restart process for a communication device/system that was 
previously in a sleep or powered down State. It is desired to 
utilize a signal that is least affected by channel noise and 
provides the highest percentage of detection and the lowest 
percentage of missed detection. It is also desired to provide 
a System that is backward compatible with prior communi 
cation System. In one embodiment, the invention is inte 
grated with modems at the communication interface 102, the 
C.O. Switch 106, or the communication interface 102. The 
invention may also be used to determine a line characteris 
tics or parameters for each leg or path for symmetrical 
communication (generally equal data transmission rates 
between devices) or asymmetrical communication (different 
data transmission rates between devices). 
0042. The term warm-start means a process of initiating 
communication between two or more remotely located com 
munication devices. The terms wake-up and activation may 
be used interchangeable. In one embodiment, a warm start 
operation is different than a cold Start operation in that the 
warm start operation may be faster, may require leSS channel 
retraining and may only be performed if the characteristics 
or parameters of the channel have not changed beyond a 
threshold level from the characteristics or parameters that 
existed when the communication Systems initiated Sleep 
mode. By way of example, Sleep mode may be initiated 
between CPE 100 and the communication interface 102. 

0043 FIG. 2 illustrates a more detailed block diagram of 
an example embodiment of one configuration of the inven 
tion. Broadly, the elements of FIG. 2 includes a transmit 
module 200 and a receive module 204. Connecting the 
transmit module 200 and the receive module 204 is a line 
interface 208 and other possible logic and lines (not shown). 
The line interface 208 connects the transmit module 200 and 
the receive module 204 to a communication channel 212. 
The line interface 212 includes apparatus to Separate or filter 
the transmitted Signal from the received signal and attempts 
to impedance match the transmit module 200 to the channel 
212 and the receive module 204 to the channel. In one 
embodiment, the line interface 208 comprises a hybrid. The 
line interface 208 may also be configured to interface a 
single conductor of the transmit module 200 or the receive 
module 204 to twisted pair conductors. Although designed 
to reduce impedance mismatch, the line interface 212 often 
creates Some mismatch. 



US 2003/0068024 A1 

0044) In the example embodiment of the transmit module 
200 shown in FIG. 2, a sequence generator 220 connects to 
a PAM mapping module 222. The Sequence generator 220 
generates a Sequence signal. The output of the PAM map 
ping module connects to one or more transmit filters 224. 
The transmit filters 224 provide the Sequence Signals to a 
digital to analog converter 226 and the output of the analog 
to digital converter connects to the line interface 208. A 
channel 212 connects the two line interfacing 208,238. 
0.045 With regard to the receive module, the line inter 
face 238 is configured to receive and direct any received 
Signals to an analog to digital converter 240. The output of 
the analog to digital converter 240 connects to one or more 
receive filters 242 and the output of the receive filters 
connects to a Sequence correlator 246. The output of the 
Sequence correlator 246 connects to a processor or com 
parator module 248, which in turn connects to a communi 
cation system 250. 

0046 Transmit Module 
0047 The function of each element of the transmit mod 
ule 200 is now briefly described with more emphasis on the 
elements that are of greater importance to the operation of 
the invention and which may not be as well known. The 
Sequence generator 220 comprises any apparatus or System 
configured to generate a Sequence Signal for transmission 
over the channel 212. In one embodiment the Sequence 
generator 220 comprises at least partly Software. In one 
embodiment the Sequence generator creates a maximal 
length sequence (M-sequence). In another embodiment the 
Sequence generator 220 creates a Barker Code type 
Sequence. In yet another embodiment, the Sequence genera 
tor 220 creates a Kasami type Sequence. In the embodiment 
shown in FIG. 2 having a sequence correlator 246, it is 
desirable for the Sequence to have good autocorrelation or 
croSS correlation properties. 
0.048. In one embodiment, the sequence generator 220 is 
embodied in a Scrambler to generate a pseudorandom bit 
pattern or Sequence in an attempt to output a data Stream 
without long Sequences of constant Voltage values. Various 
different embodiments exist for generating a Sequence Sig 
nal. 

0049. The signal mapper 222 transforms the digital out 
put of the Sequence generator to any various Signal levels 
that represent bit values. For example, four bits of digital 
data may be represented as 16 PAM, i.e. any of 16 different 
numerical values. The 16 different values may be repre 
Sented on a Scale of minus one to Seven eighths in incre 
ments of /s. The Signal may be Scaled by an amplifier to 
yield a desired transmit power. In one embodiment the Signal 
mapper 222 comprises a table look-up device or process that 
translates the binary input to a numeric output. 
0050. The transmit filter 224 is configured to manipulate 
the output data to adhere to desired or required spectral 
requirements. For example, frequency filtering may occur to 
improve System performance by tailoring the frequency 
content of the output or it may simply be mandated by FCC 
or a Standards organization. It may be desired to attenuate 
out-of-band energy while also minimally effecting in-band 
energy. The embodiment shown in FIG. 2 implements 
Spectral Shaping with a digital filter. An analog filter may 
Serve to reject images of the digital processing. Another 

Apr. 10, 2003 

embodiment eliminates any digital transmit filter. In Such an 
embodiment, the Spectral Shaping is provided by the analog 
filter. 

0051. The digital to analog converter 226 is generally 
understood to convert a digital signal to an analog signal. In 
the embodiment shown, the transmission on the line occurs 
in an analog format. 
0052 Although not shown, an analog filter may also be 
included just prior to the line interface 208 in the transmit 
module 200 to perform final filtering of the analog wave 
form to spectrally prepare the Signal for transmission over 
the channel 212. The analog filter may operate Similarly to 
the transmit filter 224 but in the analog domain. 
0053 Example Sequences 
0054. In one configuration, the sequence generator 220 or 
other device with Similar capabilities generates a Sequence 
defined by varying the polynomial of the Sequence generator 
to provide different Sequence Signals. In another configura 
tion, the polynomial is Selected to maximize the period of 
the Sequence, Such as to create an M-Sequence. AS described 
above, the period of a length-maximized Sequence is defined 
as 2"-1 where m is the number of Stages of shift registers 
used to generate the Sequence. 
0055 By varying the number of stages m, the period is 
controlled. Various advantages may be gained by varying the 
period of the Sequence. For example, one advantage of 
increasing the period of the Sequence comprises mitigation 
of the effects of correlated additive noise Such as crosstalk. 
In the correlator, the noise component is decorrelated which 
Spreads the noise acroSS all frequencies thus reducing the 
amount of noise in the frequency band of interest. This 
improves the likelihood of accurate Signal detection and 
accuracy of the channel analysis, if performed. Another 
advantage of increasing the period of the Sequence is that the 
System can provide a more complete response thereby 
improving accuracy. Yet another advantage of increasing the 
period of the Sequence is that the analysis is based on more 
tones with finer frequency Spacing. 
0056 An advantage of a shorter period generated by 
using a Smaller m value is that the Sequence may be 
generated and analyzed more rapidly. This speeds the pro 
ceSS. Another advantage of Shorter period Sequences is a 
lowering of the computational complexity in the receiver. 
0057 Although numerous specific sequences are pro 
Vided below, it is contemplated that any type Sequence may 
be used. The text Introduction to Spread Spectrum Commu 
nications written by Peterson, Ziemer and Borth, (Prentice 
Hall, 1995), which is incorporated herein in its entirety, 
provides a discussion on different Sequences and in particu 
lar different types of M-sequences. Table 3-5, from the 
above-referenced text, provides a list of primitive polyno 
mials that may be used to generate the Sequence. Any 
Sequence period may be Selected. Other Sequence signals 
that are contemplated for use with the invention also exist. 
0058. In general, numerous M-sequences exist with peri 
ods that depend on the number of Stages in the shift register 
used to generate the Sequence Signal. There is at least one 
M-Sequence for every integer greater than one where this 
integer represents the number of Stages of the shift register. 
If more than one M-Sequence exists for a given number of 



US 2003/0068024 A1 

Stages then the Sequences are distinguished by the non-Zero 
taps of the shift register. This is designated by the polyno 
mial representation. In one embodiment of the invention, a 
Sequence having a period of 31 is generated by a modem or 
other communication device, which may be located at any 
point along a communication channel. One polynomial 
defined by a period of 31 is: 

0059 where f(n) is the logical ones input to the sequence 
generator, S(n-k) is the tap point after the k-th delay element 
in the Sequence generator and €D is modulo-2 addition. 
0060 Another example polynomial that may be gener 
ated by a communication terminal and is defined by a period 
equal to 63 is: 

0061 Another example polynomial that may be gener 
ated by a communication terminal and is defined by a period 
equal to 127 is: 

0.062 Another example polynomial that may be gener 
ated by a communication terminal and is defined by a period 
equal to 255 is: 

0.063. In another embodiment of the invention, a 
Sequence having a period of 31 may be generated by a 
communication terminal and adopted for use as a Sequence 
Signal. One polynomial defined by a period of 31 is: 

0064 where f(n) is the logical ones input to a sequence 
generator, S(n-k) is the tap point after the k-th delay element 
in the Sequence generator and €D is modulo-2 addition. 
0065. Another example polynomial that may be gener 
ated by a communication terminal and is defined by a period 
equal to 63 is: 

0.066 Another example polynomial that may be gener 
ated by a communication terminal and is defined by a period 
equal to 127 is: 

0067. Another example polynomial that may be gener 
ated by a communication terminal and is defined by a period 
equal to 255 is: 

0068 The term communication terminal is defined to 
mean any configuration of Software, hardware or both Soft 
ware and hardware configured to facilitate or perform com 
munication or generate a signal or Sequence. In one embodi 
ment the term communication terminal is defined to be a 
modem. This includes a modem, Scrambler, Sequence gen 
erator or other Similar device, or a separate, Stand-alone 
device located at the CPE or C.O. end. 

0069. Using the sequence signals, generated by the 
Sequence generator, Scrambler, or any other device capable 
of generating a corresponding Sequence Signal provides 
advantages over the prior art. 
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0070 Receive Module 
0071. The receive module 204 of FIG. 2 includes the 
analog to digital converter 240 to transform the received 
Sequence Signal from the analog domain to the digital 
domain. An amplifier (not shown) may be placed between 
the line interface 208 and the analog to digital converter 240 
to amplify the possibly weak Sequence Signal from the 
channel 412. In one embodiment, the analog to digital 
converter 240 comprises a fourteen bit converter. Increasing 
the precision of the converter improves the dynamic range of 
the receiver allowing both Small and large magnitude Signals 
to be detected, Such as those from a very long and very short 
transmission lines. 

0072 The receiver filters 242 comprise standard filters 
Such as high and low pass filters to eliminate unwanted 
frequency components that are outside of the frequency 
band of the Sequence Signal. Any type of digital filtering may 
be performed by the filters 242. In addition, analog filters 
(not shown) may be located prior to the analog to digital 
converter 240 as necessary to filter noise or other signals 
received from the line interface 238 prior to conversion into 
the digital domain. 
0073. The sequence correlator 246, which receives the 
output of the receiver filters 242, comprises a configuration 
of hardware, Software, or combination thereof, that is con 
figured to correlate the Sequence Signal with a copy or 
duplicate of an original Sequence Signal that was generated 
by the Sequence generator 220. Although not shown, the 
Sequence correlator 246 may communicate or connect to the 
Sequence generator 220. In one embodiment, the correlation 
comprises croSS correlation. Mathematically, in one embodi 
ment, a croSScorrelator is realizing the following function: 

0074 where X(n) is the sum of the transmitted sequence 
C(n) plus any additive noise and crosstalk. In one embodi 
ment the correlator 246 is embodied using a sliding tapped 
delay line. There are numerous ways to implement the 
correlator 246 and this is but one example embodiment. The 
correlator 246 may be embodied in hardware, or software, or 
a combination of the two. Indeed, it is contemplated that an 
analog implementation of the correlator maybe preferred 
particularly in high rate applications. In this implementation 
analog to digital converter 240 maybe omitted. In the Sliding 
tapped delay line method the taps are C(n). 
0075. The output of the sequence correlator 246 feeds 
into a processing and comparator device 248 (hereinafter 
processor/comparator 248). The processor/comparator 248 
is capable of performing either or both of a processing of the 
correlated Signal. The processing may occur to determine if 
the received Sequence Signal is indeed a wake-up signal, i.e. 
a request to resume communication. In one embodiment the 
processor 248 may also perform channel analysis to deter 
mine the characteristics of the channel. In Such an embodi 
ment a comparator may compare the correlated Signal to a 
Stored signal, Such as a threshold Signal, that represents a 
Signal that would be received had a warm Start Signal be sent. 
Based on this comparison a determination can be made 
whether to resume communication. It may be desired to 
resume communications after a period of inactivity which 
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was entered into to reduce power consumption, heat gen 
eration, and/or noise on adjacent communication lines. A 
warm Start operation is one manner to resume communica 
tion. It is contemplated that a warm start operation may 
occur more rapidly than a cold Start operation. One factor 
that may determine whether a warm start operation will 
occur instead of a cold Start operation is changes in channel 
characteristics. 

0.076 The channel characteristics may be analyzed and 
used to modify the communication device Settings, possibly 
on an ongoing basis, to thereby improve operation and 
reduce the time it takes to resume communication. A com 
parison may occur between the channel characteristics at a 
time prior to the end of the period of inactivity and current 
channel characteristics obtained by the analysis. This com 
parison may reveal the extent of the changes and the 
appropriateness of a warm start operation or a cold Start 
operation. 

0077. It is further contemplated that the transmission and 
detection of a Sequence Signal may occur for any desired 
reason other than to initiate a warm Start operation. By way 
of example and not limitation, use of a Sequence Signal may 
also be used to for Synchronization, channel estimation or 
fault identification. Accordingly, the output of the processor/ 
comparator 248 connects to other aspects of a communica 
tion System 250. The communication System may comprise 
any type communication System. One communication SyS 
tem 250 comprises a System conforming to a digital Sub 
Scriber line (DSL) standard. Another communication System 
250 comprises a cable modem. The invention may be 
implemented with any communication system 250. 
0078 FIG.3 illustrates a more detailed block diagram of 
an example embodiment of the transmitter 200 shown in 
FIG. 2. It should be understood that this is an example 
embodiment provided for purposes of enablement. The 
invention is not limited to this example embodiment. The 
transmitter 200 includes a data input 300 connected to a 
scrambler 304. The output of the scrambler 304 feeds into a 
signal mapper 308, which in turn connects to a transmit filter 
312. The output of the transmit filter 312 provides the 
filtered Signal to a digital to analog converter 316, the output 
being connected to an analog filter 322. The output of the 
analog filter 322 provides a signal that is eventually coupled 
to or is transmitted on the line 202. 

0079 The scrambler 304 manipulates received signals to 
generate a generally random bit Sequence in an attempt to 
output a data Stream without long Sequences of constant 
Voltage or repeated patterns. Long consecutive bit Sequences 
can cause wide variations in the received power level as well 
as difficulties for adaptive equalization and clock recovery. 
In one embodiment the Scrambler is embodied using a shift 
register with feedback connections. A de-Scrambler, 
assumed to be located in the receiver, may comprise a shift 
register with feed-forward connections. In one embodiment 
the Scrambler is embodied to generate periodic Sequences. 
The Signals generated in this case are particularly well Suited 
for wake-up signals. The operation of the scrambler 304 in 
relation to the invention is described below in detail. 

0080. The signal mapper 308 transforms the digital out 
put of the Scrambler to the various Signal levels that repre 
sent each of the bit values. For example, four bits of digital 
data may be represented as 16 PAM, i.e. any of 16 different 
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numerical values. The 16 different values may be repre 
Sented on a Scale of minus one to one in increments of /s. 
The Signal is ultimately Scaled by an amplifier to yield a 
desired transmit power. In one embodiment the Signal map 
per 308 comprises a table lookup device or process that 
translates the binary input to numeric output. 

0081. The transmit filter 312 is configured to manipulate 
the output data to adhere to desired or required spectral 
requirements. For example, frequency filtering may occur to 
improve System performance by tailoring the frequency 
content of the output or it may simply be mandated by FCC 
or a Standards organization. It may be desired to attenuate 
out-of-band energy while also minimally effecting in-band 
energy. The embodiment shown in FIG. 3 implements 
Spectral Shaping with a digital filter. The analog filter Serves 
to reject images of the digital processing. Another embodi 
ment eliminates the digital transmit filter. In this case, the 
Spectral Shaping is provided by the analog filter. 

0082 The digital to analog converter 316 is generally 
understood to convert a digital signal to an analog signal. In 
the embodiment shown in FIG. 3, the transmission on the 
line occurs in an analog format. 

0083. The analog filter 322 performs final filtering of the 
analog waveform to spectrally prepare the Signal for trans 
mission over the line 202. The analog filter 322 may operate 
similarly to the transmit filter 312 but in the analog domain. 

0084. In one embodiment of the scrambler 304, the 
Scrambler is configured to generate periodic Sequences hav 
ing good autocorrelation properties. One example of a signal 
with good autocorrelation properties is a signal that can be 
made to closely approximate an impulse. AS can be under 
stood, an impulse is a signal that, within a very short interval 
of time, assumes a Substantially non-Zero value while being 
approximately Zero outside this time interval. An impulse 
response characterizing the line/channel is one desirable 
outcome of channel analysis or for detection. It is contem 
plated that a device other than a Scrambler may be config 
ured to generate the periodic Sequences used for line prob 
ing. Any device or configuration of hardware and/or 
Software may be adopted for use for generating Sequence 
Signals without departing from the Scope of the invention. 

0085 FIG. 4 illustrates a block diagram of an example 
embodiment of a Sequence generator configured using a 
linear feedback shift register or Scrambler type implemen 
tation. An input 400 connects to a Summing unit 404. All 
arithmetic operations may be performed in a modulo-2 
fashion. The Summing unit 404 has an output connected to 
an output line 408 and a delay register 410A. The output of 
the delay register 410A connects to a multiplier 414A, 
having a multiplier Set to C, and to another delay register 
410B. The output of delay register 410B connects to N 
number of other delay registers and multipliers until con 
necting to a delay register 410C and to a multiplier CN. 
The output of delay register 410C connects to a multiplier 
414C that has a multiplier CN. This creates an Nth order 
generator due to the N memory elements or delay registers 
410. This thus generates an output based on the content of 
the registers, also known as the State of the Scrambler. Thus, 
the total number of different possible states of the generator 
is 2N. 
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0.086. In one example method of operation, a continuous 
sequence of logic value 1's is provided to the input 400. The 
State of each register may be selectively loaded with a 
logical one or a logical Zero based on the desired Sequence 
to be generated. When provided with a String of logics one 
Values, the generator outputs a unique String, or Sequence, of 
1's or 0's based on the values of the registers 410. In one 
embodiment, the values loaded into the registers are Selected 
to form a primitive polynomial known to generate a maxi 
mal length sequence (M-Sequence). The sequence will 
repeat through the 2-1 non-zero states. 
0087 FIG. 5 illustrates an alternative embodiment of a 
sequence generator. The embodiment shown in FIG. 5 
comprises a tapped delay line configuration designed to 
generate a Sequence for use with the Systems described 
herein. As shown in FIG. 5, an input 504 connects to a delay 
register 508 that is configured to receive and delay for a 
clock cycle or other period the received value. The input 504 
also connects to a multiplier 512A having a multiplier value 
Mo. All arithmetic operations in this embodiment may be 
performed in the traditional fashion, that is, not modulo-2. 
The output of the multiplier 512A connects to a Summing 
junction 524. 

0088. The output of the register 508 connects to multi 
plier 512B having a multiplier value M. The output of the 
multiplier 512B connects to the summing junction 524 to 
add the output of the multiplier 512B and the multiplier 
512A. The output of the register 508 also connects to a 
register 516, the output of which connects to multiplier 
512C. The output of the multiplier 512C connects to sum 
ming junction 536, which also receives the output of Sum 
ming junction 524. The tap delayed line 500 continues in this 
configuration until connecting to a register 532 that has an 
output connected to a multiplier 512D with a multiplier 
factor MS. The output of multiplier 512D connects to a 
Summing junction 544 that also receives the output of the 
previous Summing junction. 

0089. This configuration is 2-1 long with the elements 
of the tapped delay line controlling the Sequence generated. 
Specifically, the coefficients of the tapped delay line are the 
Sample values of the desired Sequence Signal. An input of a 
pulse followed by Zero-valued Samples to the tapped delay 
line propagates through the tapped delay line and as the 
pulse propagates through the line, it encounters the multi 
plier values of the multipliers 512. The multiplier value will 
propagate to the output Since all other coefficients are 
multiplied by Zeros. In one embodiment, the multiplier 
values may comprise a logical 1 or a logical 0. The multi 
pliers 512 each pass a logical 1 to its associated Summing 
junction or pass a logical 0 to its associated Summing 
junction. Hence, a Sequence Signal is output with values 
controlled by the values of the multipliers 512. In a variation 
of this embodiment, the values of the multipliers may be 
Selected as other than 1's or 0's to thereby generate a 
mapping as is performed by the mapping module 222 shown 
in FIG. 2. In Such a variation, the mapping module 222 can 
be eliminated. 

0090. Yet another embodiment of the sequence generator 
comprises a table look-up System. In a table look-up System, 
a Sequence Signal is Stored in memory or a look-up table and 
recalled using a Software interface. Hence, upon request of 
a particular Sequence Signal, the Sequence generator 220 
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performs a table look-up, recalls the desired Sequence Signal 
from memory, and provides the Sequence to the other 
systems of the transmit module 200. Any number or varia 
tion of Sequence Signals may be Stored or retrieved. 

0091 FIG. 6A illustrates a block diagram of an example 
embodiment of a receiver. As is understood by those of 
ordinary skill in the art, various components have been left 
out So as to not obscure the relevant aspects of the invention. 
As shown, the receiver includes an analog filter 600 con 
nected to an analog to digital converter 606. The output of 
the analog to digital converter 606 connects to a croSScor 
relator 610. As stated above, mathematically, the crosscor 
relator is realizing the following function: 

0092 where X(n) is the sum of the transmitted line probe 
Sequence C(n) plus any additive noise and crosstalk. There 
are numerous ways to implement the croSScorrelator 610 and 
this is but one example embodiment. The correlator 610 may 
be embodied in hardware, or Software, or a combination of 
the two. Indeed, it is contemplated that an analog imple 
mentation of the croSScorrelator maybe preferred particu 
larly in high rate applications. The crosscorrelator 610 
receives a signal C(n) 616. The output of the crosscorrelator 
610 comprises a signal h(n). 

0093. The analog filter 600 performs filtering of the 
Signal in the analog domain to filter out unwanted noise on 
the received signal that is outside of the desired frequency 
band and to provide only desired frequency components to 
the other aspects of the receiver. The analog to digital 
converter 606 converts the analog signal to the digital 
format. 

0094. The crosscorrelator 610 processes the signal C(n) 
and the received Signal over the period of the Sequence to 
obtain an estimate of the impulse response of the channel. 
This may later be transformed into the frequency domain to 
be used in the SNR calculation. The signal C(n) comprises 
a receiver generated copy of the Sequence that was Sent out 
over the line as the wake-up Sequence. The received 
Sequence and the signal C(n) are correlated together to 
generate a signal generally equivalent to a signal generated 
by Sending an impulse through the channel. This is a time 
domain Signal that may be transformed to the frequency 
domain, for example with a Discrete Fourier Transform 
(DFT), to obtain the power spectral density. In one embodi 
ment, a fast Fourier Transform (FFT) is performed to obtain 
the power spectral density. Thus a wake-up signal may be 
detected and used for channel analysis. 

0095 One example method of cross correlation is 
achieved with the use of a sliding tap delay line. The Sliding 
tap delay line may comprise a finite impulse response digital 
filter having a length equal to a multiple of the period of the 
Sequence. The multiple may depend on whether over-Sam 
pling occurs in the receiver. The coefficients or taps in the 
finite impulse response filter may correspond to the bit 
values in one period of the Sequence. In one particular 
embodiment the sliding tap delay has 63 taps. Any number 
of taps may be adopted for use. 
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0096. In the embodiment shown in FIG. 6B, the receiver 
is embodied with a configuration to approximate an inte 
gration of the received Signal multiplied by the Sequence 
signal C(n). The output of the analog filter 600 feeds into an 
analog to digital converter 606. The output of the analog to 
digital converter 606 connects to a multiplier 650. The 
multiplier 650 receives, as another input, the signal C(n) 
616. The multiplier 650 multiplies the received sequence 
with the Signal C(n) 616 to generate an output that is 
provided to an accumulator 660. The accumulator 660 
comprises a device configured to generate a running Sum 
mation of the received signals. In general, the output of the 
accumulator 660 is generally Similar to a first order approxi 
mation to an integral over the period of time that the 
accumulator operates. Thus, the accumulator 660, upon 
receipt of a number, Stores the number. Then, upon receipt 
of another number, the accumulator 660 adds the first 
number to the second number and stores the result. The 
proceSS continues in this manner. In one embodiment the 
accumulator comprises a Summing operation and a register 
to Store the accumulating result. 

0097. The output of the cross correlation process is an 
estimate of the impulse response. This is a time domain 
Signal. Transforming the output into the frequency domain 
provides the transfer function. There are a number of ways 
to transform the Signal into the frequency domain, one being 
a DFT, another being an FFT. The output of the cross 
correlation comprises an estimate of the impulse response or 
channel response. Transforming this signal into the fre 
quency domain yields the frequency Spectrum, including all 
channel effects, of the Sequence Signal transmitted over the 
line. 

0.098 One example embodiment of a cross correlation 
device is shown in FIG. 7. FIG. 7 illustrates block diagram 
of a correlation unit configured to correlate a received signal 
with a signal C(n). An input 704 connects to a multiplier 
708. A second input 712 provides a second signal to the 
multiplier 708. The output of the correlator connects to a 
Summing junction 718, which has an output 720. 

0099. The received sequence signal is provided on input 
704 to the multiplier unit 708 while a sequence signal C(n), 
that is generally identical to the Sequence Signal transmitted 
on the channel, is provided on the second input 712. These 
Sequence signals are multiplied together on a value by value 
basis over time. The output of the multiplier 708 is Summed, 
over time, in the Summing junction 718 and provided on the 
output 720. The correlation System provides an output Signal 
with a peak at the point when the Signals align, i.e. correlate. 
A noticeable peak at the point of correlation indicates a 
Sequence with good correlation properties. One or more 
Such points of correlation may indicate that the Signal is a 
wake-up signal. 

0100. The accumulator or summing junction 718 com 
prises a device configured to generate a running Summation 
of the received signals. In general, the output of the Sum 
ming junction 718 is generally similar to a first order 
approximation of an integral over the period of time that the 
System operates. Thus, the Summing junction 718, upon 
receipt of a number, Stores the number. Then, upon receipt 
of another number, the summing junction 718 adds the first 
number to the second number and stores the result. The 
proceSS continues in this manner. In one embodiment, the 
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Summing junction 718 comprises one or more registers to 
Store the accumulating result. The output of the correlation 
process is an estimate of the impulse response of the 
channel. This is a time domain Signal. 
0101 Another example embodiment of the cross corre 
lation is based on frequency domain processing. The croSS 
correlation can be implemented in the frequency domain by 
multiplying together the frequency domain representation of 
the received signal and the reference Signal. The reference 
signal may be the discrete Fourier transform (DFT) of the 
transmit Sequence. When periodic Sequences are used, the 
frequency domain representation can be constructed by 
using a DFT of the same length as the period of the Signal. 
If the receive Signal consists of multiple periods, then the 
noise characteristics of the correlated Signal can be 
improved by appropriately Summing up multiple periods, 
either before or after taking the DFT of the received signal. 
For non-periodic signals or Signals with long periods, it may 
be appropriate to compute the croSS correlation in the 
frequency domain using the overlap-add or overlap-Save 
methods. If the croSS correlation is computed in the fre 
quency domain, it may be appropriate to convert it back to 
the time domain for further time domain processing. 
0102 FIG.8A and 8B, which illustrates example plots of 
a Sequence Signal and the effect of correlation, are helpful in 
describing the advantages gained by the invention with 
regard to noise. FIG. 8A illustrates a plot of a sequence 
signal 800 in relation to a vertical axis 802 representing 
magnitude and a horizontal axis 804 representing frequency. 
An undesirable noise component 810 resides between fre 
quencies f and f. If a single pulse signal is transmitted, the 
noise that will be received with the signal will disrupt 
analysis or detection, especially if the noise resides at a 
frequency that coincides with the frequency of the pulse. 
0103) In reference to FIG. 8B showing a plot of the 
correlated signal 820 and the noise 822 that is part of the 
correlated Signal after correlation in relation to magnitude on 
the vertical axis 802 and time on the horizontal axis 830. 
During the correlation process, the original Sequence and the 
received Sequence only correlate at the point of alignment, 
that is between times T and T. Thus, noise on the reflection 
Signal is disbursed over the time period of the correlation 
process. Correlation Serves as a Summation only at the point 
of correlation thereby reducing the effects of the noise. 
Hence, noise is a Smaller portion 822 of the correlated Signal 
because the noise is spread. Thus, the invention reduces the 
effect of noise on the line. 

0104. Another advantage of Sequence signal is that it 
allows for the transmission of a lower power Signal Over the 
channel. Use of a low power Signal eliminates interference, 
Such as from croSStalk, with other adjacent lines, Such as 
other pairs in the binder. Use of a low power Signal provides 
the further advantage of enablement using an integrated 
circuit, Such as built into a modem, which reduces overall 
pOWer usage. 

0105. It is contemplated that the power level of the 
Sequence may be of any magnitude. In one embodiment the 
power level may be constrained by applicable Standards 
Such as the ITU G.shdS1 or ANSI HDSL2 Standards. This 
may be implemented by use of transmit filtering which 
conforms to the power spectral density constraints imposed 
by those Standards. Since the Sequence Signal may be a valid 



US 2003/0068024 A1 

data Signal, it may conform to the Standard Specifications if 
the same transmit filtering is employed. This is not true in 
general for Single pulse Systems, which may use an unde 
Sirable high power pulse as the Signal wake-up signal. 

0106. In one embodiment the peak voltage of the 
Sequence Signal is less than 6 volts. In another embodiment, 
the peak voltage of the Sequence Signal is between 6 volts 
and 18 volts. In yet another embodiment, the peak voltage of 
the Sequence Signal is higher than 18 volts. This are but 
example ranges. Any peak voltage or power level may be 
Selected. 

0107 FIG. 9 illustrates a plot of frequency components 
900 of a periodic sequence on a graph of frequency 904 and 
spectral amplitude 908. The frequency domain sequence 900 
hence appears as an impulse signal having period 912 of the 
Symbol rate divided by Sequence period. This representation 
can be arrived at by performing the Fourier transform (FT) 
on the Sequence Signal. This representation of the Sequence 
can be processed by tone detecting receivers. This capability 
is desirable to maintain backwards capability with other 
Systems that operated as tone based Systems. For example, 
in one embodiment, tones at 12 Khz and/or 20 Khz may be 
used to designate a wake-up request to maintain capability. 
0108. In one configuration, the scrambler or other device 
with Similar capabilities generates a Sequence defined by 
varying the polynomial of the Sequence generator to provide 
different wakeup signals signals. In another configuration 
the polynomial is Selected to maximize the period of the 
Sequence, Such as to create an M-Sequence. AS described 
above, the period of a length maximized Sequence is defined 
as 2"-1 where m is the number of stages of the shift 
registers used to generate the Sequence. 

0109. By varying the number of stages m, the period is 
controlled. Various advantages may be gained by varying the 
period of the Sequence. For example, one advantage of 
increasing the period of the Sequence when used according 
to the invention for activation is a spreading of the noise, 
represented in FIG. 2 by N(t), over the period of the 
Sequence. Spreading the noise reduces the effect of the noise 
components that become part of the warm Start signal during 
transmission of the warm start Signal through the line. This 
improves the performance of the activation. When the 
wakeup signal is used for channel estimation, increasing the 
period of the Sequence enables probing based on more 
probing tones with finer frequency spacing. Another advan 
tage of increasing the period of the Sequence is that the line 
probing can provide longer impulse responses. 

0110. An advantage of a shorter period generated by 
using a Smaller m value is that the Sequence may be 
generated and analyzed more rapidly. This Speeds the line 
probe process. Another advantage of Shorter period 
Sequences is a lowering of the computational complexity in 
the receiver. 

0111 FIG. 10 illustrates an exemplary timing diagram of 
an example pattern of communication between a central 
office (CO) communication device 1000 and a customer 
premise equipment (CPE) 1050. At a time at and up to T0 the 
CO and CPE are in a powered down or reduced power state. 
This reduces power usage. Thereafter, at a time period T1, 
the CPE transmits a wake-up Sequence Signal. AS discussed 
above, utilizing a sequence Signal as a warm-start Signal has 
advantages over the prior art. Thereafter, during a time T2, 
the CO receives the Signal and processes the Signal. If the 
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Sequence Signal Sent during period T1 is determined to be a 
warm-Start request Signal, then during a time period T3, the 
CO transmits a response Signal or acknowledgement to the 
CPE. Accordingly, during a time period T4, the CPE pro 
ceSSes the response or acknowledgement signal. If the 
proper response is received, then during a time period T5, 
the warm Start process may initiate. This is but one possible 
time Sequence for a warm Start Signal operation. The dura 
tions of each time period are provided for purposes of 
example only and not intended to reflect the actual time 
frames of the wake-up signal and/or optional response Signal 
during time period T3. 

0112 FIG. 11 illustrates a state diagram for an example 
Sequence of wake-up for a communication System. This is 
but one example pattern of States which the wake-up System 
may assume. At a State 1102 the communication devices 
initiate a power-down process after a period of inactivity. 
From state 1002 the system may progress to a state 1106 and 
monitor for a Sequence Signal that indicates a desire for one 
or more of the communication Systems to wake-up. At State 
1106, the monitoring may continue, or the operation may 
progreSS to a State 1108 to receive an incoming Signal. Any 
type signal may be received. In one embodiment only a 
Sequence Signal having predetermine characteristics will 
trigger a System activation via a warm Start. After receiving 
the signal at state 1108, the system moves to state 1112 
wherein the received signal is correlated. After state 1112 the 
System moves to a State of operation comprising Signal 
analysis at a State 1126. In one embodiment the Signal 
analysis comprises comparison of the correlated Signal to a 
known Signal having known characteristics. Based on this 
comparison, a determination can be made whether the 
received signal was a request for a warm Start procedure. 
Any of one or more communication devices may initiate the 
processes by transmitting a wake-up signal. 

0113. From state 1126 the system may assume state 1130 
or return to State 1106 to continue monitoring for a signal. 
State 1106 occurs if the signal, after analysis, does not 
qualify as a signal requesting warm Start. State 1130 com 
prises a channel analysis State wherein the change in the 
channel may be determined based on comparison of current 
channel parameters to prior channel parameters. Current 
channel parameters may be determined via the analysis 
during state 1126. From state 1130, the operation may 
assume a state 1134 or a state 1138. At state 1134, a warm 
Start operation is initiated. This State is reached if the 
analysis at State 1126 reveals that the received signal was a 
wake-up signal and the channel comparison at State 1130 
determines that the channel parameters had not changed So 
Significantly So that a warm Start procedure could not be 
performed. 

0114. Alternatively, state 1138 may be initiated such that 
a cold Start process occurs. If the channel parameters change 
Significantly, then a warm start process may not be able to 
occur. Thus a cold Start process is initiated. After either of 
the warm start process of state 1134 or the cold start process 
of state 1138, the system progresses to a state 1142 where 
active communication occurs between two or more commu 
nication devices. If during active communication a Sufficient 
period of inactivity occurs, then the System may initiate a 
power down State, to Save power and reduce noise and heat 
generation, by returning to a State 1102. 
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0115 FIG. 12 illustrates an example method of sequence 
generation. To aid in understanding, FIG. 12 is divided 
between a transmitter Side on the left and a receiver Side on 
the right. AS can be understood, Steps are simultaneously 
being undertaken at both the receiver and the transmitter. 
Numerous different methods of Sequence generation are 
possible. The embodiment shown in FIG. 12 comprises 
generation by use of a linear feedback shift register (LFSR). 
At a step 1202, the wake-up operation initiates the Signal 
generation process. Next, at Step 1206, a specific Sequence 
is designated for use. One characteristic of a Specified 
Sequence is its period. At Step 1210, the operation preloads 
registers of the linear feedback Shift register with values 
necessary to realize the Specified Sequence. At a step 1214, 
the operation begins inputting a constant Sequence of logical 
1's into the Sequence generator. Thereafter, at a step 1218, 
the operation processes the Series of logical 1's through the 
Sequence generator to create the Specified Sequence signal. 
0116 FIG. 13 illustrates an alternative method of 
Sequence generation Such as might be implemented for use 
with a table look-up method. At a step 1302, the sequence 
Signal generation proceSS is initiated. Thereafter at a step 
1306, the operation Specifies a Sequence for generation. 
Once the desired sequence is specified at a step 1310, the 
System obtains or is provided a memory address for the 
Sequence data. Once the location in memory or the look-up 
table is provided or obtained, the System begins outputting 
the data items of the sequence. This occurs at step 1314. The 
operation then progresses to a step 1318 where the System 
queries to determine if there are additional data items 
remaining in the Sequence. If additional data items exist, 
then the operation returns to Step 1314 and an additional data 
item is output. If at step 1318 there are no more additional 
data items in the Sequence to be output, then the operation 
progresses to a step 1322 to indicate that the Sequence is 
complete. 
0117. It should be noted that in the methods of FIGS. 12 
and 13, the Sequence may be generated and transmitted 
once, generated numerous times and Sequentially transmit 
ted numerous times, or generated or transmitted in Some 
pattern with a period of Silence between one or more 
Sequence transmissions. 
0118 FIG. 14 illustrates an example method of operation 
of one embodiment of the invention. This is but one example 
embodiment. It is contemplated that other methods of opera 
tion are possible and within the Scope of the invention as 
define by the claims. At a step 1402, the wake-up system 
(hereinafter System) generates a sequence Signal. The 
Sequence signal may comprise an M-Sequence or any other 
type of Sequence. In one embodiment, the Sequence com 
prises a Sequence with good autocorrelation properties. At a 
Step 1404, the operation performs signal mapping to assign 
the Sequence Signal to one of Several different values. At a 
step 1406, the system filters the signal to remove unwanted 
components. At a step 1410, the System converts the digital 
Sequence Signal to an analog format. At a step 1412, the 
System transmits the Sequence Signal Over a communication 
channel. 

0119) At a step 1414 the system monitors for a response 
from the remotely located communication device on the far 
end of the channel or line. This monitoring is in anticipation 
of a response from the communication device that is receiv 
ing the Sequence signal generated at Step 1406. 
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0.120. At a step 1420 the receiver receives the sequence 
Signal. Of course, at this point the receiver does not know if 
it is a Sequence Signal, or simply noise on the line. Accord 
ingly, at Step 1422, the receiver correlates the received 
Signal. As a result of the correlation, a correlated Signal is 
created. This correlated Signal is compared, at a step 1424, 
to a reference Signal or reference data regarding a known 
correlated Signal representing a wake-up or activation 
Sequence Signal. By way of example, the correlated Signal 
will have peaks or Signal characteristics. These Signal char 
acteristics are compared to the threshold Signal to determine 
if a wake-up signal has been received. If at decision Step 
1430 the correlated signal is not above the threshold then the 
operation progresses to a Step 1432 wherein the operation 
returns to step 1400. Hence, by jumping to step 1400 the 
operation has determined that the correlated Signal received 
over the channel is not a wake-up signal or does not qualify 
as a Wake-up signal. 

0121) If at step 1430 the correlated signal is above the 
threshold or sufficiently matches the threshold signal, then 
the operation progresses to Step 1436 wherein the device that 
began as a receiver of the wake-up signal now acts as a 
transmitter by generating and transmitting an acknowledge 
ment signal, which may be in the form of a Sequence Signal, 
to the device that originally acted as the transmitter. 
0122) Returning to the transmitter (left) side of FIG. 14 
at a step 1440, the device that originally transmitted the 
Signal receives the acknowledgement Signal. Turning to 
FIG. 14B, at a step 1444, the acknowledgement signal is 
correlated. Thereafter, the correlated acknowledgement Sig 
nal is compared to another threshold signal. The threshold 
Signal may be the same as the prior threshold or a different 
threshold. It is contemplated that the threshold may be 
dependent upon the Sequence signal that is transmitted as the 
wake-up signal and/or the acknowledgement Signal. 
0123. At decision step 1450, a determination is made 
whether the acknowledgement Signal is above or Sufficiently 
close to the threshold to qualify as an acknowledgement 
signal. If it is not above or sufficiently close to the threshold, 
then the operation progresses to a step 1452. At step 1452, 
there is a time-out decision block. If a time period for 
acknowledgement passes, i.e. times-out, then the operation 
ends and it is assumed no wake-up will occur because no 
acknowledgement Signal was receive. In contrast, if at Step 
1452 the time-out time has not expired, then the operation 
progresses to a step 1452 and the process listens or waits for 
an acknowledgement Signal. This process continues between 
step 1452 and step 1454 until the time-out period expires. 
0.124. If at step 1450 the acknowledgement signal is at or 
above the threshold, then the operation progresses to a step 
1460 wherein the warm start process is initiated. Other 
actions may be taken other than a warm start operation if a 
wake-up signal is detected. Moreover, it is contemplated that 
a warm Start proceSS may occur which needs an acknowl 
edgement signal process. 

0.125 FIG. 15 illustrates an operational flow diagram of 
an alternative method of operation. In the method described 
in FIG. 15, channel analysis is performed in conjunction 
with the receipt of the wake-up signal used to initiate 
operation. Thus, upon receipt and detection of the wake-up 
Signal, analysis is performed to ready the communication 
device or devices for operation. For purposes of understand 
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ing, only the Steps in addition to the warm-Start Signal 
detection process described in FIG. 14 are shown in FIG. 
15. The analysis discussed in conjunction with FIG. 15 may 
be performed at any time after receipt of the Sequence Signal. 
In addition, this is but one possible and exemplary method 
of operation. Other methods that do not depart from the 
concepts described herein are contemplated. At a step 1502 
the operation analyzes the correlated Signal to obtain present 
or current channel parameters. Channel parameters comprise 
information regarding the effect the channel has on a signal 
as the Signal passes through the channel. The channel 
parameters may comprises, but are not limited to received 
Signal power, received signal power Spectral density, chan 
nel impulse response, channel transfer function, received 
noise power, received noise power spectral density. After 
analysis, the operation progresses to a Step 1506 and the 
present channel parameters, determined in Step 1502 are 
compared to the prior channel parameters as existed at the 
time of entry into sleep mode or power-down mode. 

0126. At a decision step 1510 if the difference in channel 
parameters is greater than the change allowed for a warm 
Start operation, then the process progresses to a Step 1512 
wherein a cold Start operation is initiated. It is contemplated 
that if the channel parameters have changed significantly, a 
warm start operation can not occur and a more involved cold 
start operation must occur. Alternatively, if at step 1510 the 
differences in channel parameters are not beyond the thresh 
old value then the operation may initiate a warm Start 
process by advancing to a step 1516. At step 1516, the 
communication devices adjust the receiver and transmitter 
Setting to account for any changes in the channel parameters. 
Thereafter, at a step 1520 the operation initiates the warm 
Start process. 

0127 FIG. 16 illustrates an operational flow diagram of 
an alternative method of operation. In the method described 
in FIG. 16, channel analysis is performed on a periodic basis 
and may be combined with wake-up Sequence Signal from 
the warm Start proceSS. For purposes of understanding, the 
Steps in addition to the warm-start Signal detection proceSS 
described in FIG. 14 are shown in FIG. 15. In addition, this 
is but one possible and exemplary method of operation. 
Other methods that do not depart from the concepts 
described herein are contemplated. 

0128. In reference to FIG. 16, at a step 1602 the com 
munication devices enter into a period of inactivity. The 
Second communication device, the actions of which are 
shown in the right-most portion of the figure, may assume a 
state of monitoring at a step 1600. The period of inactivity 
may be initiated due to a period of non-use of the commu 
nication devices by users of the communication devices. In 
response to the period of inactivity, the Systems power down 
to Save power during the period of non-use. This occurs at 
a step 1606. Thereafter, at a step 1610, the systems enter a 
wait State. Any time period may be Selected for the duration 
of the wait State. After the wait State expires, during which 
power is being Saved and noise on adjacent channels 
reduced, a first communication device generates a Sequence 
Signal, Step 1614. In one embodiment the Sequence Signal 
comprises an M-Sequence. In one embodiment the Sequence 
Signal is retrieved from memory instead of being generated. 

0129. After obtaining the sequence signal, the first com 
munication device transmits the Sequence Signal at a step 
1618. After transmission the first communication device 
may assume a State of monitoring at a Step 1600. 
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0.130 Returning to operation of the second communica 
tion device, at a Step 1626, the Second communication 
device receives the Signal Sent by the first communication 
device. After receiving the Signal, the Second communica 
tion device correlates the Signal to determine if it is a 
Sequence Signal of a particular pattern or Simply noise or 
other signal on the line. At a step 1634, the Second com 
munication device processes and analyzes the correlated 
Signal. If the received signal is a Sequence Signal then the 
processing and analyzing can be made to reveal information 
regarding the channel. Accordingly, at a step 1638 the 
Second communication System may adjust the communica 
tion Settings based on the processing and analysis. Thus 
during the wait State 1610, the channel parameters may have 
changed. The analysis of the received Sequence Signal will 
reveal these changes and the communication device Settings 
may be adjusted accordingly. 

0131. At a step 1642 the second communication device 
enters a wait State. After the wait State at Step 1642, the 
Second communication device generates a Sequence Signal at 
Step 1646 and transmits the Sequence Signal to the first 
communication device at a step 1650. AS a result, at a step 
1658 the first communication device receives the signal 
from the Second communication device. 

0132) Thereafter, at a step 1654 the second communica 
tion device monitors for a signal from the first communica 
tion device. In this manner the cycle repeats. Thus, although 
not shown, the first communication device would then 
process and analyze the Sequence signal Sent at Step 1660 to 
determine changes in the channel parameters. It may then 
adjust the Setting of its communication System accordingly. 
In this manner the Status of the communication channel may 
be monitored and changes to the Settings of the communi 
cation System be made periodically. This advantageously 
keeps the Systems prepared to initiate a warm start if Such 
request is made by either communication device. 
0.133 While various embodiments of the invention have 
been described, it will be apparent to those of ordinary skill 
in the art that many more embodiments and implementations 
are possible that are within the Scope of this invention. 

What is claimed is: 
1. A communication device activation request System, 

comprising: 
a Sequence Signal generator; 

a transmitter configured to receive and transmit a 
Sequence signal; and 

a controller in communication with the Sequence Signal 
generator and the transmitter, the controller configured 
to initiate generation of a Sequence Signal in response 
to a request for communication from the communica 
tion device. 

2. The System of claim 1, wherein the Sequence Signal 
generator is configured to generate an M-Sequence. 

3. The System of claim 1, wherein the communication 
device comprises a communication device operating under a 
digital Subscriber line Standard. 

4. The System of claim 1, wherein the request for com 
munication occurs after a period of inactivity entered into 
reduce power consumption of at least one communication 
device. 
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5. A wake-up signal detection System for use in a com 
munication device, the detection System comprising: 

a receiver configured to receive a sequence Signal; 
a correlator configured to correlate the received Sequence 

Signal; 

a comparator to compare the correlated received Sequence 
Signal to one or more threshold values, 

a controller to determine whether to initiate a warm Start 
process based on the output of the comparator. 

6. The detection system of claim 5, wherein the threshold 
values comprise predetermined signals or values that repre 
Sent a Signal indicative of a wake-up signal. 

7. The detection system of claim 5, further including a 
response generator configured to generate a response signal 
for transmission to a device Sending the Sequence Signal. 

8. The detection system of claim 5, wherein a wake-up 
Signal comprises a signal transmitted from a first commu 
nication device to a Second communication device to request 
resumption of communication after a period of inactivity. 

9. The detection system of claim 5, wherein the one or 
more threshold values comprises Signal levels at one or more 
frequencies. 

10. An apparatus for restoring operation of a communi 
cation System after a period of inactivity, the communication 
System comprising at least a first communication device and 
a Second communication device, the System comprising: 

a sequence generator at the first communication device 
configured to generate a sequence Signal upon request 
to initiate communication after a period of inactivity; 

a transmitter at the first communication device configured 
to transmit the Sequence Signal to the Second commu 
nication device, the Sequence Signal intended to initiate 
operation of the Second communication device; 

a receiver at the Second communication device configured 
to receive the Sequence Signal; 

a correlator at the Second communication device config 
ured to correlate the received Sequence Signal; 

a signal processor at the Second communication device 
configured to process the correlated Signal to determine 
if the received signal is a Sequence Signal that Signals 
a request to initiate operation. 

11. The apparatus of claim 10, further including an 
activity detection System configured to provide an indication 
upon a periods of inactivity between the first communication 
device and the Second communication device, to the com 
munication System. 

12. The apparatus of claim 10, wherein the Sequence 
Signal is an M-Sequence. 

13. The apparatus of claim 10, wherein the Signal pro 
ceSSor is configured to compare points of correlation, if any, 
of the correlated Signal, to a threshold signal to determine if 
the first communication device is requesting an initiation of 
communication. 

14. The apparatus of claim 10, wherein the correlation 
comprises croSS correlation. 

15. The apparatus of claim 10, wherein the period of 
activity is intended to at least reduce the power consumption 
of a communication System. 
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16. A signal for requesting resumption of communication 
between a first communication device and a Second com 
munication device, the Signal comprising a signal Selected 
from the group consisting of M-Sequences defined as: 

17. The signal of claim 16, wherein the first communi 
cation device and the Second communication device com 
prise communication devices configured to operate under a 
digital Subscriber line technology. 

18. The signal of claim 16, wherein resumption of com 
munication occurs after a period of inactivity entered into to 
reduce power consumption. 

19. The Signal of claim 16, wherein the Signal is generated 
utilizing a linear feedback Shift register. 

20. A method for reducing power consumption of one or 
more communication devices during periods of inactivity 
comprising: 

detecting a period of inactivity; 

entering into a mode of reduced power consumption; 

receiving a request to resume communication; 
generating a Sequence Signal in response to the request; 

transmitting the Sequence Signal to a remote location to 
initiate communication. 

21. The method of claim 20, further including monitoring 
and receiving Signals at a remote location; 

correlating received signals, 

analyzing the correlated Signal to determine if the 
received signal qualifies as a request to resume com 
munication. 

22. The method of claim 20, wherein the period of 
inactivity comprises a period of time when the one or more 
communication devices are not eXchanging data. 

23. The method of claim 20, wherein the request to 
resume communication comprises a request for data from a 
user of one or more communication devices. 

24. The method of claim 20, further including periodically 
Sending a channel monitoring Signal to periodically obtain 
updated information regarding the channel. 

25. A method for processing a received Signal to deter 
mine if the received signal is a request to initiate a warm Start 
operation, the method comprising: 

filtering the received signal to create a filtered Signal; 
correlating the filtered Signal with a Sequence Signal to 

generate a correlated Signal; 

analyzing the points of correlation in the correlated Signal 
to determine if the received signal is a request to 
resume communication. 
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26. The method of claim 25, wherein analyzing comprises 
comparing the correlated Signal with a threshold signal to 
determine if the correlated Signal is a request for a commu 
nication. 

27. The method of claim 25, further including the step of 
initiation of a warm start operation if the analyzing reveals 
that the points of correlation match designated points of 
correlation. 

28. The method of claim 25, wherein a finite impulse 
response filter is used to perform correlating. 

29. The method of claim 25, wherein the received signal 
is a Sequence signal. 

30. A method for periodically modifying communication 
device Settings to account for changes in a communication 
channel comprising, 

Sending a sequence Signal from a first location to a Second 
location over the communication channel; 

receiving the Sequence Signal at the Second location; 
filtering the Sequence signal at the Second location; 
correlating the Sequence Signal at the Second location with 

a duplicate of the Sequence Signal to obtain a correlated 
Signal; and 

processing the correlated Signal to determine changes in 
the communication channel. 

31. The method of claim 30, further including modifying 
the communication device Settings, based on the processing, 
to account for changes in the communication channel. 

32. The method of claim 30, wherein the sequence signal 
comprises an M-Sequence type Sequence Signal. 

33. The method of claim 30, wherein the communication 
channel comprises one or more twisted pair conductors. 

34. The method of claim 30, further including sending a 
Sequence Signal from the Second location to the first loca 
tion; 

receiving the Sequence Signal at the first location; 
filtering the Sequence signal at the first location; 
correlating the Sequence Signal at the first location with a 

duplicate of the Sequence Signal to obtain a correlated 
Signal; and 

processing the correlated Signal to determine changes in 
the communication channel. 

35. A method for updating communication device Settings 
to aid in executing a warm Start operation, the method 
comprising: 

receiving a sequence signal; 
correlating the Sequence Signal; 
processing the correlated Sequence Signal to determine 

current channel characteristics, 
adjusting the communication device Settings based on the 

proceSSeS. 
36. The method of claim 35, further including comparing 

the current channel characteristics to channel characteristics 
at a time prior to the processing, and 

modifying the communication Settings if the comparing 
determines the current channel characteristics are dif 
ferent than the channel characteristics at a time prior to 
the processing. 

37. The method of claim 35, wherein the adjusting assists 
in the warm start operation by adjusting the communication 
device Settings to match current channel characteristics. 

38. The method of claim 35, wherein a warm start 
comprises a resumption of communication device operation 
after a period of inactivity. 

39. The method of claim 35, wherein the communication 
device comprises a device operating under a digital Sub 
Scriber line Standard. 

40. The method of claim 35, wherein the sequence signal 
comprises a Sequence Signal based on an M-Sequence. 

41. A method for determining whether to initiate a warm 
Start operation or a cold Start operation for one or more 
communication devices, the method comprising: 

generating a Sequence Signal at a first device; 
transmitting the Sequence Signal to a Second device; 
receiving the Sequence Signal at the Second device; 
correlating the Sequence Signal at the Second device; 
analyzing the correlated Signal at the Second device to 

determine current channel characteristics, 
comparing the current channel characteristics to at least 

one prior channel characteristic, and 
Selecting between a warm start operation and a cold Start 

operation based on the comparing. 
42. The method of claim 41, further including transmit 

ting a Sequence Signal to the first device from the Second 
device. 

43. The method of claim 41, further including adjusting at 
least one Setting of the Second device based on the analyZ 
ing. 

44. The method of claim 41, wherein Selecting comprises 
Selecting a warm start operation if the comparing reveals the 
channel characteristics have not changed beyond a threshold 
level and Selecting a cold Start operation if the comparing 
reveals the channel characteristics have changed beyond a 
threshold level. 

45. The method of claim 41, wherein the cold start 
operation takes a longer period of time to complete than the 
warm start operation. 

46. The System for initiating a warm start operation 
comprising: 
means for generating a sequence Signal, the Sequence 

Signal of the type predetermined to initiate a warm 
Start, 

means for transmitting the Sequence Signal to a remote 
communication device to initiate communication; 

means for detecting a signal and processing a signal to 
determine if a signal is a request for a warm start 
operation; 

means for initiating a warm Start operation if the means 
for detecting determines a signal is a request for a warm 
Start operation. 

47. The system of claim 46, wherein the means for 
detecting a signal comprises a correlator. 

48. The system of claim 46, wherein the means for 
generating a sequence Signal comprises a Scrambler. 

49. The system of claim 46, further including mean for 
generating and transmitting an acknowledgement Signal. 
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