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Petitioner 2Wire, Inc. filed a Petition (Paper 2, “Pet.”) to institute an

inter partes review of claim 1 of U.S. Patent No. 7,471,721 B2 (Ex. 1001,

, “the ’721 patent”) pursuant to 35 U.S.C. §§ 311-19. Patent Owner TQ Delta

LLC filed a Preliminary Response (Paper 11, “Prelim. Resp.”). We have

jurisdiction under 35 U.S.C. § 314. Pursuant to 35 U.S.C. § 314(a), the

Director may not authorize an inter partes review unless the information in

the petition and preliminary response “shows that there is a reasonable

likelihood that the petitioner would prevail with respect to at least 1 of the

claims challenged in the petition.” For the reasons that follow, we have

decided not to institute an interpartes review.

I. BACKGROUND

A. The ’72]iPatent

The ’721 patent pertains to multicarrier communications systems,

such as digital subscriber line (DSL) systems using discrete multitone

modulation (DMT), where a transmitter communicates over a

communication channel by modulating “[c]arrier signals (carriers) or

sub—channels spaced within a usable frequency band of the communication

channel.-” Ex. 1001, col. 1, 11. 25-31. In such a system, the phase and

amplitude of the modulated carrier signals typically “can be considered

random” because they “result from the modulation of an arbitrary sequence

of input data bits comprising the transmitted information.” Id. at col. 1,

11. 40-44. In some situations, however, the phases of the modulated carriers

may combine to produce a spike in the transmitted signal, which increases

the peak-to—average power ratio (PAR) of the signal, i.e., the “ratio of the

instantaneous peak value (i.e., maximum magnitude) of a signal parameter
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(e.g., voltage, current, phase, frequency, power) to the time-averaged value

of the signal parameter.” Id. at col. 1, l. 52-col. 2, 1. 17. According to the

’721 patent, PAR is an important consideration in designing a DMT

communication system because an increased PAR can result in high power

consumption or clipping of the transmission signal. Id. at col. 1, 1. 67—col. 2,

l. 19. Therefore, there was a need in the art for a system that can

“effectively scramble the phase of the modulated carrier signals in order to

provide a low PAR for the transmission signal.” Id. at col. 2, 11. 20-22.

- Figure 1 of the ’721 patent is reproduced below.

Figure 1 above depicts transceiver 10 communicating transmission signal 38

over communication channel 18 (e.g., a pair of twisted wires of a telephone

line) to remote transceiver 14. Id. at col. 3, 11. 18-43. Quadrature amplitude

modulation (QAM) encoder 42 maps input serial data bit stream 54 in the

time domain into parallel QAM symbols 58 in the frequency domain. Id. at

col. 3, 11. 56-61. Modulator 46 modulates each carrier signal with a different
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QAM symbol 58 so that the signals have the phase and amplitude associated

with the respective QAM symbol 58 (and input serial bit stream 54). Id. at

col. 4, 11. 3-15. Phase scrambler 66 in modulator 46 calculates a phase shifi

for each carrier signal and combines the calculated phase shifi with the

phase characteristic of the respective carrier signal. Id. at col. 4, 11. 41-64,

col. 6, 11. 35-49. Phase scrambler 66 calculates the phase shift for a carrier

signal by (1) determining one or more values “independently of the QAM

symbols 58, and, therefore, independently of the bit value(s) modulated onto

the carrier signal,” and (2) solving a “predetermined equation” using the

value associated with the carrier signal. Id. at col. 4, ll. 41-46, 57-60. For

example, the value for a carrier signal may be “derived from one or more

predefined parameters, such as a pseudo-random number generator.” Id. at

col. 4, ll. 46-51. According to the ’721 patent, the use of a value determined

independently of the input bit values results in a lower PAR for the

transmission signal. Id. at col. 2, 11. 26-62. Transceiver 10 combines all of

the carrier signals to form the transmission signal that is sent to remote

transceiver 14. Id. at col. 8, 11. 18-23.

B. Challenged Claim

Claim 1 of the ’72l patent recites:

1. In a multicarrier modulation system including a first

transceiver in communication with a second transceiver using a

transmission signal having a plurality of carrier signals for

modulating an input bit stream, each carrier signal having a

phase characteristic associated with the input bit stream, a

method for scrambling the phase characteristics of the carrier

signals comprising: A
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associating each carrier signal with a value determined,

independently of any input bit value carried by that carrier

signal;

computing a phase shift for each carrier signal based on

the value associated with that carrier signal; and

combining the phase shifi computed for each carrier

signal with the phase characteristic of that carrier signal so as to

substantially scramble the phase characteristics of the plurality

of carrier signals.

C.‘ The Prior Art

Petitioner relies on the following prior art:

Alleged admitted prior art in the Specification of the ’721

patent at col. 1, 11. 25-39, col. 3, 11. 18-29, and Fig. 1 (Ex. 1001,

“Admitted Prior Art”) (described at page 20 of the Petition);

U.S. Patent No. 5,694,415, issued Dec. 2, 1997

(Ex. 1009, “Suzuki ’415”);

U.S. Patent_No. 5,903,614, issued May 11, 1999

(Ex. 1003, “Suzuki ’614”); .

U.S. Patent No. 6,301,268 B1, filed Mar. 10, 1998,

issued Oct. 9, 2001 (Ex. 1004, “Laroia”);

U.S. Patent No. 6,781,951 B1, filed Oct. 22, 1999, issued

Aug. 24, 2004 (Ex. 1008, “Fifielcl”); and

ANSI T1.413-1998, DRAFT AMERICAN NATIONAL

STANDARD FOR TELECOMMUNICATIONS, NETWORK AND

CUSTOMER INSTALLATION INTERFACES—ASYMMETRIC DIGITAL

SUBSCRIBER LINE (ADSL) METALLIC INTERFACE (John

Bingham .& Frank Van der Putten, eds., 1998) (Ex. 1006,

“T1.413”).
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D. The Asserted Grounds

Petitioner challenges claim 1 of the ’721 patent on the following

grounds: 1

\-2
> 5 ’ 7 ’5\ 3 .

‘Suzuki ?{si4, Suzuki 3413,51" 3 35 U.S.C. § 103(a)
and Admitted Prior Art 1

Laroia, T1.4l3 and 35 U.S.C. § 103(a)
Admitted Prior Art

Fifield and Suzuki ’415 35 U.S.C. § 103(a)

E. I Claim Interpretation

The Board interprets claims using the “broadest reasonable

construction in light of the specification of the patent in which [they]

appear[].” 37 C.F.R. § 42.100(b); see Office Patent Trial Practice Guide,

77 Fed. Reg. 48,756, 48,766 (Aug. 14, 2012); In re duozzo Speed Techs,

LLC, 778 F.3d 1271, 1278-82 (Fed. C_ir. 2015). Petitioner argues that no

terms in claim 1 require interpretation. Pet. 18. Patent Owner proposes an

interpretation for “a Value determined independently of any input bit value.”

Prelim. Resp. 9-12. After reviewing the parties’ papers, we determine that

no claim terms require express interpretation for purposes of this Decision.

1 Petitioner states that it “requests cancellation of claim 1 of the ’721 patent

as unpatentable under 35 U.S.C. §§ 102(b) and 103,” but does not include

any ground under 35 U.S.C. § 102(b) in its Petition. See Pet. 16-17.

6
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II. DISCUSSION

A. Obviousness Based on Suzuki ’6I4, Suzuki ’415, and

Admitted Prior Art

Petitioner contends that claim 1 is unpatentable over Suzuki -’ 614,

Suzuki ’415, and Admitted Prior Art under 35 U.S.C. § 103(a). Pet. 30-38.

Petitioner relies on Suzuki ’614 for the limitations recited in the preamble of

claim 1 (e.g., first and second transceivers, transmission signal having

carrier signals) and.“Suzuki ’614 in combination with Suzuki ’41S” for the

three steps of the recited method. Id. at 30-33. Petitioner provides a claim

chart citing various portions of Suzuki ’614 and Suzuki ’4l5, and states that
the claim chart is supported by the Declaration of Krista S. Jacobsen, Ph.D.

Id. at 30, 34-38 (citing Ex. 1002 111] 158-93, App. A1). Petitioner also

argues that “[t]o the extent that some claimed aspect of the transceiver or

multicarrier modulation is considered missing in Suzuki ’614 and Suzuki

’415, it would have been obvious from the Admitted Prior Art in order to

implement the multicarrier modulation and transmission disclosed in Suzuki

’614,” citing in particular the ’721 patent’s discussion of multicarrier

transceivers using DMT modulation. Id. at 33 (citing Ex. 1002 ‘W 189-93).

We are not persuaded that Petitioner has established areasonable

likelihood of prevailing on its asserted ground based on Suzuki ’614, Suzuki

’415, and Admitted Prior Art. “Section l03(a) forbids issuance of a patent

when ‘the differences between the subject matter sought to be patented and

the prior art are such that the subject matter as’ a whole would have been

obvious at the time the invention was made to a person having ordinary skill
in the art to which said subject matter pertains.’” KSR Int ’l Co. v. Teleflex

Inc., 550 U.S. 398, 405 (2007). A patent claim, however, “is not proved
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obvious merely by demonstrating that each of its elements was,

independently, known in the prior art.” Id. at 418. “Rather, obviousness

requires the additional showing that a person of ordinary skill at the time of

the invention would haveselected and combined those prior art elements in

the normal course of research and development to yield the claimed

invention.” Unigene Labs., Inc. v. Apotex, Inc., 655 F.3d 1352, 1360 (Fed.

Cir. 2011). For an obviousness analysis, “it can be important to identify a

reason that would have prompted a person of ordinary skill in the relevant

field to combine the elements in the way the claimed new invention does.”

KSR, 550 U.S. at 418. Further, an assertion ofobviousness “‘cannot be

sustained by mere conclusory statements; instead, there must be some

articulated reasoning with some rational underpinning to support the legal

conclusion of obviousness.’” Id. (citing In re Kahn, 441 F.3d 977, 988 (Fed.

Cir. 2006)).

Petitioner does not explain sufficiently in the Petition why a person of

ordinary skill in the art would have had reason to combine the teachings of

Suzuki ’6 14, Suzuki ’415, and Admitted Prior Art to achieve the method of

claim 1. Petitioner merely alleges that the claim would have been “obvious”

in view of the three items ofprior art, and describes how Suzuki ’614 and

Suzuki ’415 allegedly teach various aspects of the claims. See Pet. 30-33.

For example, with respect to the step of “associating each carrier signal with

a value determined independently of any input bit value carried by that

carrier signal,” Petitioner acknowledges that Suzuki ’614 does not “describe

in detail” how the reference generates random phase shift data for each

subcarrier, and argues that Suzuki ’4l5 teaches the generation of M-bit

random numbers, which, according to Petitioner, are “determined
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independently of any input bit value” because they are random. Id. at 30-32

(citing Ex. 1009, col. 1, 11. 52-55, col. 3, 1]. 25-30). Petitioner, however,

does not identify in the Petition any reason why an ordinarily skilled artisan

would have incorporated the phase shift calculations of Suzuki ’415 into the

system of Suzuki ’614. The mere fact that Suzuki ’614 does not explain its

random phase shift data “in detail” does not mean that a person of ordinary

skill in the art would have looked to the particular calculations of Suzuki

’415. See id. at 31. Indeed, as Patent Owner correctly points out, Suzuki

’6l4 only discloses the end result of phase shifts, without any detail as to

how the phase shifts are calculated. See Prelim. Resp. 15-16; Ex. 1003, col.

6, l. 36-col. 7, l. 18, Fig. 6. Accordingly, Petitioner has not set forth, in the

Petition, a rationale for combining the calculations of Suzuki ’415 with

Suzuki ’6 14 in reaching a conclusion of obviousness.

Likewise, Petitioner does not explain sufficiently why a person of

ordinary skill in the art would have had reason to combine any Admitted

Prior Art teachings with those of Suzuki ’614 and Suzuki ’415. See Pet. 33.

Petitioner merely states that to the extent any aspect of the claimed

modulation is not taught by Suzuki ’614 and Suzuki ’415, it “would have

been obvious from the Admitted Prior Art.” Id. Accordingly, Petitioner has

not provided, in the Petition, sufficient explanation of a reason to_ combine

the various teachings of the prior art. See 37 C.F.R. § 42.l04(b)(4)—(5);

Prelim. Resp. 18-21.

A We recognize that the Declaration of Dr. Jacobsen (Ex. 1002) includes

additional discussion regarding the combination of Suzuki ’614, Suzuki

’4l 5, and Admitted Prior Art. See, e.g., Ex. 1002 1111 189-93. That analysis,

however, is not discussed adequately in the Petition itself, as Petitioner only
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includes blanket citations to thirty-six paragraphs and an eight-page

appendix of the Declaration. See Pet. 30-33 (citing Ex. 1002 111] 158-93,

App. A1). A petition seeking inter partes review must identify “[h]ow the

constnied claim is unpatentable under the statutory grounds identified” and

“where each element of the claim is found in the prior art,” and must explain

the “relevance of the evidence to the challenge raised,” because the Board

may “give no weight to the evidence where a party has failed to state its

relevance or to identify specific portions of the evidence that support the

challenge.” 37 C.F.R. § 42.104(b)(4)_—(5); see also 37 C.F.R. § 42.22(a)(2)

(a petition must include a “full statement of the reasons for the relief

requested, including a detailed explanation of the significance of the

evidence”). Dr. Jacobsen’s analysis is not reflected in the Petition itself, and

cannot be incorporated in the Petition by reference. See 37 C.F.R.

§ 42.6(a)(3) (“Arguments must not ‘be incorporated by reference from one

document into" another document.”); Cisco Sys., Inc. v. C~Cation Techs.,

LLC, Case IPR2014-00454, slip op. at 7-10 (PTAB Aug. 29, 2014) (Paper

12) (informative) (noting that “[o]ne purpose of the prohibition against

incorporation by reference is to eliminate abuses” of the page limits

established for the parties’ substantive papers, and that citing “large portions

of another document, without sufficient explanation of those portions,

amounts to incorporation by reference”). Consequently, we do not consider

information presented in the Declaration but not discussed sufficiently in the

Petition.

Petitioner has not demonstrated a reasonable likelihood of prevailing

on its assertion that claim 1 is unpatentable over Suzuki ’614, Suzuki ’415,

and Admitted Prior Art.
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B. Obviousness Based on Laroia, T1413, and Admitted Prior Art

Petitioner’s asserted ground of unpatentability based on Laroia,

T1.413, and Admitted Prior Art under 35 U.S.C. § 103(a) suffers from the

same deficiency as its ground based on Suzuki ’614, Suzuki ’415, and

. Admitted Prior Art. See supra Section II.A; Prelim. Resp. 28. Petitioner

relies on Laroia for the majority of the limitations of claim 1, citing ,

twenty paragraphs and a five-page appendix of Dr. Jacobsen’s Declaration.

See Pet. 39-44 (citing Ex. 1002 111] 194-213, App. B1). With respect to

T1.413, Petitioner argues as follows:

In addition, it would have been obvious to combine the

network structures disclosed in T1.413 to implement them with

the multicarrier modulation and transmission systems disclosed M
in Laroia. Laroia in combination with the T1.413 standard

teach a multicarrier modulation transceiver, a multicarrier

transceiver in a DSL system.

Id. at 39-40 (citations omitted). Thus, the only argument in the Petition as

to why a person of ordinary skill in the art would have had reason to

combine the teachings of T1 .413 with those of Laroia is that it “would have

been obvious” to combine the references. Such conclusory statements are

insufficient. See KSR, 550 U.S. at 417-18; Unigene, 655 F.3d at 1360; In re

Chagariti, 554 F. App’x 917, 922 (Fed. Cir. 2014) (“It is not enough to say

that there would have been a reason to combine two references because to do

so would ‘have been obvious to one of ordinary skill.’ Such circular

reasoning is not sufficient—more is needed to sustain an obviousness

rejection.” (citation omitted)). Nor can Petitioner rely on the more detailed \

analysis of Dr. Jacobsen, as that analysis is not discussed or reflected in the

arguments made in the Petition itself. See Pet. 39-44. Further, it is unclear

what “network structures” in T1.413 Petitioner is relying on for the asserted

11
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combination, as Petitioner cites four figures and four pages of the lengthy

standard document without pointing out any specific features. See id. at 39,

42 (citing Ex. 1006, 10-13, Figs. 2-5). Petitioner has not shown sufficiently

a reason to combine the teachings of Laroia and T1.413 orexplained

sufficiently what aspects of the references would be combined.

Finally, although the asserted ground is based on the combination of

Laroia, T1.413, and Admitted Prior Art, Petitioner does not cite anything

from the Admitted Prior Art in its analysis. See id. at 17, 39-44. Thus,

Petitioner also has not shown sufficiently a reason to combine with respect

to the Admitted Prior Art.

Accordingly, Petitioner has not demonstrated a reasonable likelihood

ofprevailing on its assertion that claim 1 is unpatentable over Laroia,

T1.413, and Admitted Prior Art.

C. Obviousness Based on Fifield and Suzuki ’41_5

V Petitioner’s asserted ground of unpatentability based on Fifield and

Suzuki ’415 under 35 U.S.C. § 103(a) is deficient as well. See Prelim. Resp.

30. Similar to its ground based on Suzuki ’614, Suzuki ’415, and Admitted

Prior Art, Petitioner relies on Fifield for the limitations recited in the

preamble of claim 1 (e.g., first and second transceivers, transmission signal A

having carrier signals), relies on “Fifield, in combination with Suzuki ’415,”

for the three steps of the recited method, and cites twenty-five paragraphs

and a nine-page appendix of Dr. Jacobsen’s Declaration. Pet. 45-51 (citing .

Ex. 1002 111] 24l——3 8, App. C1). In particular, Petitioner cites Suzuki ’415’s

random number generation for the limitation of a “value determined

independently of any input bitvalue.” Id. at 46. Petitioner argues that
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“[i]t would have been obvious to combine this disclosure of Suzuki ’415

with Fifield in order to provide Fifield with a way of randomizing the phase

shifts of its carriers,” and that “[c]ombining Fifreld with Suzuki ’415’s way

of randomizing initial phase data of carriers will result in the ‘substantial

scrambling’ described” in the Petition. Id. at 46-47. These statements,

however, merely state the result of the asserted combination, i.e., Fifield’s __
basic components performing the random number calculations described in

Suzuki“ ’415. They do not explain why a person of ordinary skill in the art

would have considered making the combination. See KSR, 550 U.S. at

417-18; Unigene, 655 F.3d at 1360; Chaganti, 554 F. App’x at 922.

Petitioner’s conclusory statements and citations to Dr. Jacobsen’s

Declaration, without meaningful argument or explanation, are insufficient to

meet its burden. Accordingly, Petitioner has not demonstrated a reasonable

likelihood ofprevailing on its assertion that claim 1 is unpatentable over

Fifield and Suzuki ’415.

D. Conclusion

We conclude that Petitioner has not demonstrated a reasonable

likelihood that at least one of the challenged claims of the ’721 patent is

unpatentable based on the asserted grounds. Therefore, we do not institute

an inter partes review on any of the asserted grounds as to any of the

challenged claims.‘
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III. ORDER

In consideration of the foregoing, it is hereby:

ORDERED that the Petition is denied as to all challenged claims of I

the ’721 patent.
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Case 1:15—cv—OO121—RGA Document 42 Filed 03/13/15 Page 1 of 4 Page|D #: 1558

A0 120 (Rev. 08/10

Mail Stop 3 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

T0:

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § lll6 you are hereby advised that a coun action has been
filed in the U.S. District Court Transferred to Delaware from Alabama on the following

[I Trademarks or MPatenL<. _( I: the patent action involves 35 USIC. § 292.):

DOCKET NO, DATF, FILED U.S. DlS'l‘RlC'l' COURT
15-ev-121-RGA 7/17/2014 Transferred to Delaware from Alabama

PLAINTIFF DEFENDANT

ADTRAN. Inc. TQ Delta, LLC

PATENT OR DATE OF PATENT

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 See Attachment #1 —
_
-
—
—

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY

3/1 3/2015 E] Amendment Z Answer I] Cross Bill C] Other Pleading

TRig£‘§/TRgRNO %’}T§R‘:FD‘;’{E§l: HOLDER or PATENT on TRADEMARK
I See Attachment #2

In the abovegentitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

(BY) DEPUTY CLERK

Copy l—Upon initiation of action, mail this copy to Director Copy 3——Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patcnt(s), mail this copy to Director Copy 4-——Case file copy
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Case 1:15—cv—00121—RGA Document 42 Filed 03/13/15 Page 2 of 4 Page|D #: 1559

Attachment #1

Patent or Trademark No. Date of Patent or Trademark Holder of Patent or Trademark

1.U.

2.U.

5. 7,453,881 B2 11/18/2008 TQ Delta, LLC

S. 7,809,028 B2 10/05/2010 TQ Delta, LLC

3.U. S. 7,978,706 B2 7/12/2011 TQ Delta, LLC

4.U.S. 8,422,511 B2 4/16/2013 TQ Delta, LLC

5.U.5. 5,445,730 B1 9/03/2002 TQ Delta, LLC

6.U.S. 7,292,627 B2 11/6/2007 TQ Delta, LLC

7.U.

8.U.

5. 7,451,379 B2

S. 7,471,721 B2

11/11/2008

12/30/2008

TQ Delta, LLC

TQ Delta, LLC

9.U.5. 7,570,686 B2 8/4/2009

10. U.S. 7,831,890 B2 11/09/2010

TQ Delta, LLC

TQ Delta, LLC

11. U.S. 7,835,430 B2 11/16/2010 TQ Delta, LLC

12. U.S. 7,836,381 B1 11/16/2010 TQ Delta, LLC

13. u.s. 7,844,882 B2 11/30/2010 TQ Delta, LLC

14.
us. 7§89,734 B2 2/15/2011

15. U.S. 7,925,958 B2 04/12/2011

TQ Delta, LLC

TQ Delta, LLC

16.

17.

U.S. 7,978,753 B2 07/12/2011 TQ Delta, LLC

U.S. 7,979,778 B2 07/12/2011 TQ Delta, LLC

18. U.S. 8,073,041 B1 12/6/2011 TQ Delta, LLC

19. U.S. 8,090,008 B2 1/3/2012 TQ Delta, LLC

20. U.S. 8,218,610 B2 7/10/2012 TQ Delta, LLC

21. u.s. 8,238,412 B2 08/07/2012 TQ Delta, LLC

22. U.S. 8,276,048 B2 3 09/25/2012

23. U.S. 8,355,427 B2 1/15/2013

TQ Delta, LLC

TQ Delta, LLC
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Case 1:15—cv—O0121—RGA Document 42 Filed 03/13/15 Page 3 of 4 PagelD #: 1560

. U.S. 8,432,956 B2 4/30/2013 TQ Delta, LLC

. U.S. 8,437,382 B2 5/7/2013 TQ Delta, LLC

. U.S. 8,462,835 B2 6/11/2013 I TQ Delta, LLC
. U.S. 8,495,473 B2 7/23/2013 4 TQ Delta, LLC
. u.5. 8,516,337 B2 O8/20/2013 ‘ TQ Delta, LLC
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Case 1:15—cv—O0121—RGA Document 42 Filed 03/13/15 Page 4 of 4 PageID #: 1561
Attachment #2

PATENT OR DATE OF PATENT



Page 20 of 244

Case 1:14—cv—O0954-UNA Document 3 Filed 07/17/14 Page 1 of 2 PageID #1 592

A0 120 (Rev. 08/10

Mail Stop 8 REPORT ON THE
TO: Director oflhe U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

1’.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEIVIARK

In Compliance with 35 U.S,C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court District Of Delaware on the following

D Trademarks or [Z Patents. I ( E] the patent oction invoTves U.S.C. § é92.):V

DOCKET NO. DATE FILED U.S. DISTRICT COURT
7/18/2014 District of Delaware

PLAINTIFF DEFENDANT

TQ Delta, LLC ADTRAN, Inc.

PATENT OR DATE OF PATENT 9 ‘ ‘
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

I See —
W

3
'714

DATE INCLUDED INCLUDED BY
|:] Amendment I:l Answer I] Cross Bill C] Other Pleading

PATENT OR DATE OF PATENT .
TRADEMARK NO‘ OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

In the above—entitIecl case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

(BY) DEPUTY CLERK

Copy 1-Upon initiation of action, mail this copy to Director Copy 3——Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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Case 1:14-cv-00954-UNA Document 3 Filed 07/17/14 Page 2 of 2 PagelD #: 593

PATENT OR DATE OF PATENT

TRADEMARK NO. OR TRADEMARK

L S 8,090,008 B2 1/3/2012 TQ Delta, LLC

US 8,073,041 B1 12/6/2011 TQ Delta, LLC
US 7,292,627 B2 1 1/6/2007 TQ Delta, LLC
LS 7,471,721 B2 12/30/2008 TQ Delta, LLC

US 8,218,610 B2 7/10/2012 T Delta, LLC

US 8,355,427 B2 1/15/2013 TQ Delta, LLC

US 7,453,881 B2 11/18/2008 TQ Delta, LLC
US 7,809,028 B2 10/5/2010 TQ Delta, LLC
LS 7,978,706 B2 7/12/2011

10 US 8,422,511 B2 4/16/2013

US 7,889,784 B2 2/15/2011

S7,835,430 B2 11/16/2010

L S 7,570,686 B2 8/4/2009

S 8,238,412 B2 8/7/2012

LS 8,432,956 B2 4/30/2013

LS 7,451,379 B2 11/11/2008

17 LS 8,516,337 B2 8/20/2013

18 LS 7,979,778 B2 7/12/2011

19 US 7,925,958 B2 4/12/2011

S 8,462,835 B2 6/11/2013

US 8,594,162 B2 11/26/2013

S 7,978,753 B2 7/12/2011

3 S 6,445,730 B1 9/3/2002

24 US 8,611,404 B2 12/17/2013

25 'S 8,437,382 B2 5/7/2013

26 US 7,836,381 B1 11/16/2010

27 US 7,844,882 B2 11/30/2010

28 US 8,276,048 B2 9/25/2012

29 US 8,495,473 B2 7/23/2013

30 LS 8,607,126 B1 12/10/2013

31 LS 7,831,890 B2 11/9/2010

32 L5 8,625,660 B2 1/7/2014

HOLDER OF PATENT OR TRADEMARK

4 °.\lo\U1-h'vJ‘\)’_‘ 
TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

r—l>—I>-—-4>—l -&'~»J!\>'- C:(‘ TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC—-.— ONll‘
4

TQ Delta, LLC

TQ Delta, LLC

l\) ._ TQ Delta, LLC

TQ Delta, LLC

—

ION
N

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC 
TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC
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Birch, Melvin (Akima)

From: ded,nefrep|y@ded.uscourts.gov

Sent: Wednesday, November 20, 2013 4:56 PM
To: ded4ecf@ded.uscourts.gov

Subject: Activity in Case 1:13—cv~O1835—RGA TQ Delta LLC v. Pace Americas Inc.
Patent/Trademark Report to Commissioner

This is an automatic e—mail message generated by the CM/ECF system. Please DO NOT RESPOND to
this e—mail because the mail box is unattended.

***NOTE TO PUBLIC ACCESS USERS*** Judicial Conference of the United States policy permits
attorneys of record and parties in a case (including pro se litigants) to receive one free electronic copy of
all documents filed electronically, if receipt is required by law or directed by the filer. PACER access fees
apply to all other users. To avoid later charges, download a copy of each document during this first
viewing. However, if the referenced document is a transcript, the free copy and 30 page limit do not
apply.

U.S. District Court

District of Delaware

Notice of Electronic Filing

The following transaction was entered by Faman, Brian on 11/20/2013 at 4:56 PM EST and filed on 11/20/2013
Case Name: TQ Delta LLC V. Pace Americas Inc.

Case Number: l:13—cv—01835—RGA

Filer:

Document Number: 1

Docket Text:

Report to the Commissioner of Patents and Trademarks for PatentlTrademark Number(s) US
8,090,008 B2; US 8,073,041 B1; US 7,292,627 B2; US 7,471,721 B2; US 8,218,610 B2; US
8,355,427 B2; US 7,453,881 B2; US 7,978,706 B2; US 8,422,511 B2; US 7,889,784 B2; US
7,835,430 B2; US 7,570,686 B2; US 8,238,412 B2; US 8,432,956 B2; US 7,451,379 B2; US
8,516,337 B2; US 7,979,778 B2; US 7,925,958 B2; US 8,462,835 B2; US 7,836,381 B1; US
7,844,882 B2; US 8,276,048 B2; US 8,495,473 B2; US 7,831,890 B2; . (Farnan, Brian)

1:13-cv-01835-RGA Notice has been electronically mailed to:

Brian E. Farnan bfarnan@farnan1aw.c0m, tfaman@farnan1aw.com

Michael J. Farnan mfarnangagfamanlawcom, tfaman@farnan1aw.com

1:13-cv-01835-RGA Filer will deliver document by other means to:

The following document(s) are associated with this transaction:
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ded_nefrep|y@ded.uscourts.gov

Wednesday, November 20, 2013 5:07 PM
ded_ecf@ded.uscourts.gov

Activity in Case 1:13—cv—01836-RGA TQ Delta LLC v. Zhone Technologies Inc.
Patent/Trademark Report to Commissioner

This is an automatic e-mail message generated by the CM/ECF system. Please DO NOT RESPOND to
this e-mail because the mail box is unattended.

***NOTE TO PUBLIC ACCESS USERS*** Judicial Conference of the United States policy permits

attorneys of record and parties ina case (including pro se litigants) to receive one free electronic copy of
all documents filed electronically, if receipt is required by law or directed by the filer. PACER access fees
apply to all other users. To avoid later charges, download a copy of each document during this first
viewing. However, if the referenced document is a transcript, the free copy and 30 page limit do not
apply.

U.S. District Court

District of Delaware

Notice of Electronic Filing

The following transaction was entered by Faman, Brian on 11/20/2013 at 5:07 PM EST and filed on 11/20/2013
Case Name: TQ Delta LLC v. Zhone Technologies Inc.

Case Number: 1:13—cv—01836-RGA

Filer:

Document Number: 1

Docket Text:

Report to the Commissioner of Patents and Trademarks for Patent/Trademark Number(s) US
8,090,008 B2; US 8,073,041 B1; US 7,292,627 B2; US 7,471,721 B2; US 8,218,610 B2; US
8,355,427 B2; US 7,453,881 B2; US 7,809,028 B2; US 7,978,706 B2; US 8,422,511 B2; US
7,796,705 B2; US 7,889,784 B2; US 7,835,430 B2; US 7,570,686 B2; US 8,238,412 B2; US
8,432,956 B2; US 7,451,379 B2; US 8,516,337 B2; US 7,979,778 B2; US 7,925,958 B2; US
8,462,835 B2; US 7,978,753 B2; US 6,445,730 B1; US 8,437,382 B2; US 7,836,381 B1; US
7,844,882 B2; US 8,276,048 B2; US 8,495,473 B2; US 7,831,890 B2; US 8,335,956 B2; US
8,468,411 B2; US 8,407,546 B2 . (Farnan, Brian)

1:13-cv-01836-RGA Notice has been electronically mailed to:

Brian E. Faman bfarnan@faman1aw.com, tfarnan@,faInan1aw.com

Michael J. Faman rnfa.rnan@farnanlaw.c0m, tfaman(:c__1),famanlaw.com

1:13-cv-01836-RGA Filer will deliver document by other means to:
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Case 1:13-cv—O2013—UNA Document 3 Filed 12/09/13 Page 1 of 2 Page|D #2 504
A0120 Rev 08/10)

Mai] stop 3 REPORT ON THE
TO: Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1 116 you are hereby advised that a court action has been
filed in the US. District Court District of Delaware on the following

[:1 Trademarks or l]Patents. ( D the patent action involves 35 U.S.C. § 292,):

DOCKET NO. DATE FILED U.S. DISTRICT COURT ‘
12/9/2013 District of Delaware

PLAINTIFF DEFENDANT

TQ Delta, LLC ZyXEL Communications Corporation and ZyXEL
Communications, Inc.

PATENT OR DATE OF PATENT . . .
TRADEMARK NOV OR TRADEMARK HOLDER OF PAIl:NT OR TRADEMARK

1 See Attached

2

DATE INCLUDED INCLUDED BY
CI Amendment El Answer :} Cross Bill D Other Pleading

TRXQEQITRERNO %”;‘{T}ER‘1:FDI;‘;4TAFll:l: HOLDER or PATENT OR TRADEMARK

In the above—entitled case, the following decision has been rendered orjudgement issued:

DECISION/JUDGEMENT

(BY) DEPUTY CLERK

Copy 1——Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2——L'pon filing document adding patent(s), mail this copy to Director Copy 4——C-ase file copy
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Case 1:13-cv-02013-UNA Documeht 3 Filed 12/09/13 Page 2 of 2 PagelD #: 505

PATENT OR

TRADEMARK NO.

US 8,090,008 B2

US 8,073,041 B1

US 7,292,627 B2

US 7,471,721 B2

US 8,218,610 B2

. US 8,355,427 B2

US 7,453,881 B2

8 US 7,809,028 B2

9 US 7,978,706 B2

8,422,511 B2

US 7,796,705 B2

3 US 7,835,430 B2

4 US 7,570,686 B2

US 8,238,412 B2

16 US 8,432,956 B2

17 US 7,451,379 B2

18 US 8,516,337 B2

19 US 7,979,778 B2

20 US 7,925,958 B2

21 US 8,462,835 B2

22 US 7,978,753 B2

23 US 6,445,730 B1

24 US 8,437,382 B2

25 US 7,836,381 B1

26 US 7,844,882 B2

27 US 8,276,048 B2

28 US 8,495,473 B2

29 US 7,831,890 B2

30 US 8,335,956 B2

31 US 8,468,411 B2

32 US 8,407,546 B2

DATE OF PATENT

OR TRADEMARK

12/30/2008

1 1/18/2008

9/14/2010

8/4/2009

11/11/2008

HOLDER OF PATENT OR TRADE

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

MARK
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T0: Director of the U.S. Patent and Trademark Office

A0 120 (Rev. 08/10
REPORT ON THE

FILING OR DETERMINATION OF AN

P.0. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

Mail Stop 8

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the US. District Court Northern District Of Texas, Dallas Division on the following

M Trademarks or D Patents. ( I:] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
3:12-cv-1462-L 5/10/2012 Northern District of Texas, Dallas Division

PLAINTIFF DEFENDANT

Boulie Ltd De Boulie Diamond & Jewelry Inc

PATENT OR DATE OF PATENT ,

1 4,086,050 1/17/2012 Boulie Ltd

2

In the above—entitled case, the following patent(s)/ trademaIk(s) have been included:

DATE INCLUDED BY M Amendment I] Answer El Cross Bill El Other Pleading
PATENT OR DATE OF PATENT . . 1

TRADEMARK N0‘ OR TRADEMARK HOLDLR OF PATENT OR IRADEMARK
1 3,078,625 4/11/2006 De Boulie Diamond & Jewelry Inc

2 3,078,627 4/11/2006 De Boulie Diamond & Jewelry Inc
3

4

In the above——entitled case, the following decision has been rendered or judgement issucd:

(BY) DEPUTY CLERK DATECLERK

s/A. Lowe—Monserrate 12/10/2013Karen Mitchell

this copy to Director Copy 3——Upon termination of action, mail this copy to DirectorCopy 1——Upon initiation ofaction, mail Copy 4—Casc file copy
Copy Z—Upon filing document adding patent(s), mail this copy to Director
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Case 1:13-cv-01835-UNA Document 3 Filed 11/04/13 Page 1 of 2 Page|D #: 286

A0 120 (Rev. 08/10)

Mai} stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

P.0. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

T0:

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1 H6 you are hereby advised that a court action has been
filed in the U.S. District Court District of Delaware on the following

D Trademarks or [ZPatcnts. ( [:| the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
1 1/4/2013 District of Delaware

PLAINTIFF DEFENDANT

TQ Delta, LLC Pace Americas, Inc.

PATENT OR DATE OF PATENT .

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 See Attached ——
——
——
——
——

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY

E] Amendment |:l Answer l___| Cross Bill I] Other Pleading

TR1‘:’l;g/iTI£RN O %*}3:‘R(1)A_1:])*;3‘l‘\E§l: HOLDER or PATENT 0R TRADEMARK

In the above—entitlecl case, tl1e following decision has been rendered or judgement issued:
DECISION/JUDGEMENT

(BY) DEPUTY CLERK

Copy l—Upon initiation of action, mail this copy to Director Copy 3———Upon termination of action, mail this copy to Director
Copy 2———Upon filing document adding patent(s), mail this copy to Director Copy 4—Casc file copy
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Case 1:13-cv-01835-UNA Document 3 Filed 11/04/13 Page 2 of 2 Page|D #: 287

PATENT OR DATE OF PATENT

TQDe1ta, LLC
To Delta, LLC
TQDe1ta, LLC
TQ Delta, LLC
TQDe1ta, LLC
TQDe1ta, LLC
TQDe1ta, LLC
TQDe1ta, LLC
TQ Delta, LLC
TQ Delta, LLC
TQDe1ta, LLC
TQDe1ta, LLC
To Delta, LLC
TQDe1ta,LLC
TQDe1ta, LLC
TQDe1ta, LLC
To Delta, LLC

TQ Delta, LLC
TQ Delta, LLC
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Case 1:13—cv-O1836—UNA Document 3 Filed 11/04/13 Page 1 of 2 Page|D #: 362
A0 I20 Rey (ll<ixl0)

Mail Stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

PO. BOX 1450 ACTION REGARDING A PATENT OR
Alexandria. VA 22313-1450 TRADEMARK

T0:

In Cmnpiiancc with 35 U.S.C. 5‘ 290 z\ncl"or l5 USC. § 11 16 you are liereby advised that ‘vi couit action has been

filed in the US. l)isIricICmi11 District Of Delaware on the [ollmung

Trzxdemzirlo. or MPaiciits. ( E] the patent action iiivolves 35 U.S.C. § 292.).

D(,)CKE'l' N0. DA"! 5 FILED U .3. DISTRICT COURT
11/4/2013 District of Delaware

P1,./\1.\l'I IFI‘ DEFT‘-.Nl).»\\"l"

TO Delia. LLC Zhone Technologies, inc.

PATENT OR DATE OF PATENT . - / . .‘ ,
’l‘RADl€M.v\RK ?\’(). OR TI{~\l)lZMARK HOLDER Or PA]-TNT OR -I RAWMARK

' see ——
2 -

In the above entitled case, Ihc follomiig paIcnI(s)/ Iradenmrlds) lmvc been included:
i)/\ I 1. INCH li)l'.i) INCLI lI)I‘:l) BY

D Amendment D Answci D Cm» Hill C] Other Pleading

PA’! liN'l UR DA'lLi0F l’ATTiNT > . _. . .‘ .. . T; ,
TRADEMARK NO OR ,[_RADEMARK lIOI.Dl:R OI PATENT OR l‘RADLMARK

in the above entitled czise. the lE)llowhig deciniori hnsb::ei1i’en<ici'cd orjudgcmcnt issued
l)l;(.‘lS](_)7;\' .lUD(,iiIMlLN'l'

L'l.l;RK (BY) DEPUTY CLERK

( 'up_\‘ l—l "pun iniiinrion afaciion, mail this copy to Director Copy 5-Upon termination of action, mail this copy to Director
('op_\' 2—|?pon filing document adding patent(s), mail this copy to Director (Topy 4—~('ase file copy
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Case 1:13—cv—O1836-UNA Document 3 Filed 11/04/13 Page 2 of 2 PagelD #2 363

DATE OF PATENT

S 8.090.008 B2 1/3/2012
S 8.073.041 B1 12/6/2011
S 7.292.627 B2 11/6/2007
s 7,471,721 B2 12/30/2008
88.214610 B2 7/10/2012
S 8,355,427 B2 1/15/2013
5 7,453,881 B2 11/18/2008
s 7,809,028 B2 10/5/2010

9 Us 7,978,706 B2 7/12/2011
10 US 8,422,511 B2 4/16/2013
11 LS 7,796,705 B2 9/14/2010
12 LS 7,889,784 B2 2/15/2011
13 Us 7,835,430 B2 11/16/2010
14 Us 7,570,686 B2 8/4/2009
15 LS 8,238,412 B2 8/7/2012
16 LS 8,432,956 B2 4/30/2013
17 LS 7,451,379 B2 11/11/2008
18 LS 8,516,337 B2 8/20/2013
19 LS 7,979,778 B2 7/12/2011
20 Us 7,925,958 B2 4/12/2011
21 US 8,462,835 B2 6/] 1/2013
22 5 7,978,753 B2 7/12/2011
23 US 6,445,730 B1 9/3/2002
24 S 8,437,382 B2 5/7/2013

PATENT OR

TRADEMARK NO.

oo\1_o\u-Jnwm-

.,c“(‘<"Cj("C"‘<'1"‘
C“
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UNITED STATES EATENT AND TRADEMARK OFFICE ll\ |'I'IlI|) S'I'A'|'I4IS I)|<IPA|l'I'V| |<I\l'I' ()I4' (TOM l\’I|‘lIH‘|<l
United States Patent and Trademark Office
Adckess COMMISSIONER FOR PATENTSPO Rm I-’1‘0

Alexandna, Vugirua 22313-1450wwwuspto gm

APPLICATION N'U'lVlRF.R En.N(; 012 371 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET No./TITLE

11/863,581 09/28/2007 Marcos C. Tzannes 6936-47-CON-2
CONFIRMATION NO. 1948

62574 POWER OF ATTORNEY NOTICE
Jason H. Vick

Sheridan Ross, pc lllllllllllllllllllllllllfllllllll|||||||l|||||||llllllllll|||||llllllllllllllllllllllllllll
Suite # 1200 ooooooo57ss5522

1560 Broadway
Denver, CO 80202

Date Mailed: 11/14/2012

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 1 1/07/2012.

- The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/dee11i0tt/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES EATENT AND TRADEMARK OFFICE lI\ |'I'IlI|) S'I'A'|'IlIS I)|<IPA|i'I'V| |<I\l'I' ()Il' (TOM l\’I|‘lIH‘|<l
United States Patent and Trademark Office
Adckess COMMISSIONER FOR PATENTSPa Rm mo

Alexa11d.na,V1Ig:lrua 22313-1450wvmuspto gm’

APPTJCATTON NTTIVIRFR F1T,1\I('l OR 3"/I (C) DATE FIRST NAMET) APPLTCANT ATTY. T)(’)CKF1T N(’)./TITLE

11/863,581 09/28/2007 Marcos C. Tzames
CONFIRMATION NO. 1948

62574 POA ACCEPTANCE LETTER
Jason H. Vick

Sheridan Ross, PC lllllllll llllllllllllllllulllwllllllllllllll llllllllll 111ill lllll llllllllll llllllll
Suite # 1200 7585

1560 Broadway
Denver, CO 80202

Date Mailed: 11/14/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 1 1/07/2012.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/dee11iott/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES EATENT AND TRADEMARK OFFICE ll\ |'I'IlI|) S'I'A'|'I4IS I)|<IPA|l'I'V| |<I\l'I' ()I4' (TOM l\’I|‘lIH‘|<l
United States Patent and Trademark Office
Adckess COMMISSIONER FOR PATENTSPO Rm I-’1‘0

Alexandna, Vugirua 22313-1450wwwuspto gm

APPLICATION N'U'lVlRF.R En.N(; 012 371 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET No./TITLE

11/863,581 09/28/2007 Marcos C. Tzannes 6936-47-CON-2
CONFIRMATION NO. 1948

62574 POWER OF ATTORNEY NOTICE
Jason H. Vick

Sheridan Ross, pc lllllllllllllllllllllllllfllllllll|||||||l|||||||llllllllll|||||lllllllllllllllllllllllllll
Suite # 1200 00000005758579

1560 Broadway
Denver, CO 80202

Date Mailed: 11/14/2012

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 1 1/07/2012.

- The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/dee11i0tt/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PTO/AIA/80 (O7-12)
Approved for use through *1/30/2014. OMB 0661~0O35

US. Patent and Trademark Office; US DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act ot1995, no persons are required to respond to a collection of Information unless it displays a valid OMB control number.

POWER OF ATTORNEY T0 PROSECUTE APPLICATIONS BEFORE THE USPTO

I hereby revoke all previous powers of attorney given in the application identified in the attached statement
under 37 CFR 3.73 c .

I hereby appoint:

E] gititloners associated with Customer Number:
|:| Practit|oner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

Registration Registration
Number Number

As attorney(s) or agentts) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and all patent applications assigned p_ri_iy to the undersigned according to the USPTO assignment records or assignments documents
attached to this form in accordance with 37 CFR 3,73( ).

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(c) to:

E The address associated with Customer Number:
OR

individual Name

Telephone

Assignee Name and Address: TQ DELTA, LLC
805 Las Cimas Parkway, Suite 240
Austin, Texas 78746

A copy of this form, together with a statement under 37 CFR 3.7‘3(c) (Form PTO/AlAl96 or equivalent) is required to be
Filed in each application in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed.

SiGNATURE of Assignee of Record
The individual whose signature and title is supplied below is authorized to act on behalf of the assignee

Date re /’7"/"/’ Z

Mark K. Roche Telephone 512-6094810

Managing Director
This collection orinformation is required by 87 CFR1.31, 1.32 and 1,33. The information is required to obtain or retain a benefit by the public which is to file {and
by the USPTO to process) an application. Confidentiality is govemod by 35 U.s.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vow depending upon the individual case. Any
comments on the amount ofiime you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer,
U.S, Patent and Trademark Office. US. Department oicommerce. P.O. Box 1450. Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.0. Box 1450, Alexandria. VA 22313-1450.

lfyou need assistance in completing the form, call 1-800-PTO~9199 and select option 2.
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Electronic Acknowledgement Receipt

14170452

International Application Number:

Confirmation Number:

SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE CARRIERS IN A

ml‘ °f l""°"l'°"‘ MULTICARRIER COMMUNICATIONS SYSTEM

First Named Inventor/Applicant Name: Marcos C. Tzannes

Customer Number: 62574

Filer Authorized By: Jason Vick

Attorney Docket N um ber: 6936-47-CON-2

Filing Date: 28-SEP-2007

Time Stamp: 14:20:32

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment

File Listing:

Document Document Descri tion File Size(Bytes)/
Number P Message Digest Part /.zip (if appl.)

41 9344

yes
l779Ll27k'4L99Lld87dBL9LlL4Ed3dLl99LdSle

usr
EntityStatus_373c_w_POA.pdf



Page 36 of 244

Multipart Description/PDF files in .zip description

Assignee showing of ownership per 37 CFR 3.73.
Power of Attorney

Warnings:

Information:

Total Files Size (in bytes) 419344

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date ofthe application.

National Stage of an International Application under 35 U.S.C. 371
lfa timely submission to enter the national stage ofan international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/D0/E0/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
lfa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and ofthe International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Marcos C. Tzannes 3 Patent No.: 7,471,721

Application No.: 11/863,581 3 Issued: December 30, 2008

Filed: September 28, 2007 5 Examiner: WILLIAMS, Lawrence

Atty. File No.: 6936-47—CON—2 g Confirmation No.: 1948

For: SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE CARRIERS IN

A MULTICARRIER COMMUNICATIONS SYSTEM

ASSERTION OF ENTITLEMENT TO SMALL ENTITY STATUS

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Madam:

In accordance with MPEP §§ 509.02 and 509.03 and 37 CFR 1.27, this document is

being filed to inform the US Patent Office of the change of status for the above-identified patent

from large entity status to small entity status. All fees paid to date have been paid as large entity

status. No fees have yet been paid as small entity status. Due to the sale of the referenced patent,

the Applicant is now entitled to small entity status.

We respectfully request that small entity status be granted for the above—referenced

patent.

Please contact the undersigned if there are any questions regarding this notification.

Respectfully submitted,

SHERIDAN ROSS P.C.

.w»W“”””“T"‘”j::$A‘WJ_,./ _'w,W,,,M»~. 49'"
By: W,.,.w~”‘

Wg;,:Jasc‘§n"Ht”V”iiEk
T M Reg. No. 45,285

1560 Broadway, Suite 1200

Denver, Colorado 80202

Telephone: 303-863-9700
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PTO/AiA/96 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031

US. Patent and Trademark Office: US. DEPARTMENT OF COMMERCE
Underthe Paerwork Reduction Act of 1995, no ersons are reuired to resend to a collection of information unless it disla s a valid OMB control number.

STATEMENT UNDER 37 CFR 3.713(0)

Applicant/Patent Owner: TQ DELTA)

Application No./Patent No.: 7-471721 Filed/Issue Date: Pecember 30i 2008
-med. SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE CARRIERS IN A MULTICARRIER COMMUNICATIONS SYSTEM
TQ DELTA, LLC a Corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose _c_>p_e_ of options 1, 2, 3 or 4 below):

1. The assignee of the entire right, title, and interest.

2. ' An assignee of less than the entire right, title, and interest (check applicable box):

The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

_, There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. l: The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statementts) by the owner(s) holding the balance ofthe interest must be submitted to account for the entire
right, title, and interest.

4. The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified olocument(s) showing the transfer is attached.

The interest identified in option 1,2 or 3 above (not option 4) is evidenced by either (choose gut; of options A or B below):

A. I: An assignment from the inventorts) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , or for which a copy
thereof is attached.

B. I: A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1_ From; Marcos C. Tzannes T0. AWARE, INC.

The document was recorded in the United States Patent and Trademark Office at

Reel 010877 , Frame 0307 , or for which a copy thereof is attached.
2_ From. AWARE, INC. T0. TQ DELTA, LLC

The document was recorded in the United States Patent and Trademark Office at

Reel 029154 , Frame 0937 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 USC. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 223134450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

lfyou need assistance in completing the farm, call 11800-PT0v9/99 and select option 2.
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PTO/AIA/96 (08~t2)
Approved for use through 01/81/2013‘ OMB 0651-0031

US. Patent and Trademark Office; US. DEPARTMENT Oi" COMMERCE
Under the Paerwork Reduction Act of 1995, no ersons are reuired to resend to a collection of information unless it disia s a vaiid OMB control number.

STATEMENT UNDER 37 CFR 3.73(ct

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

, or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[3 Additional documents in the chain of title are listed on a supplemental sheet( ).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTEI A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

% /Vi.» ‘M.
Date

45,285

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. 2 7,471,721 B2 Page ] Of]
APPLICATION NO. : 11/863581

DATED : December 30, 2008

INVENTOR(S) : Marcos C. Tzannes

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

On the Title Page, please add:

item (60);

Provisional application No. 60/164,134, filed Nov. 9, 1999.

item (63);

Related U.S. Application Data:

Continuation of application No. 1 1/21 1,535, filed on Aug. 26, 2005, now Pat. No. 7,292,627, which is

a continuation of application No. 09/710,310, filed on Nov. 9, 2000, now Pat. No. 6,961,369.

Signed and Sealed this

Twenty-second Day of March, 201 1

David J. Kappos
Director ofthe United States Patent and Trademark Oflice
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“M,

i, UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria.‘ Virginia 22313-1450
www uspto gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

11/863,581 09/28/2007 Marcos C. Tzannes 5550—47—CON—2 1948

62574 7590 1210/2010 .. 1;XAMlN1:R
Jason H. Vick

Sheridan Ross, PC
Suite # I200

1560 Broadway ART UNIT PAPER NUMBER
Denver, CO 80202

Vv'[LLIA.\/IS, LAWRENCE B

2611

NOTIFICATION DATE DELIVERY MODE

12/10/2010 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on aboVe—indicated "Notification Date" to the

following e—mail address(es):

jvick @ shcridanrosscom

PTOI.-90A (Rev. 04/07)



Page 43 of 244

UNITED STATES DEPARTMENT OF COMMERCE

U.S. Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

APPLICATION N0.I
CONTROL NO.
11863581 9/28/07

FILING DATE

Jason H. Vick

Sheridan Ross, PC
Suite # 1200

1560 Broadway
Denver, CO 80202

FIRST NAMED INVENTORI
PATENT IN REEXAMINATION

TZANNES, MARCOS C.

ATTORNEY DOCKET NO.

5550—47—CON—2

EXAMINER

LAWRENCE B. WILLIAMS

ART UNIT PAPER

2611 6

DATE MAILED:

Please find below and/or attached an Office communication concerning this application or

proceeding.

Commissioner for Patents

Attached SPE Response for Certiciate of Correction dated 12/1/2010.

/Mohammad H Ghayourl
Supervisory Patent Examiner, Art Unit 2611

PTO-900 (Rev.04-O3)

/Lawrence B Williamsl

Examiner, Art Unit 2611
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Marcos C. Tzannes

Patent No.: 7,471,721

Issued: December 30, 2008

Confirmation No.: 1948

Atty. File No.: 5550-47-CON-2

For: SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE CARRIERS IN

A MULTICARRIER COMMUNICATIONS SYSTEM

REQUEST FOR CERTIFICATE OF CORRECTION OF PATENT FOR
OFFICE’S MISTAKE Q37 CFR 1.322)

Attn: Certificate of Corrections Branch

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

This is a request for a Certificate of Correction under 37 C.F.R. 1.322. Attached is form

PTO/SB/44. The Related U.S. Application Data was erroneously omitted from the cover page

of the issued patent. The Related U.S. Application Data can be found on the Application Data

Sheet which was filed with the application on September 28, 2007, the Updated Filing Receipt,

date December 17, 2007, and the cover page of the published application.

Attorney Docket No.: 5550-47-CON-2
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Applicants believe no fees or petitions are required. However, if any such petitions or

fees are necessary, the Commissioner is hereby authorized to charge to deposit account number

19-1970 any fees under 37 CFR § 1.16 and 1.17 that may be required by this paper and to credit

any overpayment to that Account. If any extension of time is required in connection with the

filing of this paper and has not been separately requested, such extension is hereby petitioned.

Respectfully submitted,

SHERIDAN ROSS P.C.

By; $son H. Vick

Reg. No. 45,285

1560 Broadway, Suite 1200

Denver, Colorado 80202

Telephone: 303-863-9700

Attorney Docket No.: 5550-47-CON-2
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PTOISBI44 (09-07)
Approved for use through 08/31/2013. OMB 0B51«0033

US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995. no persons are required to respond to a collection of information unless it displays a valid OMB control number.Also Form PTO-1050

UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. : 7,471,721 B2

APPLICATION NO.: 11 /853,531

ISSUE DATE 1 December 30, 2008

'NVENTOR(S) Marcos C. Tzannes

it is certified that an error appears or errors appear in the above—identified patent and that said Letters Patent
is hereby corrected as shown below:

On the Cover Page, please add:

Related U.S. Application Data:

Continuation of application No. 11/211,535, filed on Aug. 26, 2005, now Pat. No. 7,292,627, which is a
continuation of application No. 09/710,310, filed on Nov. 9, 2000,. now Pat. No. 6,961,369.

Provisional application No. 60/164,134, filed Nov. 9, 1999.

MAILING ADDRESS OF SENDER (Please do not use customer number below):

Jason H. Vick, clo Sheridan Ross, P.C.
1560 Broadway, Suite 1200
Denver, CO 80202

This collection of information is required by 37 CPR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14, This collection is estimated to take 10 hour to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. 'i”Ime will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer.
U.S. Patent and Trademark Office. U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.0. Box 1450, Alexandria,
VA 22313-1450.

ifyou need assistance in completing the form, call 1-800—PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of lnforrnation Act.
A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the international Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).
A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14. as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.
A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Electronic Acknowledgement Receipt

8912944

International Application Number:

Confirmation Number:

SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE CARRIERS IN A

ml‘ °f l""°"l'°"‘ MULTICARRIER COMMUNICATIONS SYSTEM

First Named Inventor/Applicant Name: Marcos C. Tzannes

Customer Number: 62574

Filer Authorized By: Jason Vick

Attorney Docket Number: 5550-47-CON-2

Filing Date: 28-SEP-2007

Time Stamp: 16:37:14

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment

File Listing:

Document . . . File Size(Bytes)/
Number Document Desmptlon Flle Name Message Digest Part /.zip (if appl.)

_ . 328498
Request_For_CertIfIcate_of_Co

rrection.pdf M24317lJd38Ll409iJi1L1eU5lJLl5 3 3eia3i Ll71
3i4Li4

Request for Certificate of Correction

Warnings:

Information:



Page 49 of 244

Total Files Size (in bytes) 328498

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
lfa timely submission to enter the national stage ofan international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
Ifa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and ofthe International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATEs PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addicssz COIVIMISSIONER FOR PATENTS

P.0. Box 1450
Alexandiia, Virginia 22313-1450www uspto.gov

APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.

l948ll/863,581 12/30/2008 7471721 5550—47—CON -2

62574 7590 12/10/2008

Jason H. Vick

Sheridan Ross, PC
Suite # 1200

1560 Broadway
Denver, CO 80202

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include

an indication of the adj ustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information

Retrieval (PAIR) WEB site (http://pair.uspto. gov).

Any questions regarding the Patent Tenn Extension or Adjustment determination should be directed to the

Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee

payments should be directed to the Customer Service Center of the Office of Patent Publication at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Marcos C. Tzannes, Orinda, CA;

IR103 (Rev. 11/05)
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“M,

i, UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandri; Virginia 22313-1450
www uspto gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

11/863,581 09/28/2007 Marcos C. Tzannes 5550—47—CON—2 1948

62574 7590 1208/2008 .. l;XAMlNl:R
Jason H. Vick

Sheridan Ross, PC
Suite # I200

1560 Broadway ART UNIT PAPER NUMBER
Denver, CO 80202

Vv'[LLIA.\/IS, LAWRENCE B

2611

NOTIFICATION DATE DELIVERY MODE

12/08/2008 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on aboVe—indicated "Notification Date" to the

following e—mail address(es):

jvick @ shcridanrosscom

PTOI.-90A (Rev. 04/07)
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UNITED STATES DEPARTMENT OF COMMERCE

U.S. Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

APPLICATION N0.I
CONTROL NO.
11863581 9/28/07

FILING DATE

Jason H. Vick

Sheridan Ross, PC
Suite # 1200

1560 Broadway
Denver, CO 80202

FIRST NAMED INVENTORI
PATENT IN REEXAMINATION

TZANNES, MARCOS C.

ATTORNEY DOCKET NO.

5550—47—CON—2

EXAMINER

LAWRENCE B. WILLIAMS

ART UNIT PAPER

2611 5

DATE MAILED:

Please find below and/or attached an Office communication concerning this application or

proceeding.

Reviewed and Initialed IDS dated 10/17/2008.

Attached: signed 1449

/Mohammad H Ghayourl
Supervisory Patent Examiner, Art Unit 2611

PTO-900 (Rev.04-O3)

Commissioner for Patents
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Substitute for form 1449A/PTO

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

Examiner Name
Attorney Docket Number 5550-47-CON-2

U.S. PATENT DOCUMENTS

Examiner Cite Document Number > Publication Date Name of Patentee of
|nitials* No.‘ Number-kind Code 2 ""”°“’"’ MM—DD-YYYY Applicant of Cited Document Relevant Passages or Relevant

Figures Appear

Pages, Columns, Lines, Where

FOREIGN PATENT DOCUMENTS

Foreign Patent Document

Country Code°; Number‘; Kind
Code5 (if known)

Publication Name of Patentee or
Applicant of Cited Document Lines, Where

Pages, Columns,

Relevant
Passages or

Relevant Figures
Appear

OTHER ART (including Author, Title, Date, Pertinent Pages, etc.)

Examiner

Examiner / awrence W aamsx Date 11,:’2S/'2008
Signature Considered

*EXAMlNER: Initial if reference is considered, whether or not citation is in conformance and not considered‘ Include copy of this
form with next communication to applicant. .
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“M,

i, UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandri; Virginia 22313-1450
www uspto gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

11/863,581 09/28/2007 Marcos C. Tzannes 5550—47—CON—2 1948

02574 7590 1204/2008 .. l;XAMlNl:R
Jason H. Vick

Sheridan Ross, PC
Suite # I200

1560 Broadway ART UNIT PAPER NUMBER
Denver, CO 80202

Vv'[LLIA.\/IS, LAWRENCE B

2611

NOTIFICATION DATE DELIVERY MODE

12/04/2008 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on aboVe—indicated "Notification Date" to the

following e—mail address(es):

jvick @ shcridanrosscom

PTOI.-90A (Rev. 04/07)
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UNITED STATES DEPARTMENT OF COMMERCE

U.S. Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

APPLICATION NO.I FILING DATE FIRST NAMED INVENTORI ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION

11863581 9/28/07 TZANNES, MARCOS C. 5550—47—CON—2

EXAMINER

Jason H. Vick

Sheridan ROSS, PC LAWRENCE B. WILLIAMS
Suite #1200

1550 Broadway ART UNIT PAPER
Denver, CO 80202

2611 4

DATE MAILED:

Please find below and/or attached an Office communication concerning this application or

proceeding.

Commissioner for Patents

Reviewed and initialed IDS dated 10/17/2008.

Attaclmientz Signed 1449

/Tesfaldet Bocurel

Primary Examiner, Art Unit 2611

PTO-900 (Rev.04-O3)
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Substitute for form 1449A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Examiner Name
Attorney Docket Number

U.S. PATENT DOCUMENTS

Examiner Cite Document Number > Publication Date Name of Patentee of Pages, Columns, Lines, Where
|nitials* No.‘ Number-kind Code 2 ""”°“’"’ MM—DD-YYYY Applicant of Cited Document Relevant Passages or Relevant

Figures Appear

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Publication Name of Patentee or Pages, Columns,
Applicant of Cited Document Lines, Where

Country Code°; Number‘; Kind Relevant
Code5 (if known) Passages or

Relevant Figures
Appear

OTHER ART (including Author, Title, Date, Pertinent Pages, etc.)

Examiner ‘ /Lawresltce Williams! 1 1/21/2008

Examiner Date
Signature Considered

*EXAMlNER: Initial if reference is considered, whether or not citation is in conformance and not considered‘ Include copy of this
form with next communication to applicant. .
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STAT§ DEPARTMENT OF COMMERCE
United States Patent nd Trademark Office

’ . Addren:COM1flSSIONER R PATENTSP.O.Box_H50 V _Alznndnl. Wxgann 27313-I450wwvnurptogxv

IIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII V coNF|RMAT|oN NO.1948Bib Data Sheet

FILING OR 371(c)

SERIAL NUMBER DATE GROUP ART UNIT
11/863,581 09/28/2007 261 1

RULE

ATTORNEY
DOCKET No.

5550-47-CON-2

- PPLICANTS .

Marcos C. Tzannes, Orinda, CA;

- i *iflifi**ifi(k*fiI**ttI2fltkifl

i ilriiiilikiiiiiiltitli

IF REQUIRED, FOREIGN FILING LICENSE GRANTED

>11
YES

5 use 119'(a-d) conditions El yes WDEPENDENet CLAIMS
2 1

‘ DDRESS
62574

ITLE

SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE CARRIERS IN A MULTICARRIER
COMMUNICATIONS SYSTEM

D All Fees

CI 1.16 Fees ( Filing )

FILING FEE FEES: Authority has been given in Paper  Receweo No. to charge/credit DEPOSIT ACCOUNT time )

.1:for following: ‘  
J
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEECommissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Ea; (S71)-273-2885

INSTRUCTIONS: This fonn should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current corres ondence address as
in Icatcd unlcss corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate " EE ADDRESS" formaintenance fee notifications.

CURRENTCORRESPONDENCE ADDRESS (Nottz: Use Block 1 fornny change ofuddrcss) Note: A certificate of mailiii can only be used for domestic mailings of theFee(s) Transrnittal. This cent tcate cannot be used for any other accompanying

papers. Each additional paper, such as an assignment or formal drawing, mustave its own certificate of mailing or transmission.62574 7590 10/08/2008

Jason H. Vick Certificate of Mailing or Transmission
1 hereb certi that this Fee(fst) Transmittal is being deposited with the United

1- States ostiil ervice with su cient postage for first class mail in an envelo e
Shsandan ROSS’ PC addressed to the Mail Sto ISSUE FEE address above. or bein facsimileSuite # 1200 transmitted to the USPTO ( 71) 273-2885. on the date indicated be ow.
1560 Broadway
Denver, co 80202 °*’°“‘°"‘“"“°

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION N0.
ll/863,581 09/28/2007 Marcos C. Tvannes 5550-47-CON-2 1948

TITLE OF INVENTION: SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE CARRIERS IN A MULTICARRIER
COMMUNICATIONS SYSTEM

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

NO $0nonprovisional $1510 $300 $1810 01/08/2009

mm
WILLIAMS, LAWRENCE B 2611 375-222000

1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page. list
CFR 1363)‘ (l) the names of up to 3 registered patent attorneys 1 '

D Chan e of corres ndence address (or Change of Correspondence or agents OR, alternatively,
Address 0"“ PTO’ B/122) attached‘ (2) the name of a single firm (having as a member a zjasorx H. Viclk
'3 "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SD/47; Rev 03-02 or more recent) attached. Use of a Customer Ftiglstfled Pale“? 3'-l-°m‘?Y5 0? agents‘ If "0 ‘lame 15 3
Number is required, listed, no name will be printed.

3. ASSIGNEE NAlV.[E AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assi nee is identified below, no assignee data will appear on the patent. If an assignee is identified below. the document has been filed for
recordation as set forth in 37 C 3.11. Completion of this fonn is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Av»/qrc, Inc. 5e0l'5°‘°i I M A
Please check the appropriate assignee category or categories (will not be printed on the patent) : El Individual wcorporation or other private group entity El Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Ealssue Fee D A check is enclosed.
8~Publication Fee (No small entity discount permitted) D Payment by credit card. Form PTO—2D38 is attached.

CI Advance Oi-dc: — # of Copies EThe Director is hereby authorized to charge r ‘tie fee(s), any deficiency, or credit anyoverpayment, to Deposit Account Number ‘ (enclose an extra copy of this form).
5. Change in Entity Status (from status indicated above)

El a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. D b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the a licant; a registered attorney or agent; or the assignee or other party ininterest as shown b the records of the United States Patent and Trademark Office.
/

Authorized Signature Date Q0 0.97

Typed or printed name ' Registration No. Li S 5
This collecti information is required by 37 CFR 1.311. The information is re uired to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an applic on. Confidentiality is governed by 35 U.S.C. 122 and 37 CPR 1.14. T is collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vxi de ending upon the individual case. Any comments on the amount of time you require to corn letethis form and/or su gestions for reducing this burden, should be sent to e C ief In urination Officer, U.S. Patent and Trademark Office. U.S. Department of Commerce. .0.Box 1450, Alexan ria. Vir inia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents. PO. Box 1450.
Alexandria, Virginia 2231 -1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 US. Patent and Trademark Office; U.S. DEPARTMENT OF COMIVIERCE
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Electronic Patent Application Fee Transmittal

Filing Date: 28-Sep-2007

SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE CARRIERS IN A

T't'° °f "“’°'“'°"’ MULTICARRIER COMMUNICATIONS SYSTEM

First Named Inventor/Applicant Name: Marcos C. Tzannes

Filer: Jason Vick/Christine Jacquet

Attorney Docket Number: 5550-47-CON-2

Filed as Large Entity

Utility under 35 USC111(a) Filing Fees

Sub-Total in

USD($)

Publ. Fee- early, voluntan/, or normal 1 300 300

Description

Petition:

Patent-Appeals-and-Interference:

Post-AlIowance-and-Post-Issuance:

Utility Applissue fee 1501 ‘ 1510 1510
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Sub-Total in

Description Usms)

Extension-of-Time:

Miscellaneous:

Total in USD ($)
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Electronic Acknowledgement Receipt

4144470

International Application Number:

Confirmation Number:

SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE CARRIERS IN A

ml‘ °f l""°"l'°"’ MULTICARRIER COMMUNICATIONS SYSTEM

First Named Inventor/Applicant Name: Marcos C. Tzannes

Customer Number: 62574

Filer Authorized By: Jason Vick

Attorney Docket Number: 5550-47-CON-2

Filing Date: 28-SEP-2007

Time Stamp: 18:14:15

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment y
ES

Authorized User

The Director ofthe USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)



Page 62 of 244

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document . . . File Size(Bytes)/
Number Document Desmptlon Flle Name Message Digest Part /.zip (if appl.)

161123

Issue Fee Payment (PTO-85B) |SSUE_FEE_PYMNT.pdf 8def5c21Zf6B9(ee93Z6b55fb94790fl:i5877
b093

Information:

32429

9334232321001S2475Z02de93803Z5a3S3 3
l326lJ

Information:

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

Fee Worksheet (PTO-O6) fee-info.pdf

Warnings:

New Applications Under 35 U.S.C. 111
lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date ofthe application.

National Stage of an International Application under 35 U.S.C. 371
lfa timely submission to enter the national stage ofan international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/D0/E0/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
lfa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and ofthe International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Group Art Unit: 2611

Tzannes Examiner: WILLIAMS, LAWRENCE B

Serial No.: 11/863,581 Confirmation No.: 1948

Filed: 09-28-2007 REQUEST FOR CONSIDERATION OF
REFERENCE IN INFORMATION

DISCLOSURE STATEMENT

SUBMITTED OCTOBER 18, 2007

Atty. File No.: 5 5 5 0-47-CON-2

For: SYSTEM AND METHOD FOR

SCRAMBLING THE PHASE OF

THE CARRIERS IN A

MULTICARRIER

COMMUNICATIONS SYSTEM

Electronically Submitted9/Q/\/§/\y\/\&\}\/\/\2%\/\J%
Mail Stop Issue Fee
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

On October 18, 2007, Applicant submitted an Information Disclosure Statement in the

above-identified patent application. The Information Disclosure Statement is attached hereto as

Exhibit A.

On February 6, 2008, the Examiner issued an Official Action for the

above-identified case. The Official Action was accompanied by a List Of References Cited By

Applicant And Considered By Examiner. This list included the aforementioned Information

Disclosure Statement of October 18, 2007, but WIPO Patent Publication No. WO 99/29078 Was

not initialed. The List Of References Cited By Applicant And Considered By Examiner, is

attached hereto as Exhibit B.

Due to the fact that the Information Disclosure Statement of October 18, 2007, was

correctly submitted to the USPTO, Applicant hereby respectfully requests that WIPO Patent

Publication No. WO 99/29078 be considered by the Examiner. For the convenience ofthe

Examiner, a copy of WIPO Patent Publication No. WO 99/29078 and an empty 1449 form listing

WIPO Patent Publication No. WO 99/29078 are enclosed herewith as Exhibit C.
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Although no fees are believed due in connection with this communication, please charge

any fees deemed necessary to Deposit Account No. 19-1970. If additional information is

required please Contact the undersigned.

Respectfully submitted,

SHERIDAN ROSS P.C.

1560 Broadway, Suite 1200

Denver, Colorado 80202-5141

(303) 863-9700
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application Ofi ) Group Art Unit: 2611

)

Tzanncs ) Conf1rmatiOnNo.: 1948

)

SB1‘ial\_NO.: 11/863,581 ) Examiner: Not yet assigned
)

Filed: 09-28-2007 ) INFORMATION DISCLOSURE STATEMENT

Atty. File No.: 5550-47—CON-2 Electronically Submitted

)

3
For: SYSTEM AND METHOD FOR )

SCRAMBLING THE PHASE OF )

THE CARRIERS IN A )

MULTICARRIER )

COMMUNICATIONS SYSTEM )

Mail Stop Amendment
Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

The references cited on attached Form PTO-SB08 are being called to the attention of the
Examiner.

Copies ofcitednon-patent and/or foreign references nos. 22-24 are enclosed herewith.

Cl Copies of the cited U.S. patents and/or patent applications are enclosed herewith.

El Copies of the cited U.S. patents/patent application publications are not enclosed in

accordance with 37 C.F.R. § 1.98(a).

V El Copies ofcited references nos. 14-21 are not enclosed, in accordance with 37 C.F.R.

§ l.98(d), because the references were cited by or submitted to the U.S. Patent and Trademark Office

in prior application Serial No. ll/21 1535 filed 08-26-2005 , which is relied upon for an earlier

filing date under 35 U.S.C. § 120.

El To the best ofapplicants’ belief, the pertinence ofthe foreign-language references are

believed to be summarized in the attached English abstracts and in the figures, although applicants

do not necessarily vouch for the accuracy of the translation.
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Examiner’s attention is drawn to the following co—pe11ding applications,:

SerialNo. ll/211535 filed 08-26-2005

Serial No. 11/860080 filed 09-24-2007

1:1 Other:

Submission ofthe above information is not intended as an admission that any item is citable

under the statutes or rules to support a rejection, that any item disclosed represents analogous art,

or that those skilled in the art would refer to or recognize the pertinence ofany reference Without the

benefit ofhindsight, nor should an inference be drawn as to the pertinence of the references based

on the order in which they are presented. Submission of this statement should not be taken as an

indication that a search has been conducted, or that no better art exists.

It is respectfully requested that the cited information be expressly considered during the

prosecution ofthis application and the references made of record therein.

FEES

37 CFR 1.97(b): No fee is believed due in connection with this submission, because the information disclosure statement
submitted herewith is satisfies one of the following conditions (“X” indicates satisfaction):

Within three months of the filing date of a national application other than a continued prosecution
application under 37 CFR l.53(d), or

Within three months of the date of entry into the national stage of an international application as setforth in 37 CFR 1.491 or

Before the mailing date of a first Office Action on the merits, or

Before the mailing of a first Office action aflervthe filing of a request for continued examination under
37 CFR 1.114.

Although no fee is believed due, if any fee is deemed due in connection with this submission, please charge such fee to
Deposit Account 19—1970.

37 CFR 1.97(c): The information disclosure statement transmitted herewith is being filed after all the above conditions (37
CFR 1.97(b)), but before the mailing date ofone of the following conditions:

(1) a final action under 37 C.F.R. 1.113 or
(2)11 notice ofallowance under37 C,F.R. 1.311, or
(3) an action that otherwise closes prosecution in the application,

This Information Disclosure Statement is accompanied by:

U A Certiticatlon (below) as specified by 37 C.F.R. 1.97(e). Although no fee is believed due, if any fee is
deemed due in connection with this submission, please charge such fee to Deposit Account 19-1970.OR

[:1 Please charge Deposit Account 19-1970 in the amount of$180.00 for the fee set forth in 37 C.F.R. 1.17(p)
for submission of an information disclosure statement. Please credit any overpayment or charge any underpayment toDeposit Account 19-1970.

37 CFR 1.97(d): This Information Disclosure Statement is being submitted after the period specified in 37 CFR 1.97(c).

[1 This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. l.97(c)AND

Ci Applicants hereby requests consideration of the referencc(s) disclosed herein. Please charge Deposit
Account 19-1970 in the amount of$ 180.00 under 37 C.F.R. l.l7(p). Please credit any overpayment or charge any
underpayment to Deposit Account 19-1970. Election to pay the fee should not be taken as an indication that applicant(s)cannot execute a certification.
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Certification (37 C.F.R. 1.97(e))
(Applicable only if checked)

'3 The undersigned certifies that:

U Each item of information contained in this information disclosure statement was first cited in

any communication fi‘om a foreign patent office in a counterpart foreign application not more than
three months prior to the filing ofthis statement. 37 C.F.R. l.97(e)(l).

'3 A copy ofthe communication from the foreign patent office is enclosed.

OR

El No item of information contained in this information disclosure statement was cited in a

communication from a foreign patent office in a counterpart foreign application, and,’ to the
knowledge ofthe undersigned after making reasonable inquiry, no item of information contained
in this Information Disclosure Statement was known to any individual designated in 37 C.F.R.
l.56(c) more than three months prior to the filing of this statement. 37 C.F.R. 1.97(e)(2).

Respectfully submitted,

SHERIDAN ROSS P.C.

By:

/ Tason H. Vick
Registration No. 45285

1560 Broadway, Suite 1200
Denver, Colorado 80202-5141

(303) 863-9700
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Substitute for form 1449A/PTO Comp]gte if Known

INFORMATION DISCLOSURE 09_28_2007
STATEMENT BYATWCANT

‘ |'t Unit 2611

Examiner Name Not yet assigned
Attorney Docket Number 5550-47-CON-2

U.S. PATENT DOCUMENTS

Examiner Cite Document Number Publication Date Name of Patentee of Pages, Columns. Lines, Where

Number-kind Code 5 W°"’"’ ReievantFi:a5r:e;g/es oaraiieievant
jj
j—
jj
T—
j—
jflj
jj
jfilj
jE—
j—
j—
jj
jjTzannes 09-24-2007 —

FOREIGN PATENT DOCUMENTS

Examiner Cite Foreign Patent Document Publication Name of Patentee or Pages. Columns, Lines. 1‘
inilia|s* No.‘ Date Applicant of Cited Document Where Relevant Passages

Country Code“; Number‘; Kind MM-DD—YYYY or Reievant Figures AppearCodes if known

-EP 0584534 03/02/94 ALCATEL ITALIA
15 EP 0719004 06/26/96 MATSUSHITA

ELECTRIC IND CO
LTD

'16 GB 2330491 O4/2'1/99 BRITISH
BROADCASTING
CORP

17wo 98/32065 07/23/98 FORTRESS
TECHNOLOGIES INC

wo99/22463 05/06/99 MOTOROLA INC
Examiner Date
Signature Considered

‘EXAMINER: initial if reference is considered. whether or not citation is in conformance and not considered. include copy of this
form with next communication to applicant,
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Substitute for form 1449A/PTO commete if Known

INFORMATION DISCLOSURE 09_28_2007
STATEMENT BYAT’T’L'°A“T

Examiner Name or yet assigned

“°'"“'VT’°°*“*‘””"“°9T ”~”'°“*T'C°N"2

-W0 99/29078 06/10/99 TELIA AB I

OTHER ART (including Author, Title, Date, Pertinent Pages, etc.)
Examiner Cite
initials‘ No.‘

20 Baumi R. W. et aI.: "Reducing The Peak-To-Average Power Ratio Of Muiticarrier Modulation
By Selected Mapping" Electronics Letters, GB, iEE Stevenage, vol. 32, No. 22, Oct. 24,
1996, . . 2056-2057, XP000643915 ISSN: 0013-5194

of Annex to Form PCT/ISA/206 for PCTIUSOO/30958, Mar. 23, 2001 (5550-47-PCT)

international Search Report for international (PCT) Patent Application No. PCT/USOO/30958,ieted June 12, 2001 5550-47-PCT)

- 23 international Preliminary Examination Report for international (PCT) Patent Application No.PCT/U800/30958 comieted March 4, 2002 5550-47-PCT

— 24 Notice of Preliminary Rejection for Korean Patent Application No. 7005830/2002 datedNovember 22, 2006 Attorne '5 Ref. No. 5550-47-PKR

Examiner Date
Signature Considered

‘EXAMINER: initial if reference is considered, whether or not citation is in confomance and not considered. include copy of this
form with next communication to applicant.
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Exhibit B
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' SUIJSIIILIIB for form 1449A/PTO cQmp[9te if Known

INFORMATION DISCLOSURE O9_28_2007 .
STATEMENT B“""’”°A"T O

“°"‘°V °°°"e‘ ”“'“°°' 5”°"‘T'C°”" ‘

U.S.' PATENT DOCUMENTS

Examiner Cite Qggumgm Ngwber Publication Date V Name of Patentee of Pages. Columns. Lines. Where
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lmgrovements in, or Relating to, Data Scramble-rs

The present invention relates to data scramblers and descramblers,

suitable for use with a muiti—cari1'er transmission system, multi-carrier transmission

systems incorporating data scramblers and de-scramblers. and methods for

scrambling and descrambling data in multi-carrier transmission systems.

Most telecommunications transmission systems are designed to give

optimum performance when uncorrelated data is transmitted over them.

Unfortunately, user data is not usually uncorrelated and may, for example, include

relatively long strings of binary “0"s, or “1"s. if such data is transmitted over a_

transmission system intended for uncorrelated data, it can result in saturation, i.e.

too large a dynamic range, synchronisation drift, etc.. This problem has long been

recognised by telecommunications engineers and the conventional solution is to

scramble the incoming user data so that it behaves as though it was uncorrelated
data.

Known data scramblers employ an algorithm to combine user data with a

random data string, thereby producing an uncorrelated data stream for
transmission.

The present invention simplifies known data scramblers by making use of

the synchronisation frames, nonnally used for measuring channel characteristics,

as a source of pseudo-random data which can be combined with incoming user
data.

The present invention has particular application to multi-carrier transmission

systems, including copper based transmission systems such as ADSL, VDSL and

HDSL which employ DMT, andlor radio based transmission systems employing

OFDM. Many of these transmission systems send known data, usually referred

to as synchronisation frames, to measure channel characteristics such as signal

to noise ratio. The known data contained in a synchronisation frame is selected

to have a suitable statistical distribution, e.g. pseudo-random. in a typical DMT
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system, used at the present time, the known synchronisation frame data comprises

two bits per sub~carrier. in other words, a predetermined 4-QAM signal is
transmitted on each sub-carrier.

In the present invention, user data bits are combined with the known

synchronisation frame data bits, typically the two most significant bits, using an

exclusive-OR function. This results in a statistically and computationally efficient

scrambling of the user data.

According to a first aspect of the present invention. there is provided a data

scrambler, for use in a multi—carrier transmission system in which synchronisation

frame data is periodically transmitted from a transmitter to a receiver to measure

transmission channel characteristics, characterised in that combiner means are

provided to combine user data with frame synchronisation data.

Said combiner means may have a XOR function.

Said frame synchronisation data is pseudo random.

Said combiner means may be adapted to combine said user data with the

two most significant bits of a synchronisation frame.

According to a second aspect of the present invention, there is provide a

data descrambler, for use in a multi-carrier transmission system in which

synchronisation frame data is periodically transmitted from a transmitter to a

receiver to measure transmission channel characteristics, and transmitted data is

scrambled using a data scrambler as claimed in any of claims 1 to 4, characterised

in that combiner means are provided to combine received data with frame

synchronisation data.

Said combiner means may have a XOR function.

Said frame synchronisation data may be pseudo random.
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Said combiner means may be adapted to combine said received data with
the two most significant bits of a synchronisation frame.

According to a third aspect of the present invention, there is provided a

multi—carrier transmission system in which synchronisation frame data is

periodically transmitted from a transmitter to a receiver to measure transmission

channel characteristics, characterised in that said transmission system

incorporates a data scrambler as set forth in any preceding paragraph, connected
to said transmitter.

Said receiver may be connected to a data descrambler as set forth in any

preceding paragraph.

Said multi—carrier transmission system may employ DMT.

Said multi-carrier transmission system may employ OFDM.

Means may be provided for transmitting frame synchronisation data from

said data scrambler to said data descrambler.

According to a fourth aspect of the present invention, there is provided, in

a multi-carrier transmission system in which synchronisation frame data is

periodically transmitted from a transmitter to a receiver to measure transmission

channel characteristics, a method of scrambling user data prior to transmission,

characterised by combining user data with frame synchronisation data.

User data maybe combined with frame synchronisation data by mean of
an XOR function.

Said frame synchronisation data may be pseudo random.

Said user data may be combined with the two most significant bits of a

synchronisation frame.
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According to a fifth aspect of the present invention, there is provided, in a

multl—carrier transmission system in which synchronisation frame data is
periodically transmitted from a transmitter to a receiver to measure transmission

channel characteristics, a method of descrambllng received data which has been

scrambled by a scrambling method as set forth in preceding, characterised by

combining received data with frame synchronisation data.

Received data may be combined with frame synchronisation data using an
XOR function.

Said frame synchronisation data may be pseudo random.

Said received data may be combined with the two most significant bits of
a synchronisation frame.

Said multi-carrier transmission system may employ DMT.

Said multi-carrier transmission system may employ OFDM.

Embodiments of the invention will now be described. by way of example,

with reference to the accompanying drawing, in which:

Figure 1 illustrates data scramblers and descramblers, according to the

present invention, in a multi-carrier transmission system

In order to facilitate an understanding of the present invention a glossary

of terms used in the description of the present invention is provided below:

A/D: Analogue to Digital

ADSL: Asynchronous Digital Subscriber Line

D/A: Digital to Analogue
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Digital Multl Tone

Fast Fourier Transform

High bit rate Digital Subscriber Line

inverse Fast Fourier Transform

Orthogonal Frequency Division Multiplex

Quadrature Amplitude Modulation

Very high bit rate Digital Subscriber Line

Exclusive OR

Figure 1 shows a transmitter and receiver, in a multi—carn'er transmission

system, linked by a communications channel. The communications channel may

be a copper pair (VDSL etc.), or a radio channel (OFDM). incoming user data,

intended for transmission over the communications channel, is passed via a sync

frame switch, to a XOR gate. The sync frame switch permits one of the inputs to

the XOR gate to be switched between user data and a string of "O"s. The second

input to the XOR gate receives the known synchronisation frame data. When the

string of "0"s is passed to the XOR gate, the output from the XOR gate is the

synchronisation data, i.e. the "known data” appears at the output of the XOR gate.

The incoming user data will almost certainly be far from random, ie. it will

be highly correlated. The incoming user data is combined with the "known data"

in the XOR gate. The "known data" is pseudo random, i.e. uncorrelated. The

output from the XOR gate will, therefore, also be uncorrelated, i.e. will itself be

pseudo-random. This data has the necessary properties to permit good
transmission over the transmission channel.

The scrambled data is then passed to the receiver where it is first
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processed by an Inverse Fast Fourier Transform unit, IFFT, converted from parallel

form to serial fonn, passed to a digital to analogue convertor, D/A, prior to QAM
modulation and transmission over the channel. Details of the multiplexing

techniques and modulation techniques used in multi-carrier transmission systems

will be familiar to those skilled in the art and are not described in detail in this

patent specification.

The signal received from the transmission channel is demodulated and

demultiplexed in the receiver by, inter alia, an A/D converter, a serial to parallel

converter, and a fast Fourier transform unit FFT. The received data is, of course,

scrambled. The received scrambled data is passed to the XOR gate, where it is

combined with the “known data", i.e. the same data that was mixed into the signal
in the transmitter. The output from the XOR gate will contain the user data, or a

string of "0"s depending on the setting of the sync frame switch in the transmitter.

The sync frame switch in the receiver is used for synchronisation purposes, i.e.

when the receiver is properly synchronised with the transmitter, and a sync frame

is transmitted, rather than user data, the output from the XOR gate will be a string

of "O"s. Details of transmitter and receiver synchronisation in multi-carrier systems
will be well known to those skilled in the art.

It should, however, be noted that synchronisation frame data is stored in

both the transmitter and receiver, so the receiver always has prior knowledge of
the "known data" used by the transmitter.

in summary, the present invention scrambles user data by mixing that data
with known data normally used in a synchronisation frame, typically the two most

significant bits of the synchronisation frame data, using an exclusive-OR function.

This results in both statistically and computationally efficient scrambling.

Descrambling is achieved by the reverse process, i.e. combining the received

scrambled data with the same known data used for scrambling in an exclusive-OR
function.

The present invention results in a much improved statistical distribution of

modulated sub-carriers, in a multi-carrier transmission system, compared to the
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case where no scrambling is used for correlated, or null data situations. =~

As synchronisation data must be present in a multi-carrier receiver and

transmitter for use in the synchronisation process, the scrambling technique of the

present invention does not increase system complexity.

Transmission of the known data is very simple because it only needs to be
combined with a string of "0"s.

The scrambler of the present invention can be used in all transmission

systems that measure channel characteristics by sending’ known data from

transmitter to receiver and use OFDM, DMT, or related multiplexing techniques to

spread out the transmitted data over a number of sub-carriers, i.e. multi-carrier

transmission techniques.
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CLAIMS .

1. A data scrambler, for use in a multi-carrier transmission system in which

synchronisation frame data is periodically transmitted from a transmitter to a

receiver to measure transmission channel characteristics, characterised in that

combiner means are provided to combine user data with frame synchronisation
data.

2. A data scrambler, as claimed in claim 1, characterised in that said combiner
means has a XOR function.

3. A data scrambler, as claimed in either claim 1, or claim 2, characterised in

that said frame synchronisation data is pseudo random.

4. A data scrambler, as claimed in any previous claim, characterised in that

said combiner means is adapted to combine said user data with the two most

significant bits of a synchronisation frame.

5. A data descrambler, for use in a multl-carrier transmission system in which

synchronisation frame data is periodically transmitted from a transmitter to a

receiver to measure transmission channel characteristics, and transmitted data is

scrambled using a data scrambler as claimed in any of claims 1 to 4, characterised

in that combiner means are provided to combine received data with frame
synchronisation data.

6. A data descrambler, as claimed in claim 5, characterised in that said
combiner means has a XOR function.

7. A data desciambler, as claimed in either claim 5, or claim 6, characterised

in that said frame synchronisation data is pseudo random.

8. A data descrambler, as claimed in any of claims 5 to 7, characterised in

that said combiner means is adapted to combine said received data with the two
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most significant bits of a synchronisation frame.

9. A multi-carrier transmission system in which synchronisation frame data

is periodically transmitted from a transmitter to a receiver to measure transmission

channel characteristics, characterised in that said transmission system

incorporates a data scrambler as claimed in any of claims 1 to 4, connected to said
transmitter.

10. A multi-carrier transmission system, as claimed in claim 9, characterised in

that said receiver is connected to a data descrambler as claimed in any of claims
5 to 8.

11, A multi-canier transmission system, as claimed in claim 10, characterised

in that said multi—carrier transmission system employs DMT.

12. A mulli-carrier transmission system, as claimed in claim 10, characterised

in that said multi-carrier transmission system employs OFDM.

13. A multi-carriertransmisslon system, as claimed in any of claims 10 to 12,

characterised in that means are provided for transmitting frame synchronisation
data from said data scrambler to said data descrambler.

14. In a multi-carrier transmission system in which synchronisation frame data

is periodically transmitted from a transmitter to a receiver to measure transmission

channel characteristics, a method of scrambling user data prior to transmission,

characterised by combining user data with frame synchronisation data.

15. A method, as claimed in claim 14, characterised by combining user data
with frame synchronisation data by mean of an XOR function.

16. A method, as claimed in either claim 14, or claim 15, characterised. by said
frame synchronisation data being pseudo random.

17. A method, as claimed in any of claims 14 to 18, characterised by combining
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said user data with the two most significant bits of a synchronisation frame.

18. In a multi-carrier transmission system in which synchronisation frame data

is periodically transmitted from a transmitter to a receiver to measure transmission

channel characteristics, a method of descrambling received data which has been

scrambled by the method claimed in any of claims 14 to 17, characterised by
combining received data with frame synchronisation data.

19. A method, as claimed in claim 18, characterised by combining received
data with frame synchronisation data using an XOR function.

20. A method, as claimed in either claim 18, or claim 19, characterised by said
frame synchronisation data being pseudo random.

21. A method, as claimed in any of claims 18 to 20, characterised by combining
said received data with the two most significant bits of a synchronisation frame.

22. A method, as claimed in any of claims 14 to 21, characterised by said multi-
carrier transmission system employing DMT.

23. A method, as claimed in any of claims 14 to 21, characterised by said multi-
carrier transmission system employing OFDM.
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PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
l\IAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. TI-HS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOVV TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount 01' the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

ll. PART B — FEE(S) TRANSMITT/\l., or its equivalent, must he completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B — Fee(s) Transmittal should be co111pleted and a11 extra copy of the for111 should be submitted. If a11 equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable l'ee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fl (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ap ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
in icated unless corrected below or directed otherwise in Block 1. by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" formaintenance fee notifications.

(TITRRFNT connngpomrxcr Annnmq (Nam: U53 nincki rm any (hangs ngaddmgs) Note: A certificate of _mailii_i _ can only be used for domestic mailings of the
Fee(s) Transmittal. This certi icate cannot be used for any other accompanying

papers. Each add_it_ional paper. _such as an as_signment or formal drawing, mustave its own certificate of mailing or transmission.62574 10/08/2008
_ Certificate of Mailing 01‘ Transmission

J£18011 H. VICIQ I hereby certify that this Fee(s) Transiiiittal is being deposited with the United

shaman Ross, PC 2535:, %::"s:r:t::;fs;%a&Pse:5a:,£:S;s:::: “:.:‘t;;:..:* f:.:?::t;:
Suite # 1200 transmitted to the USPTO (571) 273-2885, on the date indicated below.

1560 Broadway
Denver, CO 80202

(Depositofs name)

(Signature)

(Date)

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRIVIATION NO.

11/863,581 09/28/2007 Marcos C. Tzannes 5550-47-CON-2 1948
TITLE OF INVENTION: SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE CARRIERS IN A MULTICARRIER
COMMUNICATIONS SYSTEM

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

NO $0$1510 $1810 01/08/2009nonprovisional

l:')LA1V1INER ART UNIT CLASS-S UBCLASS

WILLIAMS, LAVVRENCE B

1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR 1363)‘ (1) the names of up to 3 registered patent attorneys
:1 Chan e of correspondence address (or Change of Correspondence or agents OR, alternatively.Address orm PTO/SB/122) attached. . . .

(2) _the name of a single firm (having as a member a
:1 "Fee Address" indication (or "Fee Address" Indication form l'eg1St91"3d '<1tt01'1'1e3’ 01' agent) and the P1311195 0f “P E0
’TO/SB/47; Rev 03-02 or more recent) attached. Use ofa Customer 2_ registered patent attorneys or agents. If no name Is
Vumher is required_ listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
’LEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
reeordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.
(A) NAVIE OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : 1: Individual 1: Corporation or other private group entity 13 Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
:1 Issue Pee D A check is enclosed.

:1 Publication Fee (No small entity discount permitted) 3 Payment by credit card. Form PTO—2038 is attached.
:I Advance ()1-def . # of Copies D The Director is hereby authorized to charge the required fee(s), any deficiency, or credit anyoverpayment, to Deposit Account Number (enclose an extra copy of this fonn).

3. Change in Entity Status (from status indicated above)

:1 21. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 3 b. Applicant is no longer claiming SMALI. ENTITY status. See 37 CFR I.27(g)(2).
NOTE: The Issue Fee and Publication Fee (ifrequired) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed narne Registration No.

This collection of information is required by 37 CFR 1.311. The information is re uired to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. T is collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will var I de endin" upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to t e C ief Information Officer. U.S. Patent and Trademark Office, U_S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOI.-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 US. Patent and Trademark Office; US. DEPAR V ENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTIVIENT OF COl\rIMERCE
United States Patent and Trademark Office
Address: CO)/LVIIS S IONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22111-1450www.uspto.gov

APPT_lC ATTON NO. FlT.T\lG DATE FTRST NAMET) INVENTOR ATTORVFY TJOCKF.T N0. C(’)N'FlRl\«TATlON NO.

1 l/863,58] 09/28/2007 Marcos C. Tzanncs 5550-47-CON-2 1948

62374 , I 0/08/2008 E VHNER

Jason Vick Vv'ILLIAMS,LAWRENCE B
S]1e1~1da11 Ross, PC ART UNIT PAPER NUMBER

Suite # 1200 2611
1560 Broadway 3 _
Denver, DATE IVIAILED. 10/08/2008

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the

mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half

months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above—identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Infomiation Retrieval

(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at l—(888)—786-0101 or

(571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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Application No. App|icant(s)

11/863,581 TZANNES, MARCOS C.

Examiner Art Unit

LAWRENCE B. WILLIAMS 2611

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. IXI This communication is responsive to Terminal Disclaimer filed 8/5/2008 .

2. IZI The allowed c|aim(s) is/are Q.

3. El Acknowledgment is made ofa claim forforeign priority under 35 U.S.C. § 119(a)-(d) or (f).
a) I:I All b) I:I Some* c) I:I None of the:

1. I:I Certified copies of the priority documents have been received.

2. I:I Certified copies of the priority documents have been received in Application No.j

3. El Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT ofthis application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. D A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO—152) which gives reason(s) why the oath or declaration is deficient.

5. El CORRECTED DRAWINGS (as “replacement sheets”) must be submitted.

(a) |:I including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached

1) I:I hereto or 2) I:I to Paper No./Mail Date

(b) E] including changes required by the attached Examiner’s Amendment / Comment or in the Office action of
Paper No./Mail Date

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the from (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. El DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. El Notice of References Cited (PTO—892) 5. El Notice of Informal Patent Application

2. El Notice of Draftperson‘s Patent Drawing Review (PTO-948) 6. El Interview Summary (PTO-413),
Paper No./Mail Date .

3. IZI Information Disclosure Statements (PTO/SB/08), 7. El Examiner's Amendment/Comment
Paper No./Mail Date 4/30/2008

4. I:I Examiner's Comment Regarding Requirementfor Deposit 8. IX Examiner's Statement of Reasons for Allowance
of Biological Material

9. El Other .

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 3
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Application/Control Number: l l/863,581

Art Unit: 261 1

REASONS FOR ALLOWANCE

l. The following is an examincr’s statement of reasons for allowance: The instant

application discloses a method of scrambling the phase of characteristics of carrier signals. The

closest prior art of record is applicant’s US Patent 7,292,627 for which applicant has filed a

Terminal Disclaimer. A search of prior art records has failed to teach or suggest, alone or in

combination:

A method of scrambling the phase characteristics of the carrier signals comprising:

“associating each carrier signal with a Value determined independently of any input

bit Value carried by that carrier signal; computing a phase shift for each carrier signal based on

the Value associated with that carrier signal; and combining the phase shifi computed for each

carrier signal with the phase characteristic of that carrier signal so as to substantially scramble

the phase characteristics of the plurality of carrier signals” as disclosed in claim 1.

Any comments considered necessary by applicant must be submitted no later than the

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue

fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

TERMINAL DISCLAIMER

2. The terminal disclaimer filed on 8/30/2008 disclaiming the terminal portion of any patent

granted on this application which would extend beyond the expiration date of US Patent

7,292,627 has been reviewed and is accepted. The terminal disclaimer has been recorded.
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Application/Control Number: 1 1/863,581

Art Unit: 261 1

CONCLUSION

3. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Lawrence B Williams whose telephone number is 571-272-3037.

The examiner can normally be reached on Monday-Friday (8200-6200).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Ghayour Mohammad can be reached on 571-272-3021. The fax phone number for

the organization Where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair-direet.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

lbw

October 7, 2008

/Lawrence B Williams/

Examiner, Art Unit 2611

/Mohammad H Ghayour/

Supervisory Patent Examiner, Art Unit 261 1
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Index of Claims

Applicationlcontrol No.

11863581

Examiner

LAWRENCE B WILLIAMS

App|icant(s)/Patent Under
Reexamination

TZANNES, MARCOS C.

Art Unit

2611

Final Original

El Claims renumbered in the same order as presented by applicant

CLAIM
09/25/2008

1
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U.S. Patent and Trademark Office Part of Paper No. : 3
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Applicationlcontrol No. App|icant(s)/Patent Under
Reexamination

Search NOTES 11863581 TZANNES, MARCOS C.

Examiner Art Unit

LAWRENCE B WILLIAMS 2611

SEARCHED

Subclass Examiner

219, 220, 222, 226, 260, 327, 362 1/27/2008
203, 342, 206

Michael 9/4/2008
Horabik

Update 9/25/2008
Search

SEARCH NOTES

Search Notes Date Examiner

EAST, NPL, Inventor 1/28/2008 LW

EAST, NPL, Inventor 9/25/2008 LW

INTERFERENCE SEARCH

Class Subclass Date Examiner

375 219, 222 9/25/2008 LW

/L. B. W./
Examiner.Art Unit 2611

U.S. Patent and Trademark Office Part of Paper No. : 3
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Substitute for form 1449AlPTO can-,p[e¢e if Known

‘ pplication Number
INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

09

2611

Examiner Name WILLIAMS LAWRENCEB

U.S. PATENT DOCUMENTS

Examiner Cite Document Number _ Publication Date Name of Patentee of Pages, Columns, Lines, Where
Initials‘ No.‘ Number-kind Code “‘”‘”°""’ MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant

Fiures Apear

FOREIGN PATENT DOCUMENTS

Foreign Patent Document

Country Code’; Number‘; Kind Relevant
Code5 (if known) Passages or

Relevant Figures
A pear

JP H10(1998)—084329 03/31/98 NIPPON HOSO (Translated
Abstract and

partial
translation

JP H08(1996)—321820 12/03/96 MATSUSHITA (Translated
ELECTRIC IND CO Abstract)
LTD

OTHER ART (Including Author, Title, Date, Pertinent Pages, etc.)

Examiner Cite
Initials’ No.‘

/Lwj 3 Notification of Reasons for Refusal (including translation) for Japanese Patent Application
No. 2001-537217, date of dispatch, March 3, 2008 (Attorney's Ref. No. 5550-47-PJP)

Examiner H , ‘ , Date 09/04/2038/i_cwvrerace Wriirams,
‘EXAMINER: Initial if reference is considered, whether or not citation is in conformance and not considered. Include copy of this
form with next communication to applicant.



Page 100 of 244

Application/Control No. App|icant(s)lPatent Under Reexamination

Issue Classification 11863581 TZANNES MARCOS C.

Examiner Art UnitLAWRENCE B WILLIAMS 2611

ORIGINAL INTERNATIONAL CLASSIFICATION

CLASS SUBCLASS CLAIMED NON-CLAIMED

flfl—

TSCLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
375 19

El Claims renumbered in the same order as presented by applicant E] T D

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 - 17

/LAWRENCE B WILLIAMSI

Examiner.Art Unit 2611 9/25/2008 Total Claims Allowed:
5

(Assistant Examiner) (Date)
/MOHAMMAD H GHAYOURI
Supervisory Patent Examiner.Art Unit 2611 09/29/2008 O.G. Print C|aim(s) O.G. Print Figure

(Primary Examiner) (Date) I 1
U.S. Patent and Trademark Office Part of Paper No. 3
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Applicationlcontrol No. Applicant(s)IPatent under
Reexamination

Wm W mm “‘
Document Code - DISQ Internal Document — DO NOT MAIL '

TERMINAL ’ ,
DISCLAIMER ' APPROVED l:] DISAPPROVED

This patent is subject
Date Filed : 8/5/08 to a Terminal

Disclaimer

Application Number

ApprovedlDisapproved by:

U.S. Patent and Trademark Office
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PTO/S B126 (08-OB)
Approved for use through 08/31/2008. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paenrvork Reduction Act of 1995. no ersons are reuired to resond to a collection of Information unless it disla s a valid OMB control number.

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING D°Ck'-’-I Number (OP“°"3')
REJECTION OVER A “PR|0R" PATENT 5550-47-CON-2

In re Application of: Marcos C. TZANNES

Application No.: 11/863,581

Filed: September 28, 2007

For; System and Method for Scrambling the Phase of the Carriers in a Multicarrler Communications System

The owner‘, Amagg ng , of 199 percent interest in the instant application hereby disclaims,
except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend beyond
the expiration date of the full statutory term prior patent No. 7 292 627 as the term of said prior patent is defined in 35 U.S.C. 154
and 173, and as the term of said prior patent is presently shortened by any terminal disclaimer. The’ owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly owned. This
agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant application that
would extend to the expiration date of the full statutory term as defined in 35 U.S.C. 154 and 173 of the prior patent, “as the term of said prior
patent is presently shortened by any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;
is held unenforceable;
is found invalid by a court of competent jurisdiction;
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;
has all claims canceled by a reexamination certificate;
is reissued; or
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. I: For submissions on behalf of a business/organization (e.g., corporation, partnership, university, government agency,
etc.), the undersigned is empowered to act on behalf of the businesslorganization.

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false
statements may jeopardize the validity of the application or any patent issued thereon.

2. The undersigned is an attorney or agent of record. Reg. No. 45,235

5 August 2008
Signature Date

Jason H. Vick
Typed or printed name

303.764.3005
Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

WARNING: Information on this fonn may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038.

‘Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTOISB/96 may be used for making this certification. See MPEP § 324.

This collection of information is required by 37 CFR 1321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-500-PTO-9199 and select option 2.
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Electronic Patent Application Fee Transmittal

Filing Date: 28-Sep-2007

SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE

Tme °' '""e"t'°": CARRIERS IN A MULTICARRIER COMMUNICATIONS SYSTEM

Hrst Named Inventor/Applicant Name: Marcos C. Tzannes

Filer: Jason Vick

Attorney Docket Number: 555o-47-coI\I-2

Filed as Large Entity

Utility Filing Fees

Description Quantity SUBS-3 in

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Patent-Appeals-and-Interierence:

Post—A|Iowance-and-Post-Issuance:

Statutory disclaimer

Extension-of-Time:
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Sub-Total in

Description Quantity UsD($)

Extension — 3 months with $0 paid 1050

Miscellaneous:

Total in USD ($)
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Electronic Acknowledgement Receipt

3732402

International Application Number:

Confirmation Number:

SYSTEM AND METHOD FOR SCRAMBLINGI THE PHASE OF THE

Tme °f '"Ve"t'°": CARRIERS IN A MULTICARRIER COMMUNICATIONS SYSTEM

First Named Inventor/Applicant Name: Marcos C. Tzannes

Customer Number: 62574

 
Filer Authorized By:

Attorney Docket Number: 5550-47-CON-2

Filing Date: 28—SEP—2007

Time Stamp: 15:15:13

Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.Fl. Section 1.16 (National application filing, Search, and examination fees)

Chare an Additional Fees reuired under 37 C.F.Fl. Section 1.20 Post Issuance fees
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Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document . . File Size(Bytes) Multi Pages

190537

Amendment5Aug2008.pdf 33e2b6a0ddc02i60Bd82.5a51b2c472Bi
aIdbOa16

Multipart Description/PDF files in .zip description

Document Description

Applicant Arguments/Flemarks Made in an Amendment

Applicant Arguments/Remarks Made in an Amendment

Warnings:

142794

Extension of Time
01d6c95e6a00280e473c131e036add6

85ba6i-12!

Warnings:

Intormation:

, _ _ _ 137869
SIgnedTermInalDIsc|aImer.p

Miscellaneous Incoming Letter df 16D999da26aA3cc3oda51 34362891 3274
6bceOIOe

Warnings:

Intormation:

8351

Fee Worksheet (PTO-O6) fl
591i2627285242:184171607321698098

c2cb2l43

Intormation:

Warnings:
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
ii a new application is being filed and the application includes the necessary components for a filing date (see
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown on this Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
ii a timely submission to enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/D0/E0/903 indicating acceptance of the
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

New International Application Filed with the USPTO as a Receiving Office
ii a new international application is being filed and the international application includes the necessary
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the
International Application Number and of the International Filing Date (Form PCT/R0/105) will be issued in due
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement
Receipt will establish the international filing date oi the application.
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Attorney Docket No. 5550-47—CON-2

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application for:

First Named Inventor: Marcos C. Tzannes Art Unit: 2611

Appln. No.: 11/863,581 Examiner: L. WILLIAMS

For: SYSTEM AND METHOD FOR Confirmation No.: 1948

SCRAMBLING THE PHASE OF THE CARRIERS

IN A MULTICARRIER COMMUNICATIONS
SYSTEM

AMENDMENT

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Further to the February 6, 2008 Office Action, please amend the claims as

follows. Please charge any fees to Deposit Account 19-1970.

Please amend the above-identified patent application as follows:

Amendments to the Claims are reflected in the listing of claims which begins

on page 2 of this paper.

Remarks begin on page 3 of this paper.
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the

application:

Listing of Claims:

1. (Original) In a multicarrier modulation system including a first transceiver

in communication with a second transceiver using a transmission signal having a

plurality of carrier signals for modulating an input bit stream, each carrier signal

having a phase characteristic associated with the input bit stream, a method for

scrambling the phase characteristics of the carrier signals comprising:

associating each carrier signal with a value determined independently of any input

bit value carried by that carrier signal;

computing a phase shift for each carrier signal based on the value associated with

that carrier signal; and

combining the phase shift computed for each carrier signal with the phase

characteristic of that carrier signal so as to substantially scramble the phase

characteristics of the plurality of carrier signals.

2. (Currently Amended) The method of claim 1; further comprising

modulating bits of the input bit stream onto the carrier signals having the substantially

scrambled phase characteristics to produce a transmission signal with a reduced peak-

to—average power ratio (PAR).

3. (Currently Amended) The method of claim 1: filrther comprising

independently deriving the value associated with each carrier signal at each transceiver.

4. (Currently Amended) The method of claim 1: further comprising transmitting

the value associated with each carrier signal from one transceiver to the other transceiver.

5. (Currently Amended) The method of claim 1, further comprising maintaining

synchronization between the transceivers using the value associated with each carrier signal.

6. - 20. (Canceled)
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Attorney Docket No. 5550-47—CON—2

_13_.E____MALK_S

Applicants respectfully request reconsideration of this application as amended.

By this amendment, dependent claims 2-5 have been amended to improve

grammar.

Submitted herewith is a Terminal Disclaimer thereby overcoming the

nonstatutory double patenting rejections.

With all rejections having been overcome, Applicant believes that the pending

claims are in condition for allowance and such disposition is respectfully requested.

In the event that a telephone conversation would further prosecution and/or expedite

allowance, the Examiner is invited to contact the undersigned.

Respectfully submitted,

. ick

Reg. No. 45,285

SHERIDAN Ross P. C.

1560 BROADWAY, SUITE 1200
DENVER, COLORADO 80202
TELEPHONE: 303-863-9700
FAX: 303-863-0223
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PTO/SB/22 (10-04)
Approved for use through 07/31/2006. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTNEENT OF COMNIERCE
Under the Paerwork Reduction Act of 1995, no ersons are re uired to resond to a collection of information unless it displays a valid OMB control number.

PETITION FOR EXTENSION OF TIME UNDER 37 CFR § 1.136(a) D0¢k€tNUmb<’-1' (Optional)
FY 2005 5550-47—CON-2

Fees - ursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818

CERTIFICATE or MAILING on TRANSMISSION In re Application Of Marcos’ C- TZANNES
I hereby certify that this correspondence is being deposited with the United _ , .
States Postal Service with sufficient postage for first class mail in an envelope A ' 'hCat1°n Number: Flled July 25: 2002
addressed to Mail StopT,Commissioner for Patents, P.O. Box 1450, For; System and Method for Scrambling the Phase of the CarriersAlexandria, Virginia 22313-1450, or being facsimil tr 'tt d t the USPTO . . . . .
at _ on B_ mm‘ 5 0 In a Mu11tcaITIer Communications System
Signature:“—_ Art Unit 2611 Examiner 1. Williams
Name:

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply hi the above identified application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below): (Should
additional extensions be required, those extension(s) are hereby requested)

Egg Small Entity Fee

D One month (37 CFR 1.17(a)(1)) $120 $60

|:| Two months (37 CFR l.l7(a)(2)) $450 $225

IX] Three months (37 CFR 1.17(a)(3)) $1050 $510

I: Four months (37 CFR 1.l7(a)(4)) $1590 $795

I: Five months (37 CFR 1.17(a)(5)) $2160 $1080

E] Applicant claims small entity status. See 37 CFR 1.27.

D A check in the amount of the fee is enclosed.

|:| Payment by credit card. Form PTO-2038 is attached.

D The Director has already been authorized to charge fees in this application to Deposit Account.

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to Deposit
Account Number 19-1970. 1 have enclosed a duplicate copy of this sheet.

WARNING: Information on this form may become public. Credit card information should not be included on this form.
Provide credit card information and authorization on PTO-2038.

I am the [:I applicant/inventor

1:] assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96).

VA attorney or agent of record. Registration Number: 45,285

‘:1 attorney or agent under 37 CFR 1.34(a).
Registration number if acting un - R 1.34(a)

__/X 5 August 2008

Jsignature Date
5’ Jason H. Vick, Reg. No. 45,285 303.764.3005

Typed or printed name Telephone Number

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple fom-is if more than
one signature is required, see below.

Total of 1 fonns are submitted.
This collection of information is required by 37 CFR 1.136(a). The infonnation is required to obtain a benefit by the public which is to tile (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to complete,
including gathering, preparing, and submitting the completed application fonn to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS, SEND TO: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.
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PTO/SB/O6 (O7-O6)
Approved for use through 1/31/2007. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paerwork Reduction Act of 1995, no ersons are reuired to resend to a collection of information unless it disla s a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD APP"°a“°“ °’ D°°ke‘ N”mbe’ F‘”“9 Date
Substitute for Form PTO-875 11/863.581 09/28/2007 I:I To be Mailed

APPLICATION AS FILED — PART I OTHER THAN

(Column 1) (Column 2) sMA|_|_ ENTITY |:| OR SMALL ENTITY

NUMBERFILED RATE<$J FEW RAW) FEW
I:I B/35"? FEE N/A N/A N/A N/A37CFR1.16a, b ,or c

|:I SEARCH FEE
37CFR1.16I<, i,or(m N/A

D EXAMINATION FEE N(37 CFR 1.16(o), (p), or (q))
TOTAL CLAIMS
'37 CFR 1.16 i

INDEPENDENT CLAIMS , g *
'37 CFR 1.16 h)) m'””53‘

If the specification and drawings exceed 100
h t f th I‘ t‘ ' f d

DAPPLICATIONSIZEFEE is§§s%‘Z$IZ2iE;is§.ZI“;Lii1;§’?of':§ci‘?“ “
(37 CFR MGIS» additional 50 sheets or fraction thereof. See

35 U.S.C. 41 a 1 G and 37 CFR 1.16 s.

D MULTIPLE DEPENDENT CLAIM PRESENT I37 CFR1.16(I))
* If the difference in column 1 is less than zero, enter “0” in column 2.

APPLICATION AS AMENDED — PART II
OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL

AFTER PREVIOUSLY EXTRA RATE ($) FEE ($) RATE ($) FEE ($)AMENDMENT PAID FOR

11niI

2

X (/7 II x $
Independent
37 CFR118 ti Mmus

X (/7 II x 69

D Application Size Fee (37 CFR 1.16(s))

l-
2
Lu
2
D
Z
Lu
E
<

3 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST

AMENDMENT PAID FOR

I:I Application Size Fee (37 CFR 1.16(s))

X $50:

x (xi II
X $210 2AMENDMENT "X3 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

:*If the entry in column 1 is less than the entryin column 2, write “O“ in column 3. n " Legal lnstrument Examiner.
If the Highest Number Previously Paid For’ IN THIS SPACE IS less than 20, enter 20 . /THERESA LINDSAYI

*** If the “Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter
The “Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, Us.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: ) Group Art Unit: 2611

)

Tzannes ) Confirmation No.: 1948

)

Serial No.: 11/863,581 ) Examiner: WILLIAMS, LAWRENCE B

)

Filed: 09-28-2007 ) INFORMATION DISCLOSURE STATEMENT

Atty. File No.: 5550-47-CON-2 Electronically Submitted

)

)

)

For: SYSTEM AND METHOD FOR )

SCRAMBLING THE PHASE OF )

THE CARRIERS IN A )

MULTICARRIER )

COMMUNICATIONS SYSTEM )

Mail Stop Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

The references cited on attached Form PTO-SBO8 are being called to the attention of the

Examiner.

IX Copies of the cited non-patent and/or foreign references are enclosed herewith.

13 Copies of the cited U.S. patents and/or patent applications are enclosed herewith.

El Copies of the cited U.S. patents/patent application publications are not enclosed in

accordance with 37 C.F.R. § l.98(a).

El Copies of the cited references are not enclosed, in accordance with 37 C.F.R.

§ 1 .98(d), because the references were cited by or submitted to the U. S. Patent and Trademark Office

in prior application Serial No. filed , which is relied upon for an earlier

filing date under 35 U.S.C. § 120.

D To the best ofapplicants’ belief, the pertinence ofthe foreign-language references are

believed to be summarized in the attached English abstracts and in the figures, although applicants

do not necessarily vouch for the accuracy of the translation.
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131 Examiner’s attention is drawn to the following co-pending application:

Serial No. 11/860080 filed 09-24-2007

1:1 Other:

Submission ofthe above information is not intended as an admission that any item is citable

under the statutes or rules to support a rejection, that any item disclosed represents analogous art,

or that those skilled in the art would refer to or recognize the pertinence ofany reference without the

benefit of hindsight, nor should an inference be drawn as to the pertinence of the references based

on the order in which they are presented. Submission of this statement should not be taken as an

indication that a search has been conducted, or that no better art exists.

It is respectfully requested that the cited information be expressly considered during the

prosecution of this application and the references made of record therein.

FEES

37 CFR l.97(b): No fee is believed due in connection with this submission, because the information disclosure statement
submitted herewith is satisfies one of the following conditions (“X” indicates satisfaction):

13 Within three months of the filing date of a national application other than a continued prosecution
application under 37 CFR l.53(d), or

13 Within three months of the date of entry into the national stage of an international application as setforth in 37 CFR 1.49101’

1:1 Before the mailing date of a first Office Action on the merits, or

1:1 Before the mailing of a first Office action afier the filing of a request for continued examination under
37 CFR 1.114.

Although no fee is believed due, if any fee is deemed due in connection with this submission, please charge such fee to
Deposit Account 19-1970.

37 CFR 1.97(c): The information disclosure statement transmitted herewith is being filed afier all the above conditions (37
CFR 1.97(b)), but before the mailing date of one of the following conditions:

(1) a final action under 37 C.F.R. 1.113 or
(2) a notice of allowance under 37 C.F.R. 1.311, or
(3) an action that otherwise closes prosecution in the application.

This Information Disclosure Statement is accompanied by:

13 A Certification (below) as specified by 37 C.F.R. l.97(c). Although no fee is believed due, if any fee is
deemed due in connection with this submission, please charge such fee to Deposit Account 19-1970.

OR

1:1 Please charge Deposit Account 19-1970 in the amount of $180.00 for the fee set forth in 37 C.F.R. l.17(p)
for submission of an information disclosure statement. Please credit any overpayment or charge any underpayment to
Deposit Account 19-1970.

37 CFR 1.97(d): This Information Disclosure Statement is being submitted afier the period specified in 37 CFR l.97(c).

1:1 This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. 1.97(e)AND

13 Applicants hereby requests consideration of the reference(s) disclosed herein. Please charge Deposit

Account 19-1970 in the amount of$l80.00 under 37 C.F.R. l.l7(p). Please credit any overpayment or

charge any underpayment t0 Deposit Account 19-1970. Election to pay the fee should not be taken as an
indication that applicant(s) cannot execute a certification.
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Certification (37 C.F.R. 1.97(e))
(Applicable only if checked)

3 The undersigned certifies that:

3 Each item of information contained in this information disclosure statement was first cited in

any communication from a foreign patent office in a counterpart foreign application not more than
three months prior to the filing of this statement. 37 C.F.R. l.97(e)(1).

A copy of the communication from the foreign patent office is enclosed.

OR

B No item of information contained in this information disclosure statement was cited in a

communication from a foreign patent office in a counterpart foreign application, and, to the
knowledge of the undersigned after making reasonable inquiry, no item of information contained

in this Information Disclosure Statement was known to any individual designated in 37 C.F.R.
1.56(c) more than three months prior to the filing of this statement. 37 C.F.R. l.97(e)(2).

Respectfully submitted,

SHERIDAN ROSS P.C.

. 1ck

Registration No. 45285

1560 Broadway, Suite 1200

Denver, Colorado 80202-5141

(303) 863-9700
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Substitute for fOflTI 144-9A/PTO Comp[efe Known

‘ pplication Number
INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

09

2611

Examiner Name WILLIAMS LAWRENCEB

U.S. PATENT DOCUMENTS

Examiner Cite Document Number _ Publication Date Name of Patentee of Pages, Columns, Lines, Where
Initials‘ No.‘ Number-kind Code “‘”‘”°""’ MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant

Fiures Apear

FOREIGN PATENT DOCUMENTS

Foreign Patent Document

Country Code’; Number‘; Kind Relevant
Code5 (if known) Passages or

Relevant Figures
A pear

JP H10(1998)—084329 03/31/98 NIPPON HOSO (Translated
Abstract and

partial
translation

JP H08(1996)—321820 12/03/96 MATSUSHITA (Translated
ELECTRIC IND CO Abstract)
LTD

OTHER ART (Including Author, Title, Date, Pertinent Pages, etc.)

Examiner Cite
Initials’ No.‘

3 Notification of Reasons for Refusal (including translation) for Japanese Patent Application
No. 2001-537217, date of dispatch, March 3, 2008 (Attorney's Ref. No. 5550-47-PJP)

Examiner Date
Signature Considered

‘EXAMINER: Initial if reference is considered, whether or not citation is in conformance and not considered. Include copy of this
form with next communication to applicant.
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Searching PAJ

PATENT ABSTRACTS OF JAPAN

(11)Publication number : 10-034329

(43)Date of publication of application :31.03.1998

(51)Int.C|. l'l04J 11/00

(21)App|ication number : 08-238917 (71)Applicant : NIPPON HOSO KYOKAI <NHK>

(22)Date of filing : 10.09.1996 (72)lnventor : SATO SHOE
SAITO TOMOHIRO
MORIYAMA SHIGEKI

(54) TRANSMISSION METHOD FOR OFDM MODULATION SIGNAL. OFDM TRANSMITTER
AND RECEIVER

(57)Abstract:
PROBLEM TO BE SOLVED: To prevent production of distortion by spreading a reference phase
of each carrier of the frequency orthogonal division multiplex (OFDM) system and changing the
amplitude of each carrier of the OFDM without giving effect on transmitted information so as to
suppress a peak level of signals.

SOLUTION: After multiplying a complex code series ejsk (Sk=pk2, p is an optional real number
not being zero, 0SkSN, N is a total carrier number) with an input coded signal, inverse FFT is
applied to the product to generate an OFDM modulation signal and it is transmitted. At a
receiver side, a complex code series ejsk (Sk is the same as above) is multiplied with a signal
resulting from FFT processing to a received signal and an OFDM demodulation signal is
obtained. The information relating to the ejsk required for demodulation is included in the input
coded information, or sent in advance from the transmitter side to the receiver side through
other transmission line. Thus, the reference phases of each carrier of the OFDM are hardly
arranged and the level of transmission signals is suppressed and the resulting signal is sent,
then an operating point of amplifiers is set higher.

http://wwwl9.ipd1.inpit.go.jp/PA1/result/detail/main/wAAAcPaytRDA410084329P1.htm 08/03/06
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>l< NOTICES >l<

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.
2.**** shows the word which can not be translated.

3.In the drawings, any words are not translated.

CLAIMS [

[C|aim(s)]
[Claim i]In the transmitting side, it is a complex code sequence to an input encoded signal.
[External Character 1]
E J S x

(-- the signal which they generated the OFDM modulation signal here and transmitted to it as

reverse FFT of Sk=pk2, the arbitrary real numbers whose p is not zero, 0 <=k<=N, and the N was
carried out after they carried out the multiplication of total number of careers) here, and carried
out FFT of the input signal in the receiver -- a complex code sequence [External Character 2]

nu’ 5 1.e

A transmission method of an OFDM modulation signal carrying out the multiplication of (Sk is the

same here to said Sk), and acquiring an OFDM demodulation signal.
[Claim 2]Said complex code sequence required for an OFDM recovery [ in / on a transmission
method of the OFDM signal according to claim 1, and / a receiver] [External Character 3]

-i S ke

the arbitrary real numbers Sk=pk2 and whose p are not zero here. A transmission method of an
OFDM modulation signal, wherein O <=k<=N and N include the information about the total number
of careers in said input encoded signal or transmit it to a receiver beforehand from the
transmitting side in transmission lines other than the transmission line For OFDM transmission
concerned.

[Claim 3]It is a complex code sequence to an input encoded signal at least. [External Character
4]
esSt

(-- the OFDM sending set which Sk=pk2, the arbitrary real numbers whose p is not zero, 0
<=k<=N, and N are provided with the means which carries out the multiplication of total number
of careers) here, and is characterized by things.

[Claim 4]It is a complex code sequence to a signal which carried out FFT of the input signal at
least. [External Character 5]

9 -1 5 x

(-- the OFDM receiving set which Sk=pk2, the arbitrary real numbers whose p is not zero, 0
<=k<=N, and N are provided with the means which carries out the multiplication of total number
of careers) here, and is characterized by things.
[Claim 5]ln a transmission method of an OFDM modulation signal which generates a modulating

signal of either BPSKOFDM and a QPSKO FDM modulating signal, and is transmitted, After
carrying out the multiplication of two or more constants which make equal amplitude of positive
[ of a phase which said one of modulating signals can take ], and a negative ingredient in an

11ttp ://www4.ipdl. inpit. go.jp/cg1'—bin/tran_web_cgi_cjj e?atw_u=http ://www4 .ipd1.inpit.g. .. 08/03/06
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amplitude peak period of one of said modulating signals according to a value of an input encoded
signal, respectively, A transmission method of an OFDM modulation signal characterized by
carrying out reverse FFT, generating an OFDM modulation signal, and making it transmit.
[Claim 6]In an OFDM sending set which generates a modulating signal of either BPSKOFDM and
a QPSKOFDM modulating signal, and transmits, An OFDM sending set which is provided with a
means which carries out the multiplication of two or more constants which make equal amplitude

of positive [ of a phase which said one of modulating signals can take at least], and a negative
ingredient in an amplitude peak period of one of said modulating signals according to a value of
an input encoded signal, respectively, and is characterized by things.

[Translation done.]

http ://www4 .ipd1.inpit.go.jp/cgi-bin/t:ran_wcb_cgi_cjjc?atw_u=http ://www4.ipd1.inpit. g. .. 08/03/O6
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* NOTICES >1:

JPO and IIIPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.
2,**** shows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]
[0001]
[Field of the Invention]In a broadcasting satellite, in order to use the generating electric power

by a solar cell, the output of a relay amplifier has restriction, but. This invention, A transmission
method and an OFDM sending set of a frequency rectangular cross division multiplex

(OFDM:Orthogonal Frequency Division Multiplexing) modulating signal suitable for using it for
digital broadcasting in such a satellite system (as opposed to a ground system), etc., It is related
with a receiving set.

[0002]
[Problem(s) to be Solved by the Invention]Conventionally, there are phase modulations, such as
BPSK and QPSK, in the modulation method of each career of OFDM. In these modulation
methods, the reference phase of each career by which multiplex was carried out is constant,
and, in the case of BPSK, in the case of a binary and QPSK, the phase which each modulating

signal can take is restricted with four value. Therefore, in the phase of each career, by this
method, the peak of amplitude may occur on a set or the OFDM time base signal which becomes
empty.

[0003]For example, in the relay amplifier for broadcast, while generating electric power and
amplifier efficiency have restriction, in order to secure the rate of a service period, and the rate
of a place, it is used near the saturation region. In order to secure the rate of a service period,
and the rate of a place also in digital broadcasting using an OFDM modulation method, to take
the high operating point of an amplifier is desired. However, it is one side, and if the high
operating point is taken in this way, in the amplitude peak of an OFDM modulation signal, it will
become easy to generate distortion.
[0004]In the situation which has restriction in the above generating electric power and amplifier

efficiency, the purpose of this invention is to suppress the amplitude peak of an OFDM signal
and to perform little transmission in the high operating point.
[0005]

[Means for Solving the Problem]lt is going to control an amplitude peak of a signal by diffusing a
reference phase of OFDM each career, or changing amplitude of OFDM each career, without
affecting information which should be transmitted in this invention, in order to attain the above-
mentioned purpose. In order to make diffusion of these reference phases thru/or change of

amplitude perform, in this invention, the multiplication of the specific signal (S) is carried out so
that an input encoded signal may not be affected at transmitted data (a case where it amends by
a receiver so that it may not be affected is included), OFDM modulation is performed based on
it, and each career is transmitted.

[0006]When carrying out signal (S) multiplication and diffusing a reference phase of each career
now, a phase of each career becomes difficult to gather and can be transmitted by suppressing a

peak of amplitude. In this case, in a receiver, the multiplication of the signal (S*) corresponding
to a signal (S) which carried out multiplication at the above-mentioned transmitting side is
carried out to an OFDM demodulation signal, and right information is restored.
[0007]When each career does not have information in amplitude directions, such as BPSK and

QPSK, in carrying out the multiplication of the signal (S) at the transmitting side, transmission

http://www4. ipdl .inpit.go .jp/cg1‘-bin/I:ran_wcb_cgi_ejje?atW_u=http%3A%2F%2Fwww4. . . 08/03/O6



Page 121 of 244

.TP,10-084329,A [DETAILED DESCRIPTION] 2/7 "€—‘}

which suppressed a signal peak is performed by choosing a signal (S) which carries out
multiplication so that amplitude of a career with which phases produce an amplitude peak

together, and a career with an ingredient of an opposite phase may be enlarged -- things can be
carried out. Here, since multiplication of a signal (S) can be performed only by calculation by a
discrete time, it can respond flexibly with software.
[0008]That is, a transmission method of this invention OFDM modulation signal is a complex

code sequence to an input encoded signal in the transmitting side. [External Character 6]
B i S x

(-- a signal which they generated an OFDM modulation signal here and transmitted to it as

reverse FFT of Sk=pk2, the arbitrary real numbers whose p is not zero, 0 <=k<=N, and the N was
carried out after they carried out the multiplication of total number of careers) here, and carried
out FFT of the input signal in a receiver —— a complex code sequence [External Character 7]

e -1’ 5 1:

The multiplication of (Sk is the same here to said Sk) is carried out, and the OFDM demodulation
signal was acquired.
[0009]Said complex code sequence which needs the transmission method of this invention

OFDM modulation signal for the OFDM recovery in a receiver [External Character 8]
—i' 3 ke

the arbitrary real numbers Sk=pk2 and whose p are not zero here. 0 <=k<=N and N include the
information about the total number of careers in said input encoded signal, or transmitted it to
the receiver beforehand from the transmitting side in transmission lines other than the
transmission line for OFDM transmission concerned.

[00l0]this invention OFDM sending set is a complex code sequence to an input encoded signal
at least. [External Character 9]

i S l:E

(Sk=pk2, the arbitrary real numbers whose p is not zero, 0 <=k<=N, and N are provided with the
means which carries out the multiplication of total number of careers) here
[001l]this invention OFDM receiving set is a complex code sequence to the signal which carried

out FFT of the input signal at least. [External Character 10]
--3 S xe

(Sk=pk2, the arbitrary real numbers whose p is not zero, 0 <=k<=N, and N are provided with the
means which carries out the multiplication of total number of careers) here
[0012]A transmission method of this invention OFDM modulation signal, In a transmission
method of an OFDM modulation signal which generates a modulating signal of either BPSKOFDM
and a QPSKOFDM modulating signal, and is transmitted, After carrying out the multiplication of
two or more constants which make equal amplitude of positive [ ofa phase which said one of
modulating signals can take ], and a negative ingredient in an amplitude peak period of one of
said modulating signals according to a value of an input encoded signal, respectively, Reverse
FFT is carried out, an OFDM modulation signal is generated, and it was made to transmit.

[0013]ln an OFDM sending set which this invention OFDM sending set generates a modulating
signal of either BPSKOFDM and a QPSKOFDM modulating signal, and transmits, It has a means
which carries out the multiplication of two or more constants which make equal amplitude of

positive [ of a phase which said one of modulating signals can take at least ], and a negative
ingredient in an amplitude peak period of one of said modulating signals according to a value of
an input encoded signal, respectively.
[0014]
[Embodiment of the Invention]With reference to an accompanying drawing, this invention is
explained in detail based on an embodiment of the invention below. lQ,;ra,3g§gi3j;,g;,,,jl,_,_,is a transmission
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code series (input encoded signal).
[External Character 1 1]

X k

>l<>l<>l<* — To the signal which carried out the parallel conversion, it is an example of a numerals
system. [External Character 12]

S 1:

(book specification preceding paragraph shows one embodiment of the OFDM sending set by this
invention which only carries out the multiplication of (having expressed with 8)), and is
transmitted. This embodiment is an embodiment which diffuses a phase to BPSKOFDM and
controls a signal peak.

[0015]In gdgfayyjg3g,__1_, it is a code sequence as an input encoded signal. [External Character 13]

Xx

Direct in the serial/parallel conversion machine 1 - Carry out a parallel conversion and it is

made a parallel signal, Furthermore, an OFDM modulation signal is acquired from an output
terminal of the converter 3 via reverse FFT circuit (lnvers Fast Fourier Transform circuit) 2 and

the parallel serial change machine 3. It is a process of the usual OFDM modulation signal
generation so far (however, when there is no multiplier 4 in M1).
[0016]On the other hand, a code sequence which the multip inserted, respectively

between each parallel line between the serial/parallel conversion machine 1 and the reverse FFT
(IFFT) circuit 2, and is an input encoded signal as this invention is shown in .d§;;»j;iyy_i_i;ig,_,,1,,[External
Character 14]

X1:

Code sequence [External Character 15]

S u

Multiplication is performed in between and the multiplication result is supplied to reverse FFT

circuit 2. The composition of ;;l__r_a_vy_i__:_3;>?j__,1,V,V_,is [ in / are an example and / this invention ] a code
sequence. [External Character 16]

X):

It is alike and a code sequence. [External Character 17]
S a

What is necessary is just the composition by which multiplication is carried out to ******, and it
is not necessary to follow circuit arrangement shown in glfgyjitigr 1,.

[0017]Here, it is an input code sequence. [External Character 18]

Xx

It is a code sequence of ** and the binary (—either 1 or 1 is taken) of N pieces. and is a code

sequence. [External Character 19]
Sn

>I_<**>I<****>I<* [External Character 20]
X 1.

A complex code sequence at least for ** to diffuse a phase [External Character 21]
B I S 1:
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It comes out. Sk is a known series beforehand in a receiver, for example, the time delay of each
career is proportional to frequency -- as [Equation 1]
S 1: I D K 2

However, the arbitrary real numbers whose p is not zero, 0 <=K<=N, and N are the total numbers
of careers.

In this way, the input code sequence of a binary [External Character 22]

X1

A compound code sequence for ** and phase diffusion [External Character 23]5 S ke

Multiplication is mutually carried out by the multiplier 4. The OFDM modulation signal by which
phase diffusion was carried out as a result of multiplication

[External Character 24]
T:

It is obtained by the output terminal of the ** parallel serial converter 3.

[O018]m¥;}:_§gy_ir3g,,,2__V(a) and (b) is a code sequence (complex code sequence) to the BPSKOFDM
modulating-signal generate time mentioned above.

[External Character 25]
Sk

An example of a constellation of each career of a modulating signal a time (the usual
BPSKOFDM) of not carrying out multiplication and when multiplication is carried out by this

invention is shown, respectively. Q_r_g’m_(§_og_,_,§,_(a) and (b) shows an example of a signal wave form of
an OFDM modulation signal corresponding to them, respectively. It turns out that it is

transmitted as a signal (gl§§iyyiin,g___§%_,(b)) with which a phase of each career becomes difficult to
gather compared with a case where phase diffusion of the time base waveform of a signal by
which phase diffusion was carried out is not carried out (dravgiag 2 (b)), and a peak of amplitude
was suppressed from .<i<a.yv.i.r.2.g_.Z..and s§.t§t%a:t.g....3
[0019]A signal which carried out FFT of the input signal with which di“awin_gfl__received a signal

(that is, phase diffusion was carried out and transmitted) transmitted by an above-mentioned
method

[External Character 26]
R1:

It is alike and is a complex code sequence. [External Character 27]' as

S1:

(-- this specification preceding paragraph -- only (S*) -- a table —- the bottom --) -- carrying

out multiplication -— a right received code series [External Character 28]
Xx

One embodiment of an OFDM receiving set by this invention to restore is shown.

[0020]ln 3g__§le, it is an input signal.

[_External acter 29]
Rx

Direct in the serial/parallel conversion machine 5 - A parallel conversion is carried out, it is
made a parallel signal, and an OFDM recovery is further carried out in FFT circuit 6. It is a

complex code sequence to this OFDM demodulation signal to which it restored. [External
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Character 30]
S 1:

Each multiplier 7 for carrying out multiplication is arranged between FFT circuit (fast Fourier
Transform circuit) 6 and the parallel serial conversion circuit 8.

[0021]Comp|ex code sequence [External Character 31]

S:

It is a complex code sequence at ** and the transmitting side at the time of OFDM modulation.
[External Character 32]
B i S x

The signal with which phase diffusion also of the receiver was carried out since multiplication
was carried out and phase diffusion of the modulated wave was carried out will be received, and
it is a right received code series as it is. [External Character 33]

Xx

Specifically at the code sequence for carrying out reverse correction of it becoming impossible
to restore, it is a complex code sequence. [External Character 34]

—’ 5 38 J

(Sk is a known series beforehand in a receiver, for example, is Sk=k2;, however 0<=K<=N(N: total
number of careers)). A code sequence restored eventually [External Character 35]

Xx

It is a code sequence of 1 or 1 [-] of k **.
[0022]Thereby, it is an input signal.

[External Character 36]
R1.

FFT is carried out by FFT6 through the ** serial/parallel conversion 5, and it is inputted into the
multiplication terminal of the multiplier 7. On the other hand, it is a code sequence of a reverse
correction sake about phase diffusion. [External Character 37]

sf

In ********, it is known beforehand and is inputted into a multiplication terminal of the multiplier

7. In an output multiplier, it is a received code series of a binary (-1, 1). [External Character 38]

X1:

It ****** and is taken out via the parallel serial converter 8.

[0023]The complex code sequence which is needed above by a receiver for a right OFDM
recovery [External Character 39]

—-i S ne

It must be transmitted to a receiver in ** and a certain form. This is a complex code sequence.

[External Character 40]

E -i S k

The very thing is not transmitted but information which it can reproduce by a receiver should
just be sent. As a transmission method. it is made to contain in an input encoded signal at the
transmitting side, and transmits in a transmitted symbol, or may transmit in a transmission line
different from it.

[0024-]A code sequence used in this invention when performing OFDM modulation and a recovery
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by drawin_g_,_1__,and respectively [External Character 41]

S k

[External Character 42]
S u

** -- a transmission code series a peak is still more apt to break off even if this changes a
transmission code series for every symbol by a known method at the transmitting side, and

transmits by performing phase diffusion and it is made to carry out reverse correction by a

receiver, although it was considered as a regularity (it does not change) thing in time [External

Character 43]
X1;

Being spread is possible.
[0025]In consideration of the case where the amplitude of each career of an OFDM signal has
information in the above-mentioned example (actually, in BPSKOFDM of the above-mentioned

example, it does not have, but in the case of the multiple value QAMOFDM, it has information), it

is the transmitting side and is a complex code sequence. [External Character 44]
Sk

Since multiplication is carried out, and the topology will be lost if phase diffusion is carried out, in
order to recover this, it is a receiver, and it is a complex code sequence. [External Character 45]

' 1-

S k

Multiplication was carried out.
[0026]On the other hand, in BPSKOFDM and QPSKOFDM, there is information only in the phase
of each career and it does not have information in the amplitude direction of each career. Then,

in BPSKOFDM, it is for example. [External Character 46]
S k

It carries out and is a transmission code series. [External Character 47]

X1:

case N/(2N 1) of ** 1, and a case of 1 [til -- N/(2N 2) -— the multiplication of the constant
shall be carried out to a transmission code series (equivalent to an input encoded signal),

respectively It is here, and N is symbol length and N1 and N2 is in a symbol, respectively.
[External Character 48]

X x

It is the number of ** 1 and—1. By carrying out like this, it is a transmission signal.
[External Character 49]

T):

Since a size of an ingredient 1, -1 or positive, and negative becomes equal at a ****** peak
period, a peak of amplitude can be suppressed and transmitted like the above-mentioned
example. In this case, in a receiver, since it does not have information in an amplitude direction
of each career, reverse correction of career diffusion for right decoding is not needed.
[0027]
[Effect of the Invention]According to this invention, as explained above, also in the amplifier
which has restriction in generating electric power, such as satellite broadcasting, it has the

purpose of securing a hour rate and the rate of a place, and even if it makes it operate in the
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higher operating point, it becomes possible to carry out little distorted OFDM transmission.

[Translation done.]
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(54) TRANSMISSION METHOD FOR
ORTHOGONAL FREQUENCY DIVISIONI
MULTIPLEX SIGNAL AND ITS TRANSMITTER
AND/RECEIVER

(57) Abstract:

PURPOSE: To effectively remove waveform distortion
occurred in a data component on the frequency axis
of respective symbols by means of a multipath and the
like at the time of transmitting an OFDM signals.

CONSTITUTION: In a transmission device 1, a com-

plex multiplier 13 comp|ex—multip|ies a carrier modula-
tion signal group by a complex number signal group
which has a previously decided special pattern and
in which the phase changes at random. An inverse
Fourier transformer 15 executes inverse Fourier trans-

form against the output of the complex multiplier 13,
and transforms a digital signal multiplexed on the fre-
quency axis into the OFDM signal of a time axis. A
guard time insertion part 16 adds front guard time to

the front parts of the respective symbols of the OFDM
signal and rear guard time to rear parts. Data simi-
lar to the trailing end part of the corresponding sym-
bol is included in front guard time, and data similar to
the front end part of the corresponding symbol is in-
cluded in rear guard time. The OFDM signals to which
front guard time and rear guard time are added are
transformed into analog signals and are transmitted to
a reception-side. The reception-side executes a pro-
cessing inverse to a transmission—side and therefore
distortion owing to time delay is removed.
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Application No. Applicant(s)

11/863,581 TZANNES, MARCOS 0.

Office Action Summary Examine, An Uni, I
' Lawrence B. Williams 2611

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply '

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE Q MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- ‘If No period for reply is specified above, the maximum statutory period will apply and will expire Six (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months afterthe mailing date of this communication, even if timely filed. may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)EI Responsive to communication(s) filed on 28 September 2007.

2a)I:I This action is FINAL. 2b)E This action is non-final.

3)E] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Ouayle, 1935 C.D. 11,453 O.G. 213.

Disposition of Claims

4)IZ Clalm(s) Q is/are pending in the application.

4a) Of the above claim(s) __ is/are withdrawn from consideration.

5)E] Claim(s) ____is/are allowed.

6)|Z Clalm(s) E is/are rejected.

7)I:] Clalm(s) __ is/are objected to.

8)E] Clalm(s)j are subject to restriction and/or election requirement.

Application Papers

9)C] The specification is objected to by the Examiner. A
10)E The drawing(s) filed on 28 September 2007 is/are: a)IZI accepted or b)I:I objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.1 21 (d).

11)l:] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO—152.

Priority under 35 U.S.C. § 119

12)D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)l:l All b)|:J Some * c)l:| None of: '

1.|:I Certified copies of the priority documents have been received.

2.Ij Certified copies of the priority documents have been received in Application No. .j

3.l:] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)). ‘

* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) E Notice of References Cited (PTO-892) 4) CI Interview Summary (PTO—413)
2) D Notice of Draftsperson's Patent Drawing Review (PTO~948) Paper N°(3)/M3" Data ——
3) E information Disclosure Statement(s) (PTO/SB/08) 5) El N°“C° 0* '"f°""a' Palei“ A°P"°a“°"

Paper No(s)/Mail Date . 6) D Other: .
US Patent and Trademark Office

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 1
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Application/Control Number:
1 1/863,581
Art Unit: 2611

DETAILED ACTION

Double Patenting

1. The nonstatutory double patenting rejection is based on a judicially created doctrine

grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or

improper timewise extension of the “right to exclude” granted by a patent and to prevent possible

harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection

is appropriate where the conflicting claims are not identical, but at least one examined

application claim is not patentably distinct from the reference claim(s) because the examined

application claim is either anticipated by, or would have been obvious over, the reference
claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re

Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225

USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re

Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969). _

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(0) or 1.321(d) may
be used to overcome an actual or provisional rejection based on a nonstatutory double patenting

ground provided the conflicting application or patent either is shown to be commonly owned
with this application, or claims an invention made as a result of activities undertaken within the

scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal

disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CFR

3.73(b).

2. Claim 1 is rejected on the ground of nonstatutory obviousness-type double patenting as

being unpatentable over claims 1 and 5 of U.S. Patent No. 7,292,627. Although the conflicting

claims are not identical, they are not patentably distinct from each other because the limitations

of claim 1 of the instant application are encompassed in claims 1 and 5 of US Patent 7,292,267.

Claim 1 of the instant application discloses in a multicarrier modulation system including

a first transceiver in communication with a second transceiver using a transmission signal having

a plurality of carrier signals for modulating an input bit stream (disclosed in lines 1-3 of claim 1,

and claim 5 of US Patent 7,292,627 B2. Maintaining synchronization with a second transceiver
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inherently implies the system including a first and second transceiver), each carrier signal having

a phase characteristic associated with the input bit stream, a method for scrambling the phase

characteristics of the carrier signals comprising (lines 3-5): associating each carrier signal with a

value determined independently of any input bit value carried by that carrier signal (lines 6-8);

computing a phase shift for each carrier signal based on the value associated with that carrier

signal (lines 9-10); and combining the phase shift computed for each carrier signal with the

phase characteristic of that carrier signal so as to substantially scramble the phase characteristics

of the plurality of carrier signals (lines 11-14). Though claim 1 of the co-pending application

does not explictly teach a second transceiver, claim 5 of US Patent 7,292,627 B2 discloses the

limitation, "the method of claim 1 further comprising maintaining synchronization between the

transceiver and a second receiver” which obviously implies “the multicarrier modulation system

including a first transceiver in communication with a second transceiver” as disclosed in claim 1

of the instant application.

3. Claims 2-5 are rejected on the ground of nonstatutory obviousness-type double patenting

as being unpatentable over claims 2-5 of U.S. Patent No. 7,292,627. Although the conflicting

claims are not identical, they are not patentably distinct from each other because the limitations

of claim 2-5 of the instant application are encompassed in claims 2-5 of US Patent 7,292,267.

Claim 2 of the instant application discloses the method of claim 1 further comprising

modulating bits of the input bit stream onto the carrier signals having the substantially scrambled

phase characteristics to produce a transmission signal with a reduced peak-to-average power

ratio (PAR) disclosed in-claim 2 of US Patent 7,292,627.
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Claim 3 of the instant application discloses the method of claim 1 further comprising

independently deriving the value associated with each carrier signal at each transceiver disclosed

in claim 3 of US Patent 7,292,627.

Claim 4 of the instant application discloses the method of claim 1 further comprising

transmitting the value associated with each carrier signal from one transceiver to the other

transceiver disclosed in claim 4 of US Patent 7,292,627.

Claim 5 of the instant application discloses the method of claim 1 further comprising

maintaining synchronization between the transceivers using the value associated with each

carrier signal disclosed in claim 5 of US Patent 7,292,627.

Allowable Subject Matter

4. Claims 1-5 would be allowable if accompanied by a Terminal Disclaimer to overcome

the Double Patenting rejections cited above.

Conclusion

5. The prior art made of record and not relied upon is considered pertinent to applicant's

disclosure.

a.) Schmidt discloses in US 2006/0092902 A1 Methods, Apparatus And Systems For

Terrestrial Wireless Broadcast Of Digital Data To Stationary Receivers.

b.) Holden discloses in US 2006/0140288 A1 System And Method For Transmission And

Reception Of Multicarrier Data Signals.
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c.) Zhang et al. discloses in US 2005/0141410 A1 Method Of Reducing Peak-To-

Average Ratio In Multi-Carrier Communications Systems.

d.) Sakoda et al. discloses in US Patent 6,256,355 B1 Transmitter, Receiver,

Communication Method And Radio Communication System.

e.) Sakoda et al. discloses in US Patent 6,590,860 B1 Receiving Device And Signal

Reception Method.

l.) Hayashino et al. discloses in US Patent 5,682,376 Method and Transmitting

Orthogonal Frequency Division Multiplex Signal, And Transmitter And Receiver Employed

Thereof.

g.) Bauml et al. discloses in Electronics Letters, Reducing Peak-to-Average Power Ratio

of Multicarrier Modulation By Selected Mapping.

6. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Lawrence B Williarns whose telephone number is 571-272-3037.

The examiner can normally be reached on Monday-Friday (8:00-6:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Ghayour Mohammad can be reached on 571-272-3021. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

Lawrence B. Williams

lbw .
February 3, 2008
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Filing Date 09-28-2007_
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_ttorney Docket Number 5550-47-CON-2

, OTHER ART (including Author, Title, Date, Pertinent Pages, etc.)
Examiner Cite
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/LW/ 20 Bauml R. W. et al.: "Reducing The Peak—To-Average Power Ratio Of Multicarrier Modulation
By Selected Mapping" Electronics Letters, GB, lEE Stevenage, vol. 32, No. 22, Oct. 24,
1996. . . 2056-2057, XP000643915 ISSN: oo13—5194 . .
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22 International Search Report for international (PCT) Patent Application No. PCT/US00/30958,
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NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
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App|icant(s)
Marcos C. Tzannes, Orinda, CA;

Assignment For Published Patent Application
AWARE, |NC., Bedford, MA

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 11/211,535 08/26/2005 PAT 7,292,627
which is a CON of 09/710,310 11/09/2000 PAT 6,961,369
which claims benefit of 60/164,134 11/09/1999

Foreign Applications

If Required, Foreign Filing License Granted: 10/11/2007

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is us 11/863,581

Projected Publication Date: 03/20/2008

Non-Publication Request: No

Early Publication Request: No
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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
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A System and Method for Scrambling the Phase of the Carriers in a Multicarrier
Communications System

Related Application

This application claims the benefit of the filing date of copending U.S. Provisional

Application, Serial No. 60/164,134, filed November 9, 1999, entitled "A Method For

Randomizing The Phase Of The Carriers In A Multicarrier Communications System To

Reduce The Peak To Average Power Ratio Of The Transmitted Signal," the entirety of which

provisional application is incorporated by reference herein.

Field of the Invention

This invention relates to communications systems using multicarrier modulation.

More particularly, the invention relates to multicarrier communications systems that lower

the peak-to—average power ratio (PAR) of transmitted signals.

Background of the Invention

In a conventional multicarrier communications system, transmitters communicate

over a communication charmel using multicarrier modulation or Discrete Multitone

Modulation (DMT). Carrier signals (carriers) or sub-charmels spaced within a usable

fiequency band of the communication channel are modulated at a symbol (i.e., block)

transmission rate of the system. An input signal, which includes input data bits, is sent to a

DMT transmitter, such as a DMT modem. The DMT transmitter typically modulates the

phase characteristic, or phase, and amplitude of the carrier signals using an Inverse Fast

Fourier Transform (IFFT) to generate a time domain signal, or transmission signal, that

represents the input signal. The DMT transmitter transmits the transmission signal, which is a

linear combination of the multiple carriers, to a DMT receiver over the communication

channel.

The phase and amplitude of the carrier signals of DMT transmission signal can be

considered random because the phase and amplitude result from the modulation of an

arbitrary sequence of input data bits comprising the transmitted information. Therefore,

under the condition that the modulated data bit stream is random, the DMT transmission

signal can be approximated as having a Gaussian probability distribution. A bit scrambler is

often used in the DMT transmitter to scramble the input data bits before the bits are

modulated to assure that the transmitted data bits are random and, consequently, that the
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modulation of those bits produces a DMT transmission signal with a Gaussian probability

distribution.

With an appropriate allocation of transmit power levels to the carriers or sub-

channels, such a system provides a desirable performance. Further, generating a transmission

signal with a Gaussian probability distribution is important in order to transmit a

transmission signal with a low peak-to-average ratio (PAR), or peak-to-average power ratio.

The PAR of a transmission signal is the ratio of the instantaneous peak value (i.e., maximum

magnitude) of a signal parameter (e.g., voltage, current, phase, frequency, power) to the time-

averaged value of the signal parameter. In DMT systems, the PAR of the transmitted signal is

determined by the probability of the random transmission signal reaching a certain peak

voltage during the time interval required for a certain number of symbols. An example of the

PAR of a transmission signal transmitted from a DMT transmitter is 14.5 dB, which is

equivalent to having a 1E-7 probability of clipping. The PAR of a transmission signal

transmitted and received in a DMT communication system is an important consideration in

the design of the DMT communication system because the PAR of a signal affects the

communication system's total power consumption and component linearity requirements of

the system.

If the phase of the modulated carriers is not random, then the PAR can increase

greatly. Examples of cases where the phases of the modulated carrier signals are not random

are when bit scramblers are not used, multiple carrier signals are used to modulate the same

input data bits, and the constellation maps, which are mappings of input data bits to the phase

of a carrier signal, used for modulation are not random enough (i.e., a zero value for a data

bit corresponds to a 90 degree phase characteristic of the DMT carrier signal and a one value

for a data bit corresponds to a -90 degree phase characteristic of the DMT carrier signal). An

increased PAR can result in a system with high power consumption and/or with high

probability of clipping the transmission signal. Thus, there remains a need for a system and

method that can effectively scramble the phase of the modulated carrier signals in order to

provide a low PAR for the transmission signal.
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Summfl of the Invention

The present invention features a system and method that scrambles the phase

characteristics of the modulated carrier signals in a transmission signal. In one aspect, a value

is associated with each carrier signal. A phase shift is computed for each carrier signal based

on the value associated with that carrier signal. The value is determined independently of any

input bit value carried by that carrier signal. The phase shift computed for each carrier signal

is combined with the phase characteristic of that carrier signal to substantially scramble the

phase characteristics of the carrier signals.

In one embodiment, the input bit stream is modulated onto the carrier signals having

the substantially scrambled phase characteristic to produce a transmission signal with a

reduced peak-to-average power ratio (PAR). The value is derived from a predetermined

parameter, such as a random number generator, a carrier number, a DMT symbol count, a

superframe count, and a hyperfiame count. In another embodiment, a predetermined

transmission signal is transmitted when the amplitude of the transmission signal exceeds a

certain level.

In another aspect, the invention features a method wherein a value is associated with

each carrier signal. The value is determined independently of any input bit value carried by

that carrier signal. A phase shift for each carrier signal is computed based on the value

associated with that carrier signal. The transmission signal is demodulated using the phase

shift computed for each carrier signal.

In another aspect, the invention features a system comprising a phase scrambler that

computes a phase shift for each carrier signal based on a value associated with that carrier

signal. The phase scrambler also combines the phase shift computed for each carrier signal

with the phase characteristic of that carrier signal to substantially scramble the phase

characteristic of the carrier signals. In one embodiment, a modulator, in communication with

the phase scrambler, modulates bits of an input signal onto the carrier signals having the

substantially scrambled phase characteristics to produce a transmission signal with a reduced

PAR.
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Description of the Drawings

The invention is pointed out with particularity in the appended claims. The

advantages of the invention described above, as well as further advantages of the invention,

may be better understood by reference to the following description taken in conjunction with

the accompanying drawings, in which:

FIG. 1 is a block diagram of an embodiment of a digital subscriber line

communications system including a DMT (discrete multitone modulation) transceiver, in

communication with a remote transceiver, having a phase scrambler for substantially

scrambling the phase characteristics of carrier signals; and

FIG. 2 is a flow diagram of an embodiment of a process for scrambling the phase

characteristics of the carrier signals in a transmission signal.

Detailed Description

FIG. 1 shows a digital subscriber line (DSL) communication system 2 including a

discrete multitone (DMT) transceiver 10 in communication with a remote transceiver 14 over

a communication channel 18 using a transmission signal 38 having a plurality of carrier

signals. The DMT transceiver 10 includes a DMT transmitter 22 and a DMT receiver 26. The

remote transceiver 14 includes a transmitter 30 and a receiver 34. Although described with

respect to discrete multitone modulation, the principles of the invention apply also to other

types of multicarrier modulation, such as, but not limited to, orthogonally multiplexed

quadrature amplitude modulation (OQAM), discrete wavelet multitone (DVVMT) modulation,

and orthogonal frequency division multiplexing (OFDM).

The communication channel 18 provides a downstream transmission path from the

DMT transmitter 22 to the remote receiver 34, and an upstream transmission path from the

remote transmitter 30 to the DMT receiver 26. In one embodiment, the communication

channel 18 is a pair of twisted wires of a telephone subscriber line. In other embodiments, the

communication channel 18 can be a fiber optic wire, a quad cable, consisting of two pairs of

twisted wires, or a quad cable that is one of a star quad cable, a Dieselhorst-Martin quad

cable, and the like. In a wireless communication system wherein the transceivers 10, 14 are

wireless modems, the communication channel 18 is the air through which the transmission

signal 38 travels between the transceivers 10, 14.
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By way of example, the DMT transmitter 22 shown in FIG. 1 includes a quadrature

amplitude modulation (QAM) encoder 42, a modulator 46, a bit allocation table (BAT) 44,

and a phase scrambler 66. The DMT transmitter 22 can also include a bit scrambler 74, as

described further below. The remote transmitter 30 of the remote transceiver 14 comprises

equivalent components as the DMT transmitter 22. Although this embodiment specifies a

detailed description of the DMT transmitter 22, the inventive concepts apply also to the

receivers 34, 36 which have similar components to that of the DMT transmitter 22, but

perform inverse functions in a reverse order.

The QAM encoder 42 has a single input for receiving an input serial data bit stream

54 and multiple parallel outputs to transmit QAM symbols 58 generated by the QAM

encoder 42 from the bit stream 54. In general, the QAM encoder 42 maps the input serial bit-

stream 54in the time domain into parallel QAM symbols 58 in the frequency domain. In

particular, the QAM encoder 42 maps the input serial data bit stream 54 into N parallel

quadrature amplitude modulation (QAM) constellation points 58, or QAM symbols 58,

where N represents the number of carrier signals generated by the modulator 46. The BAT 44

is in communication with the QAM encoder 42 to specify the number ofbits carried by each

carrier signal. The QAM symbols 58 represent the amplitude and the phase characteristic of

each carrier signal.

The modulator 46 provides functionality associated with the DMT modulation and

transforms the QAM symbols 58 into DMT symbols 70 each comprised of a plurality of

time-domain samples. The modulator 46 modulates each carrier signal with a different QAM

symbol 58. As a result of this modulation, carrier signals have phase and amplitude

characteristics based on the QAM symbol 58 and therefore based on the input-bit stream 54.

In particular, the modulator 46 uses an inverse fast Fourier transform (IFFT) to change the

QAM symbols 58 into a transmission signal 38 comprised of a sequence of DMT symbols

70. The modulator 46 changes the QAM symbols 58 into DMT symbols 70 through

modulation of the carrier signals. In another embodiment, the modulator 46 uses the inverse

discrete Fourier transform (IDFT) to change the QAM symbols 58 into DMT symbols 70. In

one embodiment, a pilot tone is included in the transmission signal 38 to provide a reference

signal for coherent demodulation of the carrier signals in the remote receiver 34 during

reception of the transmission signal 38.
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The modulator 46 also includes a phase scrambler 66 that combines a phase shift

computed for each QAM-modulated carrier signal with the phase characteristic of that carrier

signal. Combining phase shifts with phase characteristics, in accordance with the principles

of the invention, substantially scrambles the phase characteristics of the carrier signals in the

transmission signal 38. By scrambling the phase characteristics of the carrier signals, the

resulting transmission signal 38 has a substantially minimized peak-to-average (PAR) power

ratio. The phase scrambler 66 can be part of or external to the modulator 46. Other

embodiments of the phase scrambler 66 include, but are not limited to, a software program

that is stored in local memory and is executed on the modulator 46, a digital signal processor

(DSP) capable of performing mathematical functions and algorithms, and the like. The

remote receiver 34 similarly includes a phase scrambler 66' for use when demodulating

carrier signals that have had their phase characteristics adjusted by the phase scrambler 66 of

the DMT transceiver 10.

To compute a phase shifi for each carrier signal, the phase scrambler 66 associates

one or more values with that carrier signal. The phase scrambler 66 determines each value for

a carrier signal independently of the QAM symbols 58, and, therefore, independently of the

bit value(s) modulated onto the carrier signal. The actual value(s) that the phase scrambler 66

associates with each carrier sig;nal can be derived from one or more predefined parameters,

such as a pseudo—random number generator (pseudo-RNG), a DMT carrier number, a DMT

symbol count, a DMT superfrarne count, a DMT hyperframe count, and the like, as described

in more detail below. Irrespective of the technique used to produce each value, the same

technique is used by the DMT transmitter 22 and the remote receiver 34 so that the value

associated with a given carrier signal is known at both ends of the communication channel

1 8.

The phase scrambler 66 then solves a predetermined equation to compute a phase

shift for the carrier signal, using the value(s) associated with that carrier signal as input that

effects the output of the equation. Any equation suitable for computing phase shifts can be

used to compute the phase shifts. When the equation is independent of the bit values of the

input serial bit stream 54, the computed phase shifts are also independent of such bit values.
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In one embodiment (shown in phantom), the DMT transmitter 22 includes a bit

scrambler 74, which receives the input serial bit stream 54 and outputs data bits 76 that are

substantially scrambled. The substantially scrambled bits 76 are then passed to the QAM

encoder 42. When the bit scrambler 74 is included in the DMT transmitter 22, the operation

of the phase scrambler 66 further assures that the transmission signal 38 has a Gaussian

probability distribution and, therefore, a substantially minimized PAR.

FIG. 2 shows embodiments of a process used by the DMT transmitter 22 for adjusting

the phase characteristic of each carrier signal and combining these carrier signals to produce

the transmission signal 3 8. The DMT transmitter 22 generates (step 100) a value that is

associated with a carrier signal. Because the value is being used to alter the phase

characteristics of the carrier signal, both the DMT transmitter 22 and the remote receiver 34

must recognize the value as being associated with the carrier signal. Either the DMT

transmitter 22 and the remote receiver 34 independently derive the associated value, or one

informs the other of the associated value. For example, in one embodiment the DMT

transmitter 22 can derive the value from a pseudo-RNG and then transmit the generated value

to the remote receiver 34. In another embodiment, the remote receiver 34 similarly derives

the value fi'om the same pseudo-RNG and the same seed as used by the transmitter (i.e., the

transmitter pseudo-RNG produces the same series of random numbers as the receiver

pseudo-RNG).

As another example, the DMT transmitter 22 and the remote receiver 34 can each

maintain a symbol counter for counting DMT symbols. The DMT transmitter 22 increments

its symbol counter upon transmitting a DMT symbol; the remote receiver 34 upon receipt.

Thus, when the DMT transmitter 22 and the remote receiver 34 both use the symbol count as

a value for computing phase shifts, both the DMT transmitter 22 and remote receiver 34

"know" that the value is associated with a particular DMT symbol and with each carrier

signal of that DMT symbol.

Values can also be derived from other types of predefined parameters. For example, if

the predefined parameter is the DMT carrier number, then the value associated with a

particular carrier signal is the carrier number of that signal within the DMT symbol. The

number of a carrier signal represents the location of the frequency of the carrier signal

relative to the frequency of other carrier signals within a DMT symbol. For example, in one
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embodiment the DSL communication system 2 provides 256 carrier signals, each separated

by a frequency of 4.3 125 kHz and spanning the fiequency bandwidth from 0 kHz to 1104

kHz. The DMT transmitter 22 numbers the carrier signals from 0 to 255. Therefore, "DMT

carrier number 50" represents the 51st DMT carrier signal which is located at the frequency

of215.625 kHz (i.e., 51 x 4.3125 kHz).

Again, the DMT transmitter 22 and the remote receiver 34 can know the value that is

associated with the carrier signal because both the DMT transmitter 22 and the remote

receiver 34 use the same predefined parameter (here, the DMT carrier number) to make the

value~carrier signal association. In other embodiments (as exemplified above with the

transmitter pseudo-RNG), the DMT transmitter 22 can transmit the value to the remote

receiver 34 (or vice versa) over the communication channel 18.

In other embodiments, other predefined parameters can be used in conjunction with

the symbol count. One example of such a predefined parameter is the superframe count that

increments by one every 69 DMT symbols. One exemplary implementation that achieves the

superfiame counter is to perform a modulo 68 operation on the symbol count. As another

example, the DMT transmitter 22 can maintain a hyperframe counter for counting

hyperframes. An exemplary implementation of the hyperframe count is to perform a modulo

255 operation on the superframe count. Thus, the hyperframe count increments by one each

time the superframe count reaches 255.

Accordingly, it is seen that some predefined parameters produce values that vary

from carrier signal to carrier signal. For example, when the predefined parameter is the DMT

carrier number, values vary based on the frequency of the carrier signal. As another example,

the pseudo-RNG generates a new random value for each carrier signal.

Other predefined parameters produce values that vary from DMT symbol 70 to DMT

symbol 70. For example, when the predefined parameter is the symbol count, the superframe

count, or hyperframe count, values vary based on the numerical position of the DMT symbol

70 within a sequence of symbols, superframes, or hyperframes. Predefined parameters such

as the pseudo-RNG, symbol count, superframe count, and superframe can also be understood

to be parameters that vary values over time. Any one or combination of the predefined

parameters can provide Values for input to the equation that computes a phase shift for a

given carrier signal.
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In one embodiment, the phase scrambling is used to avoid clipping of the

transmission signal 38 on a DMT symbol 70 by DMT symbol 70 basis. In this embodiment,

the DMT transmitter 22 uses a value based on a predefined parameter that varies over time,

such as the symbol count, to compute the phase shift. It is to be understood that other types of

predefined parameters that vary the values associated with carrier signals can be used to

practice the principles of the invention. As described above, the transceivers 10, 14 may

communicate (step 110) the values to synchronize their use in modulating and demodulating

the carrier signals.

The DMT transmitter 22 then computes (step 115) the phase shift that is used to

adjust the phase characteristic of each carrier signal. The amount of the phase shift combined

with the phase characteristic of each QAM-modulated carrier signal depends upon the

equation used and the one or more values associated with that carrier signal.

The DMT transmitter 22 then combines (step 120) the phase shift computed for each

carrier signal with the phase characteristic of that carrier signal. By scrambling the phase

characteristics of the carrier signals, the phase scrambler 66 reduces (with respect to

unscrarnbled phase characteristics) the combined PAR of the plurality of carrier signals and,

consequently, the transmission signal 38. The following three phase shifting examples, PS

#1-PS #3, illustrate methods used by the phase scrambler 66 to combine a computed phase

shift to the phase characteristic of each carrier signal.

Phase Shifting Example #1

Phase shifting example #1 (PS #1) corresponds to adjusting the phase characteristic of

the QAM-modulated carrier signal associated with a carrier number N by N x E modulo5

(mod) 271:. In this example, a carrier signal having a carrier number N equal to 50 has a phase

shift added to the phase characteristic of that carrier signal equal to 50 x % (mod 21: = -2- 7C.3

The carrier signal with a carrier number N equal to 51 has a phase shift added to the phase

characteristic of that carrier signal equal to 51 ><—§— (mod27r)=1t. The carrier signal with the

carrier number N equal to 0 has no phase shift added to the phase characteristic of that carrier

signal.
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Phase Shifting Example #2

Phase shifting example #2 (PS #2) corresponds to adjusting the phase characteristic of

the QAM-modulated carrier signal associated with a carrier number N by (N + M) x 3:: , mod

27:, where M is the symbol count. In this example, a carrier signal having a carrier number N

equal to 50 on DMT symbol count M equal to 8 has a phase shift added to the phase

characteristic of that carrier signal equal to (50 + 8) x % (mod 21t)=%. The carrier signal with

the same canier number N equal to 50 on the next DMT symbol count M equal to 9 has a

phase shift added to the phase characteristic of that carrier signal equal to (50 + 9) x %(mod
371'

2 =—.
11:) 4

Phase Shifting Example #3

Phase shifting example #3 (PS #3) corresponds to adjusting the phase characteristic of

the QAM-modulated carrier signal associated with a carrier number N by (XN) ><%,mod 22$,

where XN is an array of N pseudo-random numbers. In this example, a carrier signal having a

carrier number N equal to 5 and XN equal to [3, 8, 1, 4, 9, 5, . . .] has a phase shift added to

the phase characteristic of the carrier signal that is equal to (9) ><%(1nod 27:) = 3% (Note that
9 is the 5”‘ value in XN.) The canier signal with a carrier number N equal to 6 has a phase

shift added to the phase characteristic of the carrier signal equal to (5) x%(mod 27:) = -5-62 .
It is to be understood that additional and/or different phase shifting techniques can be

used by the phase scrambler 66, and that PS #1, #2, and #3 are merely illustrative examples

of the principles of the invention. The DMT transmitter 22 then combines (step 130) the

carrier signals to form the transmission signal 38. If the transmission signal is not clipped, as

described below, the DMT transmitter 22 consequently transmits (step 160) the transmission

signal 38 to the remote receiver 34.
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Clipping of Transmission Signals

A transmission signal 38 that has high peak values of voltage (i.e., a high PAR) can

induce non-linear distortion in the DMT transmitter 22 and the communication channel 18.

One form of this non-linear distortion of the transmission signal 38 that may occur is the

limitation of the amplitude of the transmission signal 38 (i.e., clipping). For example, a

particular DMT symbol 70 clips in the time domain when one or more time domain samples

in that DMT symbol 70 are larger than the maximum allowed digital value for the DMT

symbols 70. In multicairier communication systems when clipping occurs, the transmission

signal 38 does not accurately represent the input serial data bit signal 54.

In one embodiment, the DSL communication system 2 avoids the clipping of the

transmission signal 38 on a DMT symbol 70 by DMT symbol 70 basis. The DMT transmitter

— 22 detects (step 140) the clipping of the transmission signal 38. If a particular DMT symbol

70 clips in the time domain to produce a clipped transmission signal 38, the DMT transmitter

22 substitutes (step 150) a predefined transmission signal 78 for the clipped transmission

signal 38.

The predefined transmission signal 78 has the same duration as a DMT symbol 70

(e.g., 250 ms) in order to maintain symbol timing between the DMT transmitter 22 and the

remote receiver 34. The predefined transmission signal 78 is not based on (i.e., independent

of) the modulated input data bit stream 54; it is a bit value pattern that is recognized by the

remote receiver 34 as a substituted signal. In one embodiment, the predefined transmission

signal 78 is a known pseudo-random sequence pattern that is easily detected by the remote

receiver 34. In another embodiment, the predefined transmission signal 78 is an "all zeros"

signal, which is a zero voltage signal produced at the DMT transmitter 22 output (i.e., zero

volts modulated on all the carrier signals). In addition to easy detection by the remote

receiver 34, the zero voltage signal reduces the power consumption of the DMT transmitter

22 when delivered by the DMT transmitter 22. Further, a pilot tone is included in the

predefined transmission signal 78 to provide a reference signal for coherent demodulation of

the carrier signals in the remote receiver 34 during reception of the predefined transmission

signal 78.
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After the remote receiver 34 receives the transmission signal 38, the remote receiver

34 determines if the transmission signal 38 is equivalent to the predefined transmission signal

78. one embodiment, when the remote receiver 34 identifies the predefined transmission

signal 78, the remote receiver 34 ignores (i.e., discards) the predefined transmission signal

78.

Following the transmission of the predefined transmission signal 78, the phase

scrambler 66 shifts (step 120) the phase characteristic of the QAM-modulated carrier signals

(based on one of the predefined parameters that varies over time). For example, consider that

a set of QAM symbols 58 produces a DMT symbol 70 comprising a plurality of time domain

samples, and that one of the time domain samples is larger than the maximum allowed digital

value for the DMT symbol 70. Therefore, because the transmission signal 38 would be

clipped when sent to the remote receiver 34, the DMT transmitter 22 sends the predefined

transmission signal 78 instead.

After transmission of the predefined transmission signal 7 8, the DMT transmitter 22

again attempts to send the same bit values that produced the clipped transmission signal 38 in

a subsequent DMT symbol 70'. Because the generation of phase shifis in this embodiment is

based on values that vary over time, the phase shifts computed for the subsequent DMT

symbol 70' are different than those that were previously computed for the DMT symbol 70

with the clipped time domain sample. These different phase shifts are combined to the phase

characteristics of the modulated carrier signals to produce carrier signals of the subsequent

DMT symbol 70' with different phase characteristics than the canier signals of the DMT

symbol 70 with the clipped time domain sample.

DMT communication systems 2 infiequently produce transmission signals 38 that

clip (e. g., approximately one clip every 107 time domain samples 70). However, if the

subsequent DMT symbol 70' includes a time domain sample that clips, then the predefined

transmission signal 78 is again transmitted (step 150) to the remote receiver 34 instead of the

clipped transmission signal 38. The clipping time domain sample may be on the same or on a

different carrier signal than the previously clipped DMT symbol 70. The DMT transmitter 22

repeats the transmission of the predefined transmission signal 78 until the DMT transmitter

22 produces a subsequent DMT symbol 70' that is not clipped. When the DMT transmitter 22

produces a DMT symbol 70' that is not clipped, the DTM transmitter 22 transmits (step 160)
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the transmission signal 3 8 to the remote receiver 34. The probability of a DMT symbol 70

producing a transmission signal 38 that clips in the time domain depends on the PAR of the

transmission signal 38.

For example, the following phase shifting example, PST #4, illustrates the method

used by the phase scrambler 66 to combine a different phase Shift to the phase characteristic

of each carrier signal to avoid the clipping of the transmission signal 38.

Phase Shifting Example #4

Phase shifting example #4 (PS #4) corresponds to adjusting the phase characteristic of

the canier signal associated with a carrier number N by Zr3—x (M + N), mod 21:, where M is

the DMT symbol count. In this example, if the DMT symbol 70 clips when the DMT symbol

count M equals 5, the predefined transmission signal 78 is transmitted instead of the current

clipped transmission signal 38. On the following DMT symbol period, the DMT count M

equals 6, thereby causing a different set of time domain samples to be generated for the

subsequent DMT symbol 70', although the QAM symbols 58 used to produce both DMT

symbols 70, 70' are the same.

If this different set of time domain samples (and consequently the transmission signal

38) is not clipped, the DMT transmitter 22 sends the transmission signal 38. If one of the

time domain samples in the different set of time domain samples 70 (and consequently the

transmission signal 38) is clipped, then the DMT transmitter 22 sends the predefined

transmission signal 78 again. The process continues until a DMT symbol 70 is produced

without a time domain sample 70 that is clipped. In one embodiment, the transmitter 22 stops

attempting to produce a non-clipped DMT symbol 70' for the particular set of QAM symbols

58 after generating a predetermined number of clipped DMT symbols 70'. At that moment,

the transmitter 22 can transmit the most recently produced clipped DMT symbol 70' or the

predetermined transmission signal 78.

The PAR of the DSL communication system 2 is reduced because the predefined

transmission signal 78 is sent instead of the transmission signal 38 when the DMT symbol 70

clips. For example, a DMT communication system 2 that normally has a clipping probability

of l0'7 for the time domain transmission signal 38 can therefore operate with a 105

probability of clipping and a lower PAR equal to 12.8 dB (as compared to 14.5 dB). When
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operating at a 1O‘5 probability of clipping, assuming a DMT symbol 70 has 512 time-domain

samples 70, the DMT transmitter 22 experiences one clipped DMT symbol 70 out of every
5

g)? , or 195 DMT symbols 70. This results in the predefined (non-data carrying)
transmission signal 78 being transmitted, on average, once every 195 DMT symbols.

Although increasing the probability of clipping to 10'5 results in approximately a 0.5%

(1/195) decrease in throughput, the PAR of the transmission signal 38 is reduced by 1.7 dB,

which reduces transmitter complexity in the fonn ofpower consumption and component

linearity.

While the invention has been shown and described with reference to specific

preferred embodiments, it should be understood by those skilled in the art that various

changes in fonn and detail may be made therein without departing from the spirit and scope

of the invention as defined by the following claims. For example, although the specification

uses DSL to describe the invention, it is to be understood that various form of DSL can be

used, e.g., ADSL, VDSL, SDSL, HDSL, HDSL2, or SHDSL. It is also to be understood that

the principles of the invention apply to various types of applications transported over DSL

systems (e.g., telecommuting, video conferencing, high speed Internet access, video-on

demand).
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Abstract

A system and method that scrambles the phase characteristic of a carrier signal

are described. The scrambling of the phase characteristic of each carrier signal includes

associating a value with each carrier signal and computing a phase shift for each carrier

signal based on the value associated with that cairier signal. The value is determined

independently of any input bit value carried by that carrier signal. The phase shift

computed for each carrier signal is combined with the phase characteristic of that carrier

signal so as to substantially scramble the phase characteristic of the carrier signals. Bits

of an input signal are modulated onto the carrier signals having the substantially

scrambled phase characteristic to produce a transmission signal with a reduced PAR.
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1: This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. l.97(e)AND
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Account 19-1970 in the amount of $180.00 under 37 C.F.R. l.l7(p). Please credit any overpayment or charge any
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can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866—999—HALT (1 -866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "|F REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where

page 2 of 3
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign Assetscontrol, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase “IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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Date Mailed: 10/12/2007

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any
correspondence concerning the application must include the following identification information: the U.S.
APPLICATION NUMBER, FILING DATE, NAME OF APPLICANT, and TITLE OF INVENTION. Fees
transmitted by check or draft are subject to collection. Please verify the accuracy of the data presented on
this receipt. If an error is noted on this Filing Receipt, please write to the Office of Initial Patent
Examination's Filing Receipt Corrections. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please
submit any corrections to this Filing Receipt with your reply to the Notice. When the USPTO
processes the reply to the Notice, the USPTO will generate another Filing Receipt incorporating the
requested corrections

Applicant(s)
Marcos C. Tzannes, Orinda, CA;

Assignment For Published Patent Application

AWARE, lNC., Bedford, MA

Power of Attorney: None

Domestic Priority data as claimed by applicant

This application is a CON of 1 1/211,535 08/26/2005
which is a CON of 09/710,310 11/09/2000 PAT 6,961,369
which claims benefit of 60/164,134 11/09/1999

Foreign Applications

If Required, Foreign Filing License Granted: 10/11/2007

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, is

US11/863,581

Projected Publication Date: To Be Determined — pending completion of Corrected Papers

Non-Publication Request: No

Early Publication Request: No

Title
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SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE CARRIERS IN A
MULTICARRIER COMMUNICATIONS SYSTEM

Preliminary Class

375

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have
no effect in a foreign country, an inventor who wishes patent protection in another country must apply for a
patent in a specific country or in regional patent offices. Applicants may wish to consider the filing of an
international application under the Patent Cooperation Treaty (PCT). An international (PCT) application
generally has the same effect as a regular national patent application in each PCT-member country. The
PCT process simplifies the filing of patent applications on the same invention in member countries, but
does not result in a grant of "an international patent" and does not eliminate the need of applicants to file
additional documents and fees in countries where patent protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must
make an application for patent in that country in accordance with its particular laws. Since the laws of many
countries differ in various respects from the patent law of the United States, applicants are advised to seek
guidance from specific foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the
USPTO must issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S.
patent application serves as a request for a foreign filing license. The applications filing receipt contains
further information and guidance as to the status of applicants license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents“ (specifically,
the section entitled “Treaties and Foreign Patents") for more information on timeframes and deadlines for
filing foreign patent applications. The guide is available either by contacting the USPTO Contact Center at
800-786-9199, or it can be viewed on the USPTO website at
http://www.uspto.gov/web/offices/pac/doc/general/index.htmI.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you
may wish to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of
Commerce initiative, this website includes self-help "tooIkits" giving innovators guidance on how to protect
intellectual property in specific countries such as China, Korea and Mexico. For questions regarding patent
enforcement issues, applicants may call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all
applications where the conditions for issuance of a license have been met, regardless of whether or not a
license may be required as set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in
37 CFR 5.15(a) unless an earlier license has been issued under 37 CFR 5.15(b). The license is subject to
revocation upon written notification. The date indicated is the effective date of the license, unless an earlier
license of similar scope has been granted under 37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date
thereof unless it is revoked. This license is automatically transferred to any related applications(s) filed under
37 CFR 1.53(d). This license is not retroactive.
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The grant of a license does not in any way lessen the responsibility of a licensee for the security of the
subject matter as imposed by any Government contract or the provisions of existing laws relating to
espionage and the national security or the export of technical data. Licensees should apprise themselves of
current regulations especially with respect to certain countries, of other agencies, particularly the Office of
Defense Trade Controls, Department of State (with respect to Arms, Munitions and Implements of War (22
CFR 121-128)); the Bureau of Industry and Security, Department of Commerce (15 CFR parts 730-774); the
Office of Foreign AssetsControl, Department of Treasury (31 CFR Parts 500+) and the Department of
Energy.

N T RANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license
under 37 CFR 5.12, if a license is desired before the expiration of 6 months from the filing date of the
application. If 6 months has lapsed from the filing date of this application and the licensee has not received
any indication of a secrecy order under 35 U.S.C. 181, the licensee may foreign file the application pursuant
to 37 CFR 5.15(b).
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Attorney Docket No. 5550—47—CON—2

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application for:

First Named Inventor: Marcos C. Tzannes Art Unit:

Appln. No.2 Examiner:

For: SYSTEM AND METHOD FOR Confirmation No.:
SCRAMBLING THE PHASE OF THE CARRIERS

IN A MULTICARRIER COMMUNICATIONS
SYSTEM

PRELIIVIINARY AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Prior to the initial review of the above~identif1ed patent application by the

Examiner, please enter the following Preliminary Amendment. Please charge any

fees to Deposit Account l9~1970.

Please amend the above—identif1ed patent application as follows:

Amendments to the Specification begin on page 2

Amendments to the Claims are reflected in the listing of claims which begins

on page 3 of this paper.

Remarks begin on page 4 of this paper.
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Amendments to the Specification:

Please amend the paragraph at page 13, line 2 as follows:

Phase shifting example #3 (PS #3) corresponds to adjusting the phase

characteristic of the QAM—modulated carrier signal associated with a carrier number

N by (XN) ><-{I63 mod 27:, Where XN is an array ofN pseudo-random numbers. In this

example, a carrier signal having a carrier number N equal to 5 and XN equal to [3, 8,

1, 4, 9, 5, . . .] has a phase shift added to the phase characteristic of the carrier signal

that is equal to (9)x-76£(mod 272') = 3275 _—_(Note that 9 is the 5”‘

Value in HXN.) The carrier signal with a carrier number N equal to 6 has a phase shift

added to the phase characteristic of the carrier signal equal to-6)

57: 7: 57:
 5 —— d2 =—.6 3 ()x5(m° 7”) 6
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Attorney Docket No. 5550-47—CON—2

Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the

application:

Listing of Claims:

1. (Original) In a multicarrier modulation system including a first transceiver

in communication With a second transceiver using a transmission signal having a

plurality of carrier signals for modulating an input bit stream, each carrier signal

having a phase characteristic associated with the input bit stream, a method for

scrambling the phase characteristics of the carrier signals comprising:

associating each carrier signal with a value determined independently of any input

bit value carried by that carrier signal;

computing a phase shift for each carrier signal based on the value associated with

that carrier signal; and

combining the phase shift computed for each carrier signal with the phase

characteristic of that carrier signal so as to substantially scramble the phase

characteristics of the plurality of carrier signals.

2. (Original) The method of claim 1 further comprising modulating bits of the

input bit stream onto the carrier signals having the substantially scrambled phase

characteristics to produce a transmission signal with a reduced peak—to—average power

ratio (PAR).

3. (Original) The method of claim 1 further comprising independently deriving

the value associated with each carrier signal at each transceiver.

4. (Original) The method of claim 1 further comprising transmitting the value

associated with each carrier signal from one transceiver to the other transceiver.

5. (Original) The method of claim 1 further comprising maintaining synchronization

between the transceivers using the value associated with each carrier signal.

6-20. (Canceled)
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Attomey Docket No. 5550-47-CON-2

REMARKS

The specification has also been amended to correct a mathematical calculation

mistake.

Claims 6-20 are canceled without prejudice or disclaimer.

Applicant believes that the pending claims are in condition for allowance and

such disposition is respectfully requested. In the event that a telephone conversation

would further prosecution and/or expedite allowance, the Examiner is invited to

Contact the undersigned.

Respectfully submitted,

ason H. Vick

Reg. No. 45,285

‘ SHERIDAN ROSS P. C.

1560 BROADWAY, SUITE 1200
DENVER, COLORADO 80202
TELEPHONE: 303-863-9700
FAX: 303-863-0223
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
li a new application is being filed and the application includes the necessary components for a filing date (see
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New International Application Filed with the USPTO as a Receiving Office
li a new international application is being filed and the international application includes the necessary
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number 5550-47—CON-2
Application Data Sheet 37 CFR 1.76 _ _

Application Number

SYSTEM AND METHOD FOR SCRAMBLING TH - OF THE CARRIERS IN A MULTICARRI
COMMUNICATIONS SYSTEMTitle of Invention

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

E] Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Applicant Information:

App|icant1
Applicant Authority @|nventor OLegal Representative under 35 U.S.C. 117 IOPaity of Interest under 35 U.S.C. 118
Prefix Given Name Middle Name Family Name Suffix

Marcos C. Tzannes

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service

StateIProvince Country of Residencei
Citizenship under 37 CFR 1.41(b)i

Mailing Address of Applicant:

Address 1 121 La Espiral

Address 2

StateIProvince

Postal Code 94563 Countryi US

All Inventors Must Be Listed — Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

|:| An Address is being provided for the correspondence Information of this application.

Customer Number

Email Address sr|aw@sheridanross.com Add Email

Application Information:
. . SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF TH E CARRIERS IN A

Tme °f the I""e"t'°" MULTICARRIER COMMUNICATIONS SYSTEM

Attorney Docket Number 5550-47—CON-2 Small Entity Status Claimed |:|

Application Type Nonprovlsional

Subject Matter Utility

Suggested Class (if any) Sub Class (if any)

Suggested Technology Center (if any)

Total Number of Drawing Sheets (if any) Suggested Figure for Publication (if any)

EFS Web 2.2.1
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. . 555°-47-CON-2
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SYSTEM AND METHOD FOR SCRAMBLING TH - PHAS- OF THE CARRIERS IN A MULTICARRICOMMUNICATIONS SYSTEM

Publication Information:

|:| Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request N01‘. ‘I0 Publish. I hereby request that the attached application not be published under 35 U.S.

E] C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of
an application filed in another country, or under a multilateral international agreement, that requires publication at
eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Enter either Customer Number or complete the Representative Name section below. If both sections
are completed the Customer Number will be used for the Representative Information during processing.

Please Select One: @ Customer Number 0 US Patent Practitioner 0 Limited Recognition (37 CFR 11.9)

Customer Number 62574

Domestic BenefitINational Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(0) or indicate National Stage
entry from a PCT application. Providing this information in the app ication data sheet constitutes the specific reference required by
35 U.S.C. 119(e) or 120, and 37 CFR 1.78(a)(2) or CFR 1.78(a)(4), and need not otherwise be made part ofthe specification.

Prior Application Status Remove

Application Number Continuity Type Prior Application Number Filing Date (YYYY—MM—DD)

Continuation of 11211535 2005-08-26

Prior Application Status Remove

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

11211535 Continuation of 09710310 2000-11-09

Prior Application Status Remove

Application Number Continuity Type Prior Application Number Filing Date (YYYY—MM—DD)

09710310 non provisional of 60164134 1999-11-09

Additional Domestic Benefit/National Stage Data may be generated within this form Add
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1.55(a).

Application Number Parent Filing Date (YYYY-MM-DD) Priority Claimed

@ Yes O No

EFS Web 2.2.1
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Application Number

SYSTEM AND METHOD FOR SCRAMBLING TH - PHAS- OF THE CARRIERS IN A MULTICARRI
COMMUNICATIONS SYSTEMTitle of Invention

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Assignee Information:
Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFR to have an assignment recorded in the Office_

Assignee 1
If the Assignee is an Organization check here.

Organization Name Aware, mo

Mailing Address Information:

Address 1 40 Middlesex Turnpike

Address 2

City StateIProvince

Country I US Postal Code

Phone Number Fax Number

Email Address

Additional Assignee Data may be generated within this form by selecting the Add
button.

Signature:

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37
CFR 1.4(d) for the form of the signature.

Signature lJason H.Vick/ Date (YYYY-MM-DD) 2007-09-28

First Name Jason H. Last Name ' Registration Number 45285

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U_S_ Department of Commerce, P_O_ Box 1450, Alexandria, VA 22313-1450. DO NOT S-ND F--S OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process andlor examine your submission related to a patent application or patent. If you do not
furnish the requested information, the US. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552)
and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 131) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or hislher designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuan
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.2.1
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A System and Method for Scrambling the Phase of the Carriers in a Multicarrier

Communications System

Related Ap Qlication

This application claims the benefit of the filing date of copending U.S. Provisional

Application, Serial No. 60/164,134, filed November 9, 1999, entitled “A Method For Randomizing

The Phase Of The Carriers In A Multicarrier Communications System To Reduce The Peak To

Average Power Ratio Of The Transmitted Signal,” the entirety of which provisional application is

incorporated by reference herein.

Field ofthe Invention

This invention relates to communications systems using multicarrier modulation. More

particularly, the invention relates to multicarrier communications systems that lower the peak«t0«

average power ratio (PAR) of transmitted signals.

Background of the Invention /

In a conventional multicarrier communications system, transmitters communicate over a

communication cl1am1el using multicarrier modulation or Discrete Multitone Modulation (DMT).

Carrier signals (carriers) or sub—channels spaced within a usable frequency band of the

communication channel are modulated at a symbol (i,e., block) transmission rate of the system- An

input signal, which includes input data bits, is sent to a DIVlT transmitter, such as a DMT modem.

The DMT transmitter typically modulates the phase characteristic, or phase, and amplitude of the
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carrier signals using an Inverse Fast Fourier Transform (IFFT) to generate a time domain signal, or-

transmission signal, that represents the input signal. The DMT transmitter transmits the transmission

signal, which is a linear combination of the multiple carriers, to a DMT receiver over the

communication channel.

The phase and amplitude of the carrier signals of DMT transmission signal can be considered

random because the phase and amplitude result from the modulation of an arbitrary sequence of

input data bits comprising the transmitted information. Therefore, under the condition that the

modulated data bit stream is random, the DMT transmission signal can be approximated as having a

Gaussian probability distribution. bit scrambler is often used in the DMT transmitter to scramble

the input data bits before the bits are modulated to assure that the transmitted data bits are random

and, consequently, that the modulation of those bits produces a DMT transmission signal with a

Gaussian probability distribution.

Withan appropriate allocation of transmit power levels to the carriers or sub-channels, such a

system provides a desirable performance. Further, generating a transmission signal with a Gaussian

probability distribution is important in order to transmit a transmission signal with a low peak—to-

average ratio (PAR), or peak«to—average power ratio. The PAR of a transmission signal is the ratio

of the instantaneous peak value (i.e., maximum magnitude) of a signal parameter (e.g., voltage,

current, phase, frequency, power) to the time-averaged value of the signal parameter. In DMT

systems, the PAR of the transmitted signal is determined by the probability of the random

transmission signal reaching a certain peak voltage during the time interval required for a certain

number of symbols. An example of the PAR of a transmission signal transmitted from a DMT

transmitter is 14.5 dB, which is equivalent to having a lE,-7 probability of clipping. The PAR ofa
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transmission signal transmitted and received in a DMT communication system is an important

consideration in the design of the DMT communication system because the PAR of a signal affects

the communication system’s total power consumption and component linearity requirements of the

system.

If the phase of the modulated carriers is not random, then the PAR can increase greatly.

Examples of cases where the phases of the modulated carrier signals are not random are when bit

scramblers are not used, multiple carrier signals are used to modulate the same input data bits, and

the constellation maps, which are mappings of input data bits to the phase ofa carrier signal, used

for modulation are not random enough (Le, a zero value for a data bit corresponds to a 90 degree

phase characteristic of the DMT carrier signal and a one value for a data bit corresponds to a —90

degree phase characteristic of the DMT carrier signal). An increased PAR can result in a system

with high power consumption and/or with high probability of clipping the transmission signal. Thus,

there remains a need for a system and method that can effectively scramble the phase of the

modulated carrier signals in order to provide a low PAR for the transmission signal.

Summag of the Invention

The present invention features a system and method that scrambles the phase characteristics

ofthe modulated carrier signals in a transmission signal. In one aspect, a value is associated with

each carrier signal. A phase shift is computed for each carrier signal based on the value associated

with that carrier signal. The value is determined independently of any input bit value carried by that

carrier signal. The phase shift computed for each carrier signal is combined with the phase

characteristic of that carrier signal to substantially scramble the phase characteristics of the carrier

signals.
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In one embodiment, the input bit stream is modulated onto the carrier signals having the

substantially scrambled phase characteristic to produce a transmission signal with a reduced pea1<-to-

average power ratio (PAR). The value is derived from a predetermined parameter, such as a random

number generator, a carrier number, a DMT symbol count, a superframe count, and a hyperframe

count. In another embodiment, a predetermined transmission signal is transmitted when the

amplitude of the transmission signal exceeds a certain level.

In another aspect, the invention features a method wherein a value is associated with each

carrier signal. The value is determined independently of any input bit value carried by that carrier

signal- A phase shift for each carrier signal is computed based on the value associated with that

carrier signal. The transmission signal is demodulated using the phase shift computed for each

carrier signal.

In another aspect, the invention features a system comprising a phase scrambler that

computes a phase shift for each carrier signal based on a value associated with that carrier signal.

The phase scrambler also combines the phase shift computed for each carrier signal with the phase

characteristic of that carrier signal to substantially scramble the phase characteristic of the carrier

signals. In one embodiment, a modulator, in communication with the phase scrambler, modulates

bits of an input signal onto the carrier signals having the substantially scrambled phase

characteristics to produce a transmission signal with a reduced PAR.

Description of the Drawings

The invention is pointed out with particularity in the appended claims. The advantages of the

invention described above, as well as furtheradvantages of the invention, may be better understood



Page 220 of 244

by reference to the following description taken in conjunction with the accompanying drawings, in

which:

Fig. l is a block diagram of an embodiment of a digital subscriber line communications

system including a DMT (discrete multitone modulation) transceiver, in communication with a

remote transceiver, having a phase scrambler for substantially scrambling the phase characteristics

of carrier signals; and

Fig. 2 is a flow diagram of an embodiment of a process for scrambling the phase

characteristics of the carrier signals in a transmission signal.

Detailed Description

Fig. 1 shows a digital subscriber line (DSL) communication system 2 including a discrete

multitone (DMT) transceiver 10 in communication with a remote transceiver 14 over a

communication channel 18 using a transmission signal 38,having a plurality of carrier signals. The

DMT transceiver 10 includes a DMT transmitter 22 and a DMT receiver 26. The remote transceiver

14 includes a transmitter 30 and a receiver 34. Although described with respect to discrete multitone

modulation, the principles of the invention apply also to other types of multicarrier modulation, such

as, but not limited to, orthogonally multiplexed quadrature amplitude modulation (OQAM), discrete

wavelet multitone (DWMT) modulation, and orthogonal frequency division multiplexing (OFDM).

The communication channel 18 provides a downstream transmission path from the DMT

transmitter 22 to the remote receiver 34, and an upstream transmission path from the remote

transmitter 30 to the DMT receiver 26. In one embodiment, the communication channel 18 is a pair

of twisted wires of a telephone subscriber line. In other embodiments, the communication channel

18 can be a fiber optic wire, a quad cable, consisting of two pairs of twisted wires, or a quad cable
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that is one ofa star quad cable, a Dieselhorst-Martin quad cable, and the like. In a wireless

communication system wherein the transceivers 10, 14 are wireless modems, the communication

channel 18 is the air through which the transmission signal 38 travels between the transceivers 10,

14.

By way of example, the DMT transmitter 22 shown in Fig. 1 includes a quadrature amplitude

modulation (QAM) encoder 42, a modulator 46, a bit allocation table (BAT) 44, and a phase

scrambler 66- The DMT transmitter 22 can also include a bit scrambler 74, as described further

below. The remote transmitter 30 of the remote transceiver 14 comprises equivalent components as

the DMT transmitter 22- Although this embodiment specifies a detailed description of the DMT

transmitter 22, the inventive concepts apply also to the receivers 34, 36 which have similar

components to that of the DMT transmitter 22, but perform inverse functions in a reverse order.

The QAM encoder 42 has a single input for receiving an input serial data bit stream 54 and

multiple parallel outputs to transmit QAM symbols 58 generated by the QAM encoder 42 from the

bit stream 54. In general, the QAM encoder 42 maps the input serial bit-stream 54 in the time

domain into parallel QAM symbols 58 in the frequency domain. In particular, the QAM encoder 42

maps the input serial data bit stream 54 into N parallel quadrature amplitude modulation (QAM)

constellation points 58, or QAM symbols 58, where N represents the number of carrier signals

generated by the modulator 46. The BAT 44 is in communication with the QAM encoder 42 to

specify the number of bits carried by each carrier signal. The QAM symbols 58 represent the

amplitude and the phase characteristic of each carrier signal.

The modulator 46 provides functionality associated with the DMT modulation and

transfonns the QAM symbols 58 into DMT symbols 70 each comprised of a plurality of time‘
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domain samples. The modulator 46 modulates each carrier signal with a different QAM symbol 58.

, As a result of this modulation, carrier signals have phase and amplitude characteristics based on the

QAM symbol 58 and therefore based on the input—bit stream 54. In particular, the modulator 46 uses

an inverse fast Fourier transform (IFFT) to change the QAM symbols 58 into a transmission signal

38 comprised of a sequence of DMT symbols 70. The modulator 46 changes the QAM symbols 58

into DMT symbols 70 through modulation of the carrier signals. In another embodiment, the

modulator 46 uses the inverse discrete Fourier transfonr1(IDFT) to change the QAM symbols 58

into DMT symbols 70. In one embodiment, a pilot tone is included in the transmission signal 38 to

provide a reference signal for coherent demodulation of the carrier signals in the remote receiver 34

during reception of the transmission signal 38.

The modulator 46 also includes a phase scrambler 66 that combines a phase shift computed

for each QAM-modulated carrier signal with the phase characteristic of that carrier signal.

Combining phase shifts with phase characteristics, in accordance with the principles of the _

invention, substantially scrambles the phase characteristics of the carrier signals in the transmission

signal 38. By scrambling the phase characteristics of the carrier signals, the resulting transmission

signal 38 has a substantially minimized peak-to-average (PAR) power ratio. The phase scrambler 66

can be part ofor external to the modulator 46. Other embodiments of the phase scrambler 66

include, but are not limited to, a software program that is stored in local memory and is executed on

the modulator 46, a digital signal processor (DSP) capable of perfomiing mathematical functions and

algorithms, and the like. The remote receiver 34 similarly includes a phase scrambler 66’ for use

when demodulating carrier signals that have had their phase characteristics adjusted by the phase

scrambler 66 of the DMT transceiver 10.
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[To compute a phase shift for each carrier signal, the phase scrambler 66 associates one or

more values with that carrier signal. The phase scrambler 66 determines each value for a canier

signal independently of the QAM symbols 58, and, therefore, independently of the bit value(s)

modulated onto the carrier signal- The actual value(s) that the phase scrambler 66 associates with

each carrier signal can be derived from one or more predefined parameters, such as a pseudo-random

number generator (pseudo—RNG), a DMT carrier number, a DMT symbol count, at DMT superframe

count, 21 DMT hyperframe count, and the like, as described in more detail below- Irrespective of the

technique used to produce each value, the same technique is used by the DMT transmitter 22 and the

I remote receiver 34 so that the value associated with a given carrier signal is known at both ends of

the communication channel 18.

The phase scrambler 66 then solves a predetermined equation to compute a phase shift for

the carrier signal, using the value(s) associated with that carrier signal as input that effects the output

of the equation. Any equation suitable for computing phase shifts can be used to compute the phase

shifts. When the equation is independent of the bit values of the input serial bit stream 54, the

computed phase shifts are also independent of such bit values.

In one embodiment (shown in phantom), the DMT transmitter 22 includes a bit scrambler 74,

which receives the input serial bit stream 54 and outputs data bits 76 that are substantially

scrambled. The substantially scrambled bits 76 are then passed to the QAM encoder 42. When the

bit scrambler 74 is included in the DMT transmitter 22, the operation of the phase scrambler 66

further assures that the transmission signal 38 has a Gaussian probability distribution and, therefore,

a substantially minimized PAR.
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Fig. 2 shows embodiments ofa process used by the DMT transmitter 22 for adjusting the

phase characteristic of each carrier signal and combining these carrier signals to produce the

transmission signal 38. The DMT transmitter 22 generates (step 100) a value that is associated with

a carrier signal. Because the value is being used to alter the phase characteristics of the carrier

signal, both the DMT transmitter 22 and the remote receiver 34 must recognize the value as being

associated with the carrier signal. Either the DMT transmitter 22 and the remote receiver 34

independently derive the associated value, or one informs the other of the associated value. For

example, in one embodiment the DMT transmitter 22 can derive the value from a pseudo-RNG and

then transmit the generated value to the remote receiver 34. In another embodiment, the remote

receiver 34 similarly derives the value from the same pseudo-RNG and the same seed as used by the

transmitter (i.e., the transmitter pseudo-RNG produces the same series of random numbers as the

receiver pseudo-RNG).

As another example, the DMT transmitter 22 and the remote receiver 34 can each maintain a

symbol counter for counting DMT symbols. The DMT transmitter 22 increments its symbol counter

upon transmitting a DMT symbol; the remote receiver 34 upon receipt. Thus, when the DMT

transmitter 22 and the remote receiver 34 both use the symbol count as a value for computing phase

shifis, both the DMT transmitter 22 and remote receiver 34 “know” that the value is associated with

a particular DMT symbol and with each carrier signal of that DMT symbol.

Values can also be derived from other types of predefined parameters. For example, if the

predefined parameter is the DMT carrier number, then the value associated with a particular carrier

signal is the carrier number of that signal within the DMT symbol. The number of a carrier signal

represents the location of the frequency of the carrier signal relative to the frequency of other carrier
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signals within a DMT symbol. For example, in one embodiment the DSL communication system 2

provides 256 carrier signals, each separated by a frequency of 4.3 125 kHz and spanning the

frequency bandwidth from 0 kHz to 1104 kHz. The DMT transmitter 22 numbers the carrier signals

from 0 to 255. Therefore, “DMT carrier number 50” represents the Slst DMT carrier signal which is

located at the frequency of 215.625 kHz (i.e., 51 x 4.3125 kHz).

Again, the DMT transmitter 22 and the remote receiver 34 can know the value that is‘

associated with the carrier signal because both the DMT transmitter 22 and the remote receiver 34

use the same predefined parameter (here, the DMT carrier number) to make the value—carIier signal

association. In other embodiments (as exemplified above with the transmitter pseudo-RNG), the

DMT transmitter 22 can transmit the value to the remote receiver 34 (or vice versa) over the

communication charmel 18.

In other embodiments, other predefined parameters can be used in conjunction with the

symbol count. One example of such a predefined parameter is the superframe count that increments

by one every 69 DMT symbols. One exemplary implementation that achieves the superframe

counter is to perform a modulo 68 operation on the symbol count. As another example, the DMT

transmitter 22 can maintain a hyperframe counter for counting hyperframcs. An exemplary

implementation of the hyperframe count is to perform a modulo 255 operation on the superframe

count. Thus, the hyperframe count increments by one each time the superframe count reaches 255.

Accordingly, it is seen that some predefined parameters produce values that vary from carrier

signal to carrier signal. For example, when the predefined parameter is the DMT carrier number,

values vary based on the frequency of the carrier signal. As another example, the pseudo-RNG

generates a new random value for each carrier signal.
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Other predefined parameters produce values that vary from DMT symbol 70 to DMT symbol

70. For example, when the predefined parameter is the symbol count, the superframe count, or

hyperframe count, values vary based on the numerical position of the DMT symbol 70 within a

sequence of symbols, superframes, or hyperframes. Predefined parameters such as the pseudo—RNG,

symbol count, superframe count, and superframe can also be understood to be parameters that vary

values over time. Any one or combination of the predefined parameters can provide values for input

to the equation that computes a phase shift for a given carrier signal.

In one embodiment, the phase scrambling is used to avoid clipping of the transmission signal

38 on a DMT symbol 70 by DMT symbol 70 basis. In this embodiment, the DMT transmitter 22

uses a value based on a predefined parameter that varies over time, such as the symbol count, to

compute the phase shift. It is to be understood that other types of predefined parameters that vary

the values associated with carrier signals can be used to practice the principles of the invention. As

described above, the transceivers 10, 14 may communicate (step 110) the values to synchronize their

use in modulating and demodulating the carrier signals.

The DMT transmitter 22 then computes (step l 15) the phase shift that is used to adjust the

phase characteristic of each carrier signal. The amount of the phase shift combined with the phase

characteristic of each QAM—modulated carrier signal depends upon the equation used and the one or

more values associated with that carrier signal.

The DMT transmitter 22 then combines (step 120) the phase shift computed for each carrier

signal with the phase characteristic of that carrier signal. By scrambling the phase characteristics of

the carrier signals, the phase scrambler 66 reduces (with respect to unscrambled phase

characteristics) the combined PAR of the plurality of carrier signals and, consequently, the
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transmission signal 38. The following three phase shiftingexamples, PS #1 — PS #3, illustrate

methods used by the phase scrambler 66 to combine a computed phase shift to the phase

characteristic of each carrier signal.

Phase Shifting Example #1

Phase shifting example #1 (PS #1) corresponds to adjusting the phase characteristic of the

QAM—.modulated carrier signal associated with a carrier number N by N x E , modulo (mod) 21:. In3

this example, a carrier signal having a carrier number N equal to 50 has a phase shift added to the

phase characteristic of that carrier signal equal to 50x §(mod27r) =%]l' - The carrier signal with a

carrier number N equal to 51 has a phase shift added to the phase characteristic of that carrier signal

equal to 5 [x 3: mod 27:) = 7r . The carrier signal with a carrier number N ual to O has 110- hase
3 6Q P

shift added to the phase characteristic of that carrier signal-

Phase Shifting Example #2

Phase shifting example #2 (PS #2) corresponds to adjusting the phase characteristic of the

QAM—modulated carrier signal associated with a carrier number N by(N + M) x % , mod 2n, where

M is the symbol count. In this example, a carrier signal having a carrier number N equal to 50 on

DMT symbol count M equal to 8 has a phase shift added to the phase characteristic of that carrier

signal equal to (50 + 8) x %(fIlOd27[) = g . The carrier signal with the same carrier number N equal

to 50 on the next DMT symbol count M equal to 9 has a phase shift added to the phase characteristic

of that carrier signal equal to (50 + 9) x -7E—(mod 271') : -35.4

12
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Phase Shifting Example #3

Phase shifting example #3 (PS #3) corresponds to adjusting the phase characteristic ofthe

QAM-modulated carrier signal associated with a carrier number N by (XN)x £ , mod 211:, where X”6

is an array of N pseudo-random numbers. In this example, a carrier signal having a carrier number

N equal to 5 and XN equal to [3, 8, 1, 4, 9, 5, ...] has a phase shift added to the phase characteristic

of the carrier signal that is equal to (9) x %(mod 272') = Z . (Note that 9 is the 5m value in XN.) The3

carrier signal with a carrier number N equal to 6 has a phase shift added to the phase characteristic of

the carrier signal equal to (5) x £(mod 272') = 5i .
6 V 3

It is to be understood that additional and/or different phase shifting techniques can be used by

the phase scrambler 66, and that PS #1, #2, and #3 are merely illustrative examples of the principles

of the invention. The DMT transmitter 22 then combines (step 130) the carrier signals to form the

transmission signal 38. If the transmission signal is not clipped, as described below, the DMT

transmitter 22 consequently transmits (step 160) the transmission signal 38 to the remote receiver 34.

Clipping of Transmission Signals

A transmission signal 38 that has high peak values of voltage (ie, a high PAR) can induce

non-linear distortion in the DMT transmitter 22 and the communication channel 18. One form of

this non-linear distortion of the transmission signal 38 that may occur is the limitation of the

amplitude of the transmission signal 38 (i.e., clipping)- For example, a particular DMT symbol’ 70

clips in the time domain when one or more time domain samples in that DMT symbol 70 are larger

than the maximum allowed digital value for the DMT symbols 70. In multicarrier communication
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systems when clipping occurs, the transmission signal 38 does not accurately represent the input

serial data bit signal 54.

In one embodiment, the DSL communication system 2 avoids the clipping of the

transmission signal 38 on a DMT symbol 70 by DMT symbol 70 basis. The DMT transmitter 22

detects (step 140) the clipping of the transmission signal 38. If a particular DMT symbol 70 clips in

the time domain to produce a clipped transmission signal 38, the DMT transmitter 22 substitutes

(step ISO) a predefined transmission signal 78 for the clipped transmission signal 38.

The predefined transmission signal 78 has the same duration as a DMT symbol 70 (e.g., 250

ms) in order to maintain symbol timing between the DMT transmitter 22 and the remote receiver 34.

The predefined transmission signal 78 is not based on (ie., independent of) the modulated input data

bit stream 54; it is a bit value pattern that is recognized by the remote receiver 34 as a substituted

signal. In one embodiment, the predefined transmission signal 78 is a known pseudo—random

sequence pattern that is easily detected by the remote receiver 34. In another embodiment, the

predefined transmission signal 78 is an “all zeros” signal, which is a zero voltage signal produced at

the DMT transmitter 22 output (ie, zero volts modulated on all the carrier signals). In addition to

easy detection by the remote receiver 34, the zero voltage signal reduces the power consumption of

the DMT transmitter 22 when delivered by the DMT transmitter 22. Further, a pilot tone is included

in the predefined transmission signal 78 to provide a reference signal for coherent demodulation of

the carrier signals in the remote receiver 34 during reception of the predefined transmission signal

78-

After the remote receiver 34 receives the transmission signal 38, the remote receiver 34

determines if the transmission signal 38 is equivalent to the predefined transmission signal 78. In
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one embodiment, when the remote receiver 34 identifies the predefined transmission signal 78, the

remote receiver 34 ignores (i.e., discards) the predefined transmission signal 78.

Following the transmission of the predefined transmission signal 78, the phase scrambler 66

shifts (step 120) the phase characteristic of the QAM-modulated carrier signals (based on one of tlie

predefined parameters that varies over time). For example, consider that a set of QAM symbols 58

produces a DMT symbol 70 comprising a plurality of time domain samples, and that one of the time

domain samples is larger than the maximum allowed digital value for the DMT symbol 70.

Therefore, because the transmission signal 38 would be clipped when sent to the remote receiver 34,

the DMT transmitter 22 sends the predefined transmission signal 78 instead.

After transmission of the predefined transmission signal 78, the DMT transmitter 22 again

attempts to send the same bit values that produced the clipped transmission signal 38 in a subsequent

DMT symbol 70‘- Because the generation of phase shifts in this embodiment is based on values that

vary over time, the phase shifts computed for the subsequent DMT symbol 70’ are different than

those that were previously computed for the DMT symbol 70 with the clipped time domain sample.

These different phase shifts are combined to the phase characteristics of the modulated carrier

signals to produce carrier signals of the subsequent DMT symbol 70’ with different phase

characteristics than the carrier signals of the DMT symbol 70 with the clipped time domain sample.

DMT communication systems 2 infrequently produce transmission signals 38 that clip (e.g.,

approximately one clip every 107 time domain samples 70). However, if the subsequent DMT

symbol 70’ includes a time domain sample that clips, then the predefined transmission signal 78 is

again transmitted (step 150) to the remote receiver 34 instead of the clipped transmission signal 38.

The clipping time domain sample may be on the same or on a different carrier signal than the
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previously clipped DMT symbol 70. The DMT transmitter 22 repeats the transmission of the

predefined transmission signal 78 until the DMT transmitter 22 produces a subsequent DMT symbol

70’ that is not clipped. When the DMT transmitter 22 produces a DMT symbol 70’ that is not

clipped, the DTM transmitter 22 transmits (step l60) the transmission signal 38 to the remote

receiver 34. The probability of a DMT symbol 70 producing a transmission signal 38 that clips in

the time domain depends on the PAR of the transmission signal 38.

For exarnple, the following phase shifting example, PST #4, illustrates the method used by

the phase scrambler 66 to combine a different phase shift to the phase characteristic of each carrier

signal to avoid the clipping of the transmission signal 38.

Phase Shifting Example #4

Phase shifting example #4 (PS #4) corresponds to adjusting the phase characteristic of the

carrier signal associated with a carrier number N by£x (M + N), mod 21:, where M is the DMT3

symbol count. In this example, ifthe DMT symbol 70 clips when the DMT symbol count M equals

5, the predefined transmission signal 78 is transmitted instead of the current clipped transmission

signal 38. On the following DMT symbol period, the DMT count M equals 6, thereby causing a

different set of time domain samples to be generated for the subsequent DMT symbol 70’, although

the QAM symbols 58 used to produce both DMT symbols 70, 70’ are the same.

If this different set of time domain samples (and consequently the transmission signal 38) is

not clipped, the DMT transmitter 22 sends the transmission signal 38. If one of the time domain

samples in the different set of time domain samples 70 (and consequently the transmission signal 38)

is clipped, then the DMT transmitter 22 sends the predefined transmission signal 78 again. The

process continues until a DMT symbol 70 is produced without a time domain sample 70 that is

16
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clipped. In one embodiment, the transmitter 22 stops attempting to produce a non—clipped DMT

symbol 70’for the particular set of QAM symbols 58 after generating a predetermined number of

clipped DMT symbols 70’. At that moment, the transmitter 22 can transmit the most recently

produced clipped DMT symbol 70’ or the predetermined transmission signal 78.

The PAR of the DSL communication system 2 is reduced because the predefined

transmission signal 78 is sent instead of the transmission signal 38 when the DMT symbol 70 clips-

For example, a DMT communication system 2 that normally has a clipping probability of lO‘7 for

the time domain transmission signal 38 can therefore operate with a 106 probability of clipping and

a lower PAR equal to l2.8 dB (as compared to 14.5 dB). When operating at a 105 probability of

clipping, assuming a DMT symbol 70 has 512 time-domain samples 70, the DMT transmitter 22

S

experiences one clipped DMT symbol 70 out of every 932 , or I95 DMT symbols 70. This results

in the predefined (non-data carrying) transmission signal 78 being transmitted, on average, once

every 195 DMT symbols. Although increasing the probability of clipping to 105 results in

approximately a 0.5% (1/195) decrease in throughput, the PAR of the transmission signal 38 is

reduced by l.7 dB, which reduces transmitter complexity in the form of power consumption and

component linearity.

While the invention has been shown and described with reference to specific preferred

embodiments, it should be understood by those skilled in the art that various changes in form and

detail may be made therein without departing from the spirit and scope of the invention as defined

by the following claims. For example, although the specification uses DSL to describe the

invention, it is to be understood that Various form of DSL can be used, e.g., ADSL, VDSL, SDSL,

HDSL, HDSL2, or SHDSL. It is also to be understood that the principles of the invention apply to

17
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various types ofapplications transported over DSL systems (e.g., telecommuting, video

conferencing, high speed Internet access, video-on demand).
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What is Claimed:

1. In a multicanier modulation system including a first transceiver in communication

with a second transceiver using a transmission signal having a plurality of carrier signals for

modulating an input bit stream, each carrier signal having a phase characteristic associated

with the input bit stream, a method for scrambling the phase characteristics of the carrier

signals comprising:

associating each carrier signal with a value determined independently of any input bit

value canied by that carrier signal;

computing a phase shift for each carrier signal based on the value associated with that

carrier signal; and

combining the phase shift computed for each carrier signal with the phase

characteristic of that carrier signal so as to substantially scramble the phase characteristics of

the plurality ofcarrier signals.

2. The method of claim 1 further comprising modulating bits of the input bit stream

onto the carrier signals having the substantially scnambled phase characteristics to produce a

transmission signal with a reduced peak—to—average power ratio (PAR).

3. The method of claim 1 further comprising independently deriving the value

associated with each carrier signal at each transceiver.

4. The method of claim I further comprising transmitting the value associated with each

carrier signal from one transceiver to L113other transceiver.
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5. The method of claim 1 further comprising maintaining synchronization between the

transceivers using the value associated with each carrier signal.

6. The method of claim 1 wherein the Value varies with each carrier signal.

7. The method of claim l wherein the value varies with each DMT symbol.

8. The method of claim 1 wherein the value is derived from a predetermined parameter.

9. The method of claim 8 wherein the predefined parameter is a carrier number.

10. The method of claim 8 wherein the predefined parameter is a symbol count.

l l . The method of claim 8 wherein the predefined parameter is a hyperframe count.

12. The method of claim 8 wherein the predefined parameter is a superfrarne count.

13. The method of claim 1 fuither comprising scrambling the bits of the input bit stream.

14. The method of claim 1 further comprising transmitting a predetermined transmission

signal when the amplitude of the transmission signal exceeds a certain level.

15. The method of claim 14 wherein the predetermined transmission signal comprises a

predetermined pattern ofbits.
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16. The method of claim 14 wherein the predetermined transmission signal comprises a

pilot tone.

17. The method of claim 16 wherein the pilot tone is used to maintain timing

synchronization between the first transceiver and the second transceiver.

18. The method of claim 15 wherein each bit value in the predetermined pattern of bits

is a zero value.

19. The method of claim 15 wherein the predetermined pattern of bits is a pseudo-

random sequence pattern.

20. In a multicarrier modulation system including a first transceiver in

communication with a second transceiver using a transmission signal having a plurality of

cairier signals for modulating an input bit stream, each carrier signal having a phase

characteristic with the input bit stream, a method for scrambling the phase characteristics of

the carrier signals comprising:

associating each carrier signal with a value determined independently of any input bit

value carried by that carrier signal;

computing a phase shift for each carrier signal based on the value associated with that

carrier signal; and

demodulating the transmission signal using the phase shift computed for each carrier

signal.
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Abstract

A system and method that scrambles the phase characteristic of a carrier signal are described.

The scrambling of the phase characteristic of each carrier signal includes associating a value with

each carrier signal and computing a phase shift for each carrier signal based on the value associated

with that carrier signal. The value is determined independently ofany input bit value carried by that

carrier signal. The phase shift computed for each carrier signal is combined with the phase

characteristic of that carrier signal so as to substantially scramble the phase characteristic of the

carrier signals. Bits of an input signal are modulated onto the carrier signals having the substantially

scrambled phase characteristic to produce a transmission signal with a reduced PAR.
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